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~ CERTAIN CHEMICAL ENTITIES, COMPOSITIONS AND METHODS
[0061] 'This epplication claims the benefit of U.S, Provisional Application Serial Nos. 61/009,971, filed on January
4, 2008; 61/194,294 filed on September 26, 2008, and 61/201,146 filed December 5, 2008, and the co-pending case
under atiorney docket number 35280-714.601 filed herewith, each of which is hereby incorporated by reference in its
entirety.

. BACKGROUND OF THE INVENTION
f0002} The activity of cells can be regulated by external signais that stimulate or inhibit intracelivlar events. The
process by which stimulatory or inhibitory signals are transmitted into and within 2 cell to elicit an intracellular
response is referred to as signal transduction. Ower the past decades, cascades of signal transduction events have been
elucidated and found to play a central role in a varisty of biological responses. Defects in various components of
signal fransduction pathways have been found to account for a vast number of diseases, including mumerous forms of
cancer, inflammatory disorders, metabolic disorders, vascular and nevronal diseases (Gaestel et al, Current Medicing!
Chemistry (2007) 14:2214-2234).
[0003] Kinases r@piesent 8 ciass of important signaling motecules. Kinases can generally be classified into protein
kinases and lipid kinases, and certain kinases exhibii dual specificities. Protein kinases are enzymes that
phosphorylate other proteins and/or themselves (i.e., autophosphorylation). Protein kinases can be generally classified
into three major groups based upon their substrate wtitization: tyrosine kinases which predominantly phosphorylate
substrates on tyrosine residues {e.g., erb2, PINGT receptor, EGF receptor, VEGF receptor, src, abl), serine/threonine
kinases which predominantly phosphorylate substrates on serine and/or threonine residues (e.g., mTorCi, mTorC2,
ATM, ATR, DNA-PK, Alt}, and dusl-specificity kinases which phosphorylate substrates on tyrosine, serine and/or
threonine residues.
f0004] Lipid kinases are enzymes that catalyze the phosphoryiation of lipids. These enzymes, and the resuliing
phosphorylated lipids and liptd-derived biologically active organic molecules, play 2 role in many different
physiological processes, including cell proliferation, migration, adhesion, and differentiation. Certain lipid kinases are
membrane assostated and they catalyze the phosphorylation of lipids contained in or associated with cell membranes.
Exampies of such enzymes include phosphoinositide(s) kinases (such as PI3-kingsss, PI4-Kinases), diacylglycerol
kinases, and sphingosine kinases.
{00e5] The phosphoinositide 3-kinases {PI3Kx) sigualing pathway is one of the most highly mutated systems in
human cancers. PI3K signaling is also a key factor in many other diserses in hureans, PI3K sipnaling is involved in
many disease states including ailergic contact dermatitis, rheumatoid arthritis, osteoarthritis, inflammatory bowel
disenses, chronic obstructive pulmonary disorder, psoriasis, multiple sclerosis, asthma, disorders related to disbetic
comphications, and inflammatory éompiications of the cardiovascular system sech as acute coronary syndrome,
[0066] PI3Ks are members of a unigue and conserved family of intracellular lipid kinases that phosphoryiate the 3'-
OH group on phosphatidylinesitols or phosphoinositides. The PI3K family comprises 15 ldnases with distinet
substrate specificities, expression patterns, and modes of regulatien (Katso et al., 2001). The class I PI3Ks {(p110¢,
p110B, pl108, and pl10y) are typically activated by tyrosine kinuses or G-protein coupled receptors to generate PIP3,
which engages downstream effectors such as those in the At/PDK] pathway, mTOR, the Tec family kinases, and the
Rho family GTFases. The class II and TI PI3-Ks play € key role in ntracellnlar trafficking through the synthesis of
PH3P and PY3,4)P2. The PIKKs are protein kinases that control cell growth (mTORC1) or monitor genosaic
integrity (ATM, ATR, DNA-PE, and ESmg-1).



f0007] The delta (8) isoform of class I PI3K has been implicated, in parficular, in a number of diseases and
biological processes. PI3K & is expressed primarily in hematopoietic cells including leukocytes such as T-cells,
dendritic celis, neutrophils, mast cells, B-cells, and macrophages., PI3K & is integrally involved in mammalian
immune system fimctions such as T-celi function, B-cell activation, mast cell activation, dendritic cell function, and
neutrophil activity. Due to its integral role in immune system function, PI3K 6 is also involved in a number of
diseases related to undesirable immune response such as allergic reactions, inflammatory diseases, inflammation
mediated angiogenesis, rheumatoid arthritis, auto-immune diseases such as lupus, asthma, emphysema and other
respiratory diseases. Other class I PI3K involved in immune system function includes PI3K vy, which plays a role in
leukocyte signaling and has been implicated in mflammation, rheumatoid arthritis, and autoimmune diseases such as
lupus.

[6G08] Downstream mediators of the PI3K signal transduction pathway include Akt and marmmalian target of
rapamycin (MTOR). Akt possesses a plckstrin homology (PH) domain that binds PIP3, leading to Akt kinase
activation. Akt phosphorylates many substrates and is a central downstream effector of PI3K. for diverse cellutar
responses. One important function of Akt is to augment the activity of mTOR, through phosphorylation of TSC2 and
other mechanisms. mTOR is a serine-threonine kinase reiated to the lipid kinases of the PI3K family. mTOR has been
implicated in a wide range of biological processes including cell growth, cell proliferation, cell motility and survival.
Disregulation of the mTOR pathway has been reported in various types of cancer, mTOR is a multifunctional kinase
that integrates growth factor and nutrient signals to regulate protein translation, nutrient uptake, autophagy, and
mitochondrial function. _

[6009] As such, kinases, paﬂicul]ariy PI3Ks are prime targets for drug development. There remains a need for PI3K
inhibitors suitable for drug development, The present invention addresses this need and provides related advantages as

well by providing new classes of kinase inhibitors.

SUMMARY
[0010] The present disclosure provides compounds of Formula I below or pharmaceuticalty acceptable salts thereof,

wherein

Formuta I

{0011] Wy is heterocycloalkyl, aryl or heteroaryl;
10612} B is & moiety of Formula II;

R‘i

@ (R%)q

Formula 11

>

[6813] wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and g is an integer 0f 6, 1, 2, 3, or 4;
2



[0014] X is absent or (CH(R?)),-, and z is an integer of 1;

[0015] Y is absent, or -N(R');

[2816] R' is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, amido, alkoxycarbonyl, sulfonamido, halo, cyano, or nitro;
[6617] R* is alkyl, alkenyl, alkyny}, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, heteroarylalkyl, alkoxy, amino,
halo, evano, hydroxy or nitro;

{6018} R? is hydrogen, alkyl, alkenyi, alkynyl, cyctoalkyl, heterocycloalkyl, alkoxy, amido, amino, alkoxycarbonyl
sulfonamido, halo, cyano, hydroxy or nitro;

J0G19] R, R(’, RT, and R® are independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, hetercycloalkyl, alkoxy,
amido, amino, acyl, acyloxy, sulfonamido, halo, cyane, hydroxy or nitro; and

[6420] each instance of R’ is independently hydrogen, alkyl, cycloalkyl, or heterocycioalkyl.

[6021] The present disclosure also provides compounds which are of Formula 1, or their pharmaceutically

acceptable salis thereof, wherein

Formula 1

[0622] W is heterocyeloalkyl, arvl or heteroaryl; _
[6023] B is alkyl, amino, heteroalkyl, or a moiety of Formula II;

(R¥)q

Formula I

[6024] wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and g is an integer of 0, 1, 2, 3, or 4;
f0025] X is absent or is CH(R®)),~and z is independently an integer of 1, 2, 3, or 4;

[0626] Y is absent, -O-, -8-, -8(=0)-, -S(=0},-, -N(R}-, -C(=0)-(CHR),-, -C(=0)-, -N(R*YC=0)-, -
N(RYC=O)NH-, or-N(R*)C(B®)p; _

{G627] R is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyeloalkyl, aryl, arylalicyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfenamido, halo, cyano, hydroxy, nitro,
phosphate, urea, or carbonate;

[0028] R? is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aryialkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy nitro,
phosphate, urea, or carbonate; _

{0629 R? is hydrogen, alkyl, alkenyl, alkynyl, eycloalkyl, heterocycioalkyl, alkoxy, amido, amino, acyl, acyloxy,

alkoxycarbonyl, sulfonamido, hale, cyano, hydroxy, aryl, heteroaryl, or nitro;
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[6036] R’ R% R, and R® are independently hydrogen, C;-Cqalkyl, C,-Calkenyl, Cy-Csalkynyl, Ci-Cseycloalkyl,
Cy-Usheteroaliy], Ci-Chaltkoxy, C-Ciamido, amino, acyl, Ci-Ciacyloxy, alkoxyearbonyl,C;-Cysulfonamide, halo,
cyano, hydroxy or nitro; and

§08311 each instance of R® is mdependently hydrogen, C;~Cgalkyl, C:-Croyaloalkyl, heterocyeloalkyl, or Cy-
Coheteroalicyl.

{0032} In some of the embodiments, X is -CHy-, -CH(CHoCHy), or -CH{CH,}-

{0633] in some embodiments, X-Y is “CH-N(CHa), -CH,~N(CH,CH,), -CH{CH,CH;}-NH- or ~CH{CH;}-NH-.
[00634) In some embodiments, Wy is a pyrazolopyrimidine of Formula 11

N*"N

Formula {13
[0035]  wherein R'! is H, alkyl, halo, amino, amide, hydroxy, or alkoxy, and R is H, alkyl, alkynyl, alkenyl, haio,
aryl, heteroaryl, heterocycloaliyl, or cycloalkyl. In some embodiments, W is 2 pyrazolopyrimidine of Formuda ITI,
whersin R is K, alkyl, halo, amino, amido, hydroxy, or elkoxy, and R is evano, amino, carboxylic acid, or mmido.
1B036] In some embodiments, the compound of Formula I hag the structure of Formula IV:

_ Formuia IV
[0637)  wherein R" is H, alkyl, halo, amino, amido, hydroxy, or alkoxy, and R™ is H, afkyl, alkynyl, alicenyl, halo,
arvl, heteroaryl, heteroeyeloatkvl, or cycloalkyl. In some embodiments, the compound of Formula I has the structure
of Formuia IV whersin R™ is H, alky), hale, amino, amida, hydroxy, or alkoxy, and R is cyano, amino, carboxylic

acid, or amido,

{0638] It some embodiments of the compound of Formula I, R" is emino. In some embodiments of the
compound of Formala [, R is alicyl, aikenyl, alioynyl, beteroaryl, aryl, or heterocyeloalioyl. In some embodiments of
the compound of Formula I, R i¢ cyanc, amino, carboxylic acid, or amido. In some embodiments of the compouﬁé
of Formuiz I, , R™ is & monocyolic heteroaryl. In some embodiments of the compound of Formula I, R' is a bicyclic
heteroaryl.

[6€39] In some embodiments of the compound of Formula 1, the compound has the strocture of Formala V



Formuia V
[6640] In some of the embodiments of Formala 1, X-Y is N{CH,CH}CH,~ or N{CH;)CH,-. In some of the

embodimerts of Fornmla I, the compound has a structure of Forpuda VI

w\\ .
2
3 . EN H

Formuls VY
[6041] In some of the embodiments of Formula I, R’ is-H, -CH,, -CL or -F.
[0042] in some of the embodirents of Formula I, R, RS R7, and R® are hydrogen.

[6643] Insome of the embodiments of Formula I, B is 2 moiety of Formula I;

~(R%)q

i0

Formula II
wherein W, is aryl, heteroaryl, beterocyeloalkyl, or cycloalicyl, and q is an integer of 0, 1, 2, 3, or 4.

[6844] I ancther aspect of the invention s compound and its pharmaceuntically aceeptable salts having the structure
of Formula [ is provided, wherein:
15 [0645] B is & moiety of Formula II;

[6846] wherein W, is aryl, hetsroaryl, hewrooycloalkyl, or eyeloalloyl, and g is an integer of 0, 1, 2, 3, or 4;
{80477 X iz absent or ~(CH(R}),-, and = is an integer of 1
[6648} Y is absent, or -N{R")-;

N
'\( /N ) N
e -—"N> N/ N\ 7\*.\

' \ H
6049} when Y is absent, Wd is: HalN ,orwhen Y is present, Wi is N
20 [B0s6) R ie hydrogen, alkyl, alkenyi, alicynyl, alkoxy, smide, alkoxyvearbonyl, sulfonamide, halo, cvano, or nitro;



[0051] R?is alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, heteroarylalkyl, alkoxy, amino,
halo, cyano, hydroxy or nitro;

[0052] R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, alkoxy, amido, amino, alkoxycarbonyl
sulfonamido, halo, cyano, hydroxy or nitro;

{0053] each instance of R’ is independently hydrogen, C,-Cipalkyl, cycloalkyl, or hetercyclooalkyl: and R*¥ is H,
alkyl, alkynyl, alkenyl, halo, aryl, heteroaryl, heterocycloalkyl, or cycloalkyl.

[0054] The disclosure atso provides a compound and its pharmaceutically acceptable salts having the structure of
Formula I, wherein:

[0055] B is alkyl, amino, heteroalkyl, or a moiety of Formula II;

fe0636] wherein W_ is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and ¢ is an integer of ¢, 1, 2, 3, or 4;
[6057] X is absent or «(CH(R)),-and z is an integer of 1, 2, 3, or 4;

[0058] Y is absent, -N(R®)-, or -N(R")-CH(R"})-;

o
N

> 'Nﬁ ] J N\>
N/ NN R1? ==

~
[0659] W, is: \—=n H or HzN :
[8660] R'is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclealkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkexycarbonyl, sulfonamido, halo, cyane, hydroxy, nitro,
phosphate, urea, or carbonate;

[6861] R’ is alkyi, heteroalkyl, alkenyl, alkynyl,. cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amide, amino, acyl, acyloxy, alkexycarbonyl, sulfenamido, halo, cyanc, hydroxy, nitre, or
phosphate;

[0062] R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, alkoxy, amido, amine, acyl, acyloxy,
alkoxycarbonyl, sulfonamide, halo, cyano, hydroxy, nitro, aryl or heteroaryl;

[6063] each instance of R® is independently hydrogen, C1+Cypaikyi, Cs-Creycloalkyl, heterocycloalkyl, or Co-
Cipheteroalkyl; and

{0064] R%is H, alkyl, alkynyl, alkenyl, halo, aryl, heteroaryi, heterocycloalkyl, cycloalkyl, cvano, amine, carboxylic
acid, alkoxycarbonyl or amido.

[6G65] In some embodimenis, R is -1, -CH,, -CH,CHj, -CFa, -Cl or -F. In other embodiments, R is -CH;, -Cl, or
-F.

[0066] In some embodiments, B is a moiety of Formula H, wherein W, is aryl, heteroaryl, heterocycloalkyl, or
cycloalkyl,

and ¢ is an integer of 0, 1, 2, 3, or 4. In some embodiments, B is heterocycioalkyl. In some embodiments, B is a
monacyclic heteroaryl. In some embodiments, B is substituted phenyl. In some embodiments, B is substituted alkyl.
[8667] In some embodiments, B is~(CH,},-NR*R* , wherein each R" is independently hydrogen, alkyl, fluoroalkyl,
carbocyclyl, carbocyclyialkyl, aryi, aralkyl, heterocycloalkyl, heterocyeloalkylalkyl, heteroaryl or heteroarylalkyl, or -
NR'R* are combinéd together to form a cyclic moiety.

[0068] In some embodiments, R’ is H, -F, -Cl, -CN, -CH;, isopropyi, «CF;, -OCHj, nitro, or phosphate. In some

embodiments, R' is phosphate.



[6669] In some embodiments, R’is hale, hydroxy, cyano, or nitro, and g is 1. In some embodiments, R*is
phosphate and g is 1. In some embodiments, R” is alkyl or halo and g is 1 or 2.

[6076] In some embodiments, X is -CH,-, -CH{CH,CHj;), or -CH({CH;}~. In some embodiments, X-Y is -CH,~
N(CH;), -CH,-N(CH,CH,), -CH(CH,CH,)-NH- or -CH{CH;)-NH-. In some embodiments is N(CH,CH;)CH.- or
N{CH;)CH-.

{0671} In some embodiments,R ™ is a monocyclic heteroaryl. In some embodiments,R'? is a bicyclic heteroaryl. In
some embodiments, R is a heterocycloalkyl,

[8071a] In one aspect, there is provided a compound of Formula I:

R O

H B
N
H 7 X
H H Y.
Wy
Formula I

or a pharmaceutically acceptable salt thereof, wherein

B is 2 moiety of Formula I;

R1

@ (R%)q

Formula IT

2

wherein W is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and
qisanintegerof 0,1,2,3, or 4, _
X is absent or (CH(R®)),-, and z is an integer of 1;

Y is N(R™)-;
X N\x/
N/ A N\H
Wd is \=N

R is hydrogen, alkyl, or halo;
R is alkyl or halo;
R’is hydrogen or alkyl; and

each instance of R is independently hydrogen or alkyl.



[6072) In some embodiments, the compound of Formula I has the structure of Formula IV-A:

Formula IV-A

[8073) In some embodiments, the compound of Formula I has the structure of Formula V-A:

Formula V-A
{0874} in some embodiments, the compound of Formula I has the structure of Formula IV-A or Formuja V-A.

[0075] In some embodiments, the compound of Formula I has the structure of Formula V-B:

Ry 0O
N )
N,B
i H
H Z A
g
H H NR E\Lﬁ
Formula V-B

16676} In some embodiments, the compound of Formuia I has the structure of Formula VI-A:

Ta



N“-.
-

/
N
pe—y H

Formula VI-A

[6077] The disciosure also provides a composition which comprises a pharmaceutically accepiable excipient and
one or more compounds of Formula I, Formula IV, IV-A, V, V-A, V-B, VI, and VI-A. In some embodiments, the
composition is a liquid, soiid, semi-solid, gel, or an aerosol form.

[0077a]  In a second aspect, there is provided a pharmaceutical composition comprising a pharmaceutically
acceptabie excipient and a compound as defined above.

[0078] The disclosure also provides a method of inhibiting a phosphatidy! inositol-3 kinase (P13 kinase)
comprising: contacting the PI3 kinase with an effective amount of one or moere compounds disciosed herein, For
instance, the step of contacting involves the use of one or more compounds of Formula [, Formula IV, IV-A, V, V-A,
V-B, VI, and VI-A. In some embodiments, the step of contacting comprises contacting & cell that contains said P£3
kinase. In some embodiments of the method, the inhibition takes place in a subject suffering from a disorder associated
with malfunctioning of one or more types of PI3 kinase. Some exemplary diseases invoiving malfunctioning of one or
meore types of P13 kinases are seiected from the group consisting of auteimmune diseases, rheumatoid arthritis,
respiratory disease, allergic reactions, and various types of cancers. Where desired, the compound used in the method
has the structure of Formula IV, wherein R'' is amino and R" is substituted phenyl.

[6079] In some embodiments of the method, the inhibition takes place in a subject suffering from rheumatoid
arthritis or a respiratory disease, and wherein the compound has the structure of Formula IV, and wherein R*! is amino
and R™ is bicyclic heteroaryl.

fO080} In some embodiments, the method comprises administering a second therapeutic agent to the subject.
[0081) The disclosure also provides a method of treating a disease manifesiing an undesired immune response.
The method comprises the step of administering to a subject in need thereof, one or more compounds disclosed herein
including compounds of Formula I, Formula IV, IV-A, V, V-A, V-B, VI, and/or VI-A, in an amount that is effective in
ameliorating said undesired immune response. In some embodiments, the one or more compounds inhibit T-cell
independent B-cell activation as evidenced by a reduction in production of anti-TNP IgG3 by at least about five folds

when administered in an amouns less than about 30mg/kg BID dose to a test animal.



[0682] Insome embodiments, the disease treated is associated with swelling or pain of a joint of a subject. The
method can be effective in ameliorating one or more rheumatoid arthritis symptoims as evidenced by reduction in mean
joint diameter by at least about 10% after 17 days and/or reduction in ankle diameter by at least 5-10% or more after
several days to weeks of treatment, including for example reduction in ankle diameter by at least 5% after 7 days of
treatment. In another embodiment, the undesired immune response is evidenced by enhanced production of anti-type
II collagen antibodies, and the use of one or more subject compounds reduces the serum anti-type II collagen level at
an ED50 of less than about 10 mg/kg.

INCORPORATION BY REFERENCE
[0083] 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.
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, BRIEF DESCRIPTION OF THE DRAWINGS
f0884] The novel features of the invention are set forth with particularity in the appended claims. 4 betier
wdemzaéding of the features and advantages of the present invention will be obtained by reference to the following
detailed descﬁption that gets forth iflustrative embodiments, in which the principles of the invention are utilized, and
the accompanying drawings of which: ’
[0085] FIG. 1 depicts an exemplary protocol for measuring T-cell independent production of TNP specific antibodies
in vivo.
[0086] FIG. 2 depicts the fold reduction in TNP specific Ig(33 respouse to antigens provided by compounds 7 and 53
of formula IV as compared to z vehicle contro, when administered orally,
{0087] FIG. 3 depicts the dose-dependent effect of twice daily oral administration of compound 53 of formula TV in
reducing the increase in ankle diameter over time in a collagen-induced developing arthritis model in rats, Also
depicted are the results from non-arthritic control rats, arthritic control rats administered with a negative control
vehicle, and arthrific controi rats treaied twice daily with methowrenate.
[00BB} FIG. 4 depicts the dose-dependent effect of compounds 7 and 53 of formula IV in improving ankle
histopathology when administered in & collagen-induced developing arthritis model in rats. Also depicted are the
resulis from arthritic control rats administered with negative control vehicie or methotrexate. '
{60891 FIG. 5 depicts the dose-dependent effect of compounds 7 and 53 of formula IV in improving knee
histopatholopy when administered in a colagen-induced developing arthritis model 1 rats. Also depicted sre the
results from arthﬁtis control rats administered with negative contro! vehicle or positive control methowexate,
[0090] FIG. 6 depicts the dose-dependent effect of compounds 7 and 53 of formula TV in reducing the leve} of anti-
type If collagen antibodies in vive when administered to 2 collagen-induced developing arthritis rat model. Also
depicted arc the resuits from arthritic rats administered with negative control vehicle or methotrexate.
[0891] FIG. 7 depicts the dose-dependent effect of compound 7 of formule I'V on improving ankle histopathology
when administered in collagen-induced developing arthritis model inrats. Also depicted are the results from arthritic
vehicle control rats and methotrexate-treated arthritic rats,
[80692] FIG. 8 depicts the dose-dependent effect of compound 53 of formuts I'V adiministered daily on ankle
histopathology in 2 epllagen-induced estabiished arthritis model in rats. Also depicted are the results Som arthritic
arthritic vehicle control rats and Enbrel-treated arthritic rats,
68933} FIG. 9 depicts the dose-dependent effect of compound 53 of formula I'V administered twice daily cn ankde
histopathology in a collagen-induced established arthritis model in rats. Also depicted are the results from arthritic
vehicle control rats and Enbrel-ireated arthritic rats.
{66947 FIG 10 depicts the dose-dependent effect of compound 53 of formula TV on the increase in average paw
volume in an adjevant induced arthritis model.
{0095] FIG 11 depicts the effect of compound 53 of formuia IV on the aversge weight over fime of rats in an
adjuvant induced arthriiis model in rats.

DETAILED BESCRIPTION OF TEE INVENTION
{0096] While preferred embodiments of the present nvention have been shown and described herein, it will be
obvious to those skilied in the art that such embodiments are provided by way of example only. Numerous variations,
changes, and substitutions will now cceur to those skilled in the art without departing from the invention. It should be

understood that various alternatives to the embodiments of the invention described herein may be emploved in
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practicing the invention. It is intended thet the appended claims define the scope of the invention and that methods
and suctures within the scope of these claims and their squivalents be covered thereby.

{0097] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as is
commonly inderstood by one of skill in the art to which this invention belongs. Al patents and pubiications referred
to herein are incorporated by reference.

{0098] As used in the speciiication and clairus, the singular form “a”, “an” and “the” mnchudes plural references
unless the context clearly dictates otherwise.

[869%]  As used herein, “agent” or “biologically active agent™ refers to a biological, pharmaceutical, or chemical
compound or other moiety. Non-limiting examples include simple or complex organic or inorganic molecule, &
peptide, a protein, an oligonucieotide, an antibody, an antibody derivative, antibody frapment, a vitamin derivative, a
carbohydrate, a toxin, or a chemotherapeutic compound.  Various cormpounds can be synthesized, for example, small
molecules and olipomers {e.g,, oligopeptides and cligonucieotides), and synthetic organic compounds based oxnt
various core siructures. In addition, various natural sources can provide compounds for screening, such as plant or
animal extracts, and the Hke. A skilled artisan can readily recognize that there is no Jimit as to the structural nature of
the agents of the present inventiion.

[00106] The term “agonist” as used herein refers o a compoimd having the ability to initiate or enbance a biological
function of a target protein, whether by inhibiting the activity or expression of the target protein, Accordingly, the
term “agonist” is defined in the context of the biological role of the target poiypeptide. While preferred agonists
herein specifically interact with {2.g. bind to) the target, compounds that initiate or enbance a biological activity of the
target polypeptide by interacting with other members of the signal ransduction pathway of which the target
polypeptide is 2 member are alse specifically inchaded within this definition.

[60101] The terms “antagonist” and “inhibitor” are used interchangeably, and they refer tc & cornpound having the
ability to inhibit a biological function of a target protein, whether by inhibiting the activity or expression of the target
protein. Accordingly, the terms “antagonist” end “inhibitors” are defined in the context of the biclogical rale of the
target protein. While preferred antagonists herein specifically interact with {c.g. bind t0) the target, compounds that
inhibit 2 biological activity of the target protein by interacting with other members of the signal transduction pathway
of whick the target protein is a member are also specifically included within this definition. A preferred biological
activity inhibited by an antagonist is associated with the development, growth, or spread of a tumor, or an undesired
immune response ag menifested in avtolmmune disease.

[06182] An “anti-cancer agent”, “anti-tumor agent” or “chemotherspentic agent” refers to any agent useful in the
treatment of & neoplastic condition. One class of anti-cancer agents comprises chemotherapentic agents.
“Chemotherapy” means the administration of one or more chemotherapeutic drugs andfor other agents o a cancer
patient by varions methods, including intravenous, oral, inframuscular, intraperitonea], intravesical, subcutansous,
transdermal, buccal, or inbalation or in the form of a suppository,

[08183] The term “cell proliferation” refers to a phenomenon by which the cell number hus changed as a result of
division. This term also encompasses cell growth by which the cell morphology has changed (e.g., increased in size)
consistent with a proliferative signal,

(90104} The term “co-administration,” “administered in combination with,” and their grammatical equivalents, as
used herein, encompasses administration of two or more agents (o an animal so that both agents and/or their
setabolites are presemt in the animal at the same time. Co-administration includes simultan=ous administration in
separate compositions, administration at different times in separate compositions, or administration in 2 composition in

which both agems are present,
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{00165] The term "effective amount” or “therapeutically effective amount" refers to that amount of a compound
described herein that is sufficient to effect the intended application including but not Hmited to disease treatment, as
defined below. The therapeutically effective amount may vary depending upon the intended application {in vitro o in
vivoj, or the subject and disease condition being treated, e.g., the weight and age of the sobject, the severity of the
disezse condition, the manrer of administration and the tike, which can readily be detérmined by one of ordinary skill
in the art. The term also applies ic a dose that will induce & particular responss in target cells, e.g. reduction of platelet
adhesion and/or cell migration. The specific dose will vary depending on the particular compounds chosen, the dosing
regimen to be followed, whether it is administered in combination with other compounds, timing of administration, the
tissue to which it is administered, and the physical delivery system in which it is carried.

[60106] As used herein, “treatment” or “treating,” or “palliating” or “ameliorating” are used interchangeably herein.
These terms refers to an approach for obtaming beneficial or desired results inciuding but not limited to therapeutic
benefit and/or a prophylactic benefit. By therapeutic benefit is meant eradication or amelioration of the underlying
disorder being treated, Also, 2 therapeutic benefit is achieved with the eradication or amelioration of one or more of
the physiological sympioms assoctated with the wnderlying disorder such that an improvement is observed in the
patient, notwithstanding that the patient may still be afflicted with the underlying disorder. For prophylactic benefit,
the compositions may be administered o a patient at risk of developing a particular disease, or to a patient reporting
one or more of the physiclogical symptoms of 8 diseass, even though a diagnosis of this disease may not have been
made.

{80107 A “therapeutic effect,” as that term is uszd hersin, encompasses a therapeutic benefit and/or a propbylactic
bepefit as described above, A prophylactic effect includes delaying or eliminating the appearance of a disease or
condition, delaying or elimivating the onset of symptoms of a disease or condition, slowing, halting, or reversing the
progression of 2 disezse or condition, or any combination thereof,

{00108}  The term "pharmaceutically acceptable salt" refers 1o salts derived from a variety of organic and inorganic
counter ions well known in the art. Pharmacentically acceptable acid addition salts can be formed with morganic acids
and organic acids. Inorganic acids from whick saits can be derived inchude, for example, bydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the ke, Organic acids from which salts can be
derived include, for example, acetic acid, propionic acid, glyeolic acid, pyruvic acid, oxalic acid, maleic acid, maicnic
acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic scid, cinnamic acid, mandelic acid, methenesulfonic
acid, ethenesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like. Pharmaceutically acceptable base
addition salts can be formed with inorganic and organic bases. Inorganic bases from which salts can be derived
include, for example, sodium, potassiom, lithiom, ammonium, caleivm, magnesium, iron, zine, copper, manganese,
aluminum, and the like. Organic bases from which salts can be derived include, for example, primary, secondary, and
tertiary amines, substituted amines including naturally ocourring substituted amines, cyclic amines, basic ion exchange
resins, and the like, specifically such as isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
and ethanotaming. In some embodiments, the pharmaceutically acceptable base addition salt is chosen from
AMMEniNG, potassium, sodium, calcinm, and magnesium salty,

[6D108] "Pharmaceutically acceptable carrier” or "pharmaceutically acceptable excipient” includes any and all
solvents, dispersion media, coatings, antibacterial and sntifungal agents, isotonic and absorption delaying agents and
the like. The use of such media and agents for pharmaceutically active substances is well known in the art. Except
msofar as any conventional media or agent 18 mcompatible with the active ingredient, its use in the therapentic
compositions of the invention is contempiated. Supplementary active ingredients can alse be incorporated into the

compostions.
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[0601106] "Signal transduction” is 2 process during which stimulatory or inhibitory signals are transmitted into and
within a cell to elicit an intracellular response. A modulator of a signal transduction pathway refers to a compound
which modulates the activity of one or more cellnlar proteins mapped to the same specific signal wansduction
pathway. A mﬂdﬁiator may augment {agonist) or suppress (antagonist) the activity of a signaling molecule,

[BG111] The term “selective Inhibition™ or “selectively inkibit™ as applied to a biologically active agent refers to the
agent’s ability to selectively reduce the targst signaling activity as compared to off-target sipnaling activity, via direct
or interact interaction with the target. | '

[66112] The term “B-ALL" a5 used herein refers to B-cell Acute Lymphobiastic Leukemia,

[B0113] "Subject” refers to an animal, such as a mammal, for example & lman. The metheds described herein can be
usefidl in both human therapentics and veterinary applications. In some embodiments, the patient is a mammal, and in
some embodiments, the patient is human.

{06114] “Radiation therapy” means exposing a patient, using routing methods and compositions known to the
practitioner, to rediation emitters such as alpha-particle emitting radicnucleotides {e.g., actiniurm snd thorium
radionuciides), low Hnear encrgy transfer (LET) radiation emitters (1.e. beta emitters), conversion electron emiters
{e.g. soontium-89 and samarium-153-EDTMP, or high-energy radiation, inclnding without Himitation x-rays, gamma
rays, and neuons,

{66115] “Prodreg” is meant o indicats a compound thet may be converted under physiological conditions or by
solvolysis to a biologically active compound described herein, Thus, the term "prodrug” refers to a precursor of 2
biologically acﬁve compound that is pharmaceutically acceptable. A prodrug may be inactive when administered to 2
gubject, but is converted in vive to an active compound, for example, by hydréiysis. The prodrug compound often
offers advantages of solubility, {issue compatibility or delayed release in a mammalian organism (see, e.g., Bundeard,
H., Dssign of Prodrugs (1985), pp. 7-9, 21-24 (Elsevier, Amsterdam). A discussion of prodrags is provided in
Higuchi, T, et al.,, "Pro-drugs as Novel Delivery Systems," A.C.8, Symposium Series, Vol. 14, and m Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, American Phurmacentical Association and Pergamon Press, 1987, both
of which are incorporated in full by reference herein, The termn “prodrug™ is also meant to include any covalently
bonded carriers, which relense the sotive compound in vivo when such prodrog is administered to 2 memmalian
subject. Prodrugs of an active compound, as described herein, may be prepared by modifying functional groups
present in the active compound in such a way that the modifications are cleaved, either in routine manipulation or in
vivo, 1o the parent active sompound. Prodrugs incinde compounds wherein 2 hydrbx,y, amino or mercapto group is
bonded to any group that, when the prodrug of the active compound {5 adminisiered to a mammalian subject, cleaves
to form a free hydroxy, free amino or free mercapto group, respectively. Examples of prodrogs includs, but are not
limited to, acetate, formate and benzoate derivatives of an alcohol or acetamide, formamide and benzamide denvatives
of an amine functional group in the active compound and the like.

{00116] The term “in vive” refers to sn svent that takes place in a subject’s body.

[00117] The term “in vitro” refers to an event that takes places outside of a subject’s body, For example, an in vitro
asgay encompasses any assay run outside of a subject assay. Jn vifro assays encompass cell-based assays in which
cells alive or ciead are employved, In vitro assays also encompass 2 cell-free assay in which no intact cells are
employed. _

[60318] Uniless otherwise stated, structures depicted herein are also meant to inchude compounds which differ only in
the presence of one or more isotopically enriched atoms. For example, compounds having the present structures except
for the replacement of 2 hydrogen by & deuterium or tritium, or the replacement of a carboz by “C- or "C-enriched

carbon are within the scope of this invention,
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[89119] The compounds of the present invention may also contain unnafural proportions of atomic isotopes at one or
more of atoms that constitute such compounds. For example, the compounds may be radiclabeled with radioactive
isotopes, such zs for example tritinm (CH), iodine-125 (") or carbon-14 (*°C). All isotopic variations of the
compounds of the present invention, whether radicactive or not, are encompassed within the scope of the present
invention.

[66120] When ranges are used herein for physical properties, such as molecular weight, or chemical properties, such
as chemical formulae, all combinations and subcombinations of ranges and specific embodiments therein are intended
to be inclnded. The term "about” when referring tw a mumber or a sumerical range means that the number or
numerical range referred 1o is an approximation within experimental variability (or within statistical experimentai
error), and thus the nomber or numerical range may vary from, for example, between 1% and 13% of the stated
mumber or pumerical range. The term "comprising” (and related terms such a¢ "comprise” or "comprises” or "having”
or "inchuding") includes those embodiments, for example, an embodiment of any composition of matter, composition,
method, or process, or the like, that "consist of" or "consist essentially of" the described features.

{60121] The following abbreviations and terms have the indicated meanings throughout

PI3-K = Phosphoinositde 3-kinase; PI = phosphatidylinositol; PDE = Phosphoinositide Dependent Kinase, DNA-PK
= Deoxyriboss Nucleic Acid Dependent Protein Kinase; PTEN = Phosphatase and Tensin homolop deleted on
chromosome Ten; PIKK = Phosphoinositide Kinase Like Kinase; AIDS = Acquired Immuno Deficiency Syndrome;
HIV = Human Immnhodeﬁciency Viras; Mel = Methyl Iodide; POCH = Phosphorous Oxychloride; KCNS =
Potassium IsoThiocyanate; TLC = Thin Layer Chromatography; MeOH = Methanol; and CHC, = Chloroform.
{66122} Abbreviations used herein bave their conventional meaning within the chemical and biological arts,

80123} "Allcyl" refers to & straight or branched hydrocarbon chain radical consisting solely of carbon and hydrogen
atoms, containing no upsaturation, having from one to ten carbon atoms {e.g., Ci-Cyp allcyl). Whenever it appears
herein, a numerical range such a3 "1 to 10" refers to each integer in the given range; e.g., "1 to 10 carbon atoms"
means that the alkyl group may consist of I carbon atom, 2 carbon ators, 3 carbon atoms, etc., up to and inclading 10
carbon atoms, although the present definition also covers the occurrence of the term "alkyl" where no numerical range
is designsted. In some embodiments, it is a C;-C, alkyl group. Typical alkyl groups inchude, but are in no way limited
to, methyl, ethyl, propyl, isopropyl, n-butyl, iso-butyl, sec-buty} isobutyl, tertiary butyl, peatyl, isopentyl, neopentyl,
hexyl, septyl, octyl, nonyl, decyl, end the like. The alkyl is attached to the rest of the molecule by a single bound, for
example, methyl (Me}, sthyl (Et), n-propyl, 1-methylethyl {iso-propyl}, rn-butyl, n-pentyl, 1,1-dimethylethy} (#-butyl},
3-methylhexyl, 2-methylhexyl, and the iike. Unless stated otherwise specifically in the specification, an alkyl group is
optionally substituted by one or more of substituents which independently are: alkyl, heteroalkyl, alkenyl, alicynyl,
cycioallkcyl, heterocycloalkyl, aryl, arylaikyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyaro, trifluoromethyl,
trifiuoromethoxy, nifro, trimethylsiianyl, ~-OR, -

SRS, -OCOWRY, -NR",, -CIORY, -CIOJOR", -OC(ONRY,, -CIOINRY,, -NERIC(OIOR®, NERHCORE, -
NERDHCOWNER,, NRICHRINR ), -NER)S(O)R® (where tis 1 or 2), -S(O)OR" (where tis 1 or 2), -S(O)NER),
{where tis 1 or 2), or PO5(R"), where each R® is independently hydrogen, alicyl, fluoroalkyl, carbocyclyl,
carbooyclylatieyl, aryl, aralkyl, heterocycloalikyl, heterocycloalkylalkyl, heteroaryl or heteroarylatkyl.

[80124] “Alkylaryl” refers to an -(alkylary! radical where aryl and alicyt are as disclosed herein and which are
optionelly substituted by one or more of the subsituents described as suitable substituents for aryl and alky]
respectively.
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[08125] “Alkythetaryl” refers to an -(alkyljhetaryl radical where hetaryl and alky] are as disclosed herein and which
are optionaliy substituted by one or more of the subsituents described as suitabie substituents for aryl and alkyl
respactively.

{08126] “Alkylheterocycloaikyl” refers to an —(allcyl} heterocyeyl radical where alkyl and heterocycioalicyl are as
disclosed herein and which are optionally substituted by one or more of the subsituents described as suitable
subgtituents for heteracyeloalky! and alicyl respectively.

[60127] An “alkene™ moiety refers to & group consisting of at least two carbon atoms and at feast one carbon-carbon
double bond, apd an "alkyne" moiety refers to a group consisting of at Ieast two carbon atoms and at least one carbon-
carbon tripie bond. The alkyl moiety, whether saturated or unsaturated, may be branched, straight chain, or cyclic,
[00128] "Alkenyl" refers to a straight or branched hydrocarbon chain radical gronp consisting solely of carbon and
hydsogen atoms, containing at least one double bond, and having from two {0 =0 carbon atoms (ie. C-Cyp alkenyd).
Whenever it appears hersin, & numerical range such as "2 to 107 refers to eash integer in the given range; e.g., "2 10 10
zarbon atoms" means that the alkenyl grovp may consist of 2 carbon atoms, 3 carbon atoms, stc., up to and inchuding
10 carbon atoms.In certain embodiments, an alkeny! comprises two to sight carbon atoms. In other embodiments, an
alkeny! comprises two to five carbon atoms {e.g., C-Cs alkenyl}. The alkenyl is attached to the rest of the molecule
by a single bond, for example, ethenyl (7.¢., vinyl), prop-1-enyl {i.e., allyl), but-1-enyl, pent-1-enyl, pents-1 4-dienyl,
and the like. Unless stated otherwise specifically in the specification, an alkeny! group is optionally substituted by
one or more substituents which independently are: alkyl, heteroalkyl, alkenyl, alkynyl, cyeloalkyl, heterocycloaliyl,
aryl, aryiaikyl, heteroaryl, heteroarylalicyl, hydroxy, balo, cyeno, trifluoromethyl, trifivoromethoxy, nitvo,
rimethylsilanyl, -<OR?, -

SRE ~OC{OMRE, -NERY,, -C(OIR", -C(OIORE, -OC{OMNR™Y,, -C{OMHR™Y,, -NRICO)YOR?, -NRHCIOR, -
NERHCOINRY,, NRHCINRINR"),, -NERDS(O)R" (where tis 1 or 2), -8(0),0R* {where t is T or 2}, ~S(O}NR"),
{where tis 1 or 2), or PO3(R™),, where each R” is independently hydrogen, alkyl, fluoroalkyl, carbocyelyl,
carbocyclylaliovl, arvl, aralkyl, heterooyeloalicyl, heterocyoloalkylalkyl, heteroaryl or heteroarvialkyl.

160129]  “Alkenyl-cveloalkyl” refers to refers to an <alkenylicycloaliy! radical where alkenyl and cyclo alleyl are as
disclosed herein and which are optionally substituted by one or more of the subsitﬁe:nts described as suitable
substituents for alkenyl and cycloalky? respectively.

{80130] "Alkyny!l" refers to a straight or branched hydrocarbon chain radical group consisting solely of carbon and
hydrogen atoms, containing at lesst one triple bond, baving from fwo fo ten cerbon atoms {(fe. C5-C;p alkynyl).
Whenever it appears herein, & numerical range such as "2 to 10" refers to each integer in the given range; e.g., "2 to 10
carbon atoms” means that the alkynyl group may consist of 2 carbon atorns, 3 carbon atoms, ete., up w© and mchiding
10 carbon atoms, In certain embodirsents, an alloymyl comprises two o eight carbon atoms, [n other embodiments, an
allcyny! has two to five carhon atoms {e.g., C=Cs alkynyl). The alkynyl is attached 10 the rest of the molecule by a
single bond, for example, ethynyl, propynyl, butynyl, pentynyl, hexynyi, and the like, Unless stated otherwise
specifically in the specification, an alkyny! group is optionally substituted by one or more substituents which
independently are: alloyl, heteroalkyl, alkenyl, alkvnyl, cycloalicyl, heterocyeloalkyl, aryl, aryiailoyl, heteroaryl,
heteroarylalkyl, hydroxy, halo, cyano, wrifluoromethy], wrifluoromethoxy, nitro, trimethylsilanyl, -OR®, -

SR, -OCIO)-RE, -NRD,, -CIOWR, -CIO)OR?, -OCL{OMINR Y, -CIOYNRDY;, -NERIHCIOIORE, -NERHC(O)RY, -
NERMCIOINR",, NRIHCONRINERY,, -NRNS(O)R® (where tis 1 or 2), -S{O)OR” (where tis 1 or 2), -S(O)M(R"),
{where t is I or 2}, or POy(R"),, where each R® is independently bydrogen, alkyl, fhiorozlkyl, carbooyclyi,
carbooyclylatikyl, aryl, aralkyl, heterocycloalleyl, heterscyeloalkylalkyl, heteroaryl or heteroarylalkyl.
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{09131} “Atkynyi-cycloalkyl” refers to refers to an -(allynvlovsloalkyt radical where aikyny! and evelo alky! are

as disclosed herein and which are optionally substituted by one or more of the subsiinents described as suitable

substiments for alkynyl and cycloalicyl respectively.

[06132] “Carboxaldehyde” refers to 8 (C=0}H radical.

{68133} “Carboxyl” refers to & ~{C=0)OH radical.

[68134] "Cyano® refers to 2 ~CN radical,

H0135] "Cycioalkyl" refers to 2 monocyelic or polveyciic radical that contains only carbon and hydrogen, and may be

saturated, or partially unsaturated. Cycioalicyl groups inchude groups having from 3 to 10 ring atoms (ie. C;-Cy

cycloalicyl). Whenever it appears herein, a numerica! rangs such as "3 10 10" refers to gach integer in the given range;

e.g., "3 to 10 carbon atoms” means that the cycloalkyl group may consist of 3 carbon ators, etc., up to and ncluding

10 carbon atoms. In soms embodiments, it is a C-Cy cycloatky! radical. In some embodiments, it is a C-Croycloalkyl

radical. Illustrative examples of cycloally! groaps include, but are not limited to the following moieties: oyelopropyl,

cyclobutyl, cyclopentyl, cyclopentenyl, cyciohexyl.cyclohexenyl, cycloseptyl, cyclooctyl, cycloponyl, cyclodecyl,

norbornyl, and the likke. Unless stated otherwise specifically in the specification, & cycloalicyl group is optionally

substituted by one or more substitvents which independently are: alkyl, heteroalicyt, alkenyl, alloynyl, cyeloalkyl,

hetzrécycloaﬁcyl aryl, arvialkyl, heteroaryl, heteroarylalicyl, hydroxy, halo, cyano, trifluoromethyi, trifluoromethoxy,

nitro, tnmethyls:ianyE QR -

SE?, -OC(0)-R?, -N(R,, -CIOR, -C{O)YOR?, -OC{OMN(R,, -C(G}N(R")g, SRNCOIOR?, -NENTIORE, -
NRHCIOMNER, NERHCINRIMNRY,, -NENS(OWK' (where tis 1 or 2), -S(0),0R® (where tis 1 or 2}, -S{O)NERY,

{where t 15 1 or 2), or PO4(R®),, where gach R” is independently hydrogen, alkyl, fiuoroalicvl, carbooyelyl,

carbocyciylalkyl, aryl, aralleyl, heterocveloalkyl, heterocycloalkylatiyl, heteroaryl or heteroarylalicyl.

{00138} “Cyeloalkyl-atkenyl” refers 1o 2 ~{vycloalkyl) alkeny! radical where cycloalky! and heterocycloalkyl are as

disciosed herein and which are optionally substituted by one or more of the subsituents described as suiable

substituents for heterocycloalkyl and cycloalkyl respectively.

{60137] “Cycloalkyl-heterocycloalleyl” refers to-a ~(cycloalkyl) heterocyceyl radical where cycloalky! and

baterocyeloalkyl are as disclosed herein and which are optionally substituted by one or more of the subsituents

described as suitable substiments for heterocycloallcy! and cycloalky! regpectively.

[00138] “Cvcloalkyl-heteroaryl” refess to a ~{cycloalkyl) heteroaryl radical where ¢ycloalky! and heterocyclosiky! are

zs disclosed herein and which are optionsily substitated by one or moye of the subsituents described as suitable

substituents for heterocycloalicyl and cycloatikyl respectively.

[60139] The term "alkoxy" refers to the group -O-alicyl, including from 1 to 8 carbon atoms of a straight, branched,

eyelic configuration and combinations thereof attached to the parent structure through an oxygen. Examples include

methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclohexyloxy and the like. *Lower alkoxy” refers to atkoxy

groups containing one to six carbons. In some embodiments, C.-C,; alkyl, is an alkyl group which encompasses both

straight and branched chain alkyls of from 1 o 4 cacbon atoms.

[69140] The term "substiteted alkoxy” refers to allioxy wherein the alkyl constiment is substinsted

(Le., ~O-{substitutad slkyl)). Unless stated otherwise specifically in the specification, the alky! moiety of an alikoxy

group is optionally substituted by one or more substituents which independently are: slkyl, heteroalicyl, alkenyl,

alkynyl, cycloalkyl, heterocycloalkyl, aryi, arylalicyl, heteroaryl, heteroarylalkyl, hydroxy, hale, cyano,

triflucromethyl, wifluoromethoxy, nitro, frimethylsilanyl, ~-OR®,

SR®, -OC(O}-R", -N(R%), -C(OW, -CLOYOR’, ~OCOMNR"), -CLOM(R®),, -N{RMTIO)OR?, -N(RIHC(OIRS, -

N{RHC(OINIR ), N(RIHCINEINR ), -NRIS(O}R" (where tis | or 2), -S(O}OR® (where tis 1 or 2), -S(O}NR;
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{where 1 is 1 or 2), or POy(R");, where ezch R® is independently hydrogen, alkyl, fluoroaliyl, carbocyclyl,
carbocyclylatkyl, aryl, aralicyl, heterocyeloalkyl, heterocyeloalicylalkyl, heteroaryl or heteroarylaliyl.

{06141} The term "alkoxycarbonyl" refers to a group of the formula (alkoxy)(C=0)- attached through the carbonyl
carbon wherein the alkoxy group bas the indicated mimber of carbon atoms. Thus a C,-C; alkoxycarbony! group is an
alkoxy group having from 1 to 6 carbon atoras atfached through its oxygen to a carbonyl linker, "Lower
alkoxycarbonyl" refers to an allioxyearbonyl group whersin the alkoxy group is & lower alkoxy group. In some
embodiments, Cp-Cy alkoxy, is an alkoxy group which encompasses both straight and branched chain alkoxy groups of
from 1 to 4 carbon atoms.

[60842] The term “substituted alkoxyearbonyl” refers to the group (substituted alkyl)-O-C{O)- wherein the group is
attached to the parent structurs through the carbonyl fonctionatity. Unless stased otherwise specifically in the
specification, the alkyl moiety of an alkoxycarbonyl group is optionsily substituted by one or more substituents which
independently are: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalleyi, hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, -OR®,

SR®, -OC(O)-RE, “NE®),, -CIOWR®, -C(OYORT, ~-OC{OMNER,,

CHOWRR,, NERHCIOYOR?, -NERIC(OIR', « NRHCIOMR",;, NRDHYCEROHNERY,, -NERISOWR® (where tis 1 or
2}, -S(0)OR*® (where tis 1 or 2}, -S(O)N{R®), (where tis 1 or 2), or PO3(R*),, where each R” is independently
hydrogen, alkyi, fluoroalkyl, carbocyelyl, carbocyelylalkyl, arvi, aralkyl, heteracycloalkyl, heterocycloalkylalioyt,
heteroaryl or heteroarylalkyl

160143} "Acyl" refers to the groups (alkyl}-C(O)-, (aryl}-CtO)-, (eteroaryl)-C(O)-, (heteroaliyl)-C{O)-, and
{heterocycloalkyl}-C{0)-, wherein the group is attached to the parent stracture through the carbony! fanctionality. In
same emboediments, it is a C;-Cyg acyt radical which refers to the total number of chain or ring atoms of the alkyl, aryi,
heteroaryl or heterocycloatkyl portion of the acylory group plus the carbony] carbon of acyl, i.e three other ring or
chain atoms plus carbonyl. If the R radical is heternaryl or beterocycloalkyl, the hetero n’ng or chain atoms contribute
fo the total number of chain or ring atoms. Unless stated otherwise specifically in the specification, the “R” of an
acyloxy group is optiopatty substituted by one or more substitushts which independently are: aikyi, heteroalky,
alkenyl, atkynyl, cvcloalkyi, heterooycloalloyl, aryl, aryialicyl, heteroaryl, hetercarylalioyl, hydroxy, halo, cvano,
trifluoromethyl, tiffucromethoxy, nitro, trimethylsilanyl, -OR®,

SR, -OC{Q}-R%, -N{RY,, -C{O)R, ~C{OMOR®, -OCIOINE )2,

-COMNER"),, -NRICOOR?, -NRHCIOIR’, - NRICOINER),, NRICINRINR ), -NERIS(O)R® (where tis I or
2), -S(0),0R" (where tis 1 or 2), ~B{O)NER"); (where tis 1 or 2}, or PO3(R"),, where each R" is independently
hydrogen, 2liyl, fluoroaliyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl, heterocycloalikyl, hetemcycioaﬂcyiéﬂwl,
hetaroaryl or heteroarylallkyl,

[00144] “Acyloxy” refers to a R(C=0)0- zadical wherein “R” is alicyl, aryl, heteroaryl, heterosibyl, or
heterocycloalkyl, which are as described herein. In some embodiments, it is a C,-Cy acyloxy radical which refers to the
total number of chain or ring atoms of the alkyl, aryl, heteroary! or heterocycloalikyl portion of the 2cyloxy group plus
the carbonyi carbon of acyl, i.e three other ring or chain atoms plus carbonyl. If the K radical is beteroaryl or
heterocycloatkyl, the hetero ring or chain atoms contribute to the total number of chain or ring atoms. Unless stated
otherwise specifically in the specification, the “R” of an scyloxy group is optionally substituted by one or more
substituents which independently are: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalicyl, arvi, arvialkyl,
heteroaryl, heteroarylalkyl, hydroxy, halo, cyanc, wifluoromethyl, trifluoromsthoxy, nitro, trimethysilanyl, -OR?, -
SR®, -OC(Q)-R", MR, -CLOR’, -CIOYOR’, ~OC(OMIN(R,, -C(OIN(R):, -NRHC(OIOR?, -NRHCOIR®, -
NER)COYNR )z, NERJCINRIN(R ), -NRIS(O)R" (where tis 1 or 2-8(0)0R® (where tis 1 or 2),-S(O)NR™),
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{where tis 1 or 2}, or POG3(R"),, where each R is independently hydrogen, alkyl, fluoroalikyl, carbocyclyl,
carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyi, heteroaryl or heteroarvialicvl,

[00145] “Amino” or “amine” refers to a -N{R"), radical group, where each R® is independently hydrogen, alkyl,
flucroalkyl, carbocyciyl, carbocyciviaikyl, aryl, aralkyl, beterocycloalkyl, beterocycloalkylalioyl, beteroaryi or
heteroarylalkyl, uniess stated otherwise specifically in the specification. When & -N(R%, group has two Ra other than
hydrogen they can be combined with the nitrogen atom to form a 4-, 5-, 6-, or 7-membered ring. For example, -N{R"},
is meant to include, but not be limited 1o, 1-pyrrolidiny! and 4-morpholinyl. Unless stated otherwise specifically in the
specification, an amine group is ob:ionaiiy substituted by one or more substituents which independently are: alkyl,
heteroaliyl, alkenyl, alkynyl, eycloalkyl, heierocycloaliyl, aryl, arylalkyl, hetevoaryl, beteroarvialkyl, bydroxy, halo,
oyano, trifluorometby!, trifiluoromethoxy, nitro, trimethylsilanyl, -OR®, -

SR, ~OC(ON-R?, -NR™S,, -CIOR?, -CIOXOR", -OC{OMNER™,, -CLOMR™M,, -NRMICOIOR?, -NRDC{OIRY, -
NRFICOMNR",, NRICOINRINERY,, -NERDHSOWR® (where ti5 1 or 2), -8(0)OR® (where tis 1 or 2), -S{O)NR),
(where tis 1 or 2), or PO3(R®),, whers cach R® is independently hydrogen, alkyl, fluoroalkyl, carbooyelyl,
carbooyclylalkyl, aryl, axalkyl, heterocycloalkyl, heterocycloalicylalieyl, heteroaryl or heteroaryialky! and each of these
moietios may be optionally substituted as defined herein,

[60146] The term "substituted amino” also refers to N-oxides of the groups -NHRY, and NROR® each as described
above. M-oxides can be prepared by treatment of the corresponding amine group with, for exampie, hydrogen
peroxide or m-chloroperoxybenzoic acid. The person skilied in the art is familiar with reaction conditions for carrying
out the N-oxidation.

[00147] “Amide" or “amido” refers to a chernical moiety with formula ~C(OINR), or -NHC(OIR, where K is
selected from the group consisting of hydrogen, alkyl, cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and
heteroalicyctic {bonded through a ring carbon), each of which moiety may itself be optionalty substitnted. In some
embodiments it is a C,-C4 amido or amide radical, which inchudes the amide carbonyl in the total number of carbons in
the radical. The Ry of - N(R), of the amide may optionally be taken together with the nitrogen to which it is attached
to form a 4-, 5-, 6, or 7-membered ring. Unless stated otherwise specifically in the specification, an amido group is
optionally substituted independentty by one or more of the substituents as described herein for allyl, cycloalicyl, aryl,
heteroaryl, or heterocycloalkyl. Ar amide may be an amino acid or & peptide molecule attached to a compound of
Formula (I}, thereby forming a prodrug. Any amine, hydroxy, or carboxy! side chain on the compounds described
herein can be amidified. The procedures and s?eciﬁc groups to make such amides are known fo those of skill in the art
and can readily be found in reference sources such as Greene snd Wats, Protestive Groups in Organic Synthesis,
3.sup.rd E4., John Wiley & Sons, New York, N.Y., 1999, which is incorporated herein by reference in its entirety,
[00148] "Aromatic" or "aryl" refers 1 an aromatic radical with six 0 ten ring atoms {e.g., Cp-Cyp aromatic or CeCig
aryl) which has at least one ring having a conjugated pi electron system which is carbooyclic {e.g., phenyl, flucrenyl,
and naphthyl). Bivalent radicais formed from substituted benzene derivatives and having the free valences af ring
atoms are named as substituted phenylene radicals. Bivalent radicals derived from univalent polycyelic hydrocarbon
radicals whose names end in "-y1" by removal of one rydrogen atoms from the carbon atom with the free valence are
named by adding "-idene” to the name of the corresponding univalent radical, e.g., a naphthyl group with ewo points of
attachment is termed naphthylidene, Whenever it appears herein, & numerical range such a3 "6 to 10" refers to each
integer in the given range; e.g., "6 to 10 ring atoms" means that the aryl group may consist of 6 ring ators, 7 ring
atoms, etc., up to and mcluding 10 ring atoms, The term includes manocyélic or fused-ring polveyciic {i.e., rings
which share adjacent pairs of ring atoms) groups. Unless stated otherwise specifically in the specification, an aryl
motety i5 optionally substituted by one or more substituents which are indepcnﬁently: alkyl, hetercallcyl, alicenyl,
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abicynyl, cycloalkyl, heterocycloaliyl, arvl, arvialiyl, heteroaryl, heteroaryialky!, hydroxy, halo, cyano,
triflucromethyl, trifluoromethoxy, nitre, trimethylsilanyl, -OR®, -

SR*, -OC(0)-RY, -NR",, -C{OR?, -C{OIOR”, ~CCONR™:, -CIOINR™,, -NRNCIOIOR®, -NIRMCIOIRE, -
NEICOWNERN,, N(R“)C(NR‘)N{R")Z, -N(R")S(O)R* (where ti5 ] or 2), -S(0)0R® (where t is 1 or 2), -S(O)NR™),
{where t is 1 or 2), or PQ3(R"),, where each R® is independently hydrogen, alkyl, fluorcalkyl, carboeyelyl,
carboeyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalicylalkyl, heteroaryl or heteroarviatkyt.

[86149] “Aralkyl” or “arvlalicyl” refers to an {aryljalkyl— radical where aryl and aliy] are as disclosed herein and
which are optionally substituted by one or more of the subsituents described as suitable substitnents for aryi and alkvl
respectively.

[B0158] "Ester" refors to & chemical radical of formula ~-COOR, where R is selected from the group consisting of
alkyl, eycloalityl, aryl, heteroaryl {honded through a ring carbon) and heteroalicyclic (bonded through a ring carbom),
Any apaine, hydroxy, or carboxyl side chain on the compounds described herein can be esterified. The procedures and
specific groups to make such esters are known to those of skill iv the art and can readily be found in reference sources
such as Greene and Wats, Protective Groups i Orgamic Synthesis, 3.sup.rd Ed., Jobn Wiley & Sons, New York, N.Y .,
1999, which is incorporated berein by reference in its entirety. Unless stated otherwise specifically in the specification,
an ester group is optionally substitated by ene or more substituents which independently are; alikyl, heteroalkyl,
alkenyl, alkynyl, cycloalkeyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, hydroxy, halo, cyano,
wriflucromethy], trifluoromethoxy, nitro, trimethyisilanyl, ~-OR", -

SR", -OC(0)-R, -NR");, -C{O)R", -C{OIOR", -OC(OINR™Y,, -COM(R™,, -NRHCOIOR?, -NERHCHOIR®, -
NERDHCOMER,, NRCINRMNE),, -NERS(O)NR® (where tis 1 or 2), -S(0)OR® {twhere t is 1 or 2), -8(OLNR"),
{where tis | or 2), or PO3(R™),, where each R" is independenily hydrogen, alkyl, fluoroalicyl, carboeyeivl,
carbocyclylalicyl, arvl, aralkyl, beterocycloalleyl, heterocycloalkylalkyl, heteroaryl or heteroaryiaikyl.

[obi51] "Fhuoroalkyl® refers 1o an alky! radical, as defined above, that is substituted by one or more fluorp radicals, as
defined above, for example, trifluoromethyl, difiuoromethyl, 2,2 2-trifiuoroethyl, 1-fluoromethyl-2-fluoroethyl, and
the like. The alkyl part of the flucroalky] radical may be opticnalty substituted as defined above for an alkyl group.
[66152] "Halo", “balide”, or, alternstively, "balogen" means fluoro, chloro, bromo or iodo. The terms "haloalicyl,”
"hatoalkenyl," "haloalkynyl® and "haloalkoxy” inciude alkyl, alkenyl, alkynyl and alkoxy structures that are
substituted with one or more halo groups or with combinations thereof. For example, the terms “fiuoroalky]" and
"fuoroalkoxy" include haloalkyl and haloalkoxy groups, respectively, in which the halo is flnorine.

[60153] "Heteroalicyl" "heteroalkenyl” and "heteroaliynyl” include optionally substituted alkyl, alkenyl and allkynyl
radicats and which have one or more skeletal chain atoms selected from an atom other than.carbtm, e.g., bxygen,
nitrogen, sulfur, phosphorus or combinations thereof. A numerical range may be given, e.g. Cy-C, heteroalicyl which
refers to the chain length in total, which in this example is 4 atoms long. For example, & ~CH,OCH,CH, radical it
referred to a8 2 “C,” heteroalicyl, which inciudes the heteroatom center in the atom chain length deseription.
Connection to the rest of the molecule may be through either & heteroatom or 2 carbon in the heteroalkyl chain, A
keteroalicyl group may be substifuted with one or more substituents which independently are: aliyl, heteroalkyl,
alkenyl, alkynyl, eycloalkyl, heterocycloalkeyl, aryl, arylalkyl, heteroaryl, hetercarylalkyl, hydroxy, halo, cyane, nitro,
oxo, thioxo, trimethylsilanyl, -OR?, -

SR®, -OC(O}-R’, -N{R*), -C(OW, ~CLOYOR?, ~C(OINR),, -NRHC(OYOR?, -NRICOIR”, NRIIS(O}R® (where t
is 1 or 2}, -S(O)OR® (where t is 1 or 2), -S(O)N(R"); (where tis 1 or 2), or PO3(R"),, where each R® is independently
hydrogen, alicyl, fuoroalkyl, casbosyoiyl, carbooyclylaiicyl, aryl, aralkyl, heterocycloalleyl, heterocycloalicylalloyl,
heteroaryl or heteroaryialkyl.
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{60154} “Heteroalkylaryl” refers “to an ~(heteroalkyl}aryl radical where heteroalkyl and aryl are as disclosed herein
znd which are optionally substifuted by one or more of the subsituents described as suitable substiteents for
heteroalkyt and aryl respectively,

[B6155] “Heteroulkylheteroaryl” refers “to an -(hetercalkyl}heteroaryl radical where heteroalkyl and heteroaryl are as
disclosed herein and which are optionally substituted by one or mors of the subsituents described as suitable
substituents for heteroalkyl and hetercaryl respectively

[00156] “Heteroalkylheterocycloalicy!” refers “to an ~{hetervalkyDheterocyeioalkyl radical where heteroaliyl and
beteroaryl are as disclosed herein and which ave opfionally substituted by one or more of the subsituents described as
suitable substituents for hetercalky! and heterocycloalloyl respectively

{06157] "Heteroalkyloycloalkyl” refers “to an (heteroalkyl} cycloalky? radical where heteroatkyl and cycloally! are
25 disclosed herein and which are optionaily substitutzd by one or more of the subsittents described as suitable
substituents for hoteroalkyl and cycloaiky! respectively.

{bO158] "Heteroaryl" or, alternatively, "heteroaroruatic” refers to & 5- to 18-membered aromatic radical (e.g., Cs-Cis
heteroaryl) that includes one or more ring heteroatoms selected from nitrogen, oxygen and sulfur, and which may be a
monocychic, bicyclis, fricyclic or tetracyclic ring system. Whenever it appears herein, & numerizal range such as *5 to
18" refers to each integer in the given range; e.g., "5 to 18 ring atoms" means that the heteroary! group may consist of
5 ring atoms, 6 ring atoms, etc., up to and including 18 ring atoms. Bivalent radicals derived from univalent heteroaryl
radicals whose names end in *-yI" by removal of one hydrogen atom from the atom with the free valence are named by
adding "-idene" to the name of the corresponding univalent radical, e.g., a pyridy! group with two points of attachment
is a pyridylidene, An N-containing "heteroaromaiic” or "heteroaryl" moiety refers to an aromatic group in which at
least one of the skelatal atoms of the ring is a nitrogen atom. The polyeyclic heteroaryl group may be fused or nop-
fused. The heteroatom(s) in the heteroaryl radical is optionally oxidized. One or more nitrogen atoms, if present, are
optionally quaternized. The heteroaryl is attached to the rest of the molecule through any atom of the ring(s).
Examples of heteroaryls include, but are not limited to, azepinyl, acridinyl, benzimidazolyl, benzindolyl,
1,3-benzodioxolyl, benzofuranyl, benzooxazolyl, benzofd]thiazolyl, benzothiadiazolyl, benzo[5][1,41dioxepinyl,
benzo[b][1,4joxazinyl, 1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl,
benzoxazolyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl, benzofurazanyl, benzothiazolyl,
benzothieny! (benzothiophenyl), benzothisno[3,2-djpyrimidinyl, benzowiazolyl, benzo[4,6]imidazo[1,2-a}pyridinyl,
carbazolyl, cinnolinyl, cyclopentaldipyrimidiny, 6,7-diydro-5H-cyclopentaf4,5)thienc[2,3-dlpyrimidiny],
5,6-dihydrobenzo[hjquinazolinyl, 5,6-dihydrobenzolh]cinnolinyl, §,7-dihydro-5H-benzo[6,7Joycloheptal 1,2-
clpyridazinyl, dibenzofuranyl, dibenzothiophenyl, furanyl, furazanyl, furanonyl, furo{3,2-c]pyridinyl,
5,6,7,8,9,10-hexahydrocyclooctaldlpyrimidinyl, 5,6,7,8.9, 10-hexabydrocyelooctaldipyridazingd,
5,6,7.8,9,10-hexahydrocyclooctafdlpyridinyl, isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindelyl,
indolinyl, isoindolinyl, isoquinolyl, indolizinyl, soxazolyl, 5,8-methano-5,6,78-tetrahydroquinazolinyl,
naphthyridinyl, 1,6-nephthyridinonyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl,

5,6,6a,7,8.8, IO,10a@cmhydmbmzo[h]qm‘nazolihyl, 1-phenyl-1H-pyrrolyl, phenazinyl, phenothiaziny!, phenoxazinyl,
phthalazinyi, pteridinyl, purinyl, pyranyl, pyrrolyl, pyrazolyl, pyrazoio[3,4-djpyrimidinyl, pyridinyl,
pyrido[3,2-d}pyrimidinyl, pyride[3 4-d]pyrimidinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, quinazolinyl,
uinoxaliny!, quinolinyl, isoquinolinyl, tetrahydroquinolinyl, 5,6,7,8-tetrahydroquinazoliny,
5,6,7,8-tetrahydrobenzo[4,5}thieno[2,3-d]pyrimidinyl, 6,7,8,9-tetrabydro-5H-cyclobeptal4, 51thienol 2, 3-dlpyrimidinyl,
5,6,7,8-tetrabydropyrido{4,5-c]pyridazinyl, thiazolyl, thiadiazolyl, thiapyranyl, triazolyl, tetrazolyl, triazinyl,
thieno[2,3-d}pyrimidinyl, thienof3 2-d}pyriraidinyl, thieno{2,3-clpridinyl, and thiophenyl (ie, thienyl). Unless stated
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otherwise spectfically in the specifeation, 2 heteraryl moiety is optionally substituted by one or more substituents
which are independently: alkyl, heteroalicyl, alkewy!, alkynyl, cycloalicyl, heteroeycloalleyt, aryl, arvlalkyl, heteroarvl,
heteroarylalkyl, hydroxy, halo, cyano, nitro, oxe, thioxo, trimethyisilanyl, -OR?, -

SR®, -OC(O)-RY, -N(RM,, -CIOIR®, -C{OYOR®, -COIN(R M, ~NRICIOIOR®, -NRICIOR?, -N(RMIS(OWR"® (where ¢
is 1 or 2}, -B{O)OR" (where t is I or 2}, -S{O}N{R"); (where t is 1 or 2}, or PO3(R™),, where each R® is independently
hydrogen, alkyl, fluoroalkyl, carbooyclyl, carbocyelylalkyl, aryl, aralicyl, beterocycloalkyl, heterocycloatkylalkyl,
heteroary! or heterosryiatkyl.

[601539] Substituted heteroaryl also includes ring systems substituted with one or more oxide (-0-) substituents, such
as pyridiny] N-oxides.

[GI60] “Heteroarvialkyl” refiers to a molsty heving an aryl moiety, ss deseribed herein, connected to an alkylene
moiety, as described hersin, whersin the connection to the remainder of the molecule is through the alkylene groap.
[60168] "Heterocyeloalkyl" refers to a stable 3- to 13-membered nop-aromatic ring radical that comprises two to
tweive carbon atoms and from one to six heteroatoms selected from nitrogen, oxyges and sulfir. Whenever it appears
herein, 2 numerical range such as "3 to 18" refers o each integer in the given range; e.g., "3 to 18 ring atoms" means
that the heterocycioalkyl group may consist of 3 ring atoms, 4 ring atorms, 21c., up to and including 18 ring atoms. In
some embodiments, it is a Co-Cyg heterooyeloalkyl, In some embodiments, it is 2 Cp-Cyp heteroeycloalkyl. In some
embodiments, it is a C3-Cp heterocyoloalkyl. Unless stated otherwise specifically in the specification, the
heterocycloalkyl radical is 2 monoeyelic, bicycelie, tricyelic or tetracyelic ring gystem, which may inchide fused or
bridged ring systerms. The heteroatoms in the heterpoycloalicyl radical may be optionally exidized. One or more
nitrogen atoms, if present, are optionally quaternized, The heterocycloalkyl radical is partially or fully saturated. The
heterocyeloalky! may be attached to the rest of the molecuie through any atom of the ring(s). Exaroples of such
heterocycloalkyl radicals inchnde, but are not limited to, dioxolanyl, thienyi[1,3)dithianyl, decabydroisoquinolyl,
imidazolinyl, imidazolidingl, isofiiazolidinyl, isoxazolidiny], morpholinyl, oczhydrotndoivi, octabydroisoindelyl,
2-oxopiperazinyl, 2-oxopiperidingl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl,
pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, trithianyl, tetralivdropyranyl, thiomorpholinyl,
thiamorpholinyl, 1-oxo-thicmorpholiny, and 1,1-dioxo-thiomorpholinyl. Unless stated otherwise specifically in the
specification, a heterocycioalleyl moisty is optionally substitured by one or more substituents which independesntiy are:
alkyl, heteroalkyl, alkenyl, alkynyl, cycloaikyl, heterocycloalkyl, aryl, aryiallyl, heteroaryl, heteroarylalkyl, hydroxy,
halo, cyane, nitro, oxo, thioxo, rimethylsilanyvi, -OR”, -

SR, <OC(O)-R?, -NRS),, -C(OIR?, -C(O)OR, -C(OIN(R™,, -NERIC(OIOR?, NRIC(OIR', -N(RIS(O)R® {where t
is 1 or 2), -S(OLOR" (where t is 1 or 2}, -S(O}N{R®), (where t is 1 or 2), or POy(R™),, where eack R® is independently
hydrogen, alkyl, finoroalkyl, carbooyvelyl, carboeyelylalkyl, aryl, arallcyl, heterocyeloalkyl, heterozryl or
hﬁtaroarylaﬂ&yi.

{00152] "Heterooyaloalioyt” also includes bicyelic ring systems wherein one non-gromatic ring, vsually with 3 to 7
ring atoms, contains af least 2 carbon atoms in addition to 1-3 heteroatoms independently selected from oxygen, sulfur,
and nitrogen, as well as combinations comprising at least one of the foregoing heteroatoms; and the other ring, usually
with 3 to 7 ring atoms, optionally contains 1-3 beteroatoms independently selested from oxygen, sulfur, and nitrogen
and is not aromatic.

[00163] “lsomers" are different compounds that have the same molecular formula. "Stereoisomers” are isomers that
differ only in the way the atoms are wranged in space, "Enantiomers” are a pair of sierecisomers that are
non-superimposable mirror images of each other. A 1:1 mixture of a pair of enantiomers is a "racemic” mixture, The

term “(£.)" is used 1o designate a racemic mixture where approprinte. "Dinsterecisomers” are sterecisomers that have
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at least two asymmetric atoms, but which ars not mirror-images of each other. The absolute storeochemistry is
specified according to the Cahe-Ingold-Prelog R-8 system. When a cornpound is a pure enantiomer the
stercochemistry at each chira! carbon can be specified by either R or 8. Resolved compounds whose absolute
coufiguration is unknown can be designated (+) or (-} depending on the direction (dextre- or levorotatory) which they
rotate plane polarized light at the wavelength of the sodium I line. Certain of the compounds described herein contain
one or more asymmetric ceniers and can thus give rise to enantiomers, diastereomers, and other sterecisomeric forms
that can be defined, in terms of absolute stereochemistry, as (R)- or {8)-, The present chemical entities,
pharmaceuntical compositions and methods are meant to include afl such possible {somers, including racemic mixtures,
optically pure forres and intermediate mixtures. Optically active {R)- and (8)- isomers can be prepared using chiral
synthons or chiral reagents, or resolved using conventional techniques. When the compounds described herein contain
plefinic double bonds or other centers of geometric asymmetry, and uniess spec;ﬁed otherwise, it is intended that the
compounds include both Eand Z geamemc iSOETS.

[06164] "Moiety" refersto 2 specxﬁc segment or functional groep of a mlecule Chemical moieties are often
recogmized chemical entities embedded in or appended to a molecule.

{6G165] “Nitro” refers to the ~NO, radical,

[03166] "Oxa" refers to the -0~ radical.

[08167] "COxo" refors to the =0 radical.

[80168] "Tautomers” are structurally distinet isomers that interconvert by tautomerization. “Tautomerization” is a
form of isomerization and includes prototropic or proton-shift tautomerization, which is considered a subset of
acid-base chemistry. "Prototropic tautomerization” or “proton-shift fautomerization" involves the migration of &
protor: accompanied by changes in bond order, often the interchenge of a single bond with an adjacent double bond.
Where tautomerization is possible (e.g. in solution), a chemical equilibrium of tantomers can be reached. An example
of tautomerization is keto-enol tauiomerization, A specific example of keto-eno! tawtomerization s the
interconversion of pentave-2 4-dione snd 4-hydroxypeti-3-en-2-one tautomers. Another example of tautomerization
is phenol-keto temtomerization. A specific example of phenol-keto taustomerization is the interconversion of
pyridin-4-ol and pyridin-4(1H}-one tautomers.

[60:69] The compounds of the present inventior may also contain unnatural proportions of atomic isotopes at ons or

. more of atoms that constituie such compounds. For example, the compounds may be radiolabeled with radioactive

30

35

40

isetupcs, such as for example tritium CH), iodine-125 (31 or carbon-14 (°C). All isolopic variations of the

compounds of the present invention, whether radioactive or not, are encompassed within the scope of the present
invention.

{0176 A “leaving group or atom™ is any group or atom that will, under the reaction conditions, cleave from the
giarting material, thus prometing reaction at a specified site. Suiiable examples of such groups uniess ofherwise
specified are halogen atoms, mesyloxy, p-nitrobenzensuiphonyiory and tosyloxy groups.

[00171] “Protecting group’ has the mesning sonventionally associated with it in organic synthesis, L.e. 2 group that
selectively blocks one or more reactive sites in & multifunctional compound such that a chemical reaction can be
carried out selectively on another vnprotected reactive site and such that the group can readily be removed after the
selective reaction is complete. A variety of protecting groups are distlosed, for example, in T.H. Greene and P, G, M.
Wats, Protective Groups in Organic Synthesis, Third Edition, John Wiley & Sons, New York (199%). For example, a
hydroxy protected form is where at least one of the hydroxy groups present in s compound is protected with a hydroxy

protecting group. Likewise, amines and other reactive groups may similarly be protected.
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(00172} "Solvate” refers to a componnd (e.g., a compound selected from Formula I or & pharmaceutically acceptable
sait therecf} in physical association with one or more moiecules of a pharmaceutically acceptable solvent. It will be
understood that "a compound of Formula I" encompass the compound of Formula I and soivates of the compound, as
wall ag mixtures thereof,

[06173] “Substituted" means that the referenced group mey be substituted with one or more additional group(s)
individually and independently selected from acyl, alkyl, alkyiaryl, cycloalkyl, aralkyl, aryl, carbohydrate, carbonate,
heteroaryi, heterocycloalicyt, hydroxy, atkoxy, aryloxy, mercapto, alkyithio, aryithio, cyane, halo, carbonyl, ester,
thiocarbonyl, isozyanato, thiocyanato, isothiooyanato, nitro, 0xo, perhaloalkyl, perfluoroalikyl, phosphate, sityl,
sulfinyl, sulfonyl, sulfonamidyl, sulfoxyt, sulfonate, ursa,land amino, inchuding mono- and di-substituted amino
groups, and the protected derivatives thersof. Di-substituted 2mino groups encompass those whick form a ring
together with the nitrogen of the amino group, such as for instance, morpholino. The substiteents themselves may be
substituted, for example, a cycloaky! substituent may have a halide substituted at one or tore ring carbons, and the
Iike. The protecting groups that may form the protective derivatives of the above substifuents are known to those of
gkill in the art and may be found in references such as Greene and Wuts, above,

{60174) "Sulfanyl" refers to the groups: -S-(optionaily substituted alkyl), -S-{optionally substituted

aryl), -S-{optionally substituted heteroaryl), and -S-{optionally substituted heterocycloalkoyl).

[86175] "Sulfinyl" refers 1o the groups: -S(Q)-H, -8(0)-{optionally substituted alkyl), -S(O)-{optionally substituied

amino), -S{0)-{optionally substinted aryl), -8(0)-{optionally substituted heteroarvl}, and -S(0)-{optionally substituted
heterocycloatkyl).

{06176] "Sulfonyl" refers to the groups: -8{(0x}-H, -5(Ox)-(optionally substituted alkyl), -8(0,)-(optionally substituted
amino}, -5(0y)-(optionally substituted aryl), -S(0s)-{optionally substituted heteroaryl), and -S(Os)-(optionally
substituted heterocycloalioyl).

{60177} “Sulfonamidyl” or “sulfonamido” refers to 2 —S{=0),-NRR radical, where each R is selected independently
from the group consisting of hydroger, alkyl, cycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and
beteroalicyclic (honded through a ring carbon). The R groups in —-NRR of the -8(=0),-NRR radical may be talen
together with the nitrogen to which it is attached to form 2 4-, 5-, 6-, or 7-membered ring. In some embodiments, it is
a Cy-Cyp sulfonamido, wherein each R in sulfonamido contains 1 carbon, 2 carbons, 3 carbous, or 4 carbons total, A
sulfonamido group is optiopally substituted by one or more of the subsituents described for alicyl, cycloalkyl, aryi,
heteroaryl respectively

[60178] “Sulfoxvl” refers to a ~S(=0hHL0H radical.

{00179} “Sulfonate” refers to & ~3(=(),-OR radical, where R is selected from the group consisting of alkyl,
eycloalkyl, aryl, heteroaryl (bonded through a ring carbon) and heteroalicyrlic (bonded through 2 ring carbon). A
sulfonate group is optionaily subsiituted oz R. by one or more of the substituents described for alkyl, cycloaliyl, aryl,
heteroaryl respectively.

[B0186] Where substituent groups ave specified by their conventiona! chemical formulae, written from left to Tight,
they equally encompass the chemivally identical substituents that would result from writing the structure from right to
left, e.g., -CH,0O- is equivalent to -OCH,-

[00181] Compounds of the present invention also include crystaliine and amorphous forms of those compounds,
including, for example, polymorphs, pseudopolymorphs, solvates, hydrates, unsolvated polymorphs (including
anhydrates), conformational polymorphs, and amorphous forms of the compounds, as well as mixtures thereof,
"Crystalline form," "polymorph,” and “novel form" may be used interchangeably herein, and are meant to inchide all
crystalline and amorphous forms of the compound, including, for example, polymorphs, pseudopoiymorphs, solvates,
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hydrates, unsolvated polymorphs (including anhydrates), conformational polymotphs, and amorphous forms, as well
as mixtures thereof, unless & particular erystalline or amorphous form is referred to.

[66182] Chemical entities inchude, but are not limited to, compounds of Formula I, and all pharmaceutically
acceptable forms thereof. Pharmaceutically acceptable forms of the compounds recited herein include
pharmaceutically ascceptabie salts, chelates, non-covalent complexes, prodrugs, and mixtures thereof. In certain
embodiments, the compounds described herein are in the form of pharmaceutically acceptable salts. Hence, the terms
“chemical entity" and "chemical entities” also encompass pharmaceutically acceptable saits, chelates, non-covalent
complexes, prodrugs, and mixfures,

f00183] In addition, if the compound of Formula I is obtained as an scid addition salt, the free base can be obtained by
basifying a solution of the acid salt. Conversely, if the product is a free base, an addition salt, particularty a
pharmaceutically acceptable addition salt, may be produced by dissolving the free base in a suitable organic solvent
and treating the solution with an acid, in accordance with conventional procedures for prepering acid addition salts
from base compounds. Those skifled in the art will recognize various synthetic methodologies that may be used 1o
prepure non-ioxic pharmaceutically acoeptable addition salis. _

{08184] In'one aspect, the present invention provides & compound of Formmla I:

Formula ¥

{08183} or its pharmaceutically acceptable salt thereof, wherein
[00186] W, is heterooycloalkyl, aryl or heteroaryl;
{B0187] B is alky], amino, heteroalkyl, or a moiety of Formula II;

(R*)q -

Formula TI

[08188] wherein W, is arvl, heteroaryl, heterovycloalkyl, or oycloalkyl, and

{60189 gisanimeperof(, 1,2,3,0r4;

00190} X is absent or is ~{CHR®)),-end z is an integer of 1, 2, 3,01 4;

[80191] Y is absent, -O-, -5-, -S(=0)-, -8(=0);-, N(R®)-, -C=OWCHR®),-, -C(=0}-, NRC(=0)-, or -NR?)-
C=OINE-,-NRICR )z of -C(=0)-(CHR);-;

[09192] R' is hydrogen, alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, beteroaryl,
heteroarylatkyl, alicoxy, amide, amino, acyl, acyioxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro,
phosphate, ures, or carbonate;
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[00193] R’ is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalicyl, hetcrocycicajkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy, nitro,
phosphate, ures, or carbonate;

[60194] R’ is hiydrogen, alicyl, alkenyl, alkynyl, cycloalkyl, heterocycloalicyl, alkoxy, amido, amino, acyl, acvioxy,
alkoxyoarbonyl, sulfonamide, hale, cyano, hydrozy, nitro, aryl, or heteroaryl;

100195} R° RS, R', and R® are independently hydrogen, C-Caalkyl, Co-Cialkenyl, Co-Csalicynyt, Co-Cicycloaliyl, C;-
C.heteroaliyl, Ci-Cealkoxy, C-Ciamido, aming, acyl, C-Caacyloxy, C;-~Cysulfonamido, hale, cyano, hydroxy or
nitro; and

[86196] esch instance of R® is independently hydroges, C,-Cyealkyl, Ci-Croycloalkyl, hetsrocycloalkyl, or Cp-
Coheteroalkyl.

(50197 In some embodiments, B is unsubstituted or substituied alkyl, including but not limited to ~{CF,),-

NRR® whesein each R® is independentiy hydrogen, alkyl, fuoroalkyl, carbocyciyl, carbooyclyialkyl, aryl, aralleyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryt or heteroarylaikyl, or NR®R® are combined together to form a
cyelic moiety, which inchudes but is not limited to piperidinyl, piperazinyl, and morpholinyl. In some embodiments, B
is unsubstituted or substiuted amino. In some embodiments, B is uzxs:ibs:itated or substituted heteroalicyl,

R1
s: ’\}\;'is
4'771’ = (R%)q
Formula IT

[00198] In some embodiments, B isa moiety of Formuls IT and wherein W is 2 member selected from the group
consisting of unsubstituted or substituted aryl, substituted pheny!, substinued or substifited hetercaryl inchading but
not limited to pyridin-2-yl, pyridin-3-yl, pyridin-4-y], pyrimidin-4-yl, pyrisidin-2-yl, pyrimidin-5-v1, or pyrazin-2-vi,
unsubsiituted or substitited monocyclic heteroaryl, unsubstituted or substituted bicyclic heteroaryl, & beterparyl
comprising two heteroatorms as ring atoms, unsubstituted or sabstinuted heteroary] comprising a nitrogen ring atom,
heteroaryl comprising two nitrogen ring atoms, heteroaryl comprising 2 nitrogen and z sulfur as ring atoms,
unsubstituted or substituted heterocycloalkyl including but not limited to morpholinyl, tetrabydropyranyl, piperazinyl,
and piperidinyl, unsubstituted or substituted cycloalkyl inciuding but not limted 1o cyclopenty! and cyclohexyl.
(86199} In some embodiments, B is one of the following moijefies:

Ch 7 .
-CH3 CH,CHy  -CH(CH3z)z - \N{ EO "%_<i M%O

RONG RS g

NO,
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{00206] in some embodiments, B is substituted by one or more of alkyl, heteroalkyl, alkenyl, alkynyl, cycioalkyl,
heterocycloalkyl, aryl, heteroaryl alkoxy, amido, amino, acyl, acyloxy, alloxycarbonyl, sulfonamido, halo, cyano,
hydroxy or nitro, each of which alicyl, heteroalicyl, alkenyl, alicynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
alkoxy, amido, amine, acyl, acyloxy,or sulfonsmide, may itself be substituted.

[8£261} In some embodiments, R! is a member selected fror the group consisting of hydrogen, nnsubstituted or
substituted alicyl, unsubstituted or substituted heteroalicyl, unsubstinuted or substituted alkenyl, unsubstituted or
substimteﬁ alicynyl, unsubstituted or substituted cycloalkyl, or unsubstituted or substitated heterocycloaliyl. In some
embodiments, R is unsubstituted or substituted ary], unsubstimted or substitnted arylalkyl, unsubstitizied or substitited
heteroaryl, or unsubstituted or substituted heteroaryiaikyvl. In some embodiments, R® is umsubstituted or substituted
alkoxy, unsubstituted or substitoted arpido, upsubstitated or substituted amine. In some embodiments, R is
unsubstituted or substituted acyl, unsubstituted or subsdtuted acyloxy, unsubstituted or substituted alkoxycarbonyl, or
unsubstituted or substituted sulfonamide. In some embodiments, R' is halo which includes ~C1, -F, <}, and -Br. In
some embodiments, R! is selected from the group consisting of cyane, hydroxy, nitre, unsubstituted or substituied
phosphate, unsubstituted or substitoted urea, and carbonate,

{08202} In some embodiments, when R' is alkyl, R is methyl, ethyl, propyl, isopropyl; n- butyl, fert- butyl, sec-butyl
pentyl, hexvl or heptyl.

{00203] In some embodiments, when R is alky!, heteroalky), alkenyl, alikcynyl, cycloatkyl, heterocycloalicyl, arvl,
arylalkyl, heteroaryl, heteroarylalkyl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, sulfonamido, or hydroxy,
R! is substituted by phosphate, or unsubstituted urea, or substituted urea, or carbonic acid, or carbonate,

[69204] In some embodiments, when R is alkyl, heteroalkyl, alkenyl, alicynyl, cycloalicyl, heterocycloalicyl, aryl,
arylaikyl, heteroaryl, hetercarylalkyl, alkoxy, amide, amine, acyl, acyloxy, alkoxycarbonyl, or sulfonamido, R! is
substituted by one or more of alkyl, heteroaikyl, alkenyl, alkynyl, cycloaliy!, heterocycloatkyl, aryl, arvialkyl,
heteroaryl, hetercarylalkyl, alkoxy, araido, amine, acyl, acyloxy, alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy

3
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or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, arvi, arylalkyl, heteroaryl,
hetercarylalkyl, alkoxy, amido, amine, acyl, ecyloxy, alkoxyearbonyl, or sulfonamido may itself be substituted.
100205] In some embodiments, R? is 2 member selected from the group consisting of unsubstituted or substituted alicyl,
unsubstituted or substitted heteroalkyl, unsubstituted or substitoted alkeny!, unsubstituted or substitted allcynyl,
unsnbstintted. or substituted cycloalkyl, and unsubstituted or substituted heterocycloalkyl. In some embodiments, B is
unsubstituted or substituted ary], unsubstituted or substituted arylalkyl, unsubstituted or substisuted keteroaryl, or
unsubstituted or substituted heteroarylalkyl. In some embodiments, R? is unsubstitated or substituted alkoxy,
unsubstituted or substituted amido, unsubstituted or substituted amino, In some embodiments, R? is unsubstituted or
substitrted acyl, unsubstituted or substituted acyloxy, unsubstituted or substituted alkoxycarbonyl, or unsubstituted or
substituted sulfonamido. In some embodiments, R® is halo, which is ~I, -F, -Ci, or -Br. In some embodiments, R® is
selected from the group consisting of cyano, hydroxy, nitro, a carbonic acid, and a carbonate.  In some embodiments,
R? is unsubstituted or substituted phosphate. In some embodiments, R? is unsubstituted or substituted urea. In some
embodiments, when R* is alkyt, R*is methyi, ethyl, propyl, isopropyl, n- butyl, tert- butyl, sec-butyl, pentyi, hexyl or
heptyl.

100206] In some embodiments, when R” is alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycioalkyl, aryl,
arylalkyl, heteroaryl, heteroarvlatkyl, alkoxy, amido, amino, acyl, acvloxy, atkoxycarbonyl, suifonamido, or hydroxy,
it is substitnted by phosphate, substituted by urea, or substituted by carbonate.

100207] In some embodiments, when R is alkyl, heteroalkyl, alkenyl, alkkynyl, cycloalkyl, heterocyeloatkyl, arvl,
arylalkyl, heteroaryl, heteroaryialkeyl, atkoxy, amido, amino, acyl, acyloxy, alkoxyearbonyl, or sulfonamido, it is
substituted by one or more of alkyl, heteroalleyl, alkenyl, alkynyl, cycloallcyl, beteroeyoloalkyl, aryl, beteroaryl,
alkoxy, amido, amine, acyl, acyloxy, alkoxvesrbonyl, sulfonamide, halo, cyano, hydrozy or nitro, each of which alkyl,
heteroalkyl, aikenyi, allymyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, slkoxy, amids, amino, acyl, scvioxy,
alkoxycarbonyl, or sulfonamido may iteelf be substinited.

[60208] In some embodiments, ¢ is an integer of 0. In some embodiments, ¢ is an integer of 1. Tn some embodiments,
¢ is &n integer of 2, In some embodiments, q is an integer of 3. In some embodiments, ¢ is an nteger of 4,

[00299] In some embodiments of the compound of Formula I, R? is a member selected from the group consisting of
hydrogen, uasubstituted or substituted alkyt, unsubstituted or substituted alkenyl, and unsubstitated or substituted
alkynyl, In some embodirents, R? is unsubstituted or substituted aryl, unsubstituted or substituted heterpary!,
pnsubstituted or substituted cycloalkyl, or unsubstitated or substitsted heterocycioalkyl. In some embodiments, R is
unsubstitoied or substiruted alkoxy, unsubstituted or substiuted amido, unsubstinited or substituted amino, In some
embodiments, R’ is unsubstituted or substituted acyl, unsubstituted or substituted acyloxy, unsubstifuted or substituted
atkoxycarbonyl, or unsubstituted or substituted sulfonamido. In some embodiments, R is halo, which is is -1, -F, Cl,
or ~Br.

[060210] In some embodiments, R’ is selected from the group consisting of cyano, hydroxy, and nitro. In some
embodiments, when R is alkyl, R? is methyl, ethyl, propyl, isopropyl, n- butyl, terr- buryl, sec-butyl, pentyl, hexyl or
heptyl. In some embodiments, R* is -CF,.

{80211} In soms embodiments, when R? is alkyl, alkeny!, alikynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl,
alkoxy, amido, amino, scyl, acyloxy, alioxycarbonylor sulfonamido, it is substituted with one or more of alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalicyl, heterocyeloalkyl, aryl, beteroaryl, slkoxy, amido, amine, acyl, acyloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, heterocycioalkyl, aryl, beteroaryl, alkoxy, amide, amine, acyl, acyloxy, alkoxycarbonyl, or sulfonamide
may itself be substituted.

27



10

13

20

Z5

30

35

40

{00212] In some embodiments of the compound of Formula I, R’ is hydropen, unsubstituted or substitsted alkyi
(inchuding but not limited to unsubstituted or substituted C,-Cqalkyl). In some embodiments, R® is unsubstituted or
substituted alkeny! inchuding but not limited to unsubstituted or substituted C,-Csalkenyl. In some embodiments, R’ is
unsubatituted or substituted alkyny! incleding but not limited to umsubstituted or substituted Co-Calkynyl. In some
embodiments, R® is unsubstimted or substituted cycloalkyl including but not limited to unsubstituted or substituted Cy-
Cecycloalleyl. In some embodiments, RY is unsubstimuted or substitited heterocycloalkyl. In some smbodiments, R is
unsubstituted or substituted heteroalley! including but not lmited to unsubstituted or substituted C)-Cyheteroalicyl. In
some embodiments, R? is unsubstituted or substituted alicoxy including but not limited to unsubstitated or substituted
C;-Cealkoxy. Insome embodiments, R® is unsubstituted or substituted amido including but not limited to
unsubstitated or substitated C,-Cuamido, In some embodiments, R® is unsubstitsted or substinsted amino. In some
embodiments, R’ is unsubstitated or substitated acyl, unsubstitnted or substituted soyloxy, unsubstituted or substituted
Cy-Caoyloxy, unsubstituted or substituted alkoxycarbonyl, unsubstituted or substituted sutfonamido, or unsubstituted
or substittted IC,-C.,sulfonamido. In somme embodiments, R’ is hale, which is is I, -F, -Cl, or -Br, I some
embodiments, R ts selected from the group consisting of cyano, hydroxy, and nitro. In some other embodiments, R’ is
-CH;, -CH,CH;, n-propyt, isopropyl, -OCH,, -OCH,CH;, or -CFs.

{060213] In some embodiments, when R is alicyl, alkenyl, alkynyl, cycloallyl, heteroalkcyl, acyl, alkoxy, amido,
amino, acyloxy, alkoxycarbonyl, or sulfonamido, RY is optionally substituted with one or more of alkyl, heteroalkyl,
alkenyl, alkynyi, cycloalkyl, heterocycloalkyl, aryl, hetevoaryl, alkoxy, amido, amina, zoyl, acyloxy, alkoxycarbonyl,
sutfonamido, halo, cvano, hvdroxy or mitro, each of which alkyl, hetercalkyl, allenyl, alkynyl, cycloalkyl,
heterocyeloalkyl, aryl, heteroaryi, afkoxy, amido, amine, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itself be
substituted,

[00234} In some embodiments of the compound of Formula I, R® is hydrogen, unsubstituted or substituted alkyl
(inciuding but not limited to unsubstituted or substituted C;-Caalky?). In some embodiments, R® is unsubstituted or
substitated alkenyl including but not kmited to unsubstiteted or substituted Co-Csalkenyl. In soms embodiments, & is
mmsubstituted or substituted alkynyl incleding but not linsited to unsubstituted or substimted Co-Cralkynyl. In some
embodiments, R® is unsubstituted or substituted eycloaikyl including but not limited to unsubstitated or substitnted Cs-
Cseycloalkyl. In some embodiments, R® is unsubstituted or substitated heterocycloalicyl. In some embodiments, R’ is
wnsubstituted or substituted heteroalicyl tncluding but not limited to unsubstituted or substituted C-Cyheteroaliyl. In
some embodiments, R¢ is unsubstitated or substituted alkoxy inchiding but not limited to unsubstituted or substitnted
C-Cqalkoxy. In some embodiments, R® is unsubstitated or substituted amido including but not limited to
unsubstituted or substituted C,-C,amido, In some embodiments, R® is unsubstituted or substituted amino. In some
embodiments, R? is unsubstituted or substituted acyl, unsubstituted or substituted zcyloxy, unsubstituted or substituted
Ci-Cemoyioxy, unsubstitated or substituted alkoxycarbonyl, nnsubstituted or substituted sulfonamide, or unsubstitated
or substituted C,-Cysulfonamido. In some embodiments, R® is halo, which is is -1, -F, -Cl, or -Br. In some
embodiments, RE is selected from the group consisting of cyano, hydroxy, and nitro. In some other embodirents, R® is
-CHs, -CH,CH,, n-propyl, isoprapyl, -OCH,, -OCH,CH,, or -CF;.

{60215] In some embodiments, when RS is alkyl, alkenyl, allcynyl, cycloalkyl, heteroalicyl, acyl, alkoxy, amide,
amino, acyloxy, atkoxycarbonyl, or sulfonamido, R® is optionally substituted with one or more of alicyl, heteroalkyl,
alkenyl, alikynyl, eycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxy or nifro, each of which alloyl, hetercalkyl, alienyl, alkymyl, cyeloalkyl,
heterocycloaliyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyioxy, alkozycarbonyi, or sulfonamido may #selfbe
substizated.
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{08216} In some embodiments of the compound of Formula I, R” is hydrogen, unsubstituted or substituted alikyl
{inclnding but not limited to unsubstitated or substituted C-Cyaliyl). In some embodiments, R” is unsubstituied or .
subgtituted alkeny! inchuding but not limited to unsubstituted or substituted Co-Csalkenyl. In some embodiments, R is
unsubstituted or substituted alkynyl including but not limited to unsubstituted or substitted C-Coalioynyl. In some
embodiments, R’ is unsubstitated or substituted cycloalkyl including but not limited to unsubstitated or substituted Cy-
Cscycloaliyl. In some embodirents, R’ is unsubstituted or substituted heterocycloalicyl. In some embodiments, R is
umsubstituted or substitated heteroalky! including but ot Hmited to unsubstitated or substituted C,-Cyheteroalicyl. In
some embodiments, R is unsubstituted or substinited alkoxy inchiding but not Hmited to unsubstitied or substituted
C-Cealkoxy. In some embodiments, R is unsubstituted or substituted amido inchuding but not limited to
unsubstituted or substituted C;-Cezmido. In some embodiments, R’ is unsubstituted or substituted amine: In some
embodiments, R’ is unsubstituted or substinzted acyl, unsubstituted or substituted aoyiony, vasubstituted or substituted
Cy-Ciacyloxy, unsubstituted or substituted alkoxycarbonyl, unsubstituted or substinted sulfonamido, or unsubstitted
or substituted Cy-Cysuifonamido. In some embodiments, R is halo, which is is -, «F, -Cl, or -Br, In some
exnbodinents, R’ is selected from the proup consisting of cyano, hydroxy, and nitro. In some other embodiments, R is
~CHy, ~CHCH;, n-propyl, isopropyl, ~-OCH;, -OCH,CH,, or ~CFs.

[06217} In some embodiments, when R’ is alkyl, alkenyl, alkynyl, ovcioalkyl, beteroalkyd, acyl, alkoxy, amido,
arino, acyloxy, alkoxycarbonyl, or sulfonamide, R” is optionally substituted with one or more of alicyl, heteroalkyl,
alkenyl, alkynyl, cycloalicyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, acyl, acyloxy, alkoxycarbomyl,
suffonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalioyt, alkenyl, alkynyl, cycloalkyi,
hetsr-ecycloaﬁqd, aryl, beteroaryl, alkoxy, amido, amine, acyl, acyloxy, alkexycarbonyl, or sulfonamido may itself be
substituted.

[00218] In some embodiments of the compound of Formula I, R? is hydrogen, uosubstituted or substituted alicyl
(including but not limited to unsubstituted or substituted C;-Cualkyl). In some embodiments, R® is unsubsiituted or
substiuted a_ikenyl including but not limited 1o unsubstiteted or substituted C.-Cgalkenyl, In some embodiments, R®is
unsubstituted or substituted alloynyl including bt not limited to vnsubstituted or substituted Co-Coalkynyl. Tn soms
entbodiments, R® is unsohstituted or substituted oycloalkyl incleding but not limited to wssbstimied or substitited Cy-
Cscycloalkyl. In some embodiments, R® is unsubstituted or substituted heterocycloalicyl. To some embodiments, R® is
unsubstituted or substituted heteroalkyl including but not limited to vnsubstituted or substitated C;-Cyheteroalicyl. In
some embodiments, R® is unsubstituted or substitted alkoxy including but not limited 1o unsubstituted or substituted
Ci-Cialkoxy. In some embodiments, R® is unsubstituted or substituted amido including but not limited to
unsubstituted or substituted C,-Ciamido. In some embodiments, R is unsubstituted or substitated amine. In some
embodiments, R is unsubstituted or substituted acyl, unsobstinuted or substituted acyloxy, unsubstituted or substinited
Ci-Ciacylony, unsubstitited or substituted alkoxyearbonyl, unsubstituted or substinuted sulfonamide, or unsubstituied
or substituted C;-Cysulfonamido. In some embodiments, R® is halo, which is is ~i, «F, -Cl, or -Br. In soms _
embodiments, R’ is selected from the group consisting of cyano, lydroxy, and nitro. In some other embodiments, f{ﬂ is
-CH;, «CH;CH,, n-propyl, isepropyl, -OCH;, -OCHCH,;, or -CFs.

[00219] In some embodiments, when R® is alkyl, alkenyl, alicynyl, cycloalkyl, heteroalkyl, acyl, alkoxy, amido,
amino, acyloxy, alkoxycarbonyl, or sulfonamido, R? is optionally substituted with one or more of alkyl, heteroalicyl,
allcenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, amido, amino, zcyl, acyloxy, alkoxycarbonyl,
sulfonamido, halo, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyl, cycloaliyl,
heterocycloalicyl, aryl, heteroaryl, alkoxy, amido, amine, acyl, acyloxy, alkoxycarbonyl, or sulfonamido may itselfbe
substituted.
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[06220] In some embodiments of the compounds of Formula I, R®, RS, R7, and R® are H.

{08221} In some embodiments of the compound of Fornula 1, X is absent. In some embodiments, X is —<(CH(R®)),, and
zis anintegerof 1, 2, 3 or4.

{60222] In some embodiments, R’ is unsubstituted or substituted allcyl inchading but not mited to unsubstituted or
substituted C;-Cyealkyl. In sorae embodiments, R’ is nnsubstituted or substituted cycloaliyl including but not limited
to unsubstiteted or substituted Cy-Creycloalkyl. In some embodiments, R’ is methy! or hydrogen. Insome
embodiments, R is unsubstituted or substituted heterocyeloalkyi inchzding but not limited to unsubstituted or
substituted Cy-Cyoheteroalkyl. In some embodiments, R® is unsubstituted or substituted heteroalky] including bt rot
itmited to unsubstituted or substitated C,-C)pheteroalkyl,

[00223] When R® is any of the above, in some embodiments, X is -CH;-, -CHCHy-, ~-CHRCHLCH,-, -CH(CHS)-, of -
CH(CH,CH;)- In some embodimenss, when X is ~CH(CH;)-, -CH{CH,)- is in an (8} or (R)-stereochsmical
configuration, '

[06224] In some embodiments of the compound of Fornula I, Y is absent. In some embodiments, Y is -0-, -8-, -
8(=0}-, ~8(=0}z-, ~C(=0)-, NRWC=0)-, NER*C=0HE-, -NECR)- (such as-NR*)CHy-, specifically -
N(CH;)CHy-, N(CH(CH)9)CHy ~ or N(CH,CHA)CH,-), <NER%Y-, ~N(CHy)-, ~MN(CH,CH3)-, or ~N{CH(CH;),)- Insome
embodiments, Y is ~C(=O}-(CHR®),- and z is an integer of 1, 2, 3, or 4.

{00228] In some embodiments, X-Y is -CH,-, -CHx-N{CH;), ~CH(CH,)-NH-, (8} -CH{(CH}-NH-, or

(R} ~CH{CH3)-NH-. In some embodiments, X-Y is -N(CH;).CHy-, N(CH,CH;) CHp-, -N(CH(CH,;);)CH;-, or -
NHCH;-. |

[60226] In some embodiments of the compounds of Formula I, W, is a member selected from the group consisting of
nasubstituied or substituted heterocycloalkyl, unsubstituted or substituted aryl, and unsubstituted or substitoted
heteroaryl. In some embodiments, W, is unsubstituted or substituted monocyclic heteroaryl, or unsubstituted or
substituted bicyclic heteroaryl. In some embodiments, Wy is a bicyclic heteroary! having at least one hetercatom, e.g.,
a bicyclic heteroaryl having at least one nitrogen ring atom. In some embodiments, W, is a bicyclic heteroaryl having
at least two heteroatoms, e.g., a bicyclic heteroaryl having at least two nitrogen ring atoms. In some embodiments, Wy
is & bicyclic heteroaryl having two heteroatoms in the ring which is connected to XY. In some embodiments, Wgise
bicyclic heteroaryl having two nitrogen ring atoms in the ring to which XY js connected. In some embodiments, W
is a bicyclic heteroary! having four hetercatoms, ¢.g, & bicyclic heteroary] having four nitrogen ring atoms. In some
embodiments, Wy is unsubstitoted or substituted 4-amino-1H-pyrazolof3,4-djpyrimidin- -y, unsubstituted or
substitited F-amino-2-methyl-2F-pyrazolo{d,3-d}pyrimidin-3-y]. unsubstituted or substituted 6-methylenyl-
SH-purin-6-yl, or unsubstituted or substitzied §-amino-9H-purin-g-yl.

(06227} In some embodiments Wy is one of the following:

£

T e
Ry XN ‘ i
N & IH N:-\ |
4 S R N N NH N
= SR ‘S?W N
— ‘ _ | \ Wy R
/ N R12 =N ' N\?N N /—"!*Z#
R R‘H R12
R‘H

wherein R” is hydrogen, halo, phosphate, ures, carbonate, alkyl, alkeryt, alkkynyi, cycioallyl, heteroalicyl, or

35 heterocycioalinyl;

R' s H, alkyl, halo, amino, amido, hydroxy, or allkoxy, and

30



10

15

20

R'? is H, alkyl, cyano, atkynyl, alkenyl, halo, aryl, heteroaryl, heterocycloalkyl, cycloallyl, amino, carboxyiic acid,
alkoxycarbonyl, or amido.
j30228] In some embodiments, Wd is:

fOO22Y In some embodiments, Wy is:

[66230] In some embodiments, Wy is:

[64231] In seme embodiments, W is:

R1s
180232} In some embodiments of Wy R® is a member selected from the group consisting of hydroges, halo,
phosphate, ures, & carbonate, unsubstituted or substituted alkyl, unsubstituted or substituted alieny, unsubstituted or
substitated alkynyl, unsubstituted or substituted cycloalkyl, unsubstitated or substituted heteroalky], and nosubstifuted
or substituied heterncyoloatioyl,
[060233] In some embodiments of Wy, when R® is alkyl, alicynyl, cycloalkyl, heteroalkyl, or heterocycloalkyl, it is
substituied by phosphate, urea, or carbonate.
{00234] In some embodiments of the compound of Formula I, R is a member of the group consisting of hydrogen,
unsubstitnted or substituted alkyl, and halo, which includes I, -F, -Cl, or ~Br. In some embodiments, B is
unsubstituted or substituted amine, unsubstitated or substituted amide, hydroxy, or wnsubstituied or substteeed
alkoxy. In some embodiments, R"' is phosphate, unsubstituted or substituted urea, or carbonate.
[60238] In some embodiments, when R'? s alkyl, aming, amido, hydroxy, or alkoxy, it is substituted by phosphate,
vres, or carbopate.

[86236] In some embodiments of the compound of Formula L-X-Y-W is one of the following moieties:
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{80237} In some embodiments of the compound of Formula I, R™ is & member of the group consisting of hydrogen,
cyano, halo, unsobstituted or substituted allcyl, and vnsubstituted or substituted alkynyl unsubstituted or substituted
alkenyl, In some embodiments, R'? is unsubstituted or substituted aryl. In some embodiments, R'? is unsubstituted or
substituted heteroaryl, which includes but is not Bmited 1o heteroaryl having a 5 membered ring, heteroary! having &
six membered ring, heteroaryl with at ieast one pitrogen ring atom, heteroary! with two nitrogen ring atoros, monooylic
heteroaryl, and bicylic heteroaryl. In some embodiments, R'? is unsubstituted or substituted heteroeycloalkyl, which
includes but is not limited to heterocycloalky] with one nitrogen ring atom, heterocycloalleyl with one oxygen ring
atom, R* is heterocycloalky! with one sulfur ring atom, 5 membered heterocycloalkyl, 6 membered heterocycloalkyl,
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saturated heterocycloalicyl, unsaturated heterocveloalieyl, heterocycloalkyl having an unsaturated moiety connected to
the heterocycloalkyl ring, heterocycloalkyl substituted by oxo, and heterocycloalicy! substituted by two oxo. In some
embodiments, R is unsubstitsted or substituted oycloatkyl, including but not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloalicyl substituted by one oxo, cyeloalky] having an unsaturated moiety cornected to the
cycicalkyl ring. In some embodiments, R'* is unsubstituted or substituted amido, carboxylic acid, unsubstituted or
substituted acyloxy, or unsubstituted or substituted alkozyecarbonyl.

[06238] In some embodiments, when R'* is alkyl, alkynyl, alikenyl, arvl, heteroaryl, heterocycloalkyl, or cycloalkyl, it
is substituted with phosphate. In some embodiments, when R'* is alky!, aliynyl, alkenyt, aryl, heteroary,
heterocycloalicyl, or cycloalkyl, it is subgtituted with urea. In some embodiments, when R" is alkyl, alkynyl, alkenyl,
aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, it is substituted with carbonate.

{06239 In some embodiments, when R'? is alkyl, alkynyl, alkenyl, aryl, heteroaryl, beterocycioalikyl, cycloalkyl,
alkoxycarbonyl, amide, or acyloxy, it is substisted with one or more of alkyl, heteroalkyl, alkenyl, alkynyl,
eyeloalleyl, heterocyeloaliyl, aryl, heteroaryl, atkoxy, amido, amino, acyl, acyloxy, alkoxycarbonyl, suifonamido,
hato, cyano, hydroxy or nitro, each of which alkyl, heteroalkyl, alkenyl, alkynyi, cycioallcyl, heterocycloalkyl, arv,
heteroaryl, atkoxy, amide, amino, aoyl, acyloxy, aloxyecarbonyl, or suifonamido may fiself be substituted.

{00240] In some embodiments, R™ of W, is one of the following moieties:
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1962411 In some embodiments, W is a pyrazolopyrimidine of Formula UL
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wherein RY is H, alievl, balo, amino, amido, hydroxy, or alkoxy, and R' is H, aliyl, alkynyl, alkenyl, halo, aryl,

heteroaryl, heterocyeloalkyl, or cycloalkyl. In some embodiments, R'! is amino and R™? is H, alkyl, alkyny}, alkenyl,

talo, aryl, heteroaryl, heterocysloalicyl, or cycioalkyl. In some embodiments, R is amino and R™ is alkyl, halo, aryl,

heteroaryl, heterocycloaliyl, or cycloalkyl. In some embodiments, R is amino and R™ is monocyclic hetercaryl. In
15 some embodiments, k' is amino and RY is bicyclic heteroaryl. In some embodiments, R'! is amino and and R* is

cyano, amino, carboxylic acid, acyloxy, alkoxycarbonyl,or amido.

[60242] In some embodiments of the invention, the compound of Formmula Iis a compound baving a structure of

Fornmia IV
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Formula IV
in some embodiments of the compound of Formmla IV, R" is H, alkyl, halo, amine, amido, hydroxy, or alkoxy, and
R™ is H, alkyl, alkynyl, alkenyl, halo, aryl, heteroaryl, heterocycloalkyl, or cycloalkyl., In another embodiment, R' is
5 amino and R' is alkyl, alkenyl, heteroaryl, arvl, or heterocycloalkyl. In some embodiments, R' is araino and and R¥
is cyano, aming, carboxylic acid, alkoxycarbonyl, or amido,
In some embodiments, the compound of Formula I'V is & compound of Foromla [V-A:

Formula IV-A
10 {B0243] The mvention also provides compounds of Formuls I having a structure of any of Formulae V, VoA, V-B, VI,
or VI-A:

Formulz V-B

15 Formula VI Formula Vi-A
[60244] Any of the disclosed elements and their substituents for the compounds of Formmia I can be used in any

combination.
{60245} In one aspect, R; is H, CHs, CF;, CL, or F; B is a mwisty of Formuia IE;
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Formula 1T
wherein W, is ary], hetersaryl, heterooycioalkyl, or cycloalkyl; R!is H, ~F, -C, -CN, -CH;, isopropyt, -CFs, -OCH;,
gitro, or phosphate; K? is halo, hydroxy, cyano, or nitro; g is zn integer of0, 1,2, 3, 01 4; RS RS R’ and R® are H; X is
absent or (CH,),: zis 1, Y is absent or —1%?{]:1!a -+ RY is hydrogen, Cp-Cypalkyl, C3-Coeycloaikyl, or Cy-Coheteroalkyl;
and Wy is pyrazolopyrimidine or purine.
[60246) In another aspect, R, is H, CH;, CF3, Cl, or F; B is a moiety of Formuia IT which is aryl, heteroaryl,
heterocycloalkyl, or cyeloalkyl, R is H, -F, -Cl, -CN, -CHj, isopropyi, -CF;, <OCH,, nitro, or phosphate; R? is halo,
hydroxy, cyano, or nitro; q is 0, I or 2; RY, RS, R”, and R are H; X is absent or (CHy),; z is 1; ¥ is absent or ~N(R’)-;

1

T
Nm’"’
| / N ;\d""" N\ﬁ
Ny
Rt N \ N
R’ is hydropen, methyl, or ethyl; W, is: R or N

alkynyl, alikenyl, halo, aryl, heteroaryl, heterocycloalkyl, or cycloalkyl.

{06247] In another aspect, R; is B, CH;, CFy, CL, or F; B is 2 moiety of Formule II, which is aryl, heteroaryl,
heterocycloalkyl, or cycloalicyl, R'is H, -F, -Cl, ~CN, -CH,, isopropyl, -CFs, ~OCH;, nitre, or phogphate; R is halo,
hydroxy, cyano, or nitro; 9180, T or 2; X is (CHp); z 35 15 R, Rﬁ, R’ and R® are H; Y is absent and W is:

: RY is amino; and R'* is H, alkyl,

el
n—N
R'iz >
s
R - RY is amino: and R™ is H, alkyl, alkynyl, alkenyl, hizlo, aryl, beteroaryl, heterocycloalkyl, or
cycloalkyl.

[80248] In another aspeet, R, is H, CH,, CFs, Cl, or F; B is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, R'isH, ~
¥, -CI, -CN, -CH;, isopropyl, -CF3, -OCH;, nitro, or phosphate; R? is haie, bydroxy, cyano, or nitro; g is 0, 1 or2; R
RS, R7, pod R® are H; X is (€CHy),; zis 1; X is (CHa)s; 2 is 1; Y is-N(R®)-; R® is hydrogen, methyl, or ethyl; and W, is

NS
at)
pW—; H.

{08249] R'!is amine; and R is H, alkyl, alkynyl, alkenyl, hale, aryl, heteroaryl, heterocycloalkyl, or cycloalkyl.
[00250] In another aspect, Ry is aryl, heteroaryl, H, CH,, CFs, Cl, or F; B is alkyi or 2 moiety of Formula II;

(Rhq

Formula II
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{00251] wherein W, is aryl, heteroaryl, heteracycloalkyl, or cycloalkyl, and g is an integer of 0, 1, 2, 3, 01 4; R'isH, -
F, -Cl, -CN, -CH, isopropyl, -CFs, ~OCH;, nitro, or phosphate; R? is halo, hydroxy, cyano, nitro, or phosphate; qis 0,
1or2; R® RS R, and R® are H; X it absent or (CH(R®),; z is an integer of 1, 2, 3, or 4; Y is absent, ~-N®R%)-, or -
NER? CH®R®)-; B is hydrogen, alkyl, cycloalicyl, or heteroalieyl; and W is pyrazolopyrimidine or purine.
106252] In another aspect, R; is aryl, heteroaryl, H, CH;, CF;, Cl, or F; B is atkyl or a meiety of Formula II which is
aryl, heteroaryl, heterocycloatkyd, or cycloalkyl, R’ is H, ~F, -Cl, -CN, -CH,, isopropyl, -CF,, -OCHs, nitro, or
phosphate; R’ is halo, hydroxy, cyano, nitro, or phosphate; g is 0, 1 or 2; R%, K%, R, and RE are H; X is absent ot
(CH(R™),; z is an integer of 1, 2, 3, or 4; Y is absent, “N(R®-, or -N(R®) CHR®)-; R is hydrogen, methyl, or ethyl;
"Vf’v

N

R1Z > 4 \ 7\}
N N
< N N H o 2
W, is: R or N : RY is amino; and R is H, alkyl, allynyl, alkeny?, balo, aryl,
heteroaryl, heterocysloalkyl, cycloalkyl, cyano, aming, carboxylic acid, aloxyearsonyi, or amido,
{06253] In another aspect, R; is 7, CH;, CF;, CL, or F, B is alkyl or a moiety of Formula I1 which is arvl, heteroaryl,
heterocycloalkyl, or cycloalkyl, R'is H, -F, -Cl, -CN, -CH,, isopropyl, -CFs, -OCH;, nitro, or phosphate; R? is halo,
hydroxy, cyazno, nitro, or phosphate; g is 0, 1 or 2; R®, R%, R, and R® are H; X is (CB(R®),; z is an integer of 1; Y is
e
NN
R*.z >
/=
absent, or ~N(R*) CH(R®)-; R® is hydrogen, methiyl, or ethyl; Wy is: RY
alkyl, allcynyi, alkenyl, halo, aryl, heteroaryl, beterocyeloalkyl, cycloaliyl, cyano, amino, carboxylic acid,
alkkoxyearbonyl, or amido.
[00284] In apother aspect, R; is aryl, heteroaryl, H, CH;, CF;, CL or F; B is a moiety of Formula II which is aryl,
heteroaryl, heterocycloalkyl, or eycloalicy], R’ is H, ~F, -C4, -CN, -CHa, isopropyl, <CFs, -QCH,, nitro, or phosphate;

R? is halo, hydroxy, cyeno, nitro, or phosphate; ¢ 18 0, 1 or 2; R, R, R7, and R® are H; X is absent or (CH(R)),; zis an
integer of 1, 2, 3, or 4; Y is absent, ~N(R®)~, or -N(R®) CH(R®}; R is hydrogen, methyl, or ethyl; and W,

N\ Nﬁ
7
N \ N\H
is: \:"‘"'MN .
[80255] In another aspect, Ry is aryl, heteroaryl, H, CHs, CFy, CL, or F; B is 2 moiety of Formula II which is aryi,

hetercaryl, heterocycloalkyl, or cycloalloyl, R'is B, ~F, -Cl, -CN, -CH,, isopropyl, -CF;, -OCHj, nitro, or phosphate;
2 i halo, hydroxy, cyano, nitro, or phosphate; qis 0, 1or 2; R RS R apd B® are H; X is sbsent; Y is-NRH

XN
N/\Ix

CH(R®)-; R? is hydrogen, methyl, or ethyl; and Wgis: N
[60256] Additional exemplary compounds of the present invention are disclosed having a sub-structure of Formula
IV-A.

: R" is amino; and R? i5 H,

H
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{00257}

HaN
Formula IV-A

Some illustrative cotnpounds of the present invention having a structure of Formuia IV-A

include those in which R” is ~H, -Cl, -F, ¢ ~CH, in combination with any B moiety described in Table 1, and

any R* as described in Tzble 2. A compound of Formula IV-A includes any combination of R®, B, and R

Additional exemplary compounds of Formula FV-A are jllustrated in Table 4.

Tabie 1. [lustrative B moleties of the compounds of Formula L
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Table 2. Iustrative R of compounds of Formula 1.
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[00258] Crther illustrative compounds of the present invention have a structure of Formula V-4, in

which B is a moicty described in Table 2, in combination with Rz, which is ~H, -Ci, -F, or CHs,and r* , which
15 ¥, "CH;, or ‘CHQCH_%,V

Formula V-A




[00255] Orther iHustrative corapounds of the present inveniion bave & structure of Formula V-B, in
which B i5 2 moiety described in Table 2, in combination with B*, which is -H, -Cl, -F, or CH;,and R® | which
is —H, -CH;, or -CH,CH;.

5 Formula VI-B
{08260 Other illustrative compounds of the present invention have & structare of Formuia VI-A, in
which B is 2 moiety described in Table 2, in combination with R, which is ~H, -Cl, -F, or CHy,and R® , which
is ~H, -CHs, or -CH,CH;. |

R3 o
H N,B
K A
H Nas
al
(Vv
10 Formula VI-A

[80261] Additional exemphory compounds of the present invention inchude but are not limited to the following:
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[00262] The chemical entities degeribed herein can be synthesized according to one or more illustrative schemes

herein and/ or technigues well known in the art.
{00263] Unless specified to the contrary, the reactions described berein take place at atmospheric pressure, generally

10  within a temperature range from -10 °C to 200 °C. Furiher, except as otherwise specified, reaction times and
conditions are intended to be approximate, e.g., aking place at about atmospheric pressure within 2 temperaiure range
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of about -10 °C to about 130 °C over & period of abowt 1 to about 24 hours; reactions lefl to run overnight average a
period of about 16 hours,

[00264] The terms "sclvent," "organic solvent," and "inert solvent” cach mean a solvent inert under the conditions of
the reaction being described in conjunction therewith inclnding, for example, benzene, toluene, acetonitrile, ’
tetrahydrofuran {"THF), dimethylformamide ("DMF"), chloroform, methylene chloride (or dichloromethane), diethy]
ether, methanol, N-methylpymrolidone ("NMP"), pyridine and the like. Unless specified to the contrary, the solvents
used in the reactions described herein are inert organic solvents. Unless specified to the contrary, for each gram of the
iimiting reagent, one ce {or mL) of solvent consiitutes s volume equivalent.

{00265] Isolation and purification of the chernical entities and intermediates described herein can be effected, if
desired, by any suitable separation or purification procedure suech as, for example, filiration, extraction, crystallization,
columm chromatography, thin-layer chromatography or thick-layer chromatography, or 2 combination of these
procedures. Specific ilustrations of suitable separation and isolation procedures can be had by reference to the
examples hereinbelow. However, other equivalent separation or isolation procedures can also be used.

{80266} When desired, the ()~ 2nd {S)-isomers of the compounds of the present invention, if present, may be
resalved by methods known to those skilled in the art, for example by formation of diagtereoisomeric salts or
somplexss which may be separated, for example, by crystallization; via formation of diastereoisomeric derivatives
whizh may be separated, for example, by crystailization, gas-liquid or Bguid chromeatography; selective reaction of one
epantiomer with an ensaticmer-specific reagent, for example enrymatic oxidation or reduction, followed by separation
of the modified and unmodified enantiomers; or gas-liquid or liguid chromatography in a chiral environment, for
example on a chiral support, such s silica with a bound chiral Hgand or in the presence of a chiral solvent.
Alternatively, a specific enantiomer may be synthesized by asymmetric synthesis using optically active reagents, '
substrates, catalysts or solvents, or by converting one enantiomer to the other by asymmetric transformation.

[08267] The compounds described hersin can be optionally contacted with a pharmacentically aceeptable acid to form
the corresponding avid addition salts,

{00268] Many of the optionally snbstin.ited starting compounds and other reactants are commercially available, e.g.,
from Aldrich Chemical Company (Milwaukee, WI} or can be readily prepared by those skilled in the art using
commonly employed synthetic methodology.

[60269] The compounds of the invention can geaerally be synthesized by an appropriste combination of generally
well known synthetic methods. Techniques useful in synthesizing these chemical entities are both readily apparent
and accessible to those of skill in the relevant art, based on the instant disclosure,

1602761 The compounds of the invention can be synthesized by an appropriate combination of known synthetic
methods in the art. The discussion below is offered o iHlustrate certain of the diverse methods available for use in
making the vompounds of the invention and is pot ntended o lumit the scope of reactions or reaction sequences that
can be used in preparing the compounds of the present invention,
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[60271] Referring to Scheme 1, Step 1, a compound of Formuia 181, wherein X is N or CR’, is converted to a
5 compound of Formula 103, for example, vis 2 two step process of Heck coupling with a compound of Formule 182,

followed by acid catalyzed cyelization in methanol. The product, a compound of Formula 183, is isolated. Referring
1o Scheme 1, Step 2, a compound of Formula 183 is converted to a compound of Formula 494, for example, via
reaction with an appropriately substituted anitine, The produet, a compound of Formula 104, is isolated. Referring tfo
Scheme 1, Step 3, & compound of Formula 184 is converted to a compound of Formmia 165, for exémpie, though

10 reducton with lithium aluminom hydride. The product, 2 compound of Formula 108, is isolated. Referring to Scheme
1, Step 4, a compound of Formula 165 is converied to & compound of Formula 106, for sxample, via reaction with
thionyl chloride. The product, 2 compound of Formula 106, is isolated. Referring to Scheme 1, Step 5, a compound of
Formula 106 is converted to a compound of Formula 187, for example, via alkylation' with a pyrrazolopyrimidine
using a base such as potassium carbonate. The product, a compound of Formula 187, is isolated. Referring to Scheme

15 1, Btep 6, a compound of Formmula 107 is converted to 2 compound of Formeta 108, for example, via & Suzuki reaction.
The product, 2 compound of Formmle 108, is isolated and optionally purified.

Reaction Scheéme 2:
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[66272] Referring to Scheme 2, Step 1, & compound of Formula 201, wherein X is N or CR’, is converted to a
compound of Formula 202, for example, with 2 reagent snitable for introduetion of an acid chloride, for example,
oxatyl chioride. The product, a componad of Formula 201, is optionally isolated. Referring to Scheme 2, Step 2,8
compound of Formuls 202 is converted to a compound of Formuls 563 for example, reaction with, for exampie, an an
aryl araine . The product, 2 compound of Formula 283, is isolated, Referring to Scheme 2, Step 3, 2 compound of
Formula 203 is converted to 2 compound of Formula 204, for example, via 2 Stille cc;upling-using a0 APpropriate
vinyl-stannene. The product, 2 compound of Formuia 204, is isolated. Referring to Scheme 2, Step 4, 2 compound of
Formula 204 is converted to & tcrtiary amide, & compoundof Formula 285, via reaction with chioroethyl aceiats and
sodium hydride base. The compound of Formula 285 is isolated. Referring to Scheme 2, Step 5, a cempound of
Formula 205 is oxidized to an aldehyde, using, for example, osmonivm tetraoxide and sodium periodinate. The
produst, & compound of Formule 206, is isolated. Referring to Scheme 2, Step 6, a compound of Formula 286 is
converied to a compound of Formula 184, for example, though aldol reaction in ethano} with a base, such as cesium
carbonate, The product, a compound of Formule 104, is isolated. Referring to Scheme 2, Step 7, 2 compound of
Formula 104 is reduced to a primary alvokol via reduction with, for example, Hthium aluminum hydride, to produce a
compound of Formula 105, which is isolated. Referring to Bcheme 2, Step 8, 2 compound of Formmla 195 is
converted to a compound of Formula 207 via reaciion with carbon tetrabromide and tripbenylphosphine. The
sompound of Formula 207 is isolated. This compound can be a central intermediate in the synthesis of the compounds

of the mvention.
Reaction Scheme 3:
RS 1-BLDK o R O
L ar DMF Ar'Boronic acid ] Ar
Y Pd(OAC), RS
) = " PPhy RO~ P o

e
207 ¥ | NYR( 107 %Xﬂ LN
AN swpe TR S
el Btep 10 Ar' ~
208 168 HoN

{0273] Referring to Scheme 3, Step 9, a compound of Formula 267, wherein X is N or CR, is synthesized as
described in Reaction Scheme 2 and is converted to a compound of Formula 147 vie coupling with the coropound of
Formula 208 in the presence of base, for example, potassivm (- butoxide, The compound of Formula 107 is isolated.
Referring to Scheme 3, Step 10, 2 compound of Formula 167 is converted to a compound of Formula 108 via
coupling with, for example, an aryl boronic acid, in the presence of coupling catalysts and base, for example,

pailadium acetate, triphenyiphosphine and sodism carbonate, for exampie. The compound of Formula 108 is isclated.
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5 [00274] Referring to Reaction Scheme 4, Step 1, fodo ester 401, is reacted with an alicyne in the presence of a
paliadium catalyst, copper iodide and tristhylamine (TEA) to couple the alkyne to the aryl core of compound 491 1o
produce a compound of Formula 402, The compound of Formula 402 is optionally isolated. Referring to Reaction
Scheme 4, Step 2, 2 compound of Formula 462 is treated with potassiumn bydroxide base 1o obtain the carboxylic acid,
a compound of Formula 483, if the reaction product is acidified, or its salt, The compound of Formula 403 is

10 optionally isolated, Referring to Reaction Scheme 4, Step 3, a compound of Formuia 403 is treated with bis
(acetonitrile)dichoropalladium (FTy and TEA to effect intramolecular ring closure to produce a compound of Formula
404. The compound of Formula 404 is isolated. Referring to Reaction Scheme 4, Step 4, 2 compound of Formula 404
is reacted with 2 primary amine to produce 2 compound of Formula 4¢3, The compound of Formuia 408 is optionally
isolated. Referring to Reaction Scheme 4, Step 5, a compound of Formula 405 is treated with hydrochoric acid,

15 removing the protecting group on niirogen, and to obtain a compound of Formula 466. The compound of Fornuula 406
is optionally isolated. Referring to Reaction Scheme 4, Step 6, a compound of Formula 406 is reacted with a
compound of Formula 487, to produce & compound of Forumla 408. The compound of Formula 408 is isolated.

Resctien Scheme 5
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[36275] Referring to Reaction Scheme 5, Step 1, indo ester 481 is reacted with alicyne 381 in the presesnce of
paliadivm coupling catalyst, copper iodide, and TEA, to obtain 2 compound of Formuls 542. The compound of
Forroula 507 is optionally isolated, Referring to Reaction Scheme 5, Step 2, the compound of Formula 502 is treated
5 with potassium hydroxide base o obtain the carboxylate or free acid of a compound of Formula 563, Referring to
Reaction Scheme 5, Step 3, the compound of Formule 583 is treated with bis (scetonitrile)dichoropaliadivm (1) and
TEA to effect intramolecular ring closure to produce a compound of Formula 564, The compound of Formula 504 is
optionally isolated. Referring to Reaction Scheme 3, Step 4, the compound of Formula 504 is treated with 4 primary
amine to produce & compound of Formula 583, The compound of Formula 585 is isolated,
10 Heaction Scheme 6:
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HIDZ78] Refesring to Reaction Scheme 6, Step 1, lodo ester 481 is reactsd with alkvae 607 in the presence of
patladivm coupling catalyst, copper iodide, and TEA, to obtain a compound of Formula 602, The compound of

15 Formula 603 is optionally isolated. Referring to Reaction Scheme 6, Step 2, the compound of Formula 663 is treated
with potagsium hydroxide base to obisin the carboxylate or free scld of 2 compound of Formula 683, Referring to
Reaction Scheme 6, Step 3, the compound of Formuls 83 is treated with bis (acetonitrile)dichoropatiadium (11} and
TEA to effect intramolecular ring clesurs to produce a corpound of Formula 664. The compound of Formula 604 is
optionally isolated. Referring to Reaction Scheme 6, Step 4, the compound of Formula 604 is treated with & primary

20  aohne o produce & compound of Formula 685, The compound of Formmla 688 is isplated. Referring to Reaction
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Scheme &, Step 5, the compound of Formula 605 is treated with scid w remove the THP protecting group to obiain a
compound of Formulz 666, The compound of Formual 606 is isolaied.

Reaction Scheme 7:

Step 4-1
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[08277] Referring to Reaction Scheme 7, Step 1 the compound of Formuila 761 is synthesized by a variety of synthetic

routes, including variations of Schemes 1 or 2 where, for example, a benzy! amine is used in the step of converting a
compound of Formule 103 1o a compound of Formula 104. The benzy! profecting group of the amine may be removed
by standard deprotestion chemistry o produce 2 compound of 781. Another example of a conversion of a corponnd
of Formuia 1903 to & compoound of Formula 701, meaiment of the compound of Formula 103 with ammonia produces
the compound of Formula 701. The compound of Formula 761 is converted to a compound of Formula 782 by
slkylation of the amite nitrogen with a sumber of 2-carbon containing synthons which can be deprotected, oxidized
and reprotected as the respective ketal, the compound of Formula T2, Referring io Reaction Scheme 7, Step 2-1, the
compound of Formmda 762 is transformed by, for example, reductive amination of the ester motety to mtroduce the
puriny] moiety of & compound of Formuls 783, or alternatively, is alkylated to so introduce & purinyl moiety and
obtain a compound of Formula 703. Referring to Reaction Scheme 7, Step 3-1, the compound of Formula 703 is
treated wﬁh acid to remove the ketal protecting group to produce a compound of Formula 704, The compound of
Formula 704 is isolated. Referring to Reaction Scheme 7, Step 4-1, the compound of Formula 784 Is reductively
aminated with an amine o produce 3 compound of Formula 785, The compound of Formula 785 is isolated, Referring
to Reaction Scheme 7, Step 22, the compound of Formula 782 is wangformed by, steps 7 and 8 of Scherne 2 and step
§ of Scheme 3 to introduce the pyrazolopyrimidine moiety of 2 cbmpuund of Formala 706, The compound of Formula
786 is isolated. Referring to Reaction Scheme 7, Step 3-2, the compound of Formula 706 is treated with acid to
retnove the ketal protecting proup to produce 2 compound of Formula 707, The compound of Formula 747 is isolated.
[08278] Referring to Reaction Scheme 7, Step 4-7, the compound of Formula 787 is reductively amipated with an
ginine fo produce & compound of Formula 768, The compound of Formula 708 is irolated.

Resction Scheme §:
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[60279] Referring to Reaction Scheme 8, Step 1, foe compound of Formula 701 is synthesized as described in Scheme
7 or any other generaliy known chemistry. The compound of Formula 781 is tranformed by alkylation of the amide
mitrogen with 2 number of 2-carbon contaiming synthons which can be deprotected, and converted to the alkoxy
5 protecied species as shown in the compond of Formuls 861, which can be isolated. Referring to Reaction Scheme §,

Step 2, the compound of Formnia 881 is converted via chemistry described in Step 2-1 of Scheme 7 to introduce 2
purinyl moiety, and that resultant compound i transformed by deprotection, activation and amination with an amine to
produce a compound of Formule 862, which is isolsted.
jei288] Referring fo Reaction Scheme 8, Step 3, the compound of Formmla 801 ie converted via chemistry described

10 in Step 2-2 of Scheme 7 to infroduce a pyrazelopyrimidine moiety, and that resultant compound is ransformed by

deprotection, activation and amination with an amine to produce a compound of Formula 803, which is isolated.

Reacticn Scheme 9;
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{00281] Referring to Reacticn Scheme 9, Step 1, the compound of Formmula 901 is ireated with an amine to produce &
compount of Formule $02. The compound of Formula 902 is isolated, Referring to Reaction Scheme 9, Step 2, the
compound of Formula 902 is treated with phosphorus oxychloride to generate a compound of Formula 983, The
sompound of Fornmla $03 is isoluted. Referring to Reaction .Scheme 9, Step 3, the compound of Formula 903 is
reacted with an amino purine of Formula $94 to obtain a compound of Formula 908, The compound of Formula 905
is isolated. Referring to Reaction Scherae 9, Step 4, the compound of Formula 965 is treated with hydrochloric acid to
remove the protecting group at nitrogen on the purine moiety to produce & compound of Formule 966. The compound
of 906 is isolated,

Resetion Scheme 10

COEL

1001 1003 1604

{60282} Referring to Reaction Scheme 10, Step 1, the compound of Formoule 1001 is treated with vinylogous ester
1002 using, for example 2 Heck reaction with subseguent cyclization, to produce a compound of Formula 1843, The
compound of Formuia 1083 is isolated. Referring to Reaction Scheme 10, Step 2, the compound of Formula 1003 is
reacted with 4- amino N-Boc piperidine 10 produce a compournd of Formonla 1004, The sompound of Formula 1604 is
isolated. The vompound of Formula 1884 can be used as an intermediate in the synthesis of the compounds of the

invention.
Resction Scheme 11:
3 | OH 3 OEOC R?
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1161 : 1102 1103
[B3283) Referring fo Reaciion Scheme 11, Step 1, the compound of Formulz 1141 is treated with an alkyny! alcoho,
for example, of Fornmla 1162, the presence of copper iodide and palladinm on carbon catalyst, to produce a compound
of Formula 1163, The compound of Forrula 1103 is isclated. Referring to Reaction Scheme 11, Step |, the compound
of Formula 1182 s regcted with 4- amino N-Boo piperidine to produce & compound of Formula 1103, The compound
of Formuls 1163 is isolated. The compound of Formula 1103 can be used as an intermediate in the synthesis of the
compounds of the invention.
[00284] Compounds of Formule [ van be synthesized using the reaction schemes as disclosed herein or varians of
these processes.
{86285] The chemical entities can be synthesized by an appropriate combination of generally well known symthetic
methods.
{06286] In some embodiments, the compounds of the present invention exhibits one or more functional characteristics
disciased herein. For example, one or more subject compounds bind specifically to 2 PI3 kinase. Insome
embodiments, the IC30 of o subject compound for p1100, pl10B, p110Y, or pi 106 is less than sbout 1 uM, less then
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about 100 nM, less than about 50 niv, less than about 10 nM, less than about 1 nM, Jess than sbout 0.5nM, less than
about 100pM, or less than about 50 pM.

[00287] In some embodiments, ong or more of the subject compound may selectively inhibit one or more members of

‘type I or class I phosphatidylinositol 3-kinases (PI3-kinase) with an IC50 valus of about 100 sk, 50 nM, 10 aM, 5

nM, 100 pM, 10 pM or | pM, or less as measured in an in vitro kinase assay.
[0DZ88]} In some embodiments, one or more of the subject compound may selectively inhibit one or two members of
type I or class 1 phosphatidylinositol 3-kinases (PI3-kinase} consisting of PI3-kinase o, PI3-kinase B, P13-kinase v,
and P13-kinase §. In some aspecis, some of the subject compounds selectively inhibit PI3-kinase § as compared to all
other type I PL3-kinases. In other aspects, some of the subject compounds selectively inhibit PI3-kinase § and PI3-
kinase v as compared to the regt of the type I PI3-kinases. In yet other aspects, some of the subject compounds
selectively inhibit PI3-kinase o and PI3-kinase § as compared to the rest of the type I PI3-kinasss, In still yet some
other aspects, some of the subject compounds selectively inhibit PI3-kinase § and PI3-kinage o as compared to the rest
of the type I PI3-kinases. In still yet some other aspects, some of the subject compounds selectively inhibit FI3-idnase
5 and PI3-kinase f} a5 compared to the rest of the type I PI3-kinases, or selectively inhibit PI3-kinase 8 and PI3-kinase
@ as compared to the rest of the type I PI3-kinases, or selectively inhibit PI3-kinase o and PI3-kinase v as compared to
the rest of the type I PI3-kinases, or selectively inhibit PI3-kinase 'y and PI3-kinase B as compared to the rest of the
type 1 P13 -kinases.
[06289] In vet another aspect, an inhibitor that sslectively inhibits one or more members of type | PI3-kinases, or an.
inhibitor that pelectively inhibits one or more type I PI3-kinase mediated signaling pathways, alternatively san be
understood 1o refer to 2 compound that exhibits a 50% inhibitory concentration {FC56) with respect to a given typa 1
FI3-kinase, that is at least at least 10-fold, at least 20-fold, at least 50-fold, at least 100-fold, at least 1000-Told, at least
16,100-fold, or lower, than the inhibitor’s IC50 with respect to the rest of the other type I PI3-kinases.
Phermaceuntical Compesitions
{80290] The ipvention provides pharmaceutical compesitions comprising one or more compounds of the present
invention. '
[00291] In some embodiments, the invention provides pharmaceutical compositions for treating diseases or conditions
related 1o an undesirable, over-active, harmful or deleterious impune response in & mammal. Such undesirable
immmuae response can be associated with or result in, ¢.g., asthrue, emphysema, bronchitis, psoriasis, allergy,
anaphylaxsis, auto-immune diseases, rhuematoid arthritis, graft versus host disease, and lupus erythematosus. The
pharmacentical compositions of the present invention can be used to treat other respiratory diseases including but not
limited to diseases affecting the jobes of lung, pleural tavity, bronchial tubes, traches, upper respiratory waet, or the
nervas andd muscle for breathing,
[08252] In some embodiments, the invention provides phermacoutical corapositions for the reatment of disorders
such as hypemproliferative disorder including but not limited to cancer such as some reyeloid leukemin, thymus, brain,
lung, squamous cell, sldn, eye, retinoblasiomas, intraccular melanoma, oral cavity and oropharynpeal, bladder, gastric,
stomach, pancreatic, bladder, breast, cervical, head, neck, renal, kidney, liver, ovarian, prosate, colorectal, esophageal,
testicular, gynecological, thyroid, NS, PNS, AIDS related ATDS-Related (e.g. Lymphoma and Kaposi's Sarcoma) or
Viral-Induced cancer. In some embodhnents, said pharmaceutical composition is for the treatment of 2 non-cancerous
kyperproliferative disorder such as benign hyperplasia of the skin (e. g., psoriesis), restenosis, or prostate (e. g., benign
prostatic hypertrophy (BPHY).
188293] The invention also provides compositions for the treatment of liver diseases (including disbetes), pancreatitis
or Kidnev disease {including proliferstive giomerulonephritis and disbetes- induced renal disease) or pein in 2 mammal.

35



10

15

20

25

36

i3

40

166294] The invention further provides a composition for the prevention of blastocyte implantation in a mamamal,
FOG295] The invention also relates o a composition for treating a disease related to vasculogenesis or angiogenesis in
a mammal which can manifest as tumor angiogenesis, clronic inflammatory disease such as theumatoid arthritis,
inflammatory bowe! disease, atherosclernsis, skin diseases such as psoriasis, eczema, and scleroderma, diabetes,
disbetic retinopathy, retinopathy of prematurity, age-reiated macular degeneration, hemangiome, glioma, melanoma,
Kaposi’s sarcoma and ovarian, breast, lung, pancreatic, prostate, colon and epidenmoid cancer,

180296] The subject pharmaseutical compositions are typically formulated to provide a therapentically effective
amount of a compound of the present invention as the active ingredient, or a pharmaceutically accepiable salt, ester,
prodrug, solvate, hydrate or derivative thereof. Where desived, the pharmaceutical composifions contain
pharmareutically acceptable salt and/or coordination complex thereof, and one or more pharmaceutically acoeptable
excipients, carders, including inert solid diluents and fillers, diluents, including sterile aguecus solution end various
organic solvents, permestion enhancers, solubilizers and adjuvants.

[64287] The subiect pharmacentical compositions can be administered alone or in combmation with one or more other
agents, which are also typically administered in the formn of pharmacentica! compositions. Where desired, the subject
compounds and other agent(s) may be mixed into a preparation or both components may be formmiated mnto separete
preparations o use them in combination separately or at the same time,

042087 In some embodiments, the concentration of one or more of the compounds provided in the pharmacentical
compositions of the present invention is less than 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 19%, 18%,
17%, 16%, 15%,14%, 13%, 12%, 119, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 04%, 0.3%, 0.2%, 0.1%,
0.00%, 0.08%, 0.07%, 0.06%, 0.05%, 0.04%, 0.03%, 0.02%, 0.01%, 0.009%, 0.008%, 0.007%, 0.006%, 0.005%,
0.004%, 0.003%, 0.002%, 0.061%, 0.0009%, 0.0008%, 0.0007%, 0.0006%, 0.0005%, 0,.0004%, ¢.0003%, 0.0002%,
or 0.0001% wiw, wiv or viv.

{89259] In some embodiments, the concentration of one or more of the compounds of the present invention is greater
than 90%, 80%, 70%, 60%5, 50%, 40%, 30%, 20%, 19.75%, 12.50%, 19.25% 19%, 18.75%, 18.50%, 18.25% 18%,
17.75%, 17.50%, 17.25% 17%, 16.75%, 16.50%, 16.25% 16%, 15.73%, 15.50%, 15.25% 15%, 14.75%, 14.50%,
14.25% 14%, 13.75%, 13.50%, 13.25% 13%, 12.75%, 12.50%, 12.25% 12%, }1.75%, 11.50%, 11.25% 11%, 10.75%,
10.50%, 10.25% 10%, 9.75%, 9.50%, 9.25% 9%, B.73%, 8.50%, 8.25% &%, 7.75%, 7.50%, 7.25% 7%, 6.75%, &.50%,
5.25% 6%, 5.75%, 5.50%, 5.25% 5%, 4.75%, 4.50%, 4.25%, 4%, 3.75%, 3.50%, 3.25%, 3%, 2.75%, 2.50%, 2.25%,
2%, 1.75%, 1.50%, 125%, 1%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.09%, 0.08%, ﬁ.{}?%, 0.06%, 0.05%, 0.04%, 0.03%,
0.02%, 1.01%, 0.069%, C.008%, 0.007%, (.006%, 0.005%, 0.004%, 0.003%, 0.002%, 0.001%, 0.0009%, 0.0008%,
0.0007%, 0.0006%, 0.0005%, 0.0004%, 0.0003%, 0.0002%, or 0.0001% w/w, wiv, or viv.

[60308] In some embodiments, the concentration of ane or more of the compounds of the present invention is in the
range from approximately 0.0001% to approximately 50%, approximately 0.001% to approximately 40 %,
approximately 0.01% to spproximately 30%, approximately 0.02% to approximately 29%, approzimately 0.03% t
approximately 28%, approxirgately (1.04% to approximately 27%, approximately 0.05% to approximately 26%,
approximaisly .06% to approximately 25%, approximately 0.07% to approximately 24%, approximately 6.08% to
approximately 23%, approximately 0.09% w approximately 22%, spproximately 0.1% to spproximately 21%,
spproximatety .2% to approximately 20%, appreximately 0.3% to approximately 19%, approximestely 0.4% to
approximately 18%, approximately 0.5% to approximately 17%, approximately 0.6% to approximately 16%,
approximately 0.7% to approximately 15%, approximately 0.8% to approximately 14%, approximately 0,9% to

approximately 12%, approximately 1% to approximately 10% w/w, wiv ot viv, viv.
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{00301} In some embodiments, the concentration of one or more of the compounds of the present invention is in the
range from approximately 0.001% to approximately 10%, approximately 0.01% fo approximately 5%, approximately
0.02% to approximately 4.5%, approximately 0.03% to approximately 4%, approximately 0.04% to approximately
3.5%, approximately 0.05% to approximately 3%, approximately 0,06% to approximately 2.5%, approximately 0.07%
to approximately 2%, approximately 0.08% to approximately 1.5%, approximately 0.09% to approximately 1%,
approximately 0.1% to approximately 0‘9% wiw, wiv or v/v.

[00382] In some embodiments, the amount of one or more of the compounds of the presest invention is equal to or
lessthan 102,952,902, 852, 802,75, 70, 65,602,552, 50845, 40g, 3.5p,3.0g,25g,2.0g,1.5
£,10g 095,09, 085, 08¢, 075,078,065, 06,0558 052 045¢,045,0355,03g,025¢,02¢,
015,01 009¢, 0.08g, 0.07 g 006, 0.05g 0.04 g, 0.02 5,002 g, 0.01 g 0.009 g, 0.008 g, 0.007 g, 0.006 g,
0.005 g, 0.004 g, 0.003 g, 0.002 g, 0.001 g, 0.000% g, 0.0008 g, 0.0007 g, 0.0006 g, 0.0005 g, 0.0004 g, 0.0003 g,
0.0002 g, or 0.0001 2.

{08303] In some emmbodiments, the amount of one or more of the compounds of the present invention is more than
0.0001 g, 0.6002 g, 0.0003 g, 0.0004 g, 0.6005 g, 0.0006 g, 0.0607 g, 0.0608 g, 0.0009 g, 0.001 g, 0.0015 g, 0.002 g,
0.0025 g, 0.003 g, 0.0035 g, 0.004 g, 0.0045 g, 0.003 g, 0.0035 g, 0.006 g, 0.0085 g, 0.007 £, 0.0075g, 0.008 g,
0.0085¢g,0.008 g, 0.0005 2, 0.01 £, 0.015,0.02,0025g, 0.032,0.035g,0.04 0045, 0,055 0.055¢,0.06¢g,
0.065g,0.07¢g,0.0752,0.08g,0.0855,0.00g,0085g,06.18,0.152, 025 025,035, 0355,045,045g,05g,
0.559,062,065g,0.7g, 0758, 08g,0858,09¢,095¢,19,1.5g,2g,2.5,32,3.5,4¢,45,5g,5.5g,6¢,
652,78 752,82, 85258 95z 0r 0. -

[08304] in some embodiments, the amount of ons or more of the compounds of the present invention is in the range of
0.0001-10 g, 0.0005-9 g, 0.001-§ g, 0.005-7 g, 0.01-6 £, 0.05-5 g, 0.1-d g, 0.5-d g or -3 g,

[00305] The compounds according to the invention are effective over a wide dosage range. For example, in the
treatment of adult hursans, dosages from 0.01 to 1000 mg, from 0.5 to 100 mg, from | to 50 mg per day, and from 5 t0
40 mg per day are examples of dosages that may be used. An exemplary dosage is 13 1o 30 mg per day. The exact
dosage wili depend upon the route of administration, the form in which the compound is administered, the subject o
be treated, the body weight of the subject to be treated, and the preference and experience of the attending physician,
[06306] Described below are non-Himiting exemplary pharmaceutical compostiions and methods for preparing the
SEH0E. ,

{08307] Pharmaceutical compesitions for oral administratior In some embodirnents, the invention provides &
pharmacentical composition for oral adminisiration containing a compound of the present invention, and a
pharmaceutical excipient suitable for oral administration,

[68308] In some embodiments, the invention provides z solid pharmaceutical composition for oral admmistration
containing: (i) an effective amount of 2 compound of the present invention; optionally (i) an effective amount of 3
sesond apent; and (iif) & pharmaceutical excipient suitable for oral administration. In some embodiments, the
composition further contains: {iv} an ‘effective amount of 2 third sgent,

[89309] In some embodiments, the pharmaceutical composition may be a liquid pharmaceutical composition suitable
for oral consumption. Pharmaceutical compositions of the invention suitable for oral administration can be presented
as discrete dosage forms, such a5 capsules, cachets, or tablets, or liguids or asrosol spravs each containing a
predetermined amount of an active ingredient as a powder or in granules, a solution, or 2 suspension in an agueous or
non-aqueons fiquid, an oil-in-water emulsion, or a water-in-oil hiquid emulsion. Such dosage forms can be prepared by
any of the methods of pharmacy, but all iethods include the siep of bringing the active ingredient into association

with the carrier, which constitutes ope or more necessary ingredients. In general, the compositions are preparsd by
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uniformly and intimately admixing the active ingredient with liquid carriers or finely divided solid carriers or both,
and then, if necessary, shaping the produot into the desired presentation. For example, 5 tablet can be prepared by
compression or molding, optionally with one or more accessory ingredients. Compressed tablets can be prepared by
compressing in a snitable machine the active ingredient in a free-flowing form such a8 powder or granules, optionally
mixed with an excipieat such as, but not lisnited to, a binder, a lubricant, an inert dituent, and/or a surface active or
dispersing agent. Molded tablets can be made by molding in a suitable machine 2 mixture of the powdered compound
moistened with an inert lguid difuent.

[00310] This invention further encompasses anhydrous pharmaceutical compositions and dosage forms comprising an
active ingredient, since water can facilitate the degradation of some compoumds. For exampile, water may be added
(c.g., 5%) in the pharmaceutical arts 88 & means of simulating long-term storage in order to determine characteristics
such a8 shelf-life or the stability of formulations over time. Anhydrous pharmaceutical compaositions and dosage forms
of the invention can be prepared using anhydrous or low moisture containing ingredients and low moistore or low
brmidity conditions, Pharmacentical compositions and dosage forms of the invention which contain lactose can be
made anhydrous if substantial contact with moisture and/or humidity during manufacmring, packaging, and/or storage
is expected, An anhydrous pharmaceﬁticai composition may be prepared and stored such that its anbiydrous nature is
maintained, Accordingly, anhydrous compositions may be packaged using materials known to prevent exposure to
water such that they can be included in suitable forroulary kits. Exampies of suitable packaging include, but are not
limited to, hermetically sealed foils, plastic or the like, unit dose containers, blister packs, and strip packs,

[606311] An active ingredient can be combined in an intimate admixtare with a pharmaceutical carrier according to
conventional phminaoeutical compounding technigues. The carrier can take a wide variety of forms depending on the
form of preparation desired for administration, In preparing the compositions for an oral dosage form, any of the usual
pharmacentical media can be employed as carriers, such as, for example, water, glycols, oils, aleohols, fiavoring
agents, preservatives, coloring agents, and the like in the case of oral Hyuid preparations {such as suspensjons,
solutions, and lixirs) or asrosols; or carriers such as starches, sugars, micro~crystailine cellulose, diluents, grapulating
agents, lubricants, binders, and disintegrating ageﬁts can be used in the case of oral solid preparations, in some
embodiments without employing the use of lactose. For éxample, suitable carriers include powders, capsules, and
sablets, with the solid oral preparations. If desired, tablets can be coated by standard aqueous or nonagueous
technigues,

10031%] Binders suitabie for use in pharmaceutical composifions and dosage forms include, but are not lmited to,
corn starck, potato starch, or other starches, gelrtin, natural and synthetic gums such as acacia, sodium alginate, alginic
acid, other alginates, powderad wagacanth, guar gum, celhilose and its derivaiives {e.g., ethyi cellulose, cellulose
acstate, carboxymethyl cellulose calcium, sodivum carboxymethy! cellulose), polyvinyl pyrrolidone, methyl cellulose,
pre-gelatinized starch, hydroxypropyl methyl cellulose, microcrystalline celhulose, and mixtures thereof,

[08313] Examples of suitable fillers for use in the pharmacentical compositions and dosage forms disclosed herein
include, but are not Hmited to, wle, calcium carbonate {e.g., granules or powder), microcrystalline cellulose, powdered
seliulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtres thereof,
{66314} Disintegrants may be used in the compositions of the invention to provide tablets that disintegrate when
exposed to an agueous enviropment. Too much of 4 disintegrant may produce tablets which may disintegrate in the
bottle. Top litile may be insufficient for disintegration to occur and may thus alter the rate and extent of release of the
active ingredient(s) from the dosage form. Thus, a sufficient amount of disintegrant that is neither too littie nor too
mach to detrimentally alter the reiease of the active ingredient(s) may be used to form the dosage formos of the
compounds disclosed herein. The amount of disintegrant vsed may vary based upon the type of formulation and mode
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of administration, and may be readily discernible 1o those of ordinary skill in the art. About 0.5 to sbout 15 weight
percent of disinteprant, or about 1 to about 5 weight percent of disintegrant, may be used in the pharmacentical
composition. Disintegrants that can be used to form phurmecentical compositions and dosage forms of the invention
include, but are not Kmited to, apar-agar, alginic avid, calcium carbonate, microcrystalline cellulose, croscarmellose
sodium, crospovidone, polacrilin potassium, sodivm starch glycolaie, potaio or tapioca starch, other starches, pre-
gelatinized starch, other stasches, clavs, other alging, other celluloses, gums or mixtures thereof,

§08318] Lubricants which can be used to form pharmecentical compositions and dosage forms of the invention
include, but are not Hmited to, caleium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin, sorbitol,
mannitol, polyethylene glycol, other glycols, stearic acid, sodium lavry! sulfate, tale, hydrogenated vegetable oil {e.g.,
peanut oil, cottoussed oil, suaflower oil, sesame oil, olive oil, corn oil, and soybean oil), zine stearate, ethyl oleate,
ethylaureste, agar, or mixtures thereof, Additional lubricants include, for example, 2 syloid silica gel, a coagulated
aerosol of synthetic stiica, or mixtures thereof. A lubricant can optionaily be added, in an amount of fess than about 1
weight percent of the pharmsceutical composition.

(86316} When aqueous suspensions and/or elixirs are desized for oral sdministration, the essential active ingredient
therein may be combined with various swestening or flavoring agents, coloring matter or dyes and, if so desired,
emulsifying and/or suspending agents, together with such diluents as water, ethanol, propylene glyeol, glveerin and
various combinations thereof, '
[60317] The ablets can be uncoated or coated by known techniques to delay disintegration and absorption in the
gastrointestinal fract and thereby provids s sustained action over a longer period. For example, a time delay material
guch as ghycery] monostearate or glyoeryl distearate can be eraployed. Formulations for oral use can also be presented
as hard gelatin capsules wherein the active ingredient is mixed with an inert solid diluent, for example, calotum
carbonate, calchun phosphate or kaclin, or as soft gelatin capsules wherein the active ingredient is mixed with water or
an oil medivm, for example, peamur oll, lquid paraffin or ofive oil.

{06318] Surfactan: which can be used to form phavmaceutical compositions and dosage forms of the invention
inchude, but are not limited to, hydrophilic surfactants, lipophilic surfactants, and mixtures thereof, That is, 2 mixture
of hydropiitic surfactants may be emploved, a mixture of popbilic surfactants may be emplioyed, or a mixture of &t
least one hydrophilic surfastant and at least one lipophilic surfactast may be emploved.

{063191 A suitable hydrophilic surfactant may generaily have an HLB valve of at least 10, while suitabie lipophilic
gurfactepts may generally have an HLE valne of or less than about 10. An empirical parameter used to characterize
the refative hydrophilicity and bydrophobicity of non-ionic amphiphilic compounds is the hydrophilic-lipophilic
balance " HLB" value). Swiactanis with lower HLB values are more lipophilic or hydrophobic, and heve greater
selubility m oils, while surfactants with bigher HLE values are more hydrophilic, and have grester solubility in
sgueous sohions. Hydrophilic surfactants ave generally considered to be those compounds having an HLE value
grester than about 10, as well as anionic, cationic, or zwitterionic sompounds for whick the HLB scale is not generally
applicable. Simitarly, lipophilic (i.e., hydrophobic) surfactants are compounds having an HLB value equal to or Jess
then about 10. However, HLB value of a2 surfactant is merely a rough guide generally used 1o enable formwlation of
industrial, pharmaceutical and cosmetic enmlsions.

[00326] Hydrophilic surfactants may be either ionic or nop-ionic. Suitable jonic surfactants include, but are not
lirmited to, alkylammonium salts; fusidic acid salts; fatty acid derivatives of amino acids, cligopeptides, und
polypeptides; glyceride derivatives of amino acids, oligopeptides, and polypeptides; lecithins and hydrogenated
lecithing; lysolecithins and hydrogenated lysolecithing; phespholipids and derivatives thereof; Tysophospholipids and
derivatives thereof, carnitine Tatty acid ester salts; salts of alicyleulfates; fatty acid salts; sodium docusate;
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acyiactylates; mono- and di-acetylated tartaric acid esters of mono- and di-giycerides; succinylated mono- and di-
glycerides; citric acid esters of mono- and di-glycerides; and mixtures thereof,

$66321] Within the aforementioned group, ionic surfactenis include, by way of example: Iecithins, lysolecithin,
phospholipids, lysophospholipids and derivatives thereof; carnitine fatty acid ester salts; salts of alkylsulfates; fatty
acid salts; sodium docusate; acylactylates; mono- and di-acetvlated tartaric acid esters of monoe- and di-glycerides;
succinylated mono- and di-glycerides; citric acid esters of mono- and di-glyeerides; and mixtures thereof

{680322] Ionic surfactants may be the jonized forms of lecithin, lysolecithin, phosphatidylcholine,
phosphatidylethanolamine, phosphatidylplyeerol, phosphatidic acid, phosphatidylserine, tysophosphatidylchoiine,
ysophosphatidylethanolamine, lysophosphatidylglveerol, fysophosphatidic acid, lysophosphatidylserine, PEG-
phosphatidylethanolamine, PVP.phosphatidylethavolamine, lactylic esters of fatty acids, stearoyl-2-lastylate, stearoyl
Iactylate, sutcinylated monoglycerides, mono/diacstylated tartaric acid esters of mono/diglycerides, citric acid esters
of mono/diglycerides, cholylsarcosine, caproate, caprylate, caprate, lavrate, myristate, palmitate, oleate, ricinoleate,
linoleate, linolenata, stearate, kauryl sulfate, teracecyl sulfte, docusate, lanroyl carnitines, palmitoyl carnitines,
myristoyl camnitines; and salts and mixtures thereof.

[064323] Hydrophilic non-ionic surfactants may include, but not Bmited to, alkylglucosides; alkylmaltosides;
alkylthioghicosides; lauryl macrogoiglycerides; polyoxyalkylene alkyl ethers such as polyethylene glycol alkyl ethers;
polyoxyalkylene alkylphenols auch as polyethylene glycol alkyl phenols; polyoxyalkylene aikyl phenol fatty acid
esters such as polyethyiene giyeol fatty acids menoesters and polyethylene glveo! fatty acids dissters; polyethylens
glycol glycerol fistty acid esters; polyghyeerol fatty acid esters; polvoxyalloylene sorbitan fatty scid esters such s
polyetbylene glycol sorbitan fatty acid esters; hydrophilic transesterification products of a polyol with at least one
member of fae group consisting of glycerides, vegetable oils, hydrogenated vegetable oils, fatty acids, and sterois,
polyoxyethylens sterols, derivatives, and snalogues thereof; polyoxyethylated vitamins and derivatives thereof;
polyvoxvethyiene-polyoxypropylene block copolymers; and mixtures thereof; polyethylene glveol sorbitan fatty acid
ssters and hydrophilic mansesterification products of a polyol with at least one member of the group sonsisting of
triglycerides, vegetabie oils, and hydrogenated vegetable oils. The polyol may be glycerol, ethyiene glycol,
polyethylene glveol, sorbitol, propylene glycel, pentaerythritol, or a saccharide.

[066324] Other hydrophilic-non-tonic surfactants include, without Imitation, PEG-10 laurate, PEG-12 lavrate, PEG-20
laurate, PEG-32 lawrate, PEG-32 dilaurate, PEG-12 oleate, PEG-15 oleate, PEG-20 oleate, PEG-20 dioleats, PEG-32
oleate, PEG-200 oleate, PEG400 oleate, PEG-15 stearate, PEG-32 distenrate, PEG-40 stearate, PEG-100 stearate,
PEG-20 dilaurate, PEG-25 glyceryl trioleate, PEG-32 dioleate, PEG-20 glycery! laurate, PEG-30 givceryl laurate,
PEG-20 glyceryl stearate, PEG-20 giveeryl oleste, PEG-30 glyoeryl oleate, FEG-30 glycery! laurate, PEG-40 glyceryl
lanrate, PEG-40 pal keme! oil, PEG-50 bydrogenated castor oil, PEG-40 castor oil, PEG-35 castor oil, PEG-60
sastor oif, PEG-40 hydrogenated sastor oil, PEG-60 hydrogenated castor oil, PEG-60 corn oil, PEG-6
caprate/caprylate glycerides, PEG-8 caprate/caprylate glycerides, polyglyceryl-10 laurate, PEG-30 cholesterol, PEG-
25 phyio sterol, PEG-30 soya sterol, PEG-20 trioleate, PEG-40 sorbitan oleate, PEG-80 sorbitan laurate, polysorbate
20, polysorbate 80, POE-9 lauryi ether, POE-23 lauryl ether, POE-10 oley] ether, POE-20 oley! ether, POE-20 steary]
ether, tocopheryl PEG-100 succinate, PEG-24 cholesterol, polyglyceryl-10oleate, Tween 40, Tween 60, sucrose
monostearate, sucrose monclaurate, sucrose monopalmitate, PEG 10-100 nony! phenol serjes, PEG 15-100 oetyl
phenol series, and poloxamers.

{06325] Suitable Hpophilic surfactants include, by way of example only: fatty alcohols; glycero! fatty acid esters;
acetyinted glycers] fatty acid esters; lower nlcohol fatty acids esters; propylene glycot fatty acid esters; sorbitan fatty
acid esters; polyethyiene glycol sorbitan fatty acid esters; sterols and sterol derivatives; polyoxyethylated sterols and
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sterol derivatives; polyethylene glycol alkyl ethers; sugar esters; sugar ethers; lactic acid derivatives of mono- and di-
glycerides; hydrophobic transesterification products of 2 polyol with at least one member of the group consisting of
glycerides, vegetable oils, hydrogenated vegetable oils, fatty acids and sterols; ofi-soluble vitamins/vitamin
derivatives; and mixiures thereof. Within this group, preferred lpophilic surfectants include ghyeerol fatty acid esters,
sropylens glycol fatty acid esters, and mixtures thersof, or are hydrophobic transesterification products of a polyol
with at Jeast one mengber of the group consisting of vegetable oils, hydrogenated vegetable oils, and trighyoerides.
1603261 In one embodiment, the composition may include a solubilizer to ensure good solubilization and/or
dissolution of the compound of the present invention and o minimize precipitation of the compound of the present
invention. This can be especisily important for compositions for nog-oral use, £.g., compositions for injection. A
solubilizer may also be added to increase the solubility of the hydrophilic drug and/or other components, such as
surfactants, or to maintain the composition as a stable or homogeneous solution er dispersion.

{60327 Examples of suitable solubilizers include, but are not limited to, the following: alcokols and polyols, such as
ethano}, isopropancl, bitano], beazy! alcohol, ethylens glycol, propylens glyool, butanediols and isomers thereof,
glycerol, pentasryiheiiol, sorbitol, mannitol, transoutol, dimethy] isosorbide, polvethylene glyeol, polypropylene
glycol, pokyvinylalcohol, hydroxypropy! methyvicellnloss and other ceihxloseqeieﬁvatives, cyclodextring and
cyclodextrin detivatives; ethers of polyethviene glycols having an average molecular weight of about 200 to about
6000, such as tetmhydrofurfuryt alcohol PEG ether (glycofuro]) or methoxy PEG ; amides and other nitrogen-
containing compounds such as 2-pyrrotidone, 2-piperidone, epsilon.-caprolactam, N-alkylpyrrolidone, N-
hydroxyaﬂqdpmbiidone, Nealkylpiperidone, N-slkylcaprolactam, dimesthyiacetamide and polyvinylpyrrolidone; esters
such as ethy! propionate, tributylcitrate, acetyl tiethylcitrate, acetyl tributyl citzate, triethyloitrate, ethyl oleate, ethy]
caprylate, ethyl butyrate, triacetin, propylene glycol monoacetate, propylene glycol diacetate, e-caproiactone and
jsomers thereof, S-valerolactone and isomers thereof, B-butyrolacione snd ispmers thereol, and other solubilizers
known in the axt, such as dimethyl acetamside, dimethy! isosorbide, N-methyl pyrrolidones, moncoctancin, diethylene
glycol monosthyl ether, and water. '

[063281 Mixtures of solubilizers may also be used. Examples include, but not limited 10, triacetin, triethylvitrate, othyl
oleats, ethyl caprylate, Gimethylacetamide, W-msthyipymrolidone, N-hydroxyethylpyrrolidone, polyvinyipyrrolidone,
bydroxypropyl methylceiluiose, hydroxypropyl cyclodexirins, ethanol, polyethylene glycol 200-100, glycofurol,
transcutol, propylene glyeol, and dimethy] isosorbide, Particularly preferred solubilizess include sorbitol, glyeerol,
trincetin, ethyl alcobol, PEG-400, glycofuro! and propyiene glyeol

[063291 The amount of solubilizer that can be included is not particuiarty limited. The amount of  given solubilizer
may be Limited t© a bicacceptable smount, which may be readily determined by one of skiil in the art. In some
sircmmstances, it may be advantageous fo include amounts of solubilizers far in excess of bicasceptable amounits, for
example to maximize the concentration of the drug, with excess solubiliver removed prior to providing the
composition to & patient using conventional technigues, such as distilation or evaporaton. Thus, if present, the
solubilizer can be fo a weight ratio of 10%, 25%, 50%, 100%, or up fo about 200% by weight, based on the combined
weight of the drug, and other excipients. If desired, very small amounis of solubilizer may alse be used, such as 5%,
294, 1% or even less, Typically, the solubilizer may be present in an amount of about 1% to about 100%, more
typically about 5% to about 25% by weight,

{06338} The composition can further include one or more pharmaceutically zcceptable additives and excipients. Such
additives and excipients include, without limitation, detackifiers, anti-fouming apents, buffering agents, polymers,
antioxidants, preservatives, chelating agents, visénmoduiators, tomcifiers, flavoramts, colorants, odorants, opacifiers,

suspending agents, binders, fillers, plasticizers, lubricents, and mixtures thereof,
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{00331] In addition, an &cid or a base may be incorporated into the composition to facilitate processing, o enhance
stahility, or for other reasons, Examples of pharmaceutically acceptable bases inchude amino acids, smino acid esters,
amponium hydroxide, potassium hydroxide, sodivm hydroxide, sodium hydrogen carbonate, aluminum hydroxide,

calcium carbonate, magnesivm hydroxids, magresinm aluminum silicate, synthetic alumimuns silicate, synthetic

‘hydrecalcite, megnesium sluminum hydroxide, diisopropylethylamine, ethanolamine, sthylenedizmine,

triethanolamine, triethylamine, triisopropanolaming, trimethylamive, trisfhydroxymethyDaminomethane (TRIS) and
the like. Also suitable are bases that are salts of a pharmacentically acceptable acid, such as acetic acid, aervlic acid,
adipic acid, alginic acid, allcanesulfonic acid, amino acids, ascorbic acid, benzoic acid, boric acid, butynic acid,
sarbonic acid, ciric acid, fatty acids, Tormic acid, fumaric acid, gluconic acid, hydroguinosulfonic acid, iscascorbic
acid, lactic acid, maleic acid, oxalic acid, para-bromophenylsulfonic acid, propionic acid, p-toluenesulfonic acid,
salicylic acid, stearic acid, suceinic acid, tannic acid, tartaric acid, thioglycolic acid, toluenssulfonic acid, wric acid,
and the like. Salts of polyprotic acids, such as sodium phosphaie, disodium hydrogen phosphate, and sodium
dibydrogen phosphate can also be used. When the base is a salt, the cation can be any convenient and pharmaceuticatly
aceeptable catios, such as ammonium, atkali metals, atkaline earth metals, and the like. Example may include, but not
limited to, sodium, potassiur, Hihivm, magnesium, caleiwm and avanoninm,

108332] Snitsble acids are pharmaceutically acceptable organic or inorgznic acids. Examples of suitable inorpanic
acids include hydrochionic acid, hydrobromic acid, hydriodic acid, sulfuric acid, witric aeid, boric acid, phosphoric
acid, and the like. Examples of suitable organic acids include acetic acid, acrylic acid, adipic acid, aiginic arid,
alkanesulfonic acids, amine acids, sscorbic acid, benzoic acid, boric acid, butyric acid, carbonic acid, citric acid, fatty
acids, formic acid, fumuric acid, gheconic acid, bydroquincsulfonic zeid, iscascorbic acid, lactic acid, maleic acid,
methanesulfonic acid, ozalic acid, para-bromophenyisulfonic acid, propionic acid, p-toluenesulfonic acid, salicylic
acid, stearic aoid, suocinic acid, tannic acid, tartaric acid, thioglysolic aeid, oluenesulfonic acid, uric acid and the like.
{64333] Pharmacentical compositions for imiection. In some embodiments, the invention provides e pharmacentical
composition for ligection containing 2 compound of the present invention and a pharmaceutical excipiont suitable for
injection, Components and amounts of agents in the compositions are as described berein,

[00334] The forms in which the novel sompositions of the present invention may be incorporated for aéministration
by injection inchude agueous or oil suspensions, or emulsions, with sesame vil, corn oil, cottonseed oil, or peanut oil,
as well as elixirs, mannitol, dextrose, or a steriie agqueous solution, and similar pharmeceutical vehicles.

1883351 Aqueous sohitions in saline are also conventionally nsed for injection. Ethanel, glyeerol, propylens giveol,
liguid polyethylens ghyvool, and the like (and suitable mixtures thereof), cyclodextrin derivatives, and vegstable oils
tnay also be emploved. The proper finidity can be maintaiped, for example, by the use of 1 coating, such as lecithin,
for the maintenance of the required particle size in the case of dispersion and by the use of surfactants, The prevention
of the action. of microorganisms san be brought gbout by various antibecterial and antifingal sgents, for exampie,
parabens, chiorobutanol, phenol, sorbic acid, thimerosal, and the like.

{08336] Stenile injectable solutions are prepared by incorporating the compound of the pregent isvention in the
required amount in the appropriate solvent with various other ingredients as enumerated above, as reguired, followed
by filtered sterilization. Generally, dispersions are prepared by incorporating the various sterilized active ingredients
into a sterile vehicle which rontaing the basic dispersion medium and the required other ingredients from those
enueratad above. In the case of sterile powders for the preparation of sterile injectable solutions, certain desirable
metinds of preparation are vacuum-drying and freeze-drying techniques which vield 2 powder of the active ingredient
plus any additionui desired ingredient from & previously sterile-fitered solution thereof.
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{80337} Pharmaceutical compositions for topical {e.p.. wansdenmal) delivery. In some embodiments, the invention
provides s pharmaceutisal composition for wansderroal delivery containing 2 compeund of the present invention and a
pharmeceutical excipient suitable for transdermal delivery.

160338! Compositions of the present invention can be formulated into preparations in solid, semi-solid, or Liquid
forms suitable for focal or fopical edministration, such as gels, water snluble jellies, creams, lotions, saspensions,
foams, powders, stirries, ointraents, solutions, oils, pastes, suppositories, sprays, emulsions, saline solutions,
dimethylsulfoxide (DMSO)-bassd solutions, In general, carriers with higher dengities are capable of providing an area
with & prolonged exposire w0 the active ingredients. In contrast, a solution formulation may provide more immediate
exposure of the active ingredient to the chosen area,

[00339] The pharmacentical compaesitions also may comprise suitable solid or gel phase carriers or excipients, which
ave compounds that allow increased penstration of, or assist in the delivery of, therapeuric molecules across the
stratum corneum permeability barrier of the skin. There are many of these penetration-enharcing molecuies known to
those traiped in the art of topical formulation. Examples of such carriers and excipients include, but are not limited to,
bumectants (e.g., area), ghycols {e.g., propylens glycol), alcohols (e.g., ethanol), fatty acids (e.g., oleic acid),
surfactants {e.g., iscpropyl myristaie and sodium lavryl sulfate}, pyrrolidones, glycerol monoleurate, sulfoxides,
terpenes {e.g., menthol), amines, awides, alkanes, alkanols, water, caicivm carbonate, calcium phosphate, various
sugars, starches, cellulose derivatives, gelatin, and potymers such as polyethylene glveols,

[09340] Another exemplary formulation for use in the methods of the present invention smploys transdermal delivery
devices ("patches™). Such transdermal patches may be used to provide continuous or discontinuous infuston of &
compound of the present invention in controlled amounts, either with or without another agent.

160341] The construetion and use of transdermal patches for the delivery of pharmaceutical agents is well known in
the art. See, e.g., 1.5, Pat. Nos. 5,023,252, 4,092,445 and 5,001,138, Such patches may be constructed for continuous,
pulsatile, or on demand delivery of pharmaceutical agents.

[08342] Pharmaceutical compositions for inhalation. Compositions for inhalation or msufflation include solutions and
suspensions in pharmaceuticaily accepiable, aqueous or organic solvents, or mixtures thereof, and powders. The Hquid
or solid compositions may contain suitable pharmaceutically acceptable excipients as described supra, Preferably the
sompositions are adeinistered by the oral or nasal respiratory route for local or systemic effect. Compositions in
preferably pharmaceutically acceptable solvents may be nebulized by use of inert gases. Nebulized solutions may i:e
inhaled directly from the nebulizing device or the nebulizing device may be attached to a face mask tent, or
intermittent positive pressure breathing machine. Solution, suspension, or powder compositions may be administered,
preferably orally or nasally, from devies that deliver the formulation in an appropriste maoner.

100343 Other pharmaceutical compositions. Pharmaceutical compositions may also be prepared from compositions

described herein and one or more pharmacentically sceeptable excipients seitable for sublinpual, buccsl, rectal,
intrapsseous, inwreocular, intranasal, epidural, or intraspinal administration. Preparations for such pharmmaceutical
compositions are well-kmown in the art. See, e.g., Ses, e.z., Anderson, Philip G.; Kacben, James E.; Troutman,
William G, eds., Handbook of Clinical Dirug Data, Tenth Bdition, MoGraw-Hill, 200%; Prait and Taylor, eds,,
Principles of Drug Action, Thivd Editien, Chuschill Livingston, New York, 1990; Katzung, ed., Basic and Clnical
Pharmacology, Ninth Edition, McGraw Hill, 20037ybg: Goodman and Gilman, eds., The Pharmacological Basis of
Therapeutics, Tenth Edition, MeGraw Hill, 2001; Remingtons Pharmaceutical Sciences, 20th Ed., Lippincort Williams
& Wilkins., 2000; Martindsle, The Extra Pharmocopoeia, Thirty-Second Edition (The Pharmacewntical Press, London,
1999Y; all of witch are incorporated by reference herein in their entirety.
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{80344} Administration of the compounds or phermaceutical somposition of the present invention can be effected by
any method that enables delivery of the compounds to the site of action. These methods include oral routes,
intraduodenal routes, parenteral injection (including intravenous, intraarterial, subcutaneous, intramuscular,
intravascular, infraperitoneal or infusion), topical (e.g. transdermal application), rectal administration, via local
delivery by cathater or stent or through inhalation. Compounds can also abe administered intraadiposally or
intrathecally.

[86345] The amount of the compound adrinistered will be dependent on the mammal being weated, the severity of
the disorder or condition, the rate of administration, the disposition of the compound and the diseretion of the
prescribing physician, However, an effective dosape is in the range of about 0.001 ¢ about 100 mg per kg body
weight per day, preferably about 1 to about 35 mp/kg/day, in single or divided doses. For a 70 kg buman, this would
amount o about 0.05 to 7 g/day, preferably about 0.05 10 sbout 2.5 g/day. In some Instances, dosage levels below the
lower limit of the aforesaid range may be more then adequate, while in other cases sdi} larger doses may be employed
without causing any harmiful side effest, e.g. bydividing such larger doses into several small doses for administration
throughout the day.

{60346] In some embodiments, a compound of the invention is administered in a single doge. Typically, such
administration will be by injection, e.g., intravenous injection, in order to mtroduce the agent quickly. However, other
routes may be used as appropriate, A single dose of a compound of the invention may also be used for treatment of an
aoute condition, | B '
180347 In some embodiments, a compound of the invention is adminisiered in madtiple doses, Dosing may be about
ongce, twice, three times, four times, five Gmes, six times, or more than six times per day. Dasizxg may be about once a
month, unce every two weeks, once a week, or once every other day. In anotber embodiment 2 compound of the
invention and another agent are administered together about once per day to about 6 tirnes per day. bn another
embodiment the administration of a compound of the invention and an agent continnes for less than about 7-days. In
vet another smbodiment the administration continues for more than abowt 6, 10, 14, 28 days, two months, six months,
or one vear. In some cases, continuous dosing is achieved and maintained as long as necessary.

100348] Administration of the agents of the invention may continue as long as necessary. In some embodimenis, zu
apent of the ipvention s administered for more than 1, 2, 3, 4, 5, 6, 7, 14, or 28 days. In some embodimenis, an agent
of the inventiop is administered for lessy than 28, 14,7, 6,5, 4, 3, 2, or 1 day. In some embodiments, an agent of the
invention is administered chronically on sn ongoing basis, .., for the treatment of chronic effects,

J06349] An effective amount of 8 compound of the invention may be administered in either single or multiple doses
by any of the accepted modes of rdministration of agents baving similar utilities, mchuding rectal, buccal, intranasal
and transdermal routes, by intra-arterial injection, infravenously, infraperitoneally, parenterally, intramuscularly,
subcutaneousty, orally, topically, or as an inhalant,

{06350} The compositions of the invention may also be delivered via an impregnated or coated device such as & stent,
for example, Or an artery-inserted cylindrical polymer. Such a method of administration may, for examgle, aid in the
prevention or smeloration of restenosis foliowing procedures such as balloon angioplasty. Without being bound by
theory, compounds of the fwvention may slow or inhibit the migration and proliferation of smooth muscle cells in the
arterial wall which contribute to restenosis. A compound of the invention may be administered, for example, by local
delivery from the struts of a stent, from a stent grafi, from grafts, or from the cover or sheath of a stent. In some
erbodiments, a compound of the invention is admixed with 2 matrix. Such a matrix may be a polymeric matrix, and
may serve to bond the compound to the stent. Polymeric matrices suitable for such use, include, for eample, lactone-
based polyesters or copolyesters such as polylactide, polycaprolactonglycolide, polyorthoesters, polyanbydrides,
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polyaminoacids, polysaccharides, polyphosphazenss, poly (ether-ester) copolymers (e.g. PEO-PLLAY;
polydimethylsiloxane, poly(ethylene-vinylacetate), acrylate-based polymers or copolymers {e.g. polyvhydroxyethyl
methylmethacrylate, polyvinyl pyrrolidinone), fluorinated polymers such as polytetrafiuorosthylens and cellulose
esters. Suitable matrices may be nondegrading or may degrade with tirme, relessing the compound or compounds.
Compounds of the invention may be applied to the surface of the stent by various methods such as dip/spin coating,
spray coating, dip-coating, and/or brugh-coating. The compounds may be applied in a solvent and the solvent may be
allowed to evaporate, thus forming a layer of compound onto the stent, Alternatively, the compound may be Jocated in
the body of the stens or graft, for example iz microchannels or micropores. When implanted, the compound diffuses
out of the body of the stent to contact the arterial wall. Such stents may be prepared by dipping a stent manufactured to
vontain such micropores or microchannels into a solution of the compound of the invention in 2 suitable solvent,
followed by evaporation of the solvent, Excess drug on the surface of the stent may be removed via an additional brief
solvent wash. In yet other embodiments, compounds of the invention mray be covalently linked fo a stent or prafl. A
covalent linker may be used which degrades in vive, l2ading to the release of the compound of tie invention. Any bio-
labile inkage may be used for such a purpose, such as ester, amide or anhydride linkages, Compounds of the invention
may additionally be administered intravascularly from 2 balloon used during angioplasty, Extravascular aﬁministration
of the compounds via the pericard or via advential application of formulations of the invention may also be performed
to decrease restenosis,

[80351] A variety of stent devices which may be used as described are disclosed, for example, in the following
references, all of which are hereby incorporated by reference: 1.8, Pat. No. 5451233; ULS, Pat. No., 5040548, U.S. Pat,
No. 5061273; U.S. Pat. No. 5496346; U.S. Pat. No. 5292331; U.S. Pat. Ne. 5674278; U.S, Pat, No. 3657744, U.S, Pat.
Mo, 4739762; U.S. Pat. No, 5195084; U8, Pat. No. 5292331; U.S. Pat. No. 5674278; UL.S. Pat. No. 5879382; U.5. Pat.
No. 6344053,

[68352] The compounds of the invention may be administersd in dosages. It is known in the art that due to
intersubject variability in compound pharmacolkinetics, individualization of dosing regimen is necessary for optimal
therapy. Dosing for 2 compound of the invention may be found by routine experiroentation in light of the instant
disclosure.

[66253] When a compound of the invention, is administered in 2 compasition that comprises one or more agenss, and
the agent has a shorter half-life than the compound of the invention wnit dose forms of the agent and the compound of
the invention may be adjusted accordingly.

§00354}] The subject pharmaceutical composition may, for example, be in a form suitabie for oral administration as a
tablet, capsute, pill, powder, sustained release formulations, solution, suspension, for parenteral tnjection as a sterile
solution, suspension or emulsion, for topical administration as an oittment or cream or for rectal administration as &
suppasitory. The pharmaceatical composition may be in unit dosags forms suitable for single administration of precise
dosages, The pharmaceutical composition will inclade  conventional pharmaceutical carrier or excipient and a
compound according to the invention as an active ingredient. In addition, 1t may inciude other medicinal or
pharmaceutical agents, carriers, adjuvants, ete.

[603558] Exemplary parenteral administration forres inchude solutions or suspensions of active compound in sterile
agueous solutions, for example, aqueous propyiene glycol or dextrose solutions. Such dosage forms can be suitably
buffered, if desired.

{06356] The activity of the compounds of the present invention may be determined by the following procedure, as
well as the procedure described in the examples beiow. The activity of the kinase is assessed by measuring the

incorporation of 1-**P-phosphate from y -**P-ATP onto N-termina! His tagged substrate, which is expressed in £. coli
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and is purified by conventional methods, in the presence of the kinase. The assay is carried out in 96-well
polypropyienc plate. The incubation mixture (100, U1} comprises of 25 mM Hepes, pH 7.4, 10 mM MgCly, 5 mM -
glyceroiphosphate, 100 M Naz-orthovanadate, 5 mM DTT, 3 ol kinase, and I uM substrate. Inhibitors are
suspended in DMSO, and all reactions, including confrols are performed at 2 final concentration of 1% DMSO.
Reactions are initiated by the addition of 10 uM AT?P (with 0.5 uCi ';L”P- ATPfwell) and incubated at ambient
temperature for 45 minutes. Hqual volume of 25% TCA is added to stop the reaction and precipitate the proteins.
Precipitated proteins are trapped onto glass fber B Glterplates, and excess labeled ATP washed off using a Tomtes
MACH I barvestor. Plates are allowed 1o air-dry prior to adding 30 pL/well of Packard Microseint 20, and plates are
counted nsing a Packard TopCount. )
{00357 The invention also provides Idts, The kits include 2 compound or compounds of the present invention as
described herein, in suitable packaging, and written material that can include instmctions for use, discussion of clinical
studies, Hsting of side effects, and the like. Suoch kits may also include information, such as scientific lterature
references, package insert materials, ciinical wial results, and/or summaries of these and the like, which indicate or
establish the activities and/or advantages of the composition, and/or which describe dosing, administration, side
effects, drug interactions, or other information usefisl to the health care provider, Such information may be based on
the results of various studies, for example, studies using experimental animals involving in vivo models and studies
based on human clinical rials, The kit may further contain another agent. In some embodiments, the compound of
the present invention and the agent are provided as separate compositions in separate containers within the kit In
some embodiments, the compound of the present invention and the agent are provided as & single cotaposition within 2
container in the kit, Suitable packeging and additional articles for use (e.g., measuring cup for liquid preparations, foil
wrapping o minimize exposure to air, and the like) are known in the art and may be included in the kit. Kits described
berein can be provided, marketed and/or promoted to health providers, including physicians, nurses, pharmacists,
formulary officials, and the like. Kits may also, in some embodiments, be marketed dimctly to the consumer.
METHODS,

{00258] The invention also provides methods of using the compounds or pharmaceutical compositions of the present
invention to treat disease conditions', including but not hmited to diseases associated with malfunctioning of one or
more types of PI3 kinase, A detailed description of conditions and disorders mediated by p1108 kinase activity is set
forth in Sadu et al., WO 01/81346, which is incorporated herein by reference in its entirety for all purposes.

[00359] The weatment methods provided herein comprise administering to the subject 2 therapeutically effective
amount of & compound of the invention. In one embodiment, the present invention provides a method of eating an
infiammation disorder, inciuding autoimmune diseases in a mammal. The method comprises administering to said
mamemal a therapoutically effective amount of a compound of the present invention, or & pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative thereof. Examples of autoimmune discases includes but is not
limited to acute disseminated encephalomyelitis (ADEM), Addison's disease, antiphospholipid antibody syndrome
{AP8)}, aplastic anemia, antoimmune hepatitis, cosliac diseass, Crobn's disease, Diabetes mellitus (type 1),
Goodpasture's syndrome, Graves' disease, Guillain-Barré syndrome ((E38), Hashimoto's disease, lupus erythematosus,
multiple sclerosis, myasthenia gravis, opsoclonus myoclonus syndrome {OMS), optic neuritis, Ord's thyroiditis,
oemphigus, polyarthritis, primary biliary cirrhosis, psoriasis, rheumatoid arthritis, Reiter's syndrome, Takayasu's
arteritis, temporal arteritis (alse known as “giant cell arterits”), warm antoimmune hemolyvtic anemia, Wegener's

granulomatosis, slopecia universalis, Chagas' disease, chronic fatigue syndrome, dysautonomia, endometriosis,
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hidradenitis suppurativs, interstitial cystitis, neuwromyotonia, sarcoidosis, scleroderma, ulcerative colitis, vitiligo, and
volvodyaia. Other disorders include bone-resorption disorders and thromobsis.

{£0360] In some embodiments, the method of treating inflammatory or autoimmune diseases comprises administering
to a subject (e.g. 2 mammal) a therapentically effective amount of one or more compounds of the present invention
that selectively inhibit PI3K-6 and/or PI3K -y as compared to all other type I PI3 kinases. Such selective inhibition of
PI3K.-& and/or PIRK-y may be advantageous for treating any of the diseases or conditions described herein. For
example, selective inhibitdon of PI3K-& may inhibit inflammatory responses associated with inflammatory disesses,
sutoimmune disease, or diseases related to an undesirable immune response including but not limited to asthma,
emphysema, allergy, dermatitis, rhuematoid arthritis, psoriasis, Inpus erythematosus, or graft versus host disease,
Selective inhibition of PI3K.-6 may further provide for a reduction in the inflammatory or undesirable immune
response without & concomittant reduction in the ability to reduce & bacterial, viral, and/or funga! infection. Selective
inhibition of both PI3K-§ and PI3K~y may be advantageous for inhibiting the inflammatory response in the subjecito a
proater degree than that would be provided for by inhibitors that selectively inhibit PI3K -8 or PI3K-y alone. Inone
agpect, one or more of the subject methods are effective in reducing antipen gpecific antibody production in vive by
about 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 250-fold, 500-fold, 750-fold, or sbout
1000-fold or more. In another aspect, one or more of the subject methods are effective in reducing antigen specific
IgG3 apd/or IgGM production in vive by about 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 25-fold, 50-fold, 100-
fold, 250-fold, 500-fold, 750-fold, or about 1000-fold or more.

106361} In one aspect, one of more of the subject methods are sffective in ameliorating symptoms assoicated with
thuematoid arthritis incleding but not Himited to a reduction in the swelling of joints, 2 reduction in serum anti-
collagen levels, and/or a reduction in joint pathology such as bone resorption, cartilage damage, pannus, and/or
inflammartion. In another aspsct, the subject methods are effective in reducing ankle inflammation by at least about
2%, 5%, 10%, 15%, 20%, 25%, 30%, 50%, 60%, or about 75% t0 90%. In another aspect, the subject methods are
effective in reducing knee mflammation by at least about 2%, 5%, 10%, 15%, 20%, 25%, 30%, 50%, 60%, or about
75% to 90% or more. In still another aspect, the subject methods are effective in reducing serum anti-type I collagen
levels by at least about 10%, 12%, 15%, 20%, 24%, 25%, 30%., 35%, 50%, 60%, 75%, 80%, 86%, 87%, or about 90%
or more. In another aspect, the subject methods are sffective in reducing ankie histopathology scores by about 5%,
10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%, 90% or more, In still another aspect, the subject methods
are effective in redocing knee histopathology scores by about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 75%,
80%, 0% or more.

[68362] In other embodiments, the present invention provides methods of vsing the compounds or pharmaceutical
pompositions to treat respiratory diseases including bot not limited to diseases affecting the Iobes of ung, pleral
cavity, bronchial tubes, traches, upper respiratory tract, or the nerves and muscle for breathing. For exemple, methods
ars provided to treat obsructive pulmonary disease. Chronic obstructive pulmonary disease (COPDY) is an umbrella
term for & group of respivatory tract discases that are charecterized by airflow obstruction or Yimitation. Conditions
included in this umbrellz term are: chronic bronchitis, emphysema, and bronchiectasis,

[00363] In another embodiment, the compounds described herein are used for the weatment of asthma. Also, the
compounds or pharmaceutical compositions described herein mey be used for the treatment of endotoxemia and
sepsis. In one embodiment, the compounds or pharmaceutical compositions described herein are used to for the
treatment of theumatoid arthritis (RA). In yet another embodiment, the compounds or pharmaceutical compositions
described herein is used for the meatment of contact or atopic dermatitis, Contact dermatitis inclodes jrritant
dermatitis, phototoxic dermeatitis, allergic dermatitis, photoallergic dermatitis, contact urticaria, systemic contact-type
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dermatitis and the like. Irritant dermatitis can occur when too much of a substance is used on the skin of when the skin
is sensitive to certain substance, Atopic dermatitis, sometimes called eczema, is & kind of dermatitis, an atopic skin
disease,

[60464] The invention also relates o a method of treating a hyperproiiferative disorder in 2 mammal that comprises
administering to said mammal & therapentically effective amount of 2 compound of the present invention, or a
pharmacentically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. In some embodiments, said
method relates fo the treatment of cancer such as acute myeloid leukemia, thymus, brain, jung, sguamous cell, skin,
eve, retinoblastoms, intraccular melanoma, oral cavity and oropharyngeal, bladder, gastric, siomach, pancreatic,
bladder, breast, cervical, head, neck, renal, kidney, tiver, ovarian, prostate, colorectal, esophageal, testicular,
gynecological, thyroid, CNS, PNS, AlDS.elated (.2 Lyinphoma and Kaposi's Sarcoma) or viral-induced cancer. In
some embodiments, said method relates (o the treatment of & non-cancerous hyperproliferative disorder such a5 benign
hyperplasie of the skin {e. g., psoriasis), restenosis, or prostate (e. g., benign prostatic hypertrophy (BPH)).

[80365] The invention also relates to a2 mathod of weating diseases related to vasculogenssis or sngiogenesis ina
mammal that comprises admindstering to said maromal & therapeutically effective amownt of 2 compound of the
present nvention, or a pharmecentically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. In some
embodiments, said method is for treating a disense selected from the group consisting of tumor angiogenesis, chronic
inflammuatory disease such as rhenmatoid arthritis, atheroscleresis, inflaramatory bowel disease, skin diseases such as
psoriasis, eczema, and scleroderma, disbetes, diabetic retinopathy, retinopathy of prematurity, age-related macular
degeneration, hemangioma, glisma, melanoma, Kaposi's sarcoma and ovarian, breast, lung, pancreatic, prostate, colon
and epidermoid cancer.

[00366] Patients that can be treated with compounds of the present invention, or pharmaceutically acceptable salt,
ester, prodrug, solvate, hydrakz or derivative of said compounds, according to the methods of this invention inclunde,
for example, patients that have been diagnosed as having psoriasis; restenosis; atherosclerosis; BPH; breast cancer
such as a ductal carcinoma in duct tissve in 3 mammary gland, medullary carcinomas, colloid carcinomus, tubular
carcinomas, and inflamnmatory breast cancer; ovarian cancer, including epithelial ovarian tarsors such as
adenocarcinoma in the ovary and an adenocarcinoma that bas migrated from the ovary inio the sbdominal cavity;
uterine cancer; cervical cancer such as adenocarcinoma in the cervix epithelial incleding squamous cell carcinoma and
adenocarcinomas; prostate cancer, such as a prostate cancer selected from the following: an adenccarcinoma or an
adenocarinoms that has migrated to the bone; pancrestic cancer such as epitheliod carcinoma in the pancreatic duct
tissue and an adenocarcinoma in a pancreatic duct; bladder cancer such as a transiional cell carcinoma in uripary
biadder, urothelial carcinomas {transitional cell carcinomas), tumors in the urothelial cells that line the bladder,
squamons cell carcinomas, adenocarcinomas, and small cell cancers; lewkeria such as scute myeloid lenkemia
(AML}, sente lymphocytic leukemia, chronic lymphoeytic lenkemis, chronic myeloid icukcmia, hairy cell leukemia,
myelodysplasia, myeloproliferative disorders, acute myelogenous leukeria (AML), chronic myelogenous leukesmia
{CML), mastocytosis, clronic hympheovtic leulkemia (CLL), multiple myeloms (MM), and myelodysplastic syndsome
(MDS); bone cancer; lung cancer such as pou-small cell lung cancer (NSCLC), which is divided into squamous cell
garcinomas, adenocarcinomas, and large cell undifferentiated carcinomes, and small cell lung eancer; skin cancer such
as basa! cell carcinoma, melanoma, squamous cell carcinoma and actimic keratosis, wiich i a skin condition that
sometimes develops inio squamous cell carcinoms; eye retinoblastoma; cutaneous or intraccular (eve) melanomas;
primary liver cancer (cancer that begins in the liver); kidney cancer; thyroid cancer such as papillary, follicular,
medullary and anaplastic; ATDS-related lymphoma such as diffuse large B-cell lymphoma, B-cell immunoblastic
Iymphoma and smail non-cleaved cell lymphoma; Kaposi's Sarcoma; viral-induced cancers including hepatitis B virus
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(HBV), hepatitis C virus (HCV), and hepatocellular cercinoma; human Tymphotropic virus-type 1 (HTLV-1) and adult
T-cell leukemia/lymphoma; and human papilloma vires (HPV) and cervical cancer; central nervous system canocers
{CNS) such as primary brain tusmor, which includes gliomas (astrooytoma, anaplastic astrocytoms, or giioblastoma
multiforme), Oligodendroglioms, Ependymoma, Meningioma, Lymphoma, Schwannoma, and Medulioblastoma;
peripharal nervous system (PNS) cancers such as acoustic nenromas and malignant peripheral perve sheath fumor
(MPNST) including neurofibromas and schwannomas, malignant fibrous cytoma, malignant fibrous histiocytoma,
malignant meningioms, malignant mesothelioma, and malignant mixed Miillerian fumor; oral cavity and
oropharyngeal cancer such as, hypopharyngeal cancer, laryngeal cancer, nasopharyngeal cancer, and oropharynges!
cancer; stomach cancer such as lvmphomas, gastric stromal tomorg, and carcinoid fumors; testicular cancer such as
germ cell tumors (GCTs), which include seminomas and nonseminomas, and gonadal stromal tumors, which inchide
Levdig cell tumors and Sertoli cell tumors; thymus cancer such as to thymomas, thymic carcinomas, Hodgkin dissase,
non-Hodgkin lymphomas carcinoids or carcinoid tumors; rectal cancer; and colon cancer,

[04367] The invention also relates to a method of treating diabetes in & mammal that comprises administering to said
maminal a therapeutically effective amount of a compound of the present invention, or 2 pbarmacewtically acceptable
salf, estar, prodrug, solvate, hydrate or desivative thereofl

{80368} In addition, the compounds described herein may be used to treat acne.

100368} In widition, the cotapounds described herein may be used for the treatment of arterfosclerosis, including
atherosclerosis, Arteriosclerosis is a peneral term describing any hardening of medium or large arteries.
Atherosclerosis is a hardening of an artery specifically due to an atheromatous plaque.

[$6370] Further the compounds described herein may be used for the treatment of glomeralonephritis,
Glomerutonephritis is a primary or secondary autoimnmune renal disease characterized by inflammation of the
plomeruli. It may be asympiomatic, or present with hematuria and/or proteinuria. There are many recognized types,
divided in acute, subacute or chronic glomernlonephritis. Causes are infectious (bacterial, viral or parasitic pathogens),
autobmmune or paraneoplastic. '
[B0371] Additionally, the compounds described herein may be used for fhe treatment of bursitis, lupus, acute
disseminated encephalomyelitis (ADEM), addison's disease, antiphospholipid antibody syndrome (APS), aplﬁstic
anemia, auteimmune hepatitis, coeliac disease, crobm's disease, diabetes mellitus {type 1}, goodpasture's syndrome,
graves' disease, guillain-barré gyndrome (GBS), bashimoto's disease, inflammatory bowe! disease, lupus
srythematosus, myasthenia gravis, opsoclonns myoclonus syndrome {OMS), optic neuritis, ord's
thyroiditis,ostheoarthritis, wveorstinitis, pemphigus, polyarthritis, primary biliary cirthosis, reiter's syndrome,
takayasu's arteritis, temporal arteritis, warm autoiramune hemolytic anemia, wegener's granujomatosis, alopecia
unfversalis, chagas' disease, chronic fatigue syndrome, dysantonomia, endometriosis, hidradenitis suppurativa,
interstitial cystiti, nesromyotonie, sarcoidosis, sclerederma, ulcerative colitis, vitiligo, vulvodynias, appendicitis,
arteritis, axthritis, blepharitis, bronchiolitis, bronchitis, cervicitis, cholangitis, cholecystitis, chorioamnionitis, colitis,
conjunctivitls, cystitis, dacryoadenitis, dermatormyositis, endocarditis, endometritis, enteritis, enterocolitis,
epicondylitis, epididymitis, fasciitis, fibrositis, gastritis, gastroenteritis, gingivitis, bepativs, hidradenitis, fleitis, iritis,
laryngitis, mastitis, meningitis, myelitis, myocarditis, myositis, nephritis, omphalitis, cophoritis, orchitis, osteitis,
otitis, pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phiebitis, pneumonitis, proctitis, prostatitis,
pyelonephritis, rhinitis, salpingitis, sinusitis, stomatitis, synovitis, tendonitis, tonsiliitis, uveitis, vaginitis, vasoulitis, or
vilvitis.

[86372] The invention also relates to a method of treating a cardiovascular disease in a rprmmal that comprises

administering to said mammal a therapentically effective amount of a compound of the present invention, or a
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pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof. Examples of cardiovascular
conditions include, but are not limited to, atherosclerosis, restenosis, vascular occlusion and carotid obstructive
disease.

[86373] In another aspect, the present invention provides methods of disrupting the function of a leukocyte or
disrupting a function of an osteoclast. The method includes contacting the leukocyte or the osteoclast with a function
disrupting amount of 2 compound of the imvention.

{(10374] In another aspect of the present invention, methods are provided for treating ophthatmic disease by
administering one or more of the subjéct compounds or pharmacentical compositions o the eve of a subject,

106375} Methods are further provided for administering the cornpounds of the present invention via eye drop,
intraccular infection, intravitreal injection, topically, or through the use of a drug eluting device, microcapsule,
implant, or microfluidic device. In some cases, the compounds of the present invention are administered with & carrier
or excipient that increases the intraocular penctrance of the compound such ey an oil and water emulsion with colloid
particles baving an oily core surrounded by ap interfacial fim.

{60376] In some cases, the colloid particles inchude at lsast one cutionic agent end at least one non-ionic sufactant
such 25 & poloxamer, tyloxapol, a polysorbate, a polvoxyethylene castor oil derivative, & sorbitan ester, or a polyoxyl
stearate. In some cases, the cationic agent is an alkyiamine, a tertiary allyl amine, & quarternary ammonium
compound, & cationic lipid, an amino alcobol, a biguanidine salt, a cationic compound or a mixture thereof. In some
cases the cationic agent is a bigusnidine salt such as chlorhexidine, polyaminopropy! bignanidine, phenformin,
alicyibiguanidine, or a mixtare thereof, In some cases, the guaternary arpmonium compound is & benzalkonizm halide,
lauralkonium halide, cetrimide, hsxadecyinimethyiammcniﬁm halide, tetradecyhrimethylammonivm halide,
dodecyitrimethylammonitm kalide, cetrimoniuwm halide, bepzethonivm halide, behenalkonium halide, cetalkonium
halide, cetethyldimonium halide, cetyipyridinium halide, benrododecinium halide, chlorallyl methenamine halide,
rmyristylaikonium halide, stearaliconium halide or a mixture of two or more thereof. In some cases, cationic agent is 2
penzalkonium chloride, lanralkoniim chloride, benzododecinium bromide, benzethenium chioride,
hexadecvitrimethylammonivmn bromide, tetradecyltrimethylemmonium bromide, dodecylirimethylammonium bromide
or a mixture of two or more thereof, In some cases, the il phase is mineral oil and light mineral oil, medium chain
triglycerides (MCT), coconnt eil; hydrogenated oils comprising bydrogenated cottonseed oil, hydrogenated palm oil,
hydrogenate casior oil or bydrogenated sovbean oil; polyoxyethylene hydrogenated castor oil derivatives comprising
polucxyl-40 hydrogenated castor oil, polyoxyl-60 hydrogenated castor oil or polyonyl-100 hydrogenated castor oil,
§603771 The invention further provides methods of modulating kinase activity by contacting s kinase with an amount
of a compound of the invention sufficient to modulate the activity of the kinase. Modnlate can be inhibiting or
activating kinsse activity. In some embodiments, the mvention provides methods of inhibiting kinase activity by
contecting & kinase with an amount of 3 compound of the invention sufficient to inhibit the activity of the kisass. Tn
some embodiments, the invention grovides msthods of inhibiting kinase activity in a solution by contacting said
solution with an amount of a compound of the mveption sufficient tw inhibit the activity of the kinage in said splution.
I some embodiments, the inventon provides methods of inhibiting kinase sctivity in & cell by contacting said cell
with 2n amount of 2 compound of the invention sufficient to inhibit the activity of the kinase io said cell, In some
embodiments, the invention provides methods of ixhibiting kinsse activity in 2 tssue by contacting said tissue with an
amaount of & compound of the invention sufficient to inhibit the activity of the kinase in said tseue. In some
embodiments, the imvention provides methods of inhibiting linage activity i an organism by contacting said organism
with an amount of 2 compound of the invention sufficient to inhibit the sctivity of the kinase in said organism. In

some embodiments, the invention provides methods of inhibiting kinase activity ifi ap anima! by contacting said
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animal with an amount of a compound of the invention sufficient to inhibit the activity of the kinase in said animal. In
some embodiments, the invention provides methods of inhibiting kinase activity in a rearomal by contacting said
mammal with an amount of a compound of the inveption sufficient to {nhibit the activity of the kinase i said
mammal. In some embodiments, the Invention provides methods of inhibiting kinase activity in # human by
sontacting said bumnan with en amount of 2 compound of the invention sufficient to inhibit the activity of the kinase in
said human. In some embodiments, the % of kinase activity after contacting 2 kinase with 2 compound of the
invention is less than 1, 5, 10, 20, 30, 40, 50, 60, 70, 80 90, 05, or 99% of the kinase activity in the absence of said
contacting step,

[B0378) In some embodiments, the kinase is a lipid kinase or a protein kinase. In some embodiments, the kinase is
selected from the group consisting of PI3 kinase inchuding different isorforms such as PI3 kasse ¢, PI3 kinase §, FI3
kivase v, PI2 kinase 6; DNA-PK; mTor; Abl, VEGFR, Eplirin receptor B4 (EphB4); TEK. receptor tyrosine kinase
(TIE2Y; FMS-related tyrosine kinase 3 (FLT-3); Platelet derived growth factor receptor (PDGFR), RET: ATM; ATR;
hSmg-1; Hek; Src; Epidermal growth factor receptor (EGFR); KIT; Inulsin Receptor (IR) and IGFR. _
[00375] The invention further provides methods of modulating PI3 kinase activity by contacting a PI3 kinase with an
araount of & compound of the invention sufficient to woduiate the activity of the PI3 kinase. Modulate can be
inhibiting or activating PI3 kinase activity. In some embodiments, the invention provides methods of inhibiting PI3
kinase aotivity by contacting & PI3 kinase with ap smount of 2 compound of the invention sufficient io inhibit the
potivity of the P13 ldnase. In some embodiments, the invention provides methiods of inhibiting PI3 kinase activity.
Such inhibition can ke place in solution, in a cell expressing one or more PI3 Kinases, in a tissue comprising & cell
expressing one or more PI3 kinases, or in an organism expressing one or mors PI3 kinases. ‘In some embodiments, the
invention provides metheds of inhibiting PI3 kinase activity in an animal (including mammal such as ixmmans) by

. contacting said animal with an amount of & compound of the invention sufficient o inhibit the activity of the PI3

kinase in said animal,

COMBINATION TREATMENT

(00380 The present mvention also provides methods for combination therapies in which an agent known to modulate

other pathways, or other components of the same pathway, or even overiapping sets of target enzymes are used in

"eombination with 2 compound of the present invention, or 2 pharmaceutically acceptable salt, ester, prodrug, solvate,

hydrate or derivative thereof, In one aspent, such therapy includes but is not limited (o the combination of the subiect
compound with chemotherapevtic agents, therapeutic antibodies, and radiation treatment, fo provide & synergistic or
additive therapeutic effect.

[BG381] Tn one aspect, the compounds or phermacsutical compositions of the pregent fnvention may present
synergistic or additive efficacy when adwinistered in combination with agents that inhibit IgE production or actvity.
Such combination can reduce the undesired effect of high level of IgE associated with the use of one or mors PI3KS
imhibitors, if such effect occurs. This may be particularly useful in reatment of sutoimmune and inflammstory
disorders (ALY such as rheumatoid arthritis. Additionally, the adminisiration of PI3KS or PI3K5/y inhibitors of the
present invention in combination with inhibitors of mTOR may also exhibit synergy tarough enhanced inhibition of
the PISE pathway.

{68382] In 2 separate but related aspect, the present invention provides a combination reafment of a disease
associated with PI3KS comprising administering 1o a PI3KS inhibitor and an agent that inhibits 1gE production ot
activity, Other exemplary PI3K8 inhibitors are applicable and they are described, e.g., US Patent No. 6,800,620, Such
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combination treatment is particularly useful for treating awtoirnmune and inflammatory diseases (AIID) including but
not Hmited fo theumatoid arthritis,

[60383] Agents that inhibit IgE production are known in the art and they include but are not limited to one or more of
TEL-8874, 2-(4-(6-cyclohexyloxy-2-naphtyloxy)phenylacetamide)benzoic acid, rapamycin, rapamycin anatogs {i.c.
rapalogs), TORCI inhibitors, TORC?2 inhibitors, and any other compounds that inhibit mTORC] and mTORC.
Agents that inhibit TgE activity include, for example, anti-IgE antibodies such as for example Omalizumab and TNX-
201.

{08384} For ireatment of autoimmumne diseases, the subject compounds or pharmacentical compositions can be used in
combination with commonly prescribed drugs including but not limited to Enbre!®, Remicade®, Humira®, Avonex¥,
and Rebif®. For treatment of respiratory diseaseses, the subject compounds or pharmaceutical compositions can bs
administersd in combination with commonly prescribed drugs including but not limited to Xolair®, Advair®
Singulair®, and Spiriva®,

[00385] The compounds of the invention may be formulated or administered in conjunction with other agents that act
it relieve the symptoms of inflammatory conditions such as encephalomyelitis, asthima, and the other diseases
described herein. These agents inchude non-steroidal anti-inflammatory drugs (NSAIDs), e.g. acetylsalicvlic acid;
ibuprofen; naproxes; indomethasin; nabuwmetone; tolmetin; etc. Corficosteroids are psed to reduce inflarmmation and
suppress activity of the immune system. The most commonly prescribed drug of this type is Prednisone. Chloroguing
{Aralen) or hydroxychioroqnine {Plaquenil} may also be very useful in some individeals with Tupus. They are most
often prescribed for skin and joint symptoms of lupus, Azathioprine (Imuran) and oyclophosphamide (Cytoxan)
suppress inflammation and tend to suppress the tmmune system. Other agents, ¢.g. methotrexate and cyclosporin are
used to contro! the symptoms of lupus. Antivoagulants are employed to prevent blood from éiaﬁing rapidly. They
range from aspirin at very low dose which prevenis platelets from sticking, to heparin/coumadin,

[00386] In apother one aspect, this invention also relates o a phartpaceutical composition for inhibiting abnormal cell
growih in & mammal which comprises an amount of a compound of the present invention, or a pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof, in combination with an amount of an anti-cancer
agent {e.z. 8 chemotherapeutic agent), Many chemotherapeutics are presently known in the art and can be used in
combination with the compounds of the invention,

{80387] In some embodiments, the chemotherapentic is selected from the group consisting of mitotic inhibitors,
alleylating agents, anti-meetabolites, intercalating antibiotics, growth factor inbibitors, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, bivlogical response modifiers, anti-bormones, angiogenesis ihibitors, and anti-androgens,
Non-limiting examples are chemotherapeutic agents, cyiotoxic agents, and non-peptide small molecules such ag
Gleeves (Tmatinib Mesylate), Velcade (bortezomib), Casodex {bicalutamide}, Iressa (gefitinib}, and Adriamycin as
well a3 # host of chemotherapentic agents. Mon-limiting examples of chemotherapeutic agents include alkylating
sgents such as thiotepa and cyclosphosphamide (CYTOXAN™), atkyl sulfonstes such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboguons, meturedopa, and uredopa; sthylenimines and
methylamelamires including altretamine, tiethyienemelamine, trietylenephosphoramide,
tristhylensthiophosphaoramide and wimethylolomelamine; nitrogen mustards such as chlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, meiphalan,
novembichin, phenssterine, prednimustine, trofosfamide, vracil mustard,; nitrosureas such as carmugtine,
chlorozotocin, fotemustine, lomustine, nimustine, ranimustine; antibiotics such as aclacinomysins, actinomvein,
authramycin, azasering, bleomycins, cactinomycin, calicheamicin, carabicin, carminomycin, carzinophilin, Casodex ™

, chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-porlencine, doxorubicin, epirubiefi, -
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esorubicin, idarubicin, mercellomyein, reitomyzins, mycophenolic acid, nogalamycin, clivomyeins, peplomycis,
potfiromycin, piuromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and $-flucrouracil (3-FU); folic acid: analogues such as denopterin,
methotrexate, pteropterin, trirstrexate; purine analogs such as fludarabine, 6~mercaptopurine, thiamiprine,
thioguanine; pyrimidine anaiogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cyvtarabine, dideoxyuriding,
doxifluriding, enocitebine, floxuridine, sndrogens such as calusterone, dromostancions propionate, epitiostanol,
mepitinstane, testolactone; anti-adrenals such as aminoghutethimide, mitotane, trilostane; folic acid replenisher such as
frofinic acid; aceglatone; aldophosphamide glyveoside; aminolevulinic acid; amsacrine; bestrabucil; bisantrens;
edatraxate; defofamine; demecolcine, diaziquone; elfomithine; elliptinium acetate; etoglucid; galliwm nitrate;
hydroxyures; lentinan; lonidamine; mitograzone; mitoxantrone; mopidarnol; nitracrineg; pentostating phenamet;
pirarubicin; podophyliinic acid; 2-sthylhydrazide; procarbazine; PSK.R™*: razoxane; sizofiray; spircgermaninm;
tenuazonic goid; triaziguone; 2,2', P-irichlorotriethyla- mine; wrethan; vindesing; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ars-C); cyclophosphamide; thictepa, taxanes, e.g.
paclitaxel (TAXOL™, Bristol-Myers Squibb Oncology, Princeton, N.I.) and docetsxel (TAXOTEREW, Rhone-
Poulenc Rorer, Antony, France); retinoic acid; esperamicing; capecitabine; and pharmnceutically acceptabie salts,
acids or derivatives of any of the above. Also included as suitabie chemotherapeutic cell conditioners are anti-
hormooal agents that act to regulate or inhibit bormone action on umors suck as anti-estrogens inchiuding for example
amoxifen (Nolvadex ™), raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamozifen, trioxifene, keoxifene,
LY 117018, onanristone, and toremifens (Faveston); and anti-androgens such as flutamide, nilutamide, bicaiutamide,
leuprolide, and goserelin; chlorambucil; gemcitabine; 6-thiognanine; mercaptopurine; methorexate; platinum analogs
such as cisplatin and carboplatin; vinblastine; plationm; etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone;
vineristing; vinorelbing; navelbine; novantrone; teniposide; daunomycin; aminopterin; xeloda; ihandronate;
zamptothecin-11 (CPT-11}; topoisomerase inhibitor RFE 2000; difivoromethviornithine (DMFO). Where desired, the
compounds or pharmaceutical composition of the present invention can be nsed in combination with commoniy
prescrived anti-cancer drugs snch as Herceptin®, Ava.stin@, Erbitux®, Rituxan®, Taxol®, Arimidex®, Taxotere®, and
Velcade®,

[00388] This invention further relates to & method for using the compounds or pharmaceutical composition in
combination with radiation therapy in inhibiting abnormal cell growth or feating the hyperproliferative disorder in the
mammal. Techriques for administering radiation therapy are known in the ari, and these technigues can be used in the
combination therapy described berein. The administration of the sompound of the invention in this combination
therapy cen be determined as deseribed heretn, a

{60386 Radiation therapy can be admizdsterad through one of several methods, or 2 combination of methods,
including without limitation extemal-beam therapy, internal radiation the}apy, boplant radiation, sterestactic
radiosurgery, systemic radiation therapy, radiotherapy and permanent or temporary interstitial brachyiherapy. The
term. “brachytherapy,” as used berein, refers fo radiation thermpy delivered by & spatially confined radicactive material
inserted into the body at or near & mmor or other proliferative tissue disease site. The term is imtended without
lindtation to include exposurs to radicactve isotopes {(e.g. A-211, 1131, 1125, Y80, Re-186, Re-188, Sm-153, Bi-
212, P-32, and radioactive isotopes of Lu). Suitable radiation sources for use ss a cell conditioner of the present
invention include both solids and Hauids. By way of non-limiting example, the radiation source can be a2 radionuclide,
such ag 125, I-131, Yb-169, Ir-192 as a solid source, I-125 as a solid source, or other radionuclides that emit photons,
bete particles, gamma radiation, or other therapentic rays. The radioactive material can aiso be a fluid made from any

solution of radionuclide(s}, e.g., & solution of I-125 or I-131, or a radioactve fluid can be produced using a shurry of
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suitable fluid containing small particies of sclid radionuciides, such as Au-198, Y-90. Morsover, the radionuclide(s)
can be embodjed in 2 pol or radioactive miere spheres.

{00390} Without being Kmited by any theory, the compounds of the present invention can render abmormal cells more
seusitive to ireatment with radiation for purposes of killing and/or inhibiting the growth of such cells. Accordingty,
this invention further relates to a method for sensitizing aboormal cells in a mammal to trestment with radistion which
comprises administering to the marnmal an amount of & compound of the present invention or pharmaceutically
acceptable sait, ester, prodrug, solvate, hydrate or derivative thereof, which amount is effsctive is sensitizing abnormal
cells to treatment with radiation. The amount of the compound, salt, or solvate in this method can be determined
according to the means for ascertaining effective amounts of such compounds described herein.

[803911 The compounds or pharmaceutizal compositions of the present invention can be used {n comhinstion with an
amount of one or more substances selected from anii-angiogenesis agents, signal transduction inhibitors, and
entiproliferative agenis.

100382} Ant-angiogenesis agents, such as MMP-2 (matrix-metalioprotienase 2) inhibitors, MMP-9 (matrix-
metalloprotienase 9) inhibitors, and COX-11 {cyclooxygenase 11} inhibitors, can be used in conjunction with a
compownd of the present invention and phermaceutical compositions described herein, Examples of usefol COX-I
inhibitors include CELEBREX™ (alecoxib), valdecoxib, and rofecoxib. Examples of useful matrix metalloproteinase
inhibitors are described n WO 96/33172 (published October 24,1996}, WO 96/27583 (published March 7,1998),
European Patent Application Mo, 97304971.1 {filed July §,1997), European Patent Application No. 99308617.2 (filed
October 29, 1999), WO 98/07697 (published February 26,1998}, WO 98/03516 (published January 29,1998), WO '
OR/34018 {published Avgust 13,1998}, W0 88/34915 (published August 13,1998), WO 98/33768 (published Angust
6,1998), WO 98/30566 (published July 16, 1998}, European Patent Publication 606,046 (published July 13,19%4),
Europesn Patestt Publication 931, 788 fpublished July 28,1599, WO 80/05719 (published May 31,1990), WO
99/52510 (published October 21,1999), WO 99/52889 (published October 21, 1999), WO 922/29667 (published June
17,1899}, PCT International Application No. PCT/IB98/01113 (filed July 21,1998), Buroppean Patent Application No,
99302232.1 (filed March 25,1099), Great Britain Patent Application No, 5912961.1 {filed June 3, 1899), United States
Provisiona] Application No. 60/148,464 (filed Augast 12,1999}, United States Patent 5,863, %49 (issued January
26,1999}, United States Patent 5,861, 510 (issued January 19,1995), and European Patent Publication 780,386
{published June 25, 1997), il of which are incorporated herein in their entireties by reference. Preferred MMP-2 and
MWP-% inhibitors are those that have little or no activity inhibiting MMP-1. More preferved, are those that selectively
inhibit MMP-2 and/or AMP-9 relative to the other matrix-metalloproteinases {i. e, MAP-1, MMP-3, MMP-4, MMP-5,
WMMP-8, MbMP- 7, MMP-§, MMP-10, MMP-1I, MMP-12, andMMP-13), Some specific exaropies of MMP inkibitors
useful in the present nvention are AG-3340, RO 32-3555, and RS 13-0830,

188393] The invention also relates to a method of and to a pharmacenticsl cormposition of treating 3 cardiovagoular
disease in 2 marnal which comprises an amount of a compound of the present invention, or 2 pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or derivative thereof, or an isotopicaily-isbeled derivative thereof, and
an amount of one or more therapeutic azents use for the treatroent of cardiovascular diseages,

[D0394] Examples for use in cardiovascular disease applications are anti-thrombotic agents, e.g., prostacyclin ang
salicylaies, _thmmbolytic agents, ©.g., streptokinase, urokinase, tissue plasminogen astivator (TPA) and anisoyiated
plasminogen-sireptokinase activator complex {APSAC), anti-platelets agents, e.g., acetyl-salicylic acid (ASA) and
clopidrogel, vasodilating agents, e.g., nitrates, calcium channel blocking drugs, anti-proliferative agents, e.g.,
colchicine and allcylating agents, intercalating agents, growth modulating factors such as nterlenking, transformation

growth factor-betz and congeners of platelet derived growth factor, monocional antibodies directed againét growth
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factors, anti-inflammatory agents, both stercidal and non-steroidal, and other agents that can moduiate vesse! tone,
function, arteriosclerosis, and the healing response to vessel or organ injury post intervention. Antibiotics can alse be
included in combinations or coatings comprised by the invention. Moreover, a coating can be used t effect
therapeutic delivery focally within the vessel wall. By incorporation of the active agent in a swellable polymer, the
active agent will be released upon swelling of the polymer. |

[06395] The compounds describe herein may be formulzted or administered in conjunction with liguid or solid tissue
barriers aiso known as fubricants. Examples of tissue barriers inchude, but are not iimited to, polysaccharides,
polyglycans, seprafilm, interceed and hyaluronic acid. '

{00396} Medicaments which may be administered in conjunction with the compounds described berein include any
suitable drugs usefully delivered by inhalation for example, analgesics, e.g. codeine, dihydromosphine, ergotarnine,
femanyl or morphine; anginal preparations, ¢.g. ditiazem; antisllergics, e.g. cromoglyvate, ketotifen or nedocromil:
anti-infectives, e.g. cephalosporins, penicillivs, steptomycin, sulphonamides, tetracyclines or pentamidine;
antihistarnines, e.g. methapyrilene; anti-inflammatories, e.g. beclomethasone, flunisolide, budesonide, tipredane,
wriamcinolone acetonide or fluticasone; antifussives, e.2. noscapine; bronchodilators, e.p. ephedrine, adrenaline,
fenotero], formoterol, isoprepaline, metaproterenocl, phenylephrine, phenylpropanolamine, pirbuterol, reprotero!,
rimiterol, salbutamol, salmeterol, terbutalin, isoetharine, miobuterol, oreiprenaline or (-)-4-amino-3,5-dichloro-o-{[{6-
[2-(2-pyridinyDethoxyThexyl]-amino Jmethyilbenzenemethanol; diuretics, e.pg. amiloride; anticholinergics e.g.
ipratropium, atropine or oxitropium; hormones, e.g. cortisons, hydrocortisone or prednisolone; xanthines e.g.
eminophylline, choline theophyllinate, lvsine theophyilinate or theophylline; and therapentic proteins and peptides,
e.g. insulin or ghwagon. It will be clear to & person skilled in the art that, where appropriate, the medicaments may be
used in the form of salts (e.g. as alkali metal or amine salts or 25 acid addition salts) or as esters {e.g. lower alkyl
esters) or a8 sofvates (2.g. hydrates) to optimize the activity sndfor stability of the medicament,

{80397} Other exemplary therapeutic agents useful for a combination therapy include but are not limited to agents as
described above, radiation therapy, hormone antagonists, hormones and their releasing factors, thyroid and antithyroid
drugs, estrogens and progestins, androgens, adrenocorticotropic hormone; adrenocortical steroids and their syathetic
analogs; inhibitors of the synthesis and actions of adrenccortical hormones, insulin, oral bypoglveemic agents, and the
pharmacology of the endocrine pancreas, agents affecting calcification and bone turnover: calcinm, phosphate,
parathyroid bormone, vitamin I, caloitonin, wtamms such ag water-soluble vitamins, vitamin B complex, ascorbic
acid, fat-soluble vitamins, vitamins A, K, and E, growth factors, cytoldnes, chemokines, muscarinic receptor agonists
and antagonists; anticholinesterase agents; agents acting at the neuromuscular function and/or autonomnic ganghia;
catecholamines, sympathomimetic drugs, and adrenergic receptor agonists or antagonists; and S-hydroxytryptamine
(5-HT, serotonin} receptor agonists and antagonists,

[06398] Therapeutic agents can also inchude agents for pain and inflammation sech as histarmine and histamine
antagonists, bradykinin aod bradykinin antagonists, S-hydroxyiryptamine (serowndin), lipid subsiances that are
genersted by biotransformation of the products of the selective hydrolysis of membrane phospholipids, eicosanoids,
prostaglandine, thromboxanes, levkotrienes, aspirin, nonsteroidal anti-inflammatory agents, analgesic-antipyretic
sgents, agenms that inhibit the synthesis of prostaglanding and thromboxanss, selective inhibitors of the nducible
cyclooxygenase, seisctive inhibitors of the inducible cyclooxygensse-2, autacoids, paracrine hormonss, somatostatin,
gastrin, cytoldnes that mediate interactions involved in humoral and celluler immune responses, lipid-gerived
autacoids, eicosanoids, P-adrenergic agonists, ipratropium, ghicocorticoids, methyixanthines, sodium chapne!

blockers, opioid receptor agonists, caleium channel blockers, membrane stebilizers and leukotriens imhibitors.
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[00399) Additional therapeutic agents conterplated herein include diuretics, vasopressin, agents affecting the renal
conservation of water, repnin, angiotensin, agents useful in the treatment of myocardial ischemis, anti-hypertensive
agents, angiotensin converting enzyme inhibitors, B-adrenergic receptor antagonists, agents for the treatment of
hypercholesterolemis, and agents for the treatment of dyslipidemia.

[(0400] Other therapeutic agents contemplated include drugs used for control of gastric acidity, agents for the
treatment of peptic nloers, agents for the treatreent of gastroesophageal reflux disezse, proldnetic agents, antiemetios,
agents used in irritable bowel syndrome, agents used for diarrhes, agents used for constipation, sgents used for
inflammatory bowei disease, agents used for biliary disease, agents used for pancreatic disease. Therapeutic agents
used to treat protozoan infections, drugs used to treat Malaria, Amebiasis, Giardiasis, Trichomoniasis,
Trypanosonsiasis, and/or Leishmaniasis, and/or drugs used in the chemotherapy of kelminthiasis, Other therapentic
agents include antimicrobial agents, sulfonamides, wimethoprir-sulfamethoxazole quinolones, and agents for urinary
tract infections, penicillins, cephalosporins, and other, 3-Lactam antibiotics, an agent comprising an amimoglyooside,
protein syathesis inhibitors, drogs used in the chemotherapy of wberculosis, mycobucterium avium complex disease,
and leprosy, antifungal agents, antiviral agents including nonrstroviral agents and antivetroviral agents.

[0040%] Examples of therapeutic antibodies that can be combined with a subject compound inclade but are not Hmited
10 anti-receptor tyrosine kinase sntibodies {cetmxinab, panitumwoab, trastuzomab), anti CD20 antibodies (rinmximab,
tositumomnab), and other antibodies such as alemtuzumab, bevacizumab, and gemtuznmab.

{60402] Moreover, therapentic agents used for immunomodulation, such as immunomodulators, immunosuppressive
agents, folerogens, and Immunostimulants are coptemplated by the methods heresin, In addition, therapentic agents
acting on the blood and the blood-forming organs, hematopoietic agsnts, growth factors, minerals, and vitamins,
anticoagutant, thrombolytic, and antiplatelet drugs,

[06403] Further therapeuiic agents that can be combinsd with & subject compound may be found in Goodman and
Gilman’s “The Pharmacological Basis of Therapeutics” Tenth Edition edited by Hardman, Limbird and Gilman or the
Physician’s Desk Reference, both of which are incorporated herein by reference in their extirety.

{684064] The compounds described herein can be used i combination with the agents disclosed herein or other
suitable agents, depending on the condition being treated. Hence, in some embodiments the compounds of the
invention will be co-administer with other agents as described above. When used in combination therapy, the
compounds described herein may be administered with the second agent simultaneously or separately. This
administration in combination can include simultaneous admimstration of the two agents in the same dosage form,
simultaneous administration in separate dosage forms, and separate administration. That is, 2 compound described
herein and any of the agents described above can be formulated together in the same dosage form and administered
simnultaneously. Alternatively, & compound of the pressnt invention and any of the agents described above can be
simulianecusly administered, wherein both the agents are present in separate formulations. In another alternative, a
commpound of the present invention can be administered just followed by and any of the agents described above, or vice
versa. 1o the separate administration ;Smtccoi, & compound of the present invention and any of the agenis described
ghove may be administered a few minutes apart, or & few hours apart, or a few days apart.

{60405} The examples and preparations provided below further illustrate and exemplify the compounds of the present
invention and methods of preparing such compounds. I is to be understood that the scope of the present imvention is
not limited in any way by the scope of the following examples and preparations. In the following examples molecules
with & single chiral center, unless otherwise noted, exist as a racemic mixtuwe, Those molecules with two or more
chiral centers, unless otherwise noted, exist as a racemic mixture of diastereomers. Single enantiomers/dizstereomers

may be obtained by methods imown to those skilled i the art.
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EXAMPLES
Egample 1: Synthesis of 3-({4-amino-3-{3-hydroxyphenyl)-1H-pyrazaio[d d-dipyrimidin-1-yDmetkyl)-E-methyi
2-o-tolylisogquinolin-1(2H)-one (Compound 1613) (method A).
Seheme 12, Synthesis of 3-{{4-amine-3-{3-bydroxyphenyl)- 1 H-pyrazolol3 4-flpyrimidin. | -ylimethyl)-8-methyi-2~0-
5 tolvlisogquinolin-1 (2 }-one (Compound 1613}
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B6406] A sohstion of Z-amino-S-methyibenzoic acid {2601) (1065 g, 705 mmol) in KO (200 mL) was cooled to 0 -
50, son. HCI (250 mi) was added slowly. The solution was stirred for 15 min at 0-5 °C. A solution of sodhwm pimite
{58.4 g, 6.85 moly in B0 (120 ml} was added dropwise at (-5 °C, and the resulting mixture was stirred for 30 min,
15 Then sbove gohution was added to 2 solution of K (351 g, 2.11 mol) in H,0 (200 ml), and the resuliing mixture was
stirred at BT for 16 h. The solution was poured into ice water (2000 ml) and extracted with ethyl acetate {3 x 1800
mL). The combined organic layer was washed with agueous NaOH (15%, 3 % 200 L), The agueocus layer was
acidified to PH = 1, gnd extracted with sthyl acetate (3 x 1000 mU). The combined organic laver was dried over
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MayB0, and filiered. The flirate was concentrated in vacuo to afford the desired product, 2-iodo-6-methylbenzoic acid
{1602) (145 g, 9% vield} a5 & yellow solid

[08487] To a stirred mixture of 2-iodo-6-methylbenzoic acid {1662) (105 g, 400 mmol), PA(OAc), (27 g, 120 mmol)
and PPhy {63 g 240 mol) in THF (1000 mL) at RT, tributyl{vinyl)tin (152 g, 480 mmol) was added. The resulting
mixture was heated to reflux overnight. The mixture was allowed o cool to RT, filtered through silica gel (16 g), and
then concentrated in vacue. The residue was poured into ice water (1000 mL} and extracted with ethyl acetate (3 =
1000 mL). The combined organic layer was washed with aqueous NaOH (15%, 5 x 200 ml). The combined aqueous
layer was acidified to PH = 1, extrasted with ethyi acetate (3 x IOQO mL}. The combined organic layer was dried over
NayS0, and fiktered. The flirate was concentrated ir vacue (o afford the desired product, 2-methyl-6-vinylbenzoie
acid (1603) {61 g, 95% yield) as a yellow solid.

[00408] A mixture of 2-methyi-6-vinvibenzoic acid (3663} (56 g, 350 mmol) and thiony] chioride (208 g, 1750 mmol)
in tolusne (400 mL} was stirred at reflux for 2 b, The mixture was conventrated in vacuo to afford the desired product,
2-methyl-G-vinyibenzoyi chloride (1664) (63 g, 95% vield) as a yellow oil. The product obtained was used directly in
fhe pext step without purification,

[68405] A mixture of o-toluidine (45 g, 420 mmol) and Triethylamine (71 g, 70 mmol) in CHRCL; (300 mL) was
stirred for 10 min at RT. To this mixture, 2-methyl-6-vinylbenzoyl chloride {1604) (63 g, 35 mmol) was added, and
the resulting mixture was stirred at BT for 30min. The solution was poured into water (380 mL) and extracied with
CH,Cl, (3 x 200 mi), dried over Na,S0, and filtered. The filtyate was concentrated in vacuo to afford the crude
product. The crude product was suspended in IPE (isopropy! ether) (300 mL), stirred at refinx for 30min, and then

cooled to © - 5°C. The precipitate was collected by filtration and further dried in vacuo to afford the desired product, 2-

methyl-N-o-tolyl-6-vinylbenzamide (1665} (B1 g, 80% vield) as 2 yellow solid. -

[80418] To & solution of Z-methyl-N-o~tolyl-6-vinylbenzamide (1605) (B0 g, 320 mmol) in DMF (250 mL) at RT,
NaH (60% in mineral oil, 25.6 g, 640 mmol) was slowly added and the resulting mixture was stirred at BT for 30 min
To this mixmre, ethyl chioroacetate (78 g, 540 mumnol) was added and the resulting mixture was stirred at RT for 2 b,
The solution was poured hito water (500 mL) and extracted with ethyl acetate (3 x 200 mL), dried over Nas80, and
filiered. The filvate was concentrated in vacuo. The crude product was suspended in MeOH (160 ml), stirred at reflux
for 10 min, and then cooled to § — 5°C. The precipitate was collected by filration and further dried in vecuo to afford
the desired product, ethyl 2-(2-methyl-N-o-tolyl-6-vinylbenzamido) acetate (1686} (67 g, 62% vield) as & white solid.
[08411] To = stirred mixture of ethyl 2-{Z-methyl-N-o-tolyl-6-vinylbenzamido) acetate (1606) (67 g, 200 mmol) i I,
4~dioxane (300 mL) and H,0 (100 mL) at RT, Ogmiom tetroxide (20mg) was added was and stirred at RT for 30 min.
To this mixture, sodinm periodate (86 g, 400 muol) was added and the resulting mixture was stirred at RT for 16h.
The reaction mixture was filtered through silica gel (10 g), the Gitrate was extracted with ethyi acetate (3 x 200 mL),
The combined organic layers were washed with brine (100 mL), dried over Na,80, and fltered. The filtrate was
conoentrated in vacuo and the residue was further dried inn vacuo 1o afford the desired product, ethyl 2-(2-formyl-6-
methyl-MH-o-tolylbenzamido) acetate (1667) (38 g, 57% yield) as a yellow solid,

[60412] To a stirred solution of ethyl 2-(2-formyl-G-methyl-N-o-tolylbenzamido) acetate (3607) (38 g, 112 mmol) in
EtOH (200 ml) and ethyl acetate (100 mL) at BT, cesinm carbonate (22 g, 112 mumol) was sdded. The resulting
mixture was degassed and back-filled with argon three times and then stirred at 50 °C for § . The mixture was
aliowed to cool to KT, filtered through silice gel (10 g), and the filtrate was concentrated in vacuo. The residue was
poured into H,0 (200 mL), extracted with ethy! acetate (3 x 200 ml). The combined organic layer was washed with
brine (50 ml.}, dried over Ne;SO, and filtered. The filtrate was concentrated in vacuo. The crude product was
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suspended in IPE (120 mL}, heated to reflux for 10min, and then cooled to 0 - 5°C. The precipitate was collected by
filtration and further dried in vacwo to afford the desired product, ethyl §-methyl-1-oxo-2-o-tolyl1,2-
dibydroisoquinoline-3- carboxylate (1668) (28 g, 77% yield) as a white solid. |

100413] To a stirred solution of lithivm aluminum hydride (8.28 g, 218 mol) in anbvdrous THF (500 mL}at-78" C
under a nitrogen aimosphere, ethyl 8~methyl-1-ox0-2-0-tolyl-1,2-dihydroisoguinoline-3-carboxylate (1608) (28 g, 87
mmel) was stowly added over a 10 min period of time. The resulting mixture was aliowed to warm to -30° C, stirred
for 30min and TLC showsd the compietion of the resction. Then the mixture was cooled to -78° C, and water (50
mL) was slowly added. The mixture was alowed to warm to RT, filtered through silica gel (10 g}, and the filtrate was

. conoentrated in vacuo. The crude product was poured into HoO (200 mL) and extracted with ethy} acetate (3 x 200

mL). The combined organic layer was washed with brine (50 mL), dried over Na,S0, and filtersd. The filtrate was
concentrated in vacuo. The crude product was suspended in ethiyl acetate {30 mL) and stirred for 10min. The solid was
collected by filration and ﬂnher dried in vacuo to afford the desired product, 3-(hydroxymethyi}-8-methyl-2-0-
tolylisoquinolin-1(2H)-one (1609} (22 g, 52% yield) as 2 white solid,

{86414} PBr, (25.6 g, 95 mmol) was slowly added to a stirred solution of DMF {11.5 g, 158 mol) in scetonitrile { 200
mL}at 0° C, and the resulting mixture was stirred at 0C for 30 nin. 3-(Hydroxymethyl}-8-methyl-2-0-
tolylisoquinolin - 1-(ZH)-one (1609} (22 g, 78.8 mmol) was slowly added. Then the reaction mixture was allowed to
warm to RTand stirred for 30 min, Saturated aguecuns NabiCO, solution (50 mL) was slowly added and extracted with
sthyl acetate (3 x 200 mL). The combined organic layer was washed with brine, dried over Na,50, and fitered. The
fitzate was concentrated in vacuo. The crude product was suspended in TPE (50 ml.) and then stirred for 10min. The
precipitate was collected by filtration and further dried in vacuo to afford the desived product, 3-(bromomethiyvi}-8-
methyl-2-o-tolylisoquinolin-1{2H)-one (16107 (21 g, 80% vield) as a white sohid,

[40415] 3-lodo-1H-pyrazolo[3 4-dipyrimidin-4-zmine (108} {10.8 g, 41 4 mipol) and potassinm tert ~butoxide (4.4 g;
40 mmol) were dissolved in anhydrous DMF (150 mL) and stirred at RT for 30 min, 3-(Bromomethyl)-8-methyl-2-0-

tolylisoquinolin-1(2H}-one (3819} (13.7 g, 40 mmo]) was added. The resulting mixture was stirred at RT for 30min,

poured inio ice water {300 mL} and then extracted with ethyl acetate {3 x 200 ml). The combined organic layer was
washed with brine (50 mL)}, d.riéd over Na;80, and fitered. The filtrate was concentrated to abowt 100 ml in vacue,
the precipitats was collected by filtration to afford the first batch of desired product, 3-((4-amino-3-iodo-1H-
pyrazolol3 4-dipyrimidin- 1 -yDmethyl}-E-metiryl-2-o-tolylisoguinolin-1{2H}-one (1611} (12 g, 60% wield) as a white
solid. The filtrate was concentrated in vecuo and the residue was purified by flash column chromatography on siliva
gel (2-20% MeOH/DCM) to afford the second batch of desired product, 3-{(4-amino-3-icdo-1H-pyrazoio[3 4-
dlpyrimidin- i -yDmethyl)-8-methyl-2-o-tolylsoquinolin-1{2H}-one {1611) (6 g, 30% yield) as a white solid.

[60416} 3-((4-amino-3-jode-1H-pyrazelo]3 .4-dlpyrimidin-1-yl)methyl)-8-methyl-2-0- tolylisoguinolin-1(ZH)-one
(1631 (13 g, 24.9 mmol} and 3-(4 4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-yphenol (1612)(6.6 g, 30 mmol} wers
dissolved in DMF-E1OH-H,0 (120 mL, 40 ml, 40 ml). PA(OAc); (1.684 g, 7.5 mmol), PPh; (3.935 g 15 mmol) and
NayC0; {13.25 g 125 munol) were added sequentially. The resulting mixture was degassed and back-filled with argon
three tirnes and then stirred at 100 °C for 1h. The mixture was allowed to cool io RT, filtered through silica gel (10 g)
and concemrated in vacuo. The residue was purified by flash column chromatography on éﬂica gel (2-20%
M=OH/DCM) to afford the product (1613) (9 g, 76% yield) as a slight yellow solid. Then above product was
suspended in EtOH (100 mL) and heated to reflux for 30 min. The mixture was allowed to cool to RT, and the solig
was collected by filtration. The solid was then suspended in EA (100 mL) and stirred overgight. The precipitate was
collected by fltration and further dried in vacue to afford the desired product , 3+({4-amino-3-(3-hydroxyphenyl)-1H-
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pyrazolof3,4-dipyrimidin- I-ylymethyl)-8-methyl-2-o-tolylisoquinolin- 1 (2H)-one (1613)(8.4 g, 69% vield) zs a white
sofid,
Example 2: Synthesis of 3-((4~amiuo~3«(3~hydmxyphenyi)-IH—pyrazoloi3,4~d1pyrim§éin-l~y1)methyl)~$~memy:-
2-o-tolylisoguinelin-1{ZH}-one { Compound 1613) {method 1B).
Scheme 13. Synthesis of 3-((4-amino-3-(3-hydroxyphenyl)-1H-pyrazolo[3 4-d]pyrimidin-1-yl)methyl)-8-methyl-2-o-
tolylisoguinolin-1{2H}-one (Compound 1513) via method B is described.

FBUOK BBrg,

DMF i j@ bCM
w RT, 0.5 h, Ny /N -78 9C 1o -10°C d:}@
N
N
Hohe ;‘Ir‘

1610 1701 1702 1613
{00417} 3-(3-Methoxyphenyl)-1H-pyrazolof3 4-dlpyrimidin-4-amine {17613(564 mg, 4 mmol) and potassium tert -
butoxide {0.44 g, 4 mmol) were dissalved in anhydrous DMF (150 mL) and stirred at R'T for 30 miy. 3-
{(Bromomethyl}-8-methyl-2-o-tolylisoguinolin-1(2H)-one (1610 (1.37 g, 4.0 smol} was added. The resulting mixture
was stirred at RT for 30min, poured into ice water (30 mL) and then extracted with ethyl acetate (3 x 50 mL). The

combined organic layer was washed with brine (25 ml), dried over Na,S0, and filtered. The filirate was concentrated
in vecyo and the residue was purified by flash columu chromatography on silica gel (2-20% MeOH/DCM) w0 afford _
the desired product, 3-({4-amino-3+(3-methoxyphenyl)-1H-pyrazolo[3 4-djpyrimidin- 1-yDmethyl}-8-methyl-2-0-
tolylisoquinolin-1(2H)-ome (1762) (1.4 g, 70% yield) as a white solid.

[00418] To a solution of 3-{(4-amino-3-(3-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin- | -yl methyl)-8-methyi-2-o-
tolylisoquinolin-1{2H)-one (1702)(100 mg, 0.2 mmol} in CHCl, (20 mL) at -78 °C under a nitrogen atmosphere,
BBrs {1 mL) was added and the resulting mixture was stirred at -78 °C fro 3 b. The mixture was allowed to warm to
RT, poured into ice-water (200 mL} and extracted with ethy! acetate (3 x 50 mL). The combined organic layer was
washed with brine (20 mL), dried over Na,50, and filiered. The filtraie was concentrated in vacuo and the residoe was
purified by flash column chromatography on silica gel (10-50% MeOH/CH,Cl) to afford the desired product, 3-((4-
amino-3-(3-hydroxypheryl-1H-pyrazolo[3 4-djpyrimidin- 1 -ylymethyl}-8-methyl-2-o-tolylisoguinotin-1 (2H)-one
{1613)(87 mg, 91% yield) s & white solid,

Example 3: Synthesis of (R)-3-{(4-amino-3-(3-hydroxybut-i-ynyl)-1H-pyrazelo{3 4-dlpyrimidin- -yl methyl}-§-
methyl-Z-o-tolylisequinolin- (2F)-one { Compeund 1802).

Scheme 14. Synthesis of (R)-3~((4-amino-3-(3-hydroxybut- 1 -yoyl)-1 H-pyrazolo{3,4-d]pyrimidin-} ~yhmethyl)-8-
methyl-2-o-tolylisoguinolin-1(ZH)-one { Compound 1802) is described.

PdiP{PhhlCl
Cul
(-Pr)pNH
9 @ THF
N B0 °C 0.5h
N S
TS wg
=N 1801

1611
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180419} 3-{{4-amino-3-iodo-1H-pyrazoto3 A-dlpyrimidin-L-yDmethy!)-8-methyl-2-o- tolyliscguinolin-1(2H -one (
1611) (522 mg, 1 mmob) and (R)-but-3-yn-2-01 (B4 mg, 1.2 mmol} were dissolved in anhydrous THF (40 mL). The
mixiure was degassed and back-filled with nitrogen three tmes. PA(PPh;1,Ch (12 mg, 6.1 mmol), Cul (47 mg 0.25
mmol) and (i-Pri,NH (505 mg, 5 mmol) were added sequentially. The resuiting mixture was degassed and back-filled
with argon three times and then stirred at reftux for 4h. The mixre was allowed to cool to RT, filtered through sitica
gel (10 g) and concentrated in vacuo. The residne was purified by flash colwnn chromatography on silica gel (2-20%
MeOH/DCM) fo afford the product, 3 (R)-3-({(4-amino-3-(3-hydroxybut-1-yayl}-1H-pyrazoio] 3 4-d]pvrimidin-1-
yhmethylj-B-methyl-2-o-iolylisoquinolin.} {2H}one (1882} (324 myg, 70% yioid) as a slightly vellow solid,

Exzmple 4: Syntbesis of 3-{{6-amino-9B-purin-9-yhimethyl)-8-methyi-2-o-tolylisoguinolin-1 (2 H}-one
(Compound 1902). ' |

Scheme 15. Synthesis of 3-({6-amino»9H-pm‘in«9—yi)mathyi}‘S—methyEQ2~0»toiyﬁsoquinalin-1 (3 one (Compound
1502} is described. ' :

Na N
N
NN
HoN
| ¢ m 1601
N
# Nak, DME
1810 1802 N

{60420] 9H-Purin-6-amine {1981)}540 mg, 4.0 mmol} was dissolved in anbydrous DMF (20 mL). NaH (60% in
mineral oil, 160 mg, 4.0 mmol} was added and the resulting mixture was stirred at RT for 30 min, 3-(Bromomethyl-8-
methyl-Z-o-tolylisoguinolin-1{2Hone (1618K1.37 g, 4.0 mmol) was added, The reasiion mixture was stirved at RT
for 30min, poured into ice-water (30 mL} and then extracted with ethyl acetate (3 x 50 ml). The combined organic
laver was weshed with brine (25 rel.}, dried over Na,50, and filtered. The filtrate was concentrated in vacue and the
residue was purified by flash column chromatography on silica gel (2-20% MeOH/MICM) to afford the desired
product, 3-({&-amino-9H-purin-8-y)methyl}-8-methyl-2 -o-tolylisoquinolin-1{2H}-one (1962)(1.1 g, 70% vield) as a
white solid.

Example 5: Synthesis of 3-{{4-amine-3-3-hvdroxyphenyl)-1H-pyrazole[l 4-dipyrimidhn-1-yDmethyl)-2-
isopropyl-E-methylisequinolin-1{(2H}-one {Compound 3813).

ficheme 16. Synthesis of 3-({4-aminc-3-(3-hydroxyphenyl)-1H-pyrazolo]3 4-dJoyrimidin- 1 ~yDmethyl)-2-isopropyl-8-
methylisoquinolin-1{(2H)-one {Compound 2818) s desoribed.

BuaSnCHCH, 0 .
PA{OAC), CICO
CEDOH PPhy Lo pew yoee
. - %
i THF | RT, 1-2 hrs h
1802 Reflux, overnight 1603 1604
| CICH2CO0ES |
HaN toluene H;E
refiux 2h COOEL
2001 2002
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[60421] To & stirred mixture of 2-iodo-6-methylbenzoic acid (1602) (105 g, 400 mmol), PA(OAc), (27 g, 120 mmol)
and FPhy (63 g 240 mol) in THF (1000 mL) at RT, tributyl(vinyl)tin (152 g, 480 mmol) wes added, The resulting
mixturs was heated to reflux overnight. The mixture was allowed to cool to RT, filtered through silica gel (10 g), and
then concentrated in vacuo. The residue was poured into ice water (1000 ml) and extracted with ethyl acetate (3 x
1000 mL}. The combined orgasic layer was washed with aqueous NaOH (15%, 5 x 266 mL). The combined agueous
layer was acidified to PH = 1, exiracted with ethyl acetate (3 x 1000 mL). The combined organic laver was dried over
Na,80, and fltered. The filtrate was concentrated & vacuo to afford the desired product, 2-methy!-6-vinytbenzoic
acid (1683) {61 g, 95% vieldy as a-vellow solid.

[o6422] A mixture of 2-methyl-6-vinylbenzoic acid {1663) (56 g, 350 mmol) and thionyl chioride (208 g, 1750 mmol)
in toluene (400 ml) was stirred at reflux for 2h. The mixture was concentrated in vacuo to afford the desired product,
2-methyl-6-vinyibenzoyl chioride (1604) (63 g, 95% yield) as & yellow oil. The product obtained was used directly in
the next step without purification,

[00423] Propan-2-amine (2001)(59 g, 1.0 mol) aud ethyl chloroscetate (122 g, 1.0 mol) wers dissolved in toluene
{200 ml.}) and the mixture was stirred at reflux for 2h. The reaction mixmure was altowed to cool to KT, poured into
ice~water (500 mL}) and extracted with ethyl acetate (3 % 250 mL). The combined organic kayer wes washed with brine
(50 L), dried over NayS0; and filtered. The filtrate was concentrated in vacuo and the residue was purified by flash
column shromatography ou silica gel (10-50% EA /PE} to afford the product, ethyl 2-(isopropylaming)scetate {2062)
{70g, 51% yieid) as an oil.

[98424] Ethyl 2-(isopropylaminojacetate (2002) (14.5 g, 100 mmol) and triethylamine (200 g, 200 mmol) were
dissolved in CHyCly (300mL) and the mixture was stirred for 10 min at RT. 2-Methyl-6-vinylbenzoyl chioride (1604)
(18 g, 100 mamol) was added, and the resulting mixture was stirred at RT for 30min. The reaction mixture was povred
into water (300 mL) and extracted with CHyCl, (3 x 200 mL), The combined organic laver was washed with brine {50
mlL), dried over NayS0, and filtered. The filorate wes concentrated in vacuo to afford the crude produst. The crude
prodoct was suspended in IPE (isopropyl ether} (300 mlL), stirred st reflux for 30min, and then cooled o 0-5°C. The
precipitate was collecied by filtration and further dried in vacue to afford the desired product, ethyl 2-(N-isopropyl-2-
methyl-6-vinylbenzamidojacetate (2003} (14.5 g, 50% wield) as a yellow solid,
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[60425] To = stirred solution of ethyl 2-(N-isopropyi-2-methyl-6-vinylbenzamido)acetate (2003) (14.0 g, 48.0 o}
in 1, 4-dioxane (100 mL} and H,O (30 mL), Osmivm tewroxide (20 mg} was added and the resulting mixture was stirred
at RT for 30 min. To this mixture, sodivm periodate {22 g,- 100 mmol) was added and then stirred 8t RT for 16k The
reaction mixture was fltered through siiice gel (10 g), the filtrate was exiracted with ethy! acetate (3 % 200 mL). The
combined organic layer was washed with brine (50 mL), dried over Na,80, and filtered. The filtrate was concentrated

- in vacuo and the residue was further dried in vacue 1o afford the desired product, ethyl 2-(2-formyi-N-isopropyl-§-
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methytbenzamidojacetate {2004) (8.33 g, 57%_y§eid} a5 & yellow solid.
[88426] To a stirred sohation of ethyl 2-(2-formyl-N-isopropyl-6-methyibenzamidoacetate (2084) (8.3 g, 28.0 mmol)

-in EtOH (100 mL) and ethyl acetate (50 mlL) at RT, cesium carbonate (5.9 g, 30 mmol) was added. The resulting

mixiure was degassed and back-filled with argon three times and then stirred af S6°C for 5 h. The mixturs was allowed
to cool to RT, filtered through silica gel (10 g), and the filirate was concentrated in vacuo. The residue was poured into
H,0 (200 mL), extracted with ethy! acetate (3 x 200 mL). The combined organic layer was washed with brine (50
mL}, dﬁad over NaySOy and filtered. The filtrate was concentrated i vacuo. The crude product was suspended in IPE
(120 mL}, stivred at reflux for 10min, and then cooled to 0-3°C. The precipitate was collected by filtration and further
dried in vacuo 1o afford the desired product, ethyl 2-isopropyl-8-methyl-1-ox0-1,2-dilydroisoquinoline-3- carboxylate
(2045 (5.35 g, 70% yield) as a white solid.
{68427] To a stirred solution of lithinm aluminum ydride (2.88 g, 76 mol) in anhydrous THF {200 mL) at-78° C
ander a nitrogen atmosphere, ethyl 2-isopropyl-8-methyi-1-oxo-1,2-dibhydroisoquinoline-3- carboxylate (2005) (5.2 g,
19 mmol} was slowiy added over 2 10 min period of time. The resulting mixture was allowed to warm 10 -30° C,
stirved for 30min and TLC showed the completion of the resction. Then the mixture was cooled to -78° C, and water
(50 mL) was slowly added. The mixture was aliowed te warm to BT, filtered through silica gel (10 g), and the 51&&&.:
was concentrated in vacuo. The crude product was poured into $,0 {200 ml) and extracted with ethyl scetate (3 x 200
mlL), The combined organic layer was washed with brine (30 ml)}, dried over Na,80, and filtered. The filirate was
concentrated in vacuo. The crude product was suspended in ethy! acetate (30 mL) and stirred for 10min. The solid was
collected by filtration and further dried in vacus to afford the desired product, 3-(hydroxymethyl)-2-isopropyl-8-
methylisoguinolin-1{2H}-one (2004) (3.51 g, 80% vield) as & white solid.
[66428] To a solution of 3-(hydroxymethyl)-2-isopropyi-8-methylisoguinolin- 1 {2H}-one (2686) (1.61 g, 7.0 mmol} in
CHCly, PPh; (3.67 g, 14,0 mmol} was added and the mixnre was stivred at BT for 30 min. The mixture was cooled to
0°C, and CBry (4.64 g, 14.0 munol) was sdded in portions. The resulting mixture was stirred from 0°C to RT for 30
min, and then concentrated in vacuo. The crude product was purified by flash column chrometography on silics gel
{30-50% EA/PE) to afford the desired product, 3-(bromomethyl)-2-isopropyl-8-methyiisoquinolin-1(ZH}-one (2067
{1.65 g, 0% yield) as & white solid.
[86429} A mixtare of 3-indo-1H-pyrazolof3 4-djpyrimidin-4-amine (188) (1.3 g, 5 vermel} and potassivm terf -
butoxide (0.55 g, 5 mmol) in anhydrous DMF (20 mL) was stirred at RT for 30 min and then 3-(bromomethyl)-2-
isopropyl-8-methylisoguinolin-1(2H}-one (2067) (1.47 g, 5 mmol) was added. The resulung mixmre was stirred a1 RT
for 30min, poured into ice-water (30 mL) and then extracted with ethyl acetate (3 x 50 mlL). The combined organic
layer was washed with brine (25 mL), dried over Na,80; and filtered. The filtrate was concentrated in vacuo, and the
residue was purified by flash solutan chromatography on silica gel (2-20% MeOH/DCM) to afford the desired
product, 3-((4-amino-3-todo-1H-pyrazolo[3 4-dlpyrimidin- 1 -yDmethyl)-2-isopropyi-8-methylisoquinolin- 1 {Z2H)-one
(20:08) (1.66 g, 70% vield) as a white solid.
{80438] To a stirred mixnure of 3-({4-Amino-3-icdo-1H-pyrazolo{3 4-d]pyrimidin- {-yljmethyl)-2-isopropyl-8-
methylisoquinoiin-1{2H)-one (2008} (95 mg, 0.2 mmol) and 3-(4,4,5,5-teramethyl-1,3,2-dioxaborolan-2-y])phenol
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(66 mg, 0.3 mmol) in DMF-EtOH-H,0 (3:1:1, 20 mL), Pd{OAc), (16 mg, 0.075 mmol), PPh; (39.3 mg 0.15 mmol)
and Na;CO; (132 mg, 1.25 mmol) were added sequentinlly. The resulting mixture was degassed and back-filled with
argon three times and then stirred at 100 °C for 1 h. The mixtere was allowed to cool to RT, filtered through silica gel
(10 g) and concentrated in vacuo. The residue was purified by flash column chromatography on silica gel (2-20%
MeOH/DCM) o afford the product, 3-({4.aminc-3-(3-hydroxyphenyl}- L H-pyrazelo[3 4-d}pyrimidin-1 -yDimethylp-2-
isopropyl-8-methylisoquinolin-1(2H)-one (2609) (53 mg, 61% vield) as a slightly yellow solid,
Example 6: Synthesis of S-methyl-3-{{methy}(SH-purin-§-yDamineymethyl)-2-o-tolylisoquinolin-1(2H}-one.
Seheree 17. The synthesis of B-methyl-3-({methyli(SH-purin-6-yl)amino)methyl}-2-o-tolylisoquinolin-1 (2Houe

{Compound 4004) is described.
' cl _
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[80431] 3-(Bromomethyl}-8-methyi-2-o-tolylisoquinolin-1{2H}-one (342'mg, 1.0 mumol} 1630 was dissolved in
methylamine solution {100 mL) and stirred for 2 h. The mixturen was poured indo ice-water (200 mL) and extracted
with ethy] acetate (3 x 50 mL). The combined organic layer was washed with brine (20 ml.), dried over Na, SO, and
filtered. The filtrate was concentrated in vacue to afford the desired product, 8-methyl-3-({(methylamino )methyi)-2-o0-
tolylisoguinolin-1(2H)-one (4001) (250 mg, 86% yield) as a yellow solid. The product obtained was used directly in
the next step without purification
{06432] 8-Methyl-3-((methylaminomethyl)-2-o-tolylisoguinolin-1{2H}-one (233 mg, 0.8 mmol) (4001) and 6-chioro-
9-{tetrahydro-2H-pyran-2-yl)-9H-purine (4002) (238 mg, 1.0 mmol) were dissolved in BtOH (50 mL) and the resulting
mixture wag stirred at reflux for 2 h. The mixture was allowed to cool to RT, and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (2-20% MeOH/DCM) to afford the product, ¥-Methyl-3-
{{methyl(-(tetrahydro-2H-pyran-2-y}-9H-purin-6-ylamino)methyl)-2-o-tolylisoquinolin- 1{ZH}-one (4003} (200 mg,
51% vield) as a shight yeliow solid.
{0433] 8-Methyl-3-{{methyi{9-(tetrabydro-2H-pyran-2-yh)-9H-purin-6-yljamino)methyl)-2-o-tolylisoquinolin- 1 (2H)-
one {4803) {180 mg 0.36mmol ) was dissoived in MeOH (HCI) (50 mL) and the mixture was stirred at RT for 2 b
Agqueons NaHCO; solution was added to the reaction mixture and the pH value was adjusted to 9. The mixture was
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filtered and the filtrate was concentrated in vacuo to afford the desired product, §-methyl-3-((methyl(OH-purin-6-
yDaminoymethyl)-2-o-tolylisoquinciin-1(2H)-one (4004) (80 mg, 54% yield) as a yeliow solid.
Example 7: Synthiesis of 3-(1-(9H-purin-6-ylamino)ethyl}-§-methyi-2-o-tolylisoguinelin-1{2H)-one.
Scheme 18, The synthesis of 3-(1-(9H-purin-6-ylamino)ethyl)-8-methyl-2-o-tolylisoquinolin-1{2H)-one (Compound
4106)is desoribed. |

4104 4105 4106
[06434] To a stirred sclution of 3-(hydroxymethyl)-8-methyl-2-o-tolylisoquinolin-1(2E)-one 1689 (2.79 g, 10 mmol)
in CHLCly (200 mi), MO, (5 g) was added and the resulting mixture was stired at reflux for 3 b, The mixture was
allowed to cool to RT, and concentrated in vacuo. The residue was purified by flash column chromatography on silica
gel (10-50% EA/PE) 1o afford the product, 8-methyl-1-0x0-2-0-tolyl-1,2-dihydroisoquinoline-3-carbaldehvde 4101
{2.5 7, 90% vield) 25 2 white solid,
{D6435] 8-Methyl-i-oxo-2-o-tolyl-1,2-dilydroisoquinoline-3-carbaldehyde 4101 (2.4 g, §.6 mmol) was dissolved in
anhydrous THF (280 ml) and cooled to -78°C vnder a nitrogen atmosphers. Methy] MgBr (2 M, 5 mL, 10 mmol) was
added slowly, and the resulting mixnire was stirred at -78 °C for 2k H,0 (5 mL) was added and then the solution was
poured into ice-water (200 mL) and extracted with ethy! acetate (3 x 50 mL}. The combined organic layer was washed
with brine, dried over Nap80, and filtered. The filirate was concentrated iz vacuo, and the residue product was
purified by flash column chromatography on silica gel (10-50% EA/PE) to afford the product, 3-(i~hydroxyethyl)-§-
methyl-2-o-tolylisocquinoline 1 (ZH)-one 4142 (1.8 g, 71% vield) as a white solid,
80436] To a solution of 3-(1-hydroxyethyi}-8-methyi-2-o-tolylisoquinolin-1{2H)-one 4102 (1.6 g, 5.5 mol) in
CH;Cl,, PPh; (2.88g, 11.0 mmol} was added and the resniting mixture was stirred at RT for 30 min. Then CRi, (3.64
g, 11.0 mmol} was added in portions to the mixture at § °C. The resulting mixture was allowed to warm to RT, stirred
for 30 min, and concentrated in vacuo. The crude product was purified by flash column chromatography on silics gel
(30-50% EA/PE) to afford the desived product, 3-(1-bromoethyl)-8-methyl-2-o-tolylisoquinclin-1{2H)-one 4163 (1.8
2. 91% vield) as a white solid. ‘
{80437} To a stirred solution of 8-(tetrahydro-2H.pyran-2-yl}-9H-purin-§-amine 4163 (436 mg 2mmol) in anhydrous
DMEF (10 mL), NaH (60% in mineral oil, 77 mg, 2 mmol) was added and the mixture was stirred for 30 min. 3-(1-
Bromosthyl)-8-methyl-2-o-tolylisoquinolin-1{2B)}-one 4204 (700 mg, 2 mmol) was added. The mixture was stirred for
2k, poured into ice-water (260 mL) and extracted with ethyl acetate {3 x 50 mL}. The combined organic layer was
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washed with brine (20 mL), dried over Na,50, and filtered. The filtrate was concentrated in vacuo and the residue was
purified by flash column chromatopgraphy on silica gel (10-30% MeOH/DCM) to afford the product, 8-methyl-3-(1(9-
(tetrahydro-2H-pyran-2-y[}-SH-purin-6-ylamincJethyl}-2-o-tol ylisoguinolin-1 (2H}-one 4105 (500 mg, 51% vield) ss a
white solid. ' '

[60438] 8-Methyl-3-{1-(5-(tetrahydro-2H-pyran-2-y[)-9H-purin-6-ylaminoethyh-2 -o-tolylisequinelin.1 (2H)-ons
4108 (180 mg, 0.36mmol } was dissolved in MeOH (HC (50 mL) and stirred for 2 h. Aqueous NalICO; solation was
added to the reaction mixtore and the pH velue was adjusted t0 9. The mixture was then filtered and the filtvate was

- concenirated i vacuo to afford the desired product, 3-(1-(B-purin-6-ylamino)ethyl)-8-methyl-2-o-tolylisoquineiin-

1{(2Hy-one 4106 {80 mg, 54% vyield) as a veliow solid.
Example & Synthesis of 3-{4-amino-1-{(8-methyl-1-¢x0-Z-0-tolyt-1,J-dihydrotsoguinelin-3-vimethyl)-1H-
pyrazeto[3 4-d]pyrimidin-3-yi}-S-fluorophenyi dikydrogen phosphate,
Scheme 19, The synthesis of 3-{4-amino-1-{{8-methyl-1-ox0-2-0-t0lyi-1,2-dikydroisoquinolin-3-yhmethyl)- 1 H-
pyrazolo[3 A-dipyrimidin. 2-yi}-3-fluorophenyl dihydrogen phosphate (Compound 4363) is described.

2,0

CBr /MM O} OEL),
EtaN TMSEr
CHaCly CHaCN
Y 0Ctort.24h 0°Ctort, 24 h
10 HO-p”
Bt h HO
2301 4302 4303

{86439 3-({4-Amino-3-(3-fiuoro-5-hydroxyphenyl}- 1H-pyrazolo{2 4-djpyrimidin-1-yl)mesthyl)-8-methyl-2-o-
tolylisoquinelin-1{2H}-one 4381 {250 mg, 0.5 mmol} was dissolved in anhydrous THF (15 ml) in-a round bottom
flask in dark {covered by aluminum foil} and cooled to 0°C under an argon atmosphere, CBry (498 mg, 1.5 mmol) was
added followed by diethylphosphite (129 pL., 1.0 mmol} and tristhylamine (417 pl, 1.5 mmol). The resulting mixnre
was stirred in dark from 0°C to RT for 16 b, The mixture was then partitioned between ethyl acetate and brine. The
organic layer was dried over NapS0,, filtered and concentrated in vacue, The residue was purified by column
chromatograpisy on silica el eluting with methanol and dichloromethane to afford the desived prodact, 3-(4-amino-1-
{(B-methyl-1-oxo-2-o-tolyi-1,2-dibydroisaquinolin-3-yhmethyl)- 1H-pyrazole[3,4-d}pyrimidin-3-y1)-5-finoropheny}
daethyl phosphate 4362 ( 200 mg, 62% vield) as an off-white solid.

100440} 3-(4-Amino-1-{(8-methyl-1-0x0-2-0-t0lyl-1,2-dithydroisoguinolin-3-yiymethyl)- | H-pyrazolo[3 4-d Jpyrimidin-
3-yh)-5-fluoropheny! diethy! phosphate 4362 {170 mg, 0.26 mmol) was dissolved in avhydrous CHLCN (5 ml) and
cooled to 0°C under an argon atmosphers. TMEEBr (0.34 mi., 1.64 mmol) was slowly added via a syringe sod the
resulting mixture was stitred from 0°C to RT for 16 bh. LC-MS showed small amount of staRT ing material left,
additional amount of TMSBr (0.1 mL} was added and stirred at KT for 5 h. LO-MS showed the complete conversion,
The mixture was concentraied 1 vacuo, and the residue was dissoived in E,O (10 mL} and H,0 (0.5 b)) and stirred
for 30 min. The mixtare was congentrated in vacuo to affords the desired produoct, 3-(4-amino-1-((E-methyl-1-0x0-7-g-
tolyl-1,2-dihydroisoquinolin-3-ylimethyl}- 1 H-pyrazoto[3 4-d]pyrimidin-3-yI}- 5-fluorophenyl dihydrogen phosphate
4303 (140 mg, 91% yieid).

87



Example 9; IC50 Values for Selected Compounds.

Tabie 3, In Vitro 1Ty, data for selected compounds,

IC50{uhvi) + (greater than 10 ++ (less than 10 i+ {less than 1 T+ (less than 100
microbiolar) microbolar) microMoiar o)
PIIK & Compound No. Compound No, Compound No. Compound No.
1,5,22,27,38,39, |4,14,15,17,18,21, | 2,3,6,7,8, 9, 10,
4G, 41, 46, 92, 117, 26,29, 31,32, 34, 11,12, 13, 16, 19,
118,120,129, 132, | 35, 36,42,43,44, | 20,23, 24, 25, 28,
164, 165,172, 188, 45, 47, 4%, 57,69, 30,33, 37, 48, 50,
186,153, 194 71, BS, 87,94, 106, 51,52, 53, 54, 55,
107, 143, 173, 179, 56, 58, 59, 60, &1,
181, 182, 183, 187, &2, 63, 64, 65, 66,
182, 192 67, 68,770,772, 73,
74,°75,78,77, 78,
79, 8G, 81, B2, B3,
84, 86, 88, 89,90,
91,93, 95, 96, 97,
98, 96, 100, 101,
102, 103, 104, 105,
108, 109, 110,111,
112,113, 114, 115,
119, 123, 124, 125,
126, 128, 134, 135,
136, 137, 138, 139,
141, 142, 144, 145,
146, 147, 148, 149,
150, 151. 152, 153,
154, 155, 156, 157,
158, 159, 160, 161,
162, 166, 167, 168,
169, 170, 171, 173,
174, 176, 177, 178,
180, 185, 188, 190,
191
PI3K vy Compound No. Compound Mo, Compound Mo, Compound MNo.
i,4,5,18, 38,43, 17,34,35,37, 38, 2,8,98, 10,11, 14, 3,6.7,12, 13, 15,
60, 69, 169, 172, 40, 42, 57, 61, 65, 18, 20,22, 27, 28, 18,21,23, 24, 25,
192, 193, 194 91,92,94, 105, 107, | 39, 41,46,47,49, | 26,29, 30, 31, 33,
164, 170, 175,179, | 51, 55, 58, 66, 70, 36, 44, 45, 48, 50,
181, 183, 184, 186, 71, 73,76, 78, B0, 52,53, 54, 56, 59,
187, 189 83, 64, 99, 100, 103, | 62, 63, 64, &7, 68,
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104, 106, 108, 109,
161, 162, 163, 165,

72, 74,75, 77, 19,
81, 82, 83, 84, 86,

166, 180, 188 87, 88, 89, 90, 95,
96, 57, 101, 102,
142, 148, 146, 147,
148, 149, 150, 151,
152, 160, 167, 168,
171, 173, 174, 1716,
177, 178. 182, 185,
190, 191
PIAK ¢ Compound No, Compoond MNo, Componnd No. Compound No.

6,8,9,10,11,12,13, ¢ 3,763,606, 84,85, | 53, 95 101, 102, 142, 148, 130, 153,

14, 15, 16, 17, 18, £9,90,97, 108, 113, | 145,147, 149, 151, | 154, 155, 156, 157,

18,20, 21, 22,123, 115, 152, 168, 171, 177 158, 159, 176

24,25,26,27, 28, 173,185, 190

29,30, 31, 32,33,

34, 35,36, 37,39,

40,41, 42, 43, 44,

45, 46,47, 48,49,

50, 81, 52, 34, 55,

36, 57, 58, 59, 60,

61,62, 64, 65,67,

&8, 69,70, 71,72,

73,74, 79, 80, 81,

82, 83, 85, 87, B8,

91,93, 96, 98,99,

100, 103, 104, 103,

106, 107, 109, 114,

111,112, 114, 146,

166, 161, 162, 163,

154, 165, 166, 167,

169,170,172, 174,

175,179, 180, 181,

182, 183, 184, 186,

187, 188, 189,191,

182,193, 194

PI3K B Compound No. Compounnd No. Compound No. Compound No.
£,9,10,11, 14,21, | 3,12, 13,23,25, 53, | 7,62, 66,83, 89, 101, 142, 155, 156,
22,24, 26,27, 28, 55, 58, 61, 63, 65, 90, 85, 97, 100, 1062, { 157

28, 34, 35,36, 37,
38,349, 40, 41,42,

67, 71,72, 74, 75,
77, 81, 82, 83, 84,

156,153, 159, 176,
185
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43,44, 46, 52, 54,
56,57, 59, 60, 64,
68, 69, 70, 73, 76,
78,79, 80, 87, 88,
91,93, 68, 103, 104,
105,167, 109, 112,
146, 152, 162, 163,
164, 165, 166, 169,
170,172, 175, 179,
180, 181, 182, 183,
184, 186, 187, 188,
189,192, 193, 194

8S, 26, 56, 99, 106,
108, 110, 111, 113,
114, 115, 145, 147,
149, 151, 154, 158,
160, 161, 167, 168,
171, 173, 174, 177,
178, 190, 191

B cell proliferation
ECg {nM)

Compound Mo,
38, 162

Compound MNo.
1,2,5,22,26,27,
39,40, 43, 49, 57,
71,87, 112

Compound No.
4,8,9,10, 11, 14,
15, 18,19, 20, 21,
24, 25, 28, 29, 30,
31, 32, 34, 35, 36,
41,42, 45,46, 47,
50, 51, 61, 69, 70,
76, 77, 78, 79, 80,
83, 86, 91, 98, 100,
103, 104, 105, 106,
107,116, 111, 114,
119, 124, 133, 135,
145,152, 181, 162,
163, 169

Compoand No.
3,6,7,12, 13, 16,
17, 23,33, 37,44,
48, 53, 54, 55, 62,
63, 66, 67, 68, 72,
73,74, 75, 81,82,
£3, B4, 88, 89,90,
g3, 95,96, 97,98,
101, 102, 108, 109,
113,115, 123, 125,
126, 128, 134, 138,
137, 138, 139, 141,
142, 144, 146, 147,
148, 149, 150, 151,
153, 154, 155, 156,
157, 158, 159, 180,
166, 167, 168, 170,
171, 173, 174, 176,
177, 178, 180, 187,
IB5, 188, 190,193
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Table 4. Structures of the Compounds for the ICS0 results deseribed in Table 3.
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Example 1§: Expression and Inhibition Assays of pl10o/p850, pli6B/p850, p1185/pR5y, and pl ity

[B0441] Class I PI3-Ks can be either purchased (p1100/p85c:, pl108/p85e:, pl106/pR5ex from Upstate, and p110y
from Sigrea) or expressed as previously described (Knight et al., 2004). IC50 values are measured using either a
standard TLC agsay for lipid kinase ectivity {described below) or 2 high-throughput membrane capture nssay, Kinase
reactions are performed by preparing a reaction mixture containing kinase, inhibiter (2% DMSO fina! concentration),
buffer (25 mM HEPES, pH 7.4, 10 mM MgCi2), and freshly sonicated phosphatidylinositol (100 pg/ml). Reactions
are initiated by the addition of ATP containing 10 pCi of v-32P-ATP 10 & final concentration 10 or 100 UM and
allowed to proceed for 5 minnies af room temperatre. For TLL analysis, reactions are then terminated by the addition
of 105 [ 1N HCI followed by 160 it CHCI3:MeQH (1:1). The biphasic mixture is vortexed, briefly centrifuged, and
the organic phase is trensferred 1o a new tube using & gel loading pipette tip precoated with CHCL,. This extract is
spotted on TLC plates ard developed for 3 — 4 hours in 2 65:35 solution of n-propanol: 1 M acetic scid. The TLO
plates are then dried, exposed to & phosphorimager screen {Swrm, Amersham), and quantitated. For each compound,
kinase activity is measured at 10 - 12 inhibitor concentrations representing two-fold dilutions from the highest
concemmxtioﬁ tested (typically, 200 pM). For compounds showing significant acivity, 1C50 determinations are
repeated wo to fous tirnes, and the reported value is the average of these independent measurements,

{00442 Other commercial kits or systemns for assaying PI3-K activities are avaiable. The commercially available kits
or systerns can be used to séreen for inkibitors and/or agonists of PI3-Ks including but not limited to PI 3-Xinase
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o, B, 6, and . Axnrexemplary system is PI 3-Kinase (human) HTRF™ Assay from Upstate, The assay can be carried

© out according 1o the procedurss supgested by the manufacturer. Briefly, the assay is a time resolved FRET assay that
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indirectly measures PIP3 product formed by the activity of a PI3-K. The kinase reaction is performed it a microtitre
plate (e.g., 2 384 well microtitre plate). The total reaction vohume is approximately 20ul per well, In the first step,
each well receives 2ul of test compound in 20% dimethylsulphoxide resulting in a 2% DMSO final concentration.
Next, approximately 14.5ul of & kinase/PIP2 mixtere (diluted in 1X reaction buffer) is added per well for a final
concgntration of 0.25-0.3ug/m! kinase and 10oM PIP2. The plate is sualed and incubated for 15 minutes at room
temperature. To start the reaction, 3.5ul of ATP (diluted in 1X resction buffer) is added per woli for a final
concentration of 10uM ATP. The plate is sealed and incubated for 1 hour at room temperaturs. The resction is
stopped by adding 5ul of Stop Solution per well and then 5ul of Detection Mix is added per well. The plate is sealed,
incubated for 1 hour at room temperature, and then read on an appropriate plate reader. Data is analyzed and 1C50s
are penerated using GraphPad Prism 5,

Example 13: Expression and Inkébition Assays of Abl

1864431 The cross-activity or lack thereof of one or more compounds of the présent invention against Abl kinase can
be measured according 1o any procedures known in the art or methods disclosed below, For example, the compounds

" described herein can be sssayed in wiplicate against recombinant full-length Abl or Abl (T3151) (Upstate) in an assay

coptaining 25 mM HEPES, pH 7.4, 10 mM MgCi2, 200 uM ATP (2.5 uCi of w-32P-ATP), and 0.5 mg/mL BSA. The
optimized Abi peptide substrate EATY AAPFARXKX. is used as phosphoacceptor (200 UM), Reaciions are terminated
by spotting onto phosphocellulose sheets, which are washed with (1.5% phosphoric acid {approximately 6 times, 5-10
minuies each). Sheefs are dried and the transferred radicactivity quantitated by phosphorimaging.

Example 12: Expression and InhibiGon Assays of Hek

004441 The cross-activity or lack thereof of one or more compounds of the present invention against Hok kinase can
be measured according fo any procedures kaown in the art or methods disclosed below. The compounds described
herein can be assayed in triplicate against recorubinant full-length Hek in an assay containing 25 mb HEPES, pH 7.4,
10 mh MgCiz, 200 b ATP (2.5 gCi of v-32P-ATP), and 0.5 mg/ml. BSA, The optimized Sro family kinase peptide
substrate EIYGEFKR K is used as phosphoaccepior (200 uM). Reactions are terminated bry spotting onfo
phosphoceliulose sheets, which are washed with 0.5% phosphoric acid {approximatsly 6 times, 5-10 minutes each),
Shests are dried and the ransferred radioactivity guantitated by phosphorimaging,

Exsmpie 13: Expression and Inkibition Assays of Inulsin Receptor (TR)

{60445] The cross-activity or lack thereof of one or more compounds of the present invention against IR receptor
kinase can be measured according to any procedures known in the art or methods disclosed below, The compounds
described herein can be assayed in wiplicate against recombinant insulin receptor kinase dowmain (Upstate) in a0 assay
containing 25 mM HEPES, pH 7.4, 10 mM MgCi2, 10 md MaCl2, 200 uM ATP (2.5 00 of w32P-ATP), and D.5
mg/mL BSA. Poly E-Y (Sigma; 2 mg/ml.) is used a5 s substrate. Reactions are terminated by spotting onto
nitrocellilose, which is washed with 1 NaCl/1% phospheric acid {approximately 6 times, 5-10 minutes each).
Shests are dried and the transferred radionctivity quantiteted by phosphorimaging.

Ezample 14; Expression snd Inhibition Agsays of Bre

[BG446] The cross-activity or lack thereof of one or more compounds of the present invention against Src kinase can
be measured according o any procedures known in the art or methods disclosed below, The compounds described
herein can be assayed in triplicate against recombinant full-length Sre or Src (T3381) in an assay containing 25 mM
HEPES, pH 7.4, 10 o MgCi2, 200 pM ATP (2.5 uCi of %32P-ATP), and 0.5 mg/mi BSA. The optimized Src
femily kinase peptide substrate ETY GEFKXXK is used as phosphoacceptor (200 uM). Reactions are terminated by
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spotting onto phosphocelivlose sheets, which are washed with 0.5% phosphoric acid (spproximately 6 times, 5-10
minutes each). Sheets were dried and the wansforred radicactivity quantitated by phosphorimaging,

Example 15: Expression and inhibition Assays of DNA-PK (DNAK) _

[86447] The cross-activity or lack thereof of one or more compounds of the present invention against DMAK kinase
can be messured according to any procedures known in the art. DNA-PK can he purchased from Promega and
assayed vsing the DNA-PX Assay System (Promega) according o the manufacturer’s instructions.

Exzmple 16: Expressien and Inhibition Assays of mTOR

[008448] The cross-activity or lack thereof of one or more compounds of the present invention against mTor can be
measured according o any procedures known in the art or methiods disciosed below, The compounds described herein
can be tested against recombinant mTOR (Invitrogen) in an assay containing 50 mM HEPES, pH 7.5, I EGTA, 10
mM MgCI2, 2.5 mbd, 0.01% Tween, 10 ud ATP (2.5 pCi of p-32P-ATP), and 3 pg/ml BRA. Rat recombinant
PHAS-1/4ERP] (Calbiocheny; 2 mg/mlL) is used as a substrate. Reactions are terminated by spotting onio
nitroceifuiose, which is washed with 1M NaCl1% phosphoric acid (approgimately 6 ﬁﬁxes, 5-10 minwtes each).
Shests are dried and the transferred radioactivity guantitated by phosphorimaging.

jB04497 Other kits or systems for assaving mTOR activity are commercially avaiable. For instance, one can use
Invitrogen’s LanthaScreen™ Kinsge agsay to test the inhibitors of mTOR disclosed herein. This assay is a tire
resolved FRET platform that measures the phosphorylation of GFP labeled 4FBP1 by mTOR kinase. The kinase
reaction is performed in 2 white 384 well microtitre plate. The total reaction volume is 20ul per well and the reaction
buffer composition ts S0mM HEPES pH7.5, 0.01% Polysorbate 20, lmM EGTA, 10mM MaCl2, and 2mM DTT. In
the first step, each well receives 2ul of test compound in 20% dimethylsulphoxide resulting in & 2% DMSO final
concentration. Next, 8al of mTOR diluted in reaction buffer is added per well for a 60ng/mi final concentration. To
start the reaction, 10ul of an ATP/GFP-4EBP! mixture (diluted in reaction bufier) is added per well for a final
conceniration of 10uM ATP and 0.5uM GFP-4EBP1. The plate is sealed and incubated for | honr a1 room-
ternperature, The reaction is stopped by adding 10ul per well of & Th-anti-pT46 4EBP1 antibody/EDTA mixtare
(dilvted in TR-FRET buffer) for a final concentyation of 1.3nM antibody and 6.7mM EDTA. The plaie is sealed,
incubated for 1 hour at room temperature, and then read on & plate reader set up for LanthaScreen™ TR-FRET. Data
is analyzed and IC50s are generated using GraphPad Prism 3.

Ezample 17: Expression and Inhibition Assays of Vascular endethelial prowth receptor

[80450] The cross-activity or lack thereof of one or more compounds of the present invention against VEGF receptor
can be measured according to any procedures known in the art or methods disciosed below. The compounds described
herein can be tested against recombinant KDR receptor kinase domain (Invitrogen) in an assay containing 25 mM
HEPES, pH 7.4, 10 oM MgCl2, 6.1% BME, 10 uM ATP (2.5 pCi of p-32P-ATP), and 3 ug/ml, BEA. Poly B-Y
{Sigma; 2 mg/ml) is used as = substraie. Reactions are erminated by spotting onto nitrocellulose, which is washed
with 1M WaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes eack). Sheets are dried and fhe transferred
radioactivity quantitated by phosphorimaging.

Example 18: Expression and Iahibition Assays of Ephrin receptor B4 (Epth}

[68451] The cross-activity or lack thereof of one or move compourds of the present invention against EphB4 can be
measured according to any procedures known in the art or methods disciosed below, The compounds described hersin
can be tested against recombinant Ephrin receptor B4 kinase domaein {Invitrogen) in an pssay containing 25 mM
HEPES, pH 7.4, 10 mM MgCl2, 0.1% BME, 10 uM ATP (2.5 pCi of p-32P-ATP), and 3 ug/ml BSA. Poly E-Y
{Sigma; 2 mg/mL) is used as a substrate. Reactions are torminated by spotting onto nitrocellulose, which is washed
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with 1M NaCl/1% phosphoric acid (approximately 6 times, 5-10 minutes each). Shests are dried and the ransferred
radioactivity quantitated by phosphorimaging,

Examples 19: Expression and Inhibition Assays of Epidermat growth facter receptor (BGFR)

{0D452] The cross-activity or lack thereof of one or more compounds of the present invention against: EGFR kinase
can be measured according to any procedurss known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant EGF receptor kinase domain (Invitrogen} in an assay containing 25 mM
HEPES, pH 7.4, 10 mM MpCI2, 0.1% BME, 10 pM ATP (2.5 UCi of p-32P-ATP), and 3 g/ml BSA, Poly E-Y
{Sigma; 2 mp/ml) is used as a substrate, Reactions are terminated by spotting onw nitrocetiulose, which is washed
with 1M NaCl1% phosphoric acid (approximately & times, 5-10 minutes each). Sheets are dried and the transferred
radivactivity quantitated by phosphorimaging.

Example 20: Expression and Inhibition Assays of KIT Assay

{60453] The cross-sotivity or lack thersof of one or more compounds of the present fnvention apainst KT kinage can
be measurad according to any procedures known in the art or methods disciosed Below. The comppunds deseribed
herein can be tested sgainst recombinant KIT kinase domain (Tovitrogen) in an assay containing 25 mM HEPES, pif
7.4, 10 mM MgCI2, imM DTT, 10mM MaCI2, 10 pM ATP (2.5 pCi of p-32P-ATP), and 3 ug/ml BSA. Poly BY
(Sigma; 2 myg/nal) is used as a subsirate. Reactions are terminated by spotting onto nitrecelulose, which is washed
with I3 NaCl/1% phosphoric acid {approximately 6 titnes, 5-10 minutes each). Sheets are dried and the transferred
radioactivity quantitated by phosphorimaging,

Exaniple 21: Expression and Inhibiton Assays of RET

[#0454] The cross-gctivity or lack thereof of one or more compounds of the present investion against RET kinase can
be measured according to any procedures known in the art or methods disclosed below. The compounds described
herein can be tested against recombinant RET kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH
74, 10 mM MgCl2, 2.5mM DTT,10 gM ATP (2.5 pCi of 4-32P-ATP), and 3 pg/ml BSA. The optimized Abl peptide
substrate EATY AAPFAKKY is used as phosphoacteptor (200 ub). Reactions are terminated by spotiing onto
phosphocellulose shests, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10 mimutes each),
Sheets are dried and the transferred radioactivity quantitated by phosphorfmaging,

Examyde 22t Expreesion and Inhibition Assays of Piatele! derived growth factor receptor (PDGFR)

[08455] The cross-activity or lack thereof of one or more compounds of the present invention against PDGFR kinase
can be measured according to any procedures known in the art or wethods disclosed below, The compounds desceibed
herein can be tested against recombinant PD( recepior kinase domain (Invitrogen) in an assay containing 25 mM
HEPES, piE 74, 10 md MgCiZ, 2.5mM DTT,10 gM ATP (2.5 pCi of 4-32P-ATP}, and 3 pg/ml BSA. The optimized
Abl peptide subsiraie EATY AAPFAKKE is used as phosphoacceptor (200 pM). Reactions are lerminated by spotting
onto phosphoceliniose sheets, which are waghed with 0.5% phosphoric acid {(approximately § tmes, 5-10 oinvies
cach). Sheets are dried and the transferred radioactivity quantitated by phosphorimaging.

Exsmple 23: Expression and Inhibition Assnys of FMiS-related tyrosine kinase 3 (FLT-3)

{06456} The cross-activity or lack thereof of one or more compounds of the present invention against FLT-3 kinase
cen be measured according to eny procedures known in the art or methods disclosed below. The compounds described
berein can be testzd against recombinant FLT-3 kinase domain (Invirogen] in an assey containing 25 mM HEPES, pH
7.4, 10 mM MgCIL2, 2.5mM DTT,10 uM ATP (2.5 uCi of y-32P-ATP), and 3 pg/ml BSA. The optimized Abl peptide
substrate EATY AAPFAKKK is used as phosphoacceptor (200 uM). Reactions are terminated by spotiing onto
prosphoceliuiose sheets, which are washed with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each).
Sheets are dried and the transferred radicactivity guantitated by phosphorimaging.
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Exampie 24: Expression and Inhibition Aseays of TEK receptor tyrosine kingse (TEE2)

[068457] The cross-activity or lack thereof of one or more compounds of the present investion against TIE2 kinase can
be measured according to any procedures kmown in the art or methods disclosed below, The compounds described
herein can be tested against recombinant TIE? kinase domain (Tnvitrogen) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCl2, 2mmM DTT, 10mb MoClL2, 10 ubd ATP (2.5 uCi of -32P-ATP), and 3 pg/ml BSA. Poly EY
{Sigma; 2 mg/mL) is used as 2 substrate. Reactions are terminated by spotting onto mitroceliulose, which is washed
with 1M NaCl/1% phosphoric acid {(approximately 6 times, 5-10 minutes each). Sheets are dried ang the transferred
radioactivity quantitated by phosphorimaging.

Example 25: B Cell Activation and Preliferation Assay

[00458] The ability of one or more subject compounds 0 inhibit B cell activitation and proliferation is determined
according to standard procedures known in the art. For example, an in vitro cellular proliferation assay is sstablished
that measures the metpbolic activity of live cells. The assay is performed m a 96 well microtiter plate using Alamar
Blue reduction. Balb/s splenic B cells are purified over a Ficoll-Pague™ PLUS gradient followed by magnetic cell
separation using a MACE B cell Isolation Kit (Miletenyi). Cells are plated in $0ui at 50,000 cells/well in B Cell Media
(RPMI + 10%FBS + Penn/Strep + 30uM bME -+ S HEPES). A compound disciosed herein is diluted in B Cell
Media and added in & 10ul volume, Plaies are incubated for 30min at 37C and 5% CO, (0.2% DMSO final
concentration). A 50ul B cell stimulation cocktail is then added containing either 10ug/ml LPS or Sug/ml Fab’)2
Doukey anti-mouse kghi.plus 2ng/ml recombinant mouse IL4 in B Cell Media. Plates are incubated for 72 hours at
37%C and 5% CO.. A voiume of 15uL of Alamar Blue reagent is added to each well and plates are incubated for 5
hours at 37C and 5% CO;. Alamsr Blue Suorssce is read at 360Ex/590Em, and IC50 or EC50 values are caloulated
using GraphPad Prism 5. _

Exzmple 26: Tutoor Cell Line Proliferation Assay

{00459] The ability of cpe or more subject compounds to inhibit tamor cell line proliferation is determined according
to standard procedures known in the art. For instance, an in vitro cellular proliferation agsay can be performed to
measure the metabolic activity of live cells. The assay is performed in 2 96 well microtiter plate using Alamar Blue
reduction. Human tumor cell lines are obtained fom ATCC {e.g., MCF7, U-87 MG, MDA-MB-468, PC.3), grown to
confluency in T75 flasks, trypsinized with 0.25% trypsin, washed one time with Tumor Cell Median (DMEM +
10%FRE), and plated in $0ul at 5,000 celisfwell 1 Tomor Cell Media. A compound disclosed herein is diluted in
Tumor Cell Media and added in & 10ul volume. Piates are incubated for 72 bours at 37C and 5% CO,. A volume of
10ul of Alamar Blue reagent is added o each well and plates are incubated for 3 howrs at 37C and 5% CO,. Alamar
Bire fluoresce is read at 560Ex/3%0Em, aud IC50 values are caloulated using GraphPad Prism 5.

Ezampie 27: Antitamor Activity in Vive

f604607 The compounds described herein can be evaluated in a panel of humas and murine tumor models.

[68461} Paclitawelrefractory Tumor Models

(00462} 1. Clinically-derived Ovarian Carcinoma Model,

[00463] This tumor mods! is estabiished from 2 tumor biopsy of an ovarian cancer patient. Tumor biopsy is taken
from the patient,

[60464] The compounds described herein are administered to nude mice bearing staged tumors using an every 2 days
x 5 schedule. |

[0465] 2. A2780Tax Human Ovarian C’ar’cin_ama Xenograft (Mutated Tubulin).

102



1

i5

20

30

35

40

{00466] A2780Tax is 2 paclitaxel-resistant human ovarian carcinoma model. It is derived from the sensitive parent
AZ780 line by co-incubation of cells with paclitaxel and verapamil, an MDR-reversal agent. Its resistance mechanism
has been shown to be non-MDR related and is attribuied to 8 mutation in the gene encoding the beta-tubulin protein.
66457 The compounds described herein can be administered to mice bearing staged tumors on an every 2 days x 5
schedule, .

100468] 3. HCT116/V}46 Human Colon Carcinoma Xenografi (Multi-Drug Resistant),

f604691 HCT! 16/VMA46 is an MDR-resistant colon carcinoma developed from the sensitive HCT116 parent fine. In
vivo, grown in nude mice, HCT116/VM46 has consistently demonstrated high resistance to paclitaxel.

{09478] The compounds described herein can be administered to mice bearing staged tumors on an every 2 daysx 5
sthedule,

f00471] 5. M5076 Murine Sarcoma Model

[008472] M5076 is a mouse fibrosarcoma that is inherently refractory to paclitaxel in vive,

[0473] The compounds described herein can be administered to mice bearing staged fumors on an every 2 daysx 5
schedule, _

[66474] One or more compounds of the invention can be used i combination other therapeutic agents in vivo in the
multidrug resistant human colon carcinomsa xenografts HCT/VM46 or any other model known in the art including
those described herein,

Example 28: Micresome stability assay

[00475] The sability of one or more subject compounds is determined according to standard procedures known in the
art. For example, stability of one or more subject compounds is established by an in vitro agsay. In particular, anin
vitro micmsbme stability assry is established that measures stability of one or more subject corpounds when reacting
with mouse, rat or human microsomes from liver. The microsome reaction with compounds is performed in 1.5 mL
Eppendorf tube, Each tabe containg §.1 ul of 10.0 mg/mi NADPH; 75 pL of 20.0 mg/ml mouse, rat or human liver
microsome; 0.4 pL of 0.2 M phosphate buffer, and 425 pL.of ddH,0, Negative control {without NADPH) tube
contains 75 pl of 20.0 mg/ml mouse, rat or human liver microsome; 0.4 nl of 0.2 M phosphate buffer, and 525 ul. of
ddi,0. The reaction is started by adding 1.0 uL of 10.0 rub tested compound, The reaction tubes are incubated at
37°C. 100 uL sample is collected into new Eppendorf tube containing 300 pl cold Methanol at 0, 5, 10, 15, 38 and 60
mimes of reaction. Samples are centrifuged at 15,000 rpm to remove protein. Supernatant of centrifuged sample is
transferred to new twbe. Concentration of stable compound after reaction with microsome in the supernatant is
measured by Liguid Chromatography/Mess Spectrometry (LC-MS).

Example 29: Plasms stability assay

[00476] The stability of one or more subject compounds iz plagsma is determined according to standard procedures
imown in the att. See, e.p., Rapid Commun. Mass Spectrom., b 1019-1028. The following procedure is an HPLC-
MS/MS assay using human plasma; other species including monkey, dog, rat, and mouse are also available. Frozen,
heparinized humas plasma is thawed in a cold water bath and spun for 10 minutes af 2000 rpm at 4 °C prior to use, A
subject compound is added from & 400 uM stock solution to an aliquot of pre-warmed plasma to give a final assay
volume of 400 pL {or 800 pL for halflife determinetion), containing § uld test compound and 0.5 % DMSO.
Reactions are incubated, with shaking, for { minutes and 60 minutes at 37 °C, or for 0, 15, 30, 45 and 60 minuses at
37 C for haif life determination. Reactions are stopped by transferring 50 plL of the incubation mixture to 200 pL of
ice-cold acetonitrile and mixed by sheking for 5 minutes. The samples are centrifoged at 6000 x g for 15 minutes at
4°C and 120 pL of supemnatant removed into clean tbes. The semples are then avaporated to dryness and submitied
for analysis by HPLO-MS/MS.
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[00477] Where desired, one or more control or reference compounds (5 pM) are tested simultaneously with the test
compounds: one compound, propoxycaine, with low plasma stability and another compound, propantheline, with
intermediate plasma stability.

f06478] Samples are reconstituted in acetonitrile/methanol/water (1/1/2, v/v/v) and analyzed viz (RPJHPL.C-MS/MS
using selested reaction monitoring (SRM}. The HPLC conditions consist of a binery LC pump with autosampler, a
mixed-mode, C12, 2 x 20 mm column, and & gradient program. Peak areas corresponding to the analytes are recorded
by HPLC-MS/MS. The ratio of the parent compound remaining afier 60 minutes relative to the amount remaining at
time zero, expressed as percent, is reported as plasma stability. In case of half-life determination, the half-life is
estimated from the slope of the initial linear range of the Jogarithmic curve of compound remaining (%) vs. fime,
assuming first order kinetics.

Exarmple 38 Chemical Siabikity

[00479] The chernical stability of one or more subject compounds is determined according to standard procedures
known iv the art. The following details an exemplary procedure for ascertaining chenmical stability of a subject
compound. The default buffer used for the chemical stability assay is phosphate-buffered salive (PBS) at pH 7.4;
other suitable buffers can be used. A subject compound is added from 2 100 pM stock solution o an aliquot of PBS
(in duplicate) to give a final assay volume of 400 ul., containing 5 uM test compound and 196 DMSO (for halflife
determination a total sample volume of 700 pL is prepared). Resctions ars incubated, with shaking, for ( minutes and
24 hours at 37°C; for half-life determination samples are incubated for G, 2, 4, 6, and 24 hours. Reactiens are stopped ™
by adding immediately 100 uL of the incubation mixture to 100 uL of acetonitrile and vortexing for 5 minutes. The
samples are then stored at -20°C until analysis by HPLC-MS/MS. Where desired, 2 control compound or a reference
compound such gs chiorambucil (5 pM) is tested simultancously with & subiect compound of interest, as this
compound is largely hydrolyzed over the course of 24 hours. Samples are analyzed via (RPYHPLC-MS/MS using
selected reaction monitoring (SRM), The HPLL conditions consist of a binary LC pump with avtosampler, 2 mixed-
mode, Ci2, 2 x 20 mm column, and & gradient program. Peak areas corresponding to the analtytes are recorded by
HPLC-ME/MS. The ratio of the parent compound remaining afler 24 hours relative to the amount remaining at time
zoro, sxpressed as percent, is reported as chemical smbility. In case of half-life determination, the halfulife is
estimated fom the slope of the initial linear range of the logarithmic curve of compound remaining (%) vs. time,
assunnng first erder kinetics,

Exsmple 31: Akt Kinase Assay

[80480] Cells comprising components of tbe Ak¥/mTOR pathway, inchading but not linited to L6 myoblasts, B-ALL
cells, B-cells, T-vells, leukemia cells, bone marrow vells, p190 wansduced cells, philiadeiphia chromoseme positive
celis (PE+), and mouse embryonic fibroblasts, are typically grown in cell growth media such as DIMEM supplemented
with fetal bovine serum and/or antibiotics, and grown to confluency,

[00481} In order to compare the effect of one or more compounds disclosed herein on Akt aotivation, said cells are
serum starved overnight and incubated with one or more compounds disclosed herein or abour 0.1% DMSO for
approximately ! minute to about 1 hour prior to stimuiation with insulin (e.g. 100 o) for abowt 1 minutes io about 1
hour. Cells are lysed by scraping into ice cold hysis buffer containing detergents such as sodium dodecyl sulfete and
protease inhibitors (e.g., PMSF). After contacting cells with lysis buffer, the solution is briefly sonicated, cleared by
ventrifugation, resolved by SDS-FAGE, transferred to nitroceliulose or PVDF and immunobiotted using antibodies to
phospho- Al 5473, phospho~ Al T308, Aid, and B-aetin (Celf Signaling Technologiss),

[98482] The results demonstrate that one or more compounds of the presest disclosure inhibit insulin stimulated
phosphorylation of Akt at 5473, Alternatively, some compounds disclosed herein wditiona]ly inhibit insulin
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stimulated phosphorylation of Akt at T308. Such class of compounds can inhibit Akt more effectively than rapamyein
and may be indicative of mTORC2 inhibitors or inhibitors of upstressn kinases such as PI3K or Akt

Example 32: Kinase Sipnaling in Blood

[00483] PI3K/ Akt /mTor signaling is measured in blood cells nsing the phosflow method (Methods Enzymol.
2607;434: £31-54). The advantage of this method is that it is by nature a single cell assay so that cellular heterogeneity
van be detected rather than population averages. This allows concurrent dinstinstion of signaling states in different
populations defined by other markers. Phosflow is also highly quantitative. To test the effects of one or more
compounds disclosed berein, unfractionated splenceytes, or peripberal blood mononuclear cells are stimulated with
anti-CD3 to mitiate T-cell receptor signaling. The cells are then fized and stained for surface markers and intraceliular
phosphoproteins. it is expected that inhibitors disclosed herein inhibit antd-CD3 mediated phosphorylation of Al -
5473 and 86, whereas tapamycin inhibits 86 phosphorylation and enhances Akt phosphoryiation under the conditions
tested.

{00484] Similarly, aliguots of whole blood are incubated for 15 minutes with vehicle (e.g. 0.1%DMS0O) or kinese
inhibitors at various concentrations, before addition of stiznuii to crosslink the T cell receptor (TCR) {anti-CD3 with
secondary antibody) or the B cell receptor (BCR) using anti-kappa hight chain antibody (Fab’2 fragments). Afier
approximately 5 and 15 minutes, samples are fixed {e.g. with cold 4% paraformaldehyde} asd used for phosfiow.
Surface staining is used to distinguish T and B cells using antibodies direcied to cell surface markers that are known to
the art. The level of phosphrylation of kinase substrates such as Aktand 56 are then measured by incubating the fixed
cells with labeled antibodies specific to the phosphorylated isoforms of these pmtciﬁs. The population of celis are then
analyzed by flow cytometry.

Ezample 33: Colony Formation Assay

f004B5] Murine bone marrow cells feshly transformed with 2 p190 BCR-Ab! retrovirus {herein referred to as p190
transduced celis) are plaied in the presence of various drug combinations in M3630 methyleeliulose media for about 7
days with recombinant human IL-7 in about 30% serum, and the number of coionies formed is counted by visual
examinaton under a microscops,

[00486] Alternatively, human peripheral blood mononuclear cells are obtained Fom Philadeiphia chromosome
positive (Pt} and negative (Ph-) patients opon initial disgnosis or relapse. Live cells are isolated and enriched for
CD19+ CD34+ B cell progenitors. After overnight liquid culture, cells are plated in methocult GF+ H44335, Stem Cell
Tehenologies) suplemented with cytoldses {IL-3, IL-6, H.-7, G-CSF, GM-C8F, CF, Fii3 ligand, and erythropoietin)
and various concentrations of known chemotherapeutic agents in combination with either compounds of the present
disclosure. Colonies are counted by microscopy 12-14 days later. This method can be used to test for evidence of
additive or synorgistic aotvity.

Ezzmple 34: In Vive Effect of Kinase Inhibitors on Leukemic Cells

[00487] Female recipient mice are lethally irradisted from a v source in two doses about 4 br apart, with
approximately 5Gy each. About lhr after the second radiation doss, mice are injected 1.v, with about 1x10° leukemic
cells {e.g. Pht+ human or murine cells, or $190 trapsduced bone marrow cells). These cells ate administered together
with a radioprotective dose of about 5x10° normal bone marrow cells from 3-5 week old donor mice. Recipients are
given antibiotics in the water and monitored datly. Mice who become sick afier about 14 days are euthanized and
lymphoid crgans are harvested for analysis, Kinase inhibitor treatment begins about 10 days after leukermic cell
injection and continues daily until the mice become sick or & maximum of approximately 35 days post-trensplant.

Inkibitors are given by oral lavage.
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[00488] Peripheral blood cells are collected approximately on day 10 (pre-treatment} and upon euthanization (post
treatmest), contacted with labled anti-hCD4 antibodies and counted by flow cytomstry. This method can be used to
demonstrate that the synergistic effect of one or more compounds disclosed herein in combination with known
chemotherapeutic agents significantly reduce leukemic blood cell counts as compared to treatment with known
chemotherapautic agents {¢.g. Gleovec) alone under the conditions tested.

Example 35: Treatment of Lupus Disease Mode! Mice

[60489] Mice lacking the inhibitory receptor FoyRITb that opposes PI3K signaling in B cells develop lupus with high
penstrance. FoyRIIb knockout mice (R2K.G, Jackson Labs) are copsidered a valid model of the buman disease as some
lupus patients show decreased expression or function. of FeyRIIb (8. Bolland and J.V. Ravtech 2000, nmunity 12:277-
285).

{00496] The R2KO mice develop lupus-like disease with anti-nuclear antibodies, glomerulonephritis and proteinurea
within about 4-6 months of age, For these experiments, the rapamyein analogue RADOGI (available from LC
Laboratories) is used as a benchmark compound, and administered orally. This compound has been shows o
ameliorate hpus symptoms in the Bé.Slelz.51e3z model (T. Waet sl J. Clin Invest. 117:2186-2196).

{00491] Lupus disease model mice such as RIKO, BXSE or MLR/Ipr are treated at about 2 months old,
approximately for about two months. Mice are given doses of: vehicle, RADOO1 at about 10mg/kg, or compounds
disclosed herein at approximately 1 mg/kg to abowt 500 me/kg. Biood and urine samples are obtained af approximately

et theasiliie weriod, and tested for antinuclear antibodies {in dilutions of serum) or protein concentration {in
urme) Semm is also tested for anti-ssDNA and anti-dsDNA antibodies by ELISA. Animals are euthenized at day 60
and tissues harvested for measuring spleen weight and kidney disease. Glomerulonephritis is assessed in kidney
sections gtained with H&E. Other animals are studied for sbout two months after cessation of weatment, using the
same endpoints, '

{08492] This mode! establivhed in the art can be emploved to demonsirate that the kinase inhibitors disclosed herein
can suppress or delay the onset of lupus symptoms in lupus disease model mice.

Example 36: Murine Bone Marrow Transplant Assay

[00493] Female recipient mice are lethally irradiated from a y ray source. About Ibr after the radiation dose, mice are
injected with abow 12106 leukemic cells from early passage p190 wansduced cultures {£.g. as described in Cancer
Genet Cytogenet. 2005 Aug;161(13:51-6) . These cells are administered together with a radioprotective dose of
approximately 5x106 pormal bone marrow cells from 3-5wk old donor mice. Recipients are given antibiotics in the
water and monitored daily. Mice who become sick afier sbout 14 days are euthanized and lymphoid organs harvested
for flow cytometry and/or magretic enrichment. Treatment begins oo approximately day 10 and continues dajly until
mice become sick, or after a maximum of about 33 days posi-transplant. Drugs are given by oral gavage (p.o.). Ina
pilot experiment & dose of chemotherapeutic that is not eurative but delays leukemia onset by shout one week or less is
identified; controls are vehicle-treated or treated with chemotherapeutic agent, previously shown to delay but not cure
leukemogenesis in this model (e.g. imatinib at about 70mg/kg twice daily). For the first phase p190 cells that express
eGFP are used, and postmortem analysis is limited to enumeration of the percentage of leukemic cells in bone marrow,
spleen and lymph node (LN} by flow cytometry. In the second phase, pl96 cells that express a tailless form of human
CD4 are used and the posmmortem analysis includes magnetic sorting of hCD4+ cells from spleen followed by
immunoblot analysis of key signaling endpoints: p Akt -T308 and $473; pS6 and p4EBP-1. As controls for
immunoblot detection, sorted cells are incubated in the presence or absence of kinase inhibitors of the present
disciosure inhibitors before lysis. Optionally, “phosflow” is used to detect p Akt -5473 and p86-8235/236 in hCDé-
gated cells without prior sorting. These signaling studies are particularly useful if, for example, drug.treated mice have

106



10

15

20

25

30

not developed chinical leukemia at the 35 day time point. Kaplan-Meier plots of survival are generated and statistical
analysis done according to methods known in the art. Results from p1S0 cells are analyzed separated as well ag
cumulatively,

{60494] Samples of peripheral blood {100-200ul} are obtained weekly from all mice, starting on day 10 immediately
prior to commencing treatment. Plasma is used for measuring drug concentrations, and cells are analyzed for leukemia
markers (oGFP or hCD4) and signaling biomarkers as described horsin.

{00495] This general assay known in the art may be used to demonstrate that effective therapeutic doses of the
compounds disclosed berein can be used for inhibiting the proliferation of leukemic cells.

Example 37: TNP-Ficoll T-cell Independent B-celi Activation Assay

{60496} To test the effects of the compounds of the present invention in suppressing T cell independent antibody
production, the TNP-Ficoll B-cell activation assay was used as described herein. Compounds of the present invention
were digsolved in an appropriate vebicle (8.2 5% 1—methylm2—pyrro§c§iaone, 85% polyethviene ghveol 400, 10%
Solutor), Compounds were administered orally approximately thr before TNP-Ficoll treatment to 4-10 week old mice.
To smdy the effects of the compounds on B-cell activation, one set of mice were grouped according to the following
table:

Mice/ Antigen ijection gt Compound Admipistration from
Group# Comp Gr day-1 dav-1 1o day-7
el N ot oup
M— THP-F Route i{mg/kg) [Route | Regimen
1 4 Vehicle Antipen only ]
27 - Antipen only ¢
3 g Ccmé}'?und reference . ki)
T e
p 2 mg/mi) ip k] o Bﬂgsg’r 7
Compound ; i
6 g E;i; 3 Antigen + cmp 10
” g _ 30
8 & &0

[68497] Four amirmals in group 1, and eight animals in groups 7 to 7 were suthanized inn CO, 2 houss after the last
compound administration on day 7. Blood was immediately collested by cadio-punsture and kept at 37°C for 1hrto
clot followed by overnight inoubation at 4°C to allow the clot ic contract. The following day, serum was collected by
decanting and centrifagation at 3000 rpm for 10 min. The collected serim was then frozen at -80°C for future analysis.
{00498} Serum samples were analyzed for anti-TNP autibody {iters by BLIS A as deseribed herein, TNP-BSA was
coated onto & Nunc Maxisorb microtiter plate with 100p¥/well at a concentration of 10pg/m! in phosphate buffered
saline (PBS). The Maxisorb plate was inpubated for 1.5 hours at room tempersture snd the solution was removed. 200
uliwell of blocking buffer (e.g. 1% BSA in PBS) was added to each well and incubated 1hr at room temperature. The
plate was washed once with 200 pi/well of PBS 0.05% Tween-20 (wash buffer). A L2 dilution of serum from each
mouse in blocking buffer was added to each well in the first column (1) of the microtiter plate. The serum in each well
of coluran | was then diluted 3-fold in blocking buffer and added to colump 2. The serum in each well of column 2
was diluted 3-fold in blocking buffer and added to column 3. The procedure was repeated across fhe twelve solumns
of the micyotiter plate. The microtiter plate was incubated 1 hr at room temperature. Serum was removed from the

plate and the plate was washed three times with wash buffer. 100 ul/well of goat anti-mouse 1gG3-HRP diluted 1:250
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in blocking buffer was added to sach well and incubsated 1hr at room temperature. The anti-mouse IgG3-HRP was
removed from the microtiter plate and the plate was washed six times with wash buffer. HRP substrate (200 pl ABTS
sobution -+ 30% H,0, + 10mi citrate buffer) was added to each well at 100 pliwell, incobaied 2-20 mimutes in the datk
and the smount of anti-TNF [p(3 was determined spectrophotometrically at 405am. Similarly, anti-TNP Ighf and
total anti-TNP Ab were detenmined using anti-mouses IgM-HRP and anti-mouse Ig-HRP respectively.

[68499] The results as shown in Figure 2 futher show that under the conditions tested compounds #7 and #53 exhibit
3.4 and 6.5-fold reductions respectively in IgG3 jevels relative wo vehicle control mice at 2 30mg/ky dose level, Figure
2 further shows that compound #53 exhibits 29.9-fold reduction in IgG3 levels relative to vehicle control mice at a
60myp/ke dose level under the conditions tested.

Example 38 Rat Developing Type I Collagen Induced Arthrifis Assay

[60504] In order to smdy the effects of the compounds of the present invention on the autoimrmune disease arthritis, &
voliagen induced developing aribritis model was used. Female Lewis rats were given collagen injections at day 0.
Bovine type I collagen was prepared as a 4yng/ml solution in 0.01N acetic acid. Equal volumes of collagen and
Freund's incomplete adivvant were emulsified by band mixing untll 8 bead of the emulsified material beld its form in
water, Each rodent received a 300 pl injection of the mixture af each injection time spread over three subcutanecus
sites on the back,

00561} Oral compound administration began on day € and continsed through day 16 with velncle (5% WMP, 85%
PEG 400, 10% Solutol) or compounds of the present invention in vehicle or control {e.g. methotrexats) at 12 howr
intervals datly. Rats were weighed on days 0,3,6,9-17 and caliper messurements of ankles taken on days 8-17. Final
body weights were taken, and then the animals were enthanized on day 17. After euthanization, blood was drawn and
hind paws and kness were removed. Blood was furtber processed for pharmacokinetics experiments as well as an anti-
type 1 collagen antibody ELISA assay. Hind paws were weighed and then with the knees preserved in 10% formalin.
The paws and kness were subsequently processed for microcopy, Livers, spleen and thymus were also weighed,
Sciatic nerves were prepared for stopathciogy.

[68552] Knee and ankle joints were fixed for 1-2 days and decalcified for 4-5 days. Ankle joints were cut in half
Iongitudinally, kness were cut in half along the Gontal plane. Joints were then processed, embedded, sectioned and
stained with luidine bive. Scoring of the joints was done according to the following criteria:

Knee and Ankle Inflammaiion

{=Tormal

1=Minimal infiltration of inflammatory cells in syuoviumyperiarticular dssoe

2=nild infiltration

I=hdoderate infiltration with moderate edema

&mitiariced infiltation with marked edena

S=Bevers infiltration with severe edems

Ankle Pannus

O==Normal

{=Minimal infilivation of panrws in cartilage and subchondral bone

J=pld infiliration (<1/4 of tibia or tarsals at marginal zones)

3=Moderate infltration (1/4 to 1/3 of tibis or smel tarsals affected at marginal zones)

4=Muarked infiltration (1/2-3/4 of tibia or tarsals affected at marginal zones)

S=Severe infiltration {>3/4 of tibia or tarsals affected &t marging! zones, severe distortion of overall architecture)

Knee Pannus
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0=Norma!
I=Minimal infiltration of pannus in cartilage and subchondeal bone
2=Mild infiltration {extends over up t01/4 of surface or subchondral area of tibia or femur)
3=Moderate infiltration {extends over >1/4 but < 1/2 of surface or subchondral area of tibia or femur)
4=Marked infiltration (extends over 112 to 3/4 of tibial or femoral surface)
3=Severe infiltration {covers > 3/4 of surface)
Cartilage Damage (4nkle, emphasis on small iarsols)
{=Normual
l=Minimal=minimal to mild loss of tolnidine blue staining with no obvious chondrocyte loss or coliagen disruption
2=Mild=mild loss of toluidine blue staining with focal mild (superficial) chondrocyte loss and/or collagen disruption
3=Moderate=moderate loss of toluidine biue staining with multifocal moderate (depth to middle zone) chondrocyte
loss and/or collagen disruption, smaller tarsals affected to 1/2-3/4 depth
4=Marked=marked loss of toluidine blue staining with multifocal marked (depth to deep zone) chondrocyts loss
and/or collagen disruption, 1 or more small tarsals have full thickness loss of cartilage

=Severe =severe diffuse loss of toluidine blue staining with multifocal severe {depth to tide mark) chondrocyte loss
and/or collagen disruption
Cartilage Damage (Knee, emphusis on femoral condyles)
{=Kormal
I=Minimal=minimal to mild loss of toluidine bine staining with no obvious chondrocyte loss or collagen disruption
2=Mild=mild loss of tolnidine blue staining with focal mild (superficial) chondrocyte loss and/or collagen disruption
3=Moederate=moderate loss of toluidine blue staining with multifoca! to diffuse moderste (depth to middle zone)
chondrocyts loss and/or coliagen disruption ‘
4=Marked=marked loss of toluidine blue staining with multifocal to diffuse marked {depth to decp zone) chondrocyte
ioss and/or collagen disruption or single femoral surface with total or near total loss
5=Severe =severe diffuse loss of toluidine blue staining with multifocal severe (depth to tide mark) chondrocyte loss
andfor collagen disruption on both femurs and/or tibias
Bone Resorprion (Ankle)
O=Normal
1=Minimal=small areas of resorption, not readily apparent on low magnification, rare osteoclasts
2=Mild=more numsrous areas of resorption, not readily apparent on low magnification, osteoclasts more numerous,
<1/4 of tibiz or tarsals at marginal zones resorbed
3=Moderate=obvious resorption of medullary trabecular and cortical bone without full thickness defects in cortex, loss
of some medullary trabeculae, jegion apparent on low magnification, osteoclasts more numercus, 1/4 t0 1/3 of tibia or
tarsals zffected at marginal zones
4=Marked=Full thickness defects in cortical bone, often with distortion of profile of remaining cortical surface,
marked loss of medullary bone, numerous osteoclasts, 1/2-3/4 of tibia or tarsals affected at marginal zones

=Severe=Full thickness defects in cortical bone, often with distortion of profile of remaining cortical surface, marked
loss of medullary bone, numerous osteoclasts, >3/4 of tibia or tarsals affected at marginal zones, severe distortion of
overall architectizre
Bone Resorpiion (Enee}
D=Normal

I=Minimal=small areas of resorption, not readily apparent on low magmification, rare osteoclasts
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Z=Mild=more aumerous areas of resorption, definite loss of subchondral bone invoiving 1/4 of tibial or femoral
surface {medial or lateral)

3=Moderate=obvious resorption of subchondral bone involving >1/4 but <1/2 of tibial or femoral surface {medial or
lateral)

4=Marked= obvions resorption of subchondra! bone involving 23/2 but <3/4 of tibial or femoral surface (medial or
iateral)

S=Severe= distortion of entire joint due to destroction involving >3/4 of tibial or femors! surface {medial or lateral)
{00503] Statistical analysis of body/paw weights, paw AUC parameters and histopathologic parameters were
evaluated using a Student’s i~fest or other appropriate (ANOVA with post-test) with significance set at the 5%
significance level. Percent inhibition of paw weight and AUC was caleuiated using the following formula:

% Inhibition=A - B/A 3 100

A=Mean Disease Control — Mean Normal

PB=Mean Treated — Mean Normal

[04564] The resulis as shown in Figure 3 demonstrate the effect of compound #53 at 10, 30, and 60 mp/kg dosages at
12 hour intervals on mean ankle diameter over time in a rat developing type H collagen induced arthritis model under
the conditions tested. Relative to the vehicle alone control or o the methotrexate control, the compounds of the
present invention exhibited a siginificant reduction in arthritis induced ankle diameter increase over time.

[00505] The results as shown in Figare 4 demonsirate the effect of compounds #7 and #53 on ankle histopathology in
the categories of inflammation, pannus, cartilage damage, and bone resporption as previcusly descrived under the
conditions tested. The results show e significant reduction in one or more categories by one of the cbmpounds of the
present invention (1.£. compound #53) under the conditions tested. Figure 4 further shows that at 60mg/kg, there s a
statistically significant reduction in all categories of anlde histopathology for one of the compounds of the pressnt
invention (.. compound #53) under the conditions tested. This suggests that one or more compounds of the present
invention: may be useful for the reatment and reduction of arthritis disease symptorms,

ES06] The results as shown in Figure § demonstrate the effect of compounds #7 and #53 on knee histopathoiogy
under the conditions tested, The rasults demonstrate a dose dependent reduction in knee histopathology. This suggests
that one or mors compounds of the present invention may be useful for the treatment and reducton of arthritis disease
sympioms.

[68507] The results as shown in Figure 6 demonstrate the effect of the compounds #7 and #53 on serum anti-type I
collagen isvels under the conditions tested. The results further show a singificant reduction at 10, 20, and 60mg/ky
dosage ievels of serum anti-type I coliagen levsls for compound #53, suggesting that one or more compounds of the
pregert mvention may not only be useful for the treatment and reduction of arthritis disease symptoms, but may also
be usefisl for the inhibition of the sutcimmune reaction itself

{B8568] The resukts as shown in Figure 7 demonstrate the effect of compousd #7 at 10, 30, snd 60 mg/ke dosages at
12 hour intervals on mean ankie diameter over iime under the conditions tested. Relative to the vehicle alone control
or to the methotrexrate control, te compound exhibited a reduction in arthritis induced ankle diameter increase over
time under the conditions tested.

Exmmpie 39 Rat Esteblished Type F Coliagen Tnduced Arthritis Assay

166509] In order to examine the dose responsive efficacy of the compounds of the present invention in inbibiting the
inflarmmation, cartilage destruction and bone resporption of 10 day established type I¥ collagen induced arthritis in
rats, compounds were administered orally daily or twice daily for 6 days.
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{08510 Famale Lewis rats were apesthetized and given collagen ijections prepared and administered as desoribed
previously on day 0. On day 6, animals were anesthetized and given & second collagen injection. Caliper
measurements of normal (pre-disease) right and left ankle joints were performed on day 9. On days 10-11, arthritis
typically occured and rats were randomized into treatment groups. Randomization was performed afer ankle joint
swelling was obviously established and there was good evidence of bilateral disease.

{00511] After an animal was selected for enroliment in the study, treatment was initiated by the oral route, Animals
were given vehicle, control (Enbrel) or sompound doses, twice daily or once dafly{BID or QD regpectively). Dosing
was administered on days 1-6 using a volume of 2.5tk (BID) or SmU/ky (QD) for oral solutions. Rats were weighed
on days 1-7 following establishment of arthritis and saliper measurements f ankles taken every day. Final body
weights werg taken on day 7 and animals were cuthanized,

§00512] The results as shown in Figure § shows 2 sigmificant reduction in mean ankle diamter increase over time for
compound #53 with » once daily dosage under the conditions tested. The resoits in Figure 9 futher demonstrate &
significant redustion jo mean ankle diamter inorerse over time for compound #53 with a twice daily dosage under the
conditions tested. This suggests that the compounds of the presest invention may be useful for the treatment of
autoimmune diseases such ag arthritis.

Exzgmple 40 Adjuvant Induced Arthritis Assay

Intrathecel Cotheterization of Rats

108513} Isoflurane-anesthetized Lewis rats (200-250 g) were implanted with an intrathecal (IT) catheter. Afteraé d
recovery period, all animals except those that appeared to have sensory or motor abnormalities {(fewer than 5% of the
total number) were used for experiments. For IT administration, 10 pl of drug or saline followed by 10 1l of isstonic

- saline waes injscted through the catheter,

Adiuvant Arthritis and Drug Treatment 7

Lewis rate were immunized at the base of the il with 0.1 ml of complete Freund’s adjuvant (CFA) on day 0 several
days afier catheter implantation (n=6/group}. Drug {s.g. one or more compounds of the present invention or or vehicle)
ifreatment was generally started on day & and continued daily wntil day 20, Clinical signs of arthritis generally begin on
day 10, and paw swelling was determined svery second day by water displacement plethysmometry.

[00514] The resulis as depicted in Flgure 10 by the avempe change in paw volume under the dosage regimes
indicated show thet under the conditions tested, compound #53 shows a dose dependent reduction in the average paw
volume incresse as measured in this adjuvant induced arthritis model system. These resulis suggest that one or more of
the compounds of the pressnt invention mey be neeful for the treatment of one or more of the dizsases or conditions
described herein.

1060515] The results as depicted in Figure 11 show that compound #5353 does not exhibit toxicity or other adverse
reaction under the conditions tested as measured by a lack of weight logs,

Exemple 41: Reodent Phermacokinetic Assay

188516} In order to study the pharmacokinetics of the compounds of the present invention a set of 4-10 week oid iice
are grouped according to the following table:

Mice/ Compound Administration
Group# group from day-1 to day-7
{mg/ke) {Route |[Regimen
{ Po B for 7
2 3 3 days
3 3 10
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{00537} Componnds of the present invention are dissolved in an appropriate vebicle (e.g. 5% 1-methyl-2.
pyrrolidinone, 35% polyethylene glveo! 400, 10% Solutor) and administered orally at 12 hour intervals daifly. All
animals are euthanized in C0Oy 2 hours after the final compound is administered. Blood is collested immediately and
kept on ice for plasma isolation. Plasma is isolated by centrifuging at 5000 rpm for 10 minutes, Harvested plasma is
frozen for pharmacekinstic detection,
{06518} The resulis are expecied to demonstrate the pharmecokinetic parameters such ag absorption, distribution,
metabolisrn, excretion, and toxicity for the compounds of the present invention.
[B0519] Exarnple 42; Basotest assey _
[00528] The baseotest assay is performed using Orpegen Pharma Basotest reagent kit. Heparinized whole bload is
pre-incubated with test compound or solvent at 37C for 20min. Blood is then incubated with assay kit stimulation
buffer {to prime celis for response) followed by allergen (dust mite extract or prass exwact) for 20min, The
degranulation process is stopped by incubating the blood samples on ice. The cells are then labeled with anti-IgE-PE
to detect basophilic granulocytes, and anti-gp53-FITC to detect gp53 {a plycoprotein expresssd on activated
basophils). After staining red blood cells are lysed by addition of Lysing Solution. Cells are washed, and analyzed by
flow cytometry. Compounds 7 aud 53 when tested in this assay inkibit allergen induced activation of basophitic
granulocytes at sub micromolar range.
{0521] Example 43: Combination use of PI3K3 inhibltors and agents that inbibit IgE production er activity
160522} The compounds of the present invention may present synergistic or additive efficacy wher administered in
combination with agents that inhibit IpE production or activity. Agents that inhibit IpE production include, for
example, one or more of TEI-9874, 2-{4-(6-cyclobexyloxy-2-naphtyloxy)phenylacetamide)benzoic acid, rapamycin,
rapamycin analogs {i.¢. rapalogs), TORC1 tmhibitors, TORC2 inhibitors, and any other compounds that inhibit
mTORCI and mTORC2. Agents that inkibit IgD sctivity inciude, for example, anti-IgF snifbodies such as
Omalizuenab and TNX-801,
[08523] One or more of the subject compounds capable of inhibiting PI3K$ are efficacious in treaiment of
autoimmune and inflamratory disorders (A1ID) for example rhevmatoid arthritis. I any of the compounds causes an
undesired level of IgE production, one may choose to administer it in combination with an agent that inhibits IgF
preduction or IgE activity, Additionally, te administation of PI3KS or PI3KS/y inhibitors of the present invention in
combination with inhibitors of mTOR may aleo exhibit syueryy throngh enhanced inhibition of the PI3K pathway.
Various in vive and in vitre models may be used o establish the effect of such combination treatment on AIID
including but not Emited to (8) in vitro B-coll antibody production assay, (b) in vivo TNF assay, and (c) rodent
coliagen induved arthritis model.

{et) Becell Assay
{08524} Mice are euthanized, and the spleens are removed and dispersed through » nylon mesh to generate a single-
cell suspension. The splenocytes are washed (following removal of erythrocytes by osmotic shock) and incubated with
enti-CD43 and anti-Mac-1 antibody-confugated microbeads (Miltenyi Biotec). The bead-bound cells ave separated
from unbourid cells nsing & magnetic cell sorter. The magnetized column retaing the unwanted cells and the resting B
oelis are coltested in the fow-through. Purified B-cells are stimulated with lipopolysaccharide or an anti-CD40
antibody and mterleukin 4. Stimulated B-cells are treated with vehicie alone or with PI3KS inhibitors of the present
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izvention such as compound 53 with and without mTOR inhibitors such as rapamycin, rapalogs, or mTORC1/C2
inhibitors. The results are expected to show that in the presence of mTOR. inhibitors (e.g., rapamycin} alone, there is
littie to po substantial effect on IpG and IgE response. However, in the presence of PI3KS and mTOR inhibitors, the
Brcells are expected to exhibit a decreased IgG response as compared to the B-cells treated with vehicle slone, and the
B-cells are expected to exhibit e decreased IpF response as compared to the response from B-cells treated with PIIKS
inhibitors alone,

{b) TNP Assay
[00525] Mice are immunized with TNP-Ficoll or TNP-KHL and treated with: vehicie, a PI3KS inhibitor, for example,
compound 53 of the present invention, an mTOR inhibitor, for example rapamycin, or a PI3KS inhibitor in
combination with ap mTOR inhibitor such as rapamycin. Antigen-specific serum IgE is measured by ELISA using
THP-BEA coated plates and isotype specific labeled antibodies. tis ampéctcd that mice treated with an mTOR
inhibitor alone exhibit little or no substantiai effect on antipen specific IgG3 response and no statistically significant
elevation in IgE response as compared to the vehicle control. It it also expected that roice treated with both PI3KS
inhibitor and mTOR inhibitor exhibit & reduction in antigen specific 1gG3 response as compared 1o the mice treated
with veldcle alone. Additionelly, the mice treated with both PISKS inhibitor and mTOR inhibitor exhibit a decrease in
igE response as compared to the mice treated with PI3KS inhibitor slone,

{¢) Rat Collapen Induced Arthritis Model
f00526] Female Lewis rats are anesthetized and given collagen injections prepared and administered as described
previously on day . On day 6, animals are snesthetized and given a second collagen injection. Caliper measurements
of normal {pre-disease) right and left anide joinis are performed on day 9. On days 10-11, arthritis typically ceeurs and
rats are randomized into treatment groups. Randomization is performed afier ankie joint swelling is obvioushy
established and fhers is good evidence of bilateral disease,
[00527] After an animal is selected for enrollment in the study, treatment 15 initiated. Animals are given vehicle,
PI3¥5 inhibitor, or PI3K6 inhibitor in combination with rapamycin. Dosing is administered on days 1-6. Rats are
weighed on days 1-7 following establishment of arthritis and caliper measurements of ankies taken every day. Final
body weights are taken on day 7 and animals are euthanized.
[0G528] It is expected that the combination treatment using PI3KS inhibitor and rapamyein provides greater efficacy
than treatreent with PIIKS wmhibitor alone.
[60528] While preferred embodiments of the present invention have been shown and described hersin, it will be
obvious to those skilled in the art that such embodiments ate provided by way of exampie only, Numerous variations,
changes, and substitutions will now ocour to those skilled in the art without departing from the invention. It should be
understood that various alfernatives to the embodiments of the invention described heremn may be emploved in
practiving the invention. If is intended that the following claims define the scope of the invention and that methods
end structures within the scope of these claims and their equivalents be covered thereby.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

I.

A compound of Formula I:

Formula I

or a pharmaceutically acceptable salt thereof, wherein

B is a moiety of Formula I};

Formmuia IT

wherein W, is aryl, heteroaryl, heterocycloalkyl, or cycloalkyl, and
q is an integer of 0, 1, 2, 3, or 4;

X is absent or (CH(R*)),-, and z is an integer of 1;

Y is -N(R>)-;
\ Nﬁ
N/ \ N\
Wd is: \_—me A

R' is hydrogen, alkyl, or halo;

R2 is alkyl or halo;

% is hydrogen or alkyl; and .

each instance of R’ is independently hydrogen or alkyl.

2.

3.
4,
5
6

The compound of claim 1, wherein g is 0.

The compound of claim 1 or 2, wherein R' is halo.

The compound of claim 1 or 2, whersin R is Ci-Cealkyl..

The compound of claim 4, wherein R' is methyl.

The compound of any one of claims 1 1o 5, wherein R® is Ci-Cralkyl.
114



10

15

7. - The compound of claim 6, wherein R® is methyl.

8. The compound of any one of claims 1 to 7, wherein RS is hydrogen.

2, The compound of any one of claims 1 to 8, wherein X is ~-CHp-, ~-CH(CH,CH;)-,

or -CH(CHj)-.

10. The compound of any one of claims 1 to B, wherein X-Y is ~-CHy-N(CHjy)-,
~-CHy-N(CH,CH3)-, -CH(CH,CHs) NH-, or ~-CH{CHj3) -NH-.

11, The compound of claim 1, wherein the compound is:

or & pharmaceutically acceptable sait thereof.
12.  The compound of claim 1, wherein the compound is:

o OM?
N

e
WH
NP
S, l ﬁ>
! o] l’fl/k
L
Cf;\
L
N7 N\
:N\JEJ )

H , or H

or a pharmaceutically acceptable salt thereof,
13. A pharmaceutical composition comprising a pharmeceutically acceptable
excipient and a compound of any one of claims 1-12.

14.  The composition of claim 13, wherein the composition is a liquid, solid, semi-
solid, gel, or an aerosol form.
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CERTAIN CHEMICAL ENTITIES, COMPOSITIONS AND METHODS
ABSTRACT

5 Chemical entities that modulate PD kinase activity, pharmaceutical compositions

containing the chemical entities, and methods of using these chemical entities for

treating diseases and conditions associated with P13 kinase activity are described

herein.

10 (Figure 1)
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