
WO 2007/114926PCT/US2007/008395 KINASE ANTAGONISTS CROSS-REFERENCES
TO RELATED APPLICATIONS [0001] This application claims the benefit of
-U.S. Provisional Patent Application No. 60/744,269, filed April 4,
2006, and U.S. Provisional Patent Application No. 60/744,270, 5 filed
April 4, 2006, both of which are incorporated herein by reference in.
their entirety for all purposes. STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT      [0002]
The present invention was supported by a grant from the National
Institutes of 10 Health (A144009). The Government has certain rights
to the invention. BACKGROUND OF THE INVENTION [0003] Phosphoinositide
3-Icinases (P13-Ks) catalyze the synthesis of the
phosphatidylinositol (PI) second messengers PI(3)P, PI(3,4)P2, and
PI(3,4,5)P3 (PIP3) (Frain= et al., 1998). In the appropriate cellular
context, these three lipids control diverse 15 physiological
processes including cell growth, survival, differentiation and
chemotaxis (ICatso et al., 2001). The P13-IC family comprises 15
kinases with distinct substrate specificities, expression patterns,
and modes of regulation (Katso et al., 2001). The class I P13-Ks (p11
Oct, p11 0f3, p1108, and p11 0y) are activated by tyrosine ldnases or
G-protein coupled receptors to generate PIP3, which engages
downstream effectors such as the 20 Akt/PDK1 pathway, the Tee family
kinases, and the Rho family GTPases. The class E and HI P13-Ks play a
key role in intracellular trafficking through the synthesis of PI(3)P
and PI(3,4)P2. The PLECKs are protein kinases that control cell
growth (mTORC1) or monitor genomic integrity (ATM, ATR, DNA-PK, and
hSmg-1). [0004] The importance of these enzymes in diverse
pathophysiology has made the P13-K 25 family the focus of intense
interest as a new class of drug targets (Ward et al., 2003). This
interest has been fueled by the recent discovery that p11 Oct is
frequently mutated in primary tumors (Samuels et al., 2004) and
evidence that the lipid phosphatase PTEN, an inhibitor of P13-K
signaling, is a commonly inactivated tumor suppressor (Cantley and
Neel, 1999). Efforts are underway to develop small molecule P13-K
inhibitors for the treatment of 30 inflammation and autoimmune
disease (p1105, p110)', and mTOR), thrombosis (p1 10), viral
infection (the PECKs) and cancer (p11 Oct, mTOR, and others).
Recently, the first selective 1  WO 2007/114926PCT/US2007/008395
inhibitors of these enzymes have been reported (Camps at al., 2005;
Condliffe at al., 2005; Jackson at al., 2005; Knight etal., 2004; Lau
et al., 2005; Sadhu et al., 2003). [0005] Protein tyrosine ldnases,
protein serine/threonine ldnases, and lipid lcinases are distinct
classes of proteins that play critical roles in regulation and
proliferation of cellular 5activity. Small molecules that inhibit
these protein classes have the potential to disrupt
dysfimetional/pathological pathways at two distinct points. For
example, signaling through tyrosine kinase receptors is known to be
disregulated in several types of cancer. This signaling pathway
involves downstream proteins such as PI3 Kinase. Signaling through
the serine/threonine protein kinase mTOR (also known as the mammalian
target of rapamycin) is 10 known to regulate cell growth, cell
proliferation, cell motility, cell survival, protein synthesis, and
transcription. Disruption of the mTOR pathway is implicated as a
contributing factor to various human disease processes, especially
various types of cancer. An inhibitor that blocks activity of protein
tyrosine ldnase and PI3 Kinase, mTOR and PI3Kinase, or mTOR, protein



the M752I and M752V mutations in p1108 on the binding of the
different classes of inhibitors. [0015] Figure 4. Structures of
additional P13-K inhibitors and inactive analogs. [0016] Figure 5.
IC50 values (i.tM) for selected P13-K inhibitors against lipid
Icinases. 5 [0017] Figure 6. Inhibition of protein kinases by P13-K
inhibitors. Values represent % activity remaining in the presence of
101.tM inhibitor. Values are average of triplicate measurements. IC50
values are in parenthesis where appropriate (pM). [0018] Figure 7
sets forth the sequence of a human p1108 kinase. [0019] Figure 8 sets
forth the sequence of a human p11 Oy lcinase. 10 [0020] Figure 9 sets
forth the sequence of a human p11 Oct kinase. [0021] Figure 10 sets
forth the sequence of a human p11 0[3 kinase. DETAILED DESCRIPTION OF
THE INVENTION I.Definitions      [0022] Abbreviations used herein
have their conventional meaning within the chemical and 15biological
arts.  [0023] Where substituent groups are specified by their
conventional chemical formulae, written from left to right, they
equally encompass the chemically identical substituents that would
result from writing the structure from right to left, e.g., -CI120-
is equivalent to -OCH2-. 20 [0024] The term "alkyl," by itself or as
part of another substituent, means, unless otherwise stated, a
straight (i.e. unbranched) or branched chain, or cyclic hydrocarbon
radical, or combination thereof, which may be fully saturated, mono-
or polyunsaturated and can include  di- and multivalent radicals,
having the number of carbon atoms designated (i.e. C1-C10 means one
to ten carbons). Examples of saturated hydrocarbon radicals include,
but are not 25limited to, groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl, isobutyl, sec- butyl, cyclohexyl,
(cyclohexyDmethyl, cyclopropylmethyl, homologs and isomers of, for
example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An
unsaturated alkyl group is one having one or more double bonds or
triple bonds. Examples of unsaturated alkyl groups 4  WO
2007/114926PCT/US2007/008395 include, but are not limited to, vinyl,
2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4- pentadienyl,
3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the
higher homologs and isomers. [0025] The term "alkylene" by itself or
as part of another substituent means a divalent 5 radical derived
from an alkyl, as exemplified, but not limited, by -CH2CH2CH2CH2-,
-CH2CH---CHCH2-, -CH2CECCII2-, -CH2CH2CH(C112CH2C113)CH2-. Typically,
an alkyl (or alkylene) group will have from 1 to 24 carbon atoms,
with those groups having 10 or fewer carbon atoms being preferred in
the present invention. A "lower alkyl" or "lower alkylene" is a
shorter chain alkyl or allcylene group, generally having eight or
fewer carbon atoms. 10 [0026] The term "heteroallcyl," by itself or
in combination with another term, means, unless otherwise stated, a
stable straight or branched chain, or cyclic hydrocarbon radical, or
combinations thereof, consisting of at least one carbon atoms and at
least one heteroatom selected from the group consisting of 0, N, P,
Si and S, and wherein the nitrogen, phosphorus, and sulfur atoms may
optionally be oxidized and the nitrogen heteroatom may 15 optionally
be quaternized. The heteroatom(s) 0, N, P and S and Si may be placed
at any interior position of the heteroalkyl group or at the position
at which alkyl group is attached to the remainder of the molecule.
Examples include, but are not limited to, -C112-CH2-0-CH3,
-CH2-CH2-NH-CH3, -CH2-CH2-N(CH3)-CH3, -CH2-S-CH2-CH3,
-CH2-CH2,-S(0)-CH3, -CH2-CH2-S(0)2-CH3, -CH=CH-O-CH3, -Si(CH3)3,



[0031] Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes
a specific number of 15 members (e.g. "3 to 7 membered"), the term
"member" referrers to a carbon or heteroatom.  [0032] The term "oxo"
as used herein means an oxygen that is double bonded to a carbon
atom. [0033] Each of above terms (e.g., "alkyl," "heteroallcyl,"
"cycloalkyl, and "heterocycloalkyl", "aryl," "heteroaryl" as well as
their divalent radical derivatives) are 20 meant to include both
substituted and unsubstituted forms of the indicated radical.
Preferred substituents for each type of radical are provided below.
[0034] Substituents for alkyl, heteroallcyl, cycloalkyl,
heterocycloalkyl monovalent and divalent derivative radicals
(including those groups often referred to as alkylene, alkenyl,
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
cycloalkenyl, and 25 heterocycloalkenyl) can be one or more of a
variety of groups selected from, but not limited to: -OR', =0,
=NR',-NR'R", -SR', -halogen, -SiRIR"Rm, -0C(0)W, -C(0)12.1,
-CO2R',-C(0)NR'R", -0C(0)NWR", -NR"C(0)121, -NR-C(0)NR"W",
-NR"C(0)0122, -NR-C(NR'R")=NR", -S(0)1t.', -S(0)2R', -S(0)2NR'R",
-NRSO2R', -CN and -NO2 in a number ranging from zero to (2m'+1),
where in is the total number of carbon atoms in such 30 radical. R',
R", R." and R"" each preferably independently refer to hydrogen,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted  WO
2007/114926PCT/US2007/008395 *heterocycloalkyl, substituted or
unsubstituted aryl (e.g., aryl substituted with 1-3 halogens),
substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or
arylaLkyl groups. As used herein, an "allcoxy" group is an alkyl
attached to the remainder of the molecule through a divalent oxygen
radical. When a compound of the invention includes more than one R
group, 5 for example, each of the R groups is independently selected
as are each It, R", R" and IC" groups when more than one of these
groups is present. When R.' and R" are attached to the same nitrogen
atom, they can be combined with the nitrogen atom to form a 4-, 5-,
6-, or 7- membered ring. For example, -NR'R" is meant to include, but
not be limited to, 1- pyrrolidinyl and 4-morpholinyl. From the above
discussion of substituents, one of skill in the 10 art will
understand that the term "alkyl" is meant to include groups including
carbon atoms bound to groups other than hydrogen groups, such as
haloalkyl (e.g., -CF3 and -CH2CF3) and acyl (e.g., -C(0)CH3, -C(0)CF
3, -C(0)CH20C113, and the like). [0035] Similar to the substituents
described for alkyl radicals above, exemplary substituents for aryl
and heteroaryl groups ( as well as their divalent derivatives) are
varied and are 15 selected from, for example: halogen, -OR', -NRR",
-SR', -halogen, -SiR'R."12'4, -0C(0)R', -C(0)12.1, -0O2121,
-C(0)NR.R", -0C(0)NR'R", -NR"C(0)12.1, -NR'-C(0)NR"R", -NrC(0)0W,
-NR-C(NR'R"R")=NR.'", -NR-C(NRR")=-NR", -S(0)12!, -5(0)2R',
-S(0)2NR'R", -NRS02122, -CN and -NO2, -R',-CH(Ph)2,
fluoro(CI-C4)allcoxo, and fluoro(CI-C4)alkyl, in a number ranging
from zero to the total number of open valences on 20 aromatic ring
system; and where R.', R", R" and IC" are preferably independently
selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloallcyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl and substituted
or unsubstituted heteroaryl. When a compound of the invention



[0048] The compounds of the present invention may exist as salts. The
present invention 20 includes such salts. Examples of applicable salt
forms include hydrochlorides, hydrobromides, sulfates,
methanesulfonates, nitrates, maleates, acetates, citrates, &mutates,
tartrates (eg (+)-tartrates, (-)-tartrates or mixtures thereof
including racemic mixtures, succinates, benzoates and salts with
amino acids such as glutamic acid. These salts may be prepared by
methods known to those skilled in art. Also included are base
addition salts such 25 as sodium, potassium, calcium, ammonium,
organic amino, or magnesium salt, or a similar salt. When compounds
of the present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral form of
such compounds with a sufficient amount of the desired acid, either
neat or in a suitable inert solvent Examples of acceptable acid
addition salts include those derived from inorganic acids like
hydrochloric, 30 hydrobromic, nitric, carbonic, monohydrogencarbonic,
phosphoric, monohydrogenphosphoric, dihydrogenphosphoric, sulfuric,
monohydrogensulfuric, hydriodic, or phosphorous acids and the like,
as well as the salts derived organic acids like 10  WO
2007/114926PCT/US2007/008395 acetic, propionic, isobutyric, maleic,
malonic, benzoic, succinic, suberic, fumaric, lactic, mandelic,
phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric,
methanesulfonic, and the like. Also included are salts of amino acids
such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like. Certain specific
compounds of the 5 present invention contain both basic and acidic
functionalities that allow the compounds to be converted into either
base or acid addition salts. [0049] The neutral forms of the
compounds are preferably regenerated by contacting the salt with a
base or acid and isolating the parent compound in the conventional
manner. The parent form of the compound differs from the various salt
fonts in certain physical 10properties, such as solubility in polar
solvents. [0050] Certain compounds of the present invention can exist
in unsolvated forms as well as solvated forms, including hydrated
forms. In general, the solvated forms are equivalent to unsolvated
forms and are encompassed within the scope of the present invention.
Certain compounds of the present invention may exist in multiple
crystalline or amorphous fonts. In 15 general, all physical forms are
equivalent for the uses contemplated by the present invention and are
intended to be within the scope of the present invention. [0051]
Certain compounds of the present invention possess asymmetric carbon
atoms (optical or chiral centers) or double bonds; the enantiomers,
racemates, diastereomers, tautomers, geometric isomers,
stereoisometric forms that may be defined, in terms of absolute 20
stereochemistry, as (R)-or (S)- or, as (D)- or (L)- for amino acids,
and individual isomers are encompassed within the scope of the
present invention. The compounds of the present invention do not
include those which are known in art to be too unstable to synthesize
and/or isolate. The present invention is meant to include compounds
in racemic and optically pure forms. Optically active (R)- and (S)-,
or (D)- and (L)-isbmers may be prepared using chiral 25 synthons or
chiral reagents, or resolved using conventional techniques. When the
compounds described herein contain olefinic bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is intended
that the compounds include both E and Z geometric isomers.    [0052]



parameter such as abatement; remission; diminishing of symptoms or
making the injury, pathology or condition more tolerable to the
patient; slowing in the rate of degeneration or decline; making the
final point of degeneration less debilitating; improving a patient's
physical or mental well-being. The treatment or amelioration of
symptoms can be based on 5 objective or subjective parameters;
including the results of a physical examination, neuropsychiatric
exams, and/or a psychiatric evaluation. For example, the certain
methods presented herein successfully treat cancer by decreasing the
incidence of cancer and or causing remission of cancer. [0062] An
"effective amount" is an amount sufficient to contribute to the
treatment, 10 prevention, or reduction of a symptom or symptoms of a
disease. An "effective amount" may also be referred to as a
"therapeutically effective amount." A "reduction" of a symptom or
symptoms (and grammatical equivalents of this phrase) means
decreasing of the severity or frequency of the symptom(s), or
elimination of the symptom(s). A "prophylactically effective amount"
of a drug is an amount of a drug that, when administered to a
subject, will 15 have the intended prophylactic effect, e.g.,
preventing or delaying the onset (or reoccurrence) a disease, or
reducing the likelihood of the onset (or reoccurrence) of a disease
or its symptoms. The full prophylactic effect does not necessarily
occur by administration of one dose, and may occur only after
administration of a series of doses. Thus, a prophylactically
effective amount may be administered in one or more administrations
An "activity 20 decreasing amount," as used herein, refers to an
amount of antagonist required to decrease the activity of an enzymne
relateive to the absence of the antagonist. A "function disrupting
amount," as used herein, refers to the amount of antagonist required
to disrupt the function of an osteoclast or leukocyte relative to the
absence of the antagonist. [0063] As used herein, the "antagonist" or
"the compound of the present invention" refers 25 to a compound of
Formula (1), or a P13-Kinase affinity pocket binding antagonist (e.g.
a PI3- Kinase affinity pocket binding pyrazolopyrimidine antagonists,
or a P13-Kinase affinity pocket binding pyrrolopyrimidine
antagonist). A "compound of Formula (I)" includes the compounds of
Formulae (I)-(X) as described below. II.Kin ase Antagonists 30[0064]
In one aspect, the present invention provides novel kinase
antagonists. The kinase antagonists may be a PI3-Kinase affinity
pocket binding antagonist (e.g. a P13-Kinase affinity  WO
2007/114926PCT/US2007/008395 pocket binding pyrazolopyrimidine
antagonist, or P13-Kinase affinity pocket binding pyrrolopyrimidine
antagonist) or a compound of Formula (I). The P13-Kinase affinity
pocket binding antagonists of the present invention are compounds
containing a P13-Kinase affinity pocket binding moiety. The
P13-Kinase affinity pocket binding pyrazolopyrimidine 5 antagonists
of the present invention are substituted pyrazolopyrimidine compounds
containing a P13-Kinase affinity pocket binding moiety. Likewise, the
PH-Kinase affinity pocket binding pyrrolopyrimidine antagonists of
the present invention are substituted pyrrolopyrimidine compounds
containing a P13-Kinase affinity pocket binding moiety. [0065] The
P13-Kinase affinity pocket binding moiety is a substituent which,
upon 10 contacting a pl 10a, p1 10j3, p 1 10y, or p1108 kinase, fills
space within the corresponding PI3- Kinase affinity pocket. In some
embodiments, the P13-ICinase affinity pocket binding moiety displaces



R.23, R.24, R25, R.26, R27, R28, R29, Teo, R3I, K32, and R.33 may
independently be hydrogen, unsubstituted allcyl, or =substituted
heteroallcyl. [0074] R1 may be R3-substituted or unsubstituted alkyl,
R3-substituted or unsubstituted 15cycloalIcyl, or R3-substituted or
unsubstituted aryl. R.1 may also be R3-substituted or unsubstituted
alkyl, or R3-substituted or =substituted cycloalkyl. hi some
embodiments, R1 is R3-substituted or =substituted CI-CI alkyl, or
R3-substituted or =substituted C3-C6 cycloalkyl. In other
embodiments, R1 is R3-substituted or unsubstituted CI-C4 alkyl, or
B.3- substituted or =substituted cyclopentyl. R1 may also be methyl
or unsubstituted C3-C6 20branched alkyl (e.g. isopropyl, isobutyl,
etc.). [0075] In certain embodiments, R3 is R19-substituted or
unsubstituted alkyl, R19-substituted or unsubstituted cycloalkyl, or
R19-substituted or unsubstituted aryl. R3 may also be B.'9-
substituted or unsubstituted alkyl, 1219-substituted or unsubstituted
cycloalkyl, or R.19- substituted or unsubstituted aryl. In some
embodiments, R3 is R19-substituted or 25unsubstituted alkyl, or
1219-substituted or unsubstituted cycloalkyl.  [0076] R19 may be
unsubstituted alkyl or unsubstituted cycloalkyl. In come embodiments,
R.19 is unsubstituted CI-C4 alkyl or unsubstituted cyclopentyl.
[0077] In some embodiments, R2 is R4-substituted aryl, or
R4-substituted or unsubstituted      heteroaryl. R2 may be
R4-substituted phenyl, R4-substituted or unsubstituted naphthyl, B.4-
30substituted or unsubstituted pyridinyl, R4-substituted or
unsubstituted pyrimidinyl, 12.4- substituted or unsubstituted
thiophenyl, R4-substituted or unsubstituted furanyl, R4-  WO
2007/114926PCT/US2007/008395 substituted or unsubstituted indolyl,
R4-substituted or unsubstituted benzoxadiazolyl, R4- substituted or
=substituted benzodioxolyl, R4-substituted or unsubstituted
benzodioxanyl, R4-substituted or unsubstituted thianaphthanyl,
R4-substituted or unsubstituted pyrrolopyridinyl, R4-substituted or
unsubstituted indazolyl, R4-substituted or =substituted
5tetrahydronaphthalenyl, R4-substituted or unsubstituted quinolinyl,
R4-substituted or unsubstituted quinoxalinyl, R4-substituted or
=substituted pyridopyrazinyl, WI-substituted or =substituted
quinazolinonyl, R4-substituted or =substituted chromenonyl,
R4-substituted or =substituted benzoisoxazolyl, R4-substituted or
=substituted imidazopyridinyl, R4-substituted or =substituted
benzofinanyl, R4-substituted or unsubstituted dihydro- 10
benzofuranyl, R4-substituted or unsubstitMed dihydro-benzodioxinyl,
12.4-substituted or unsubstituted benzoimidazolonyl, or
R4-substituted or unsubstituted benzothiophenyl. [0078] In certain
embodiments, R2 is R4-substituted phenyl, R4-substituted or
=substituted pyrrolepyridinyl, R4-substituted or unsubStituted
quinolinyl, R4-substituted or unsubstituted indazolyl, R4-substituted
or unsubstituted quinolinyl indolyl, or R4-substituted or 15
unsubstituted naphthyl. R._NR22R23. 4 may be halogen, -CN, -0R2, orR4
may also simply be halogen, or -0R20 . [0079] In certain embodiments,
R2 is has the formula: A)V4 / w2-w3 In Formula (111), WI, W2, W3, and
W4 are independently =CH-, =CR4-, or =N-. Each R.4 is as 20 defined
above in the description of Formulae (I) and (11). Ring A is a
substituted or =substituted heteroaryl or substituted or =substituted
heterocycloalkyl. In some embodiments, ring A is a 6 to 7 membered
heterocycloalkyl or 6 to 7 membered heteroaryl. Thus, in some
embodiments, ring A is partially or fully unsaturated 6- or 7-



oR2 (X).  15 In Formulae (IX) and (X), above, R2 is as defined above,
for example, in the description of Formulae (I), (11), (V1), and
(VII) above. [0085] In some embodiments, each substituted group
described above for the compounds of the present invention is
substituted with at least one substituent group. More specifically,
in some embodiments, each substituted alkyl, substituted heteroa1kyl,
substituted cy-cloalkyl, 20substituted heterocycloalkyl, substituted
aryl, substituted heteroaryl, aryl(Ci-C6)alkyl, and
heteroaryl(CI-C6)alkyl described above is substituted with at least
one substituent group. In other embodiments, at least one or all of
these groups are substituted with at least one size-limited
substituent group. Alternatively, at least one or all of these groups
are substituted with at least one lower substituent group. 19  WO
2007/114926PCT/US2007/008395 [0086] In other embodiments of the
compounds described above, each substituted or unsubstituted alkyl is
a substituted or unsubstituted C1-C20 alkyl, each substituted or
unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20
membered heteroalkyl, each substituted or unsubstituted cycloalkyl is
a substituted or unsubstituted C4-C8 cycloalkyl, each 5 substituted
or unsubstituted heterocycloalkyl is a substituted or unsubstituted 4
to 8 membered heterocycloalkyl. [0087] Alternatively, each
substituted or unsubstituted alkyl is a substituted or unsubstituted
CI-Cs alkyl, each substituted or unsubstituted heteroalkyl is a
substituted or unsubstituted 2 to 8 membered heteroalkyl, each
substituted or unsubstituted cycloalkyl is a 10 substituted or
unsubstituted C5-C7 cycloallcyl, and each substituted or
unsubstituted heterocycloalkyl is a substituted or unsubstituted 5 to
7 membered heterocycle alkyl. [0088] In another embodiment, the
compounds of Formula (I) include any or all of the compounds listed
in Table 1 below. HI. The P13-Kinase Affinity Pocket 15 [0089] The
term "P13-Kinase affinity pocket," as used herein, refers to a cavity
within p1 10a, p11013, p1 10y, and p1108 corresponding to the lightly
shaded region shown in Figures  2A, 2C, and 2D labeled "Affinity
Pocket." Figures 2A, 2C, and 2D illustrate a computer model of the
pllay crystal structure. In p1 10y, the surface of the P13-1Cinase
affinity pocket is bound, at least in part, by the side chain of
K833, D964, 1879, and D841 (pl lOy 20 numbering, see Figure 8). The
surface of the corresponding cavity in p1103 is bound, at least in
part, by the side chain of K779, D911, 1825, and D787 (p1108
numbering, see Figure 7). The corresponding cavity within p1 10a is
bound, at least in part, by the side chains of K802, D933, 1848, and
D810 (p110a numbering, see Figure 9). The corresponding cavity within
p11013 is bound, at least in part, by the side chains of K805, D937,
1851, and D813 (1)1108 25 numbering, see Figure 10). The P13-Kinase
affinity pocket is not accessed by ATP. [0090] The P13-Kinase
affinity pocket of p1108 may be referred to herein as the p1108
affinity pocket. Likewise, the P13-Kinase affinity pocket of pllOy
may be referred to herein as the pllOy affinity pocket The P13-Kinase
affinity pocket includes lysine 779, which, according to computer
models, forms a hydrogen bond with the pyridine nitrogen of PlIC-90
30 and the phenol oxygen of PI 103 (Figure 2D), both of which are
inhibitors of p1108. Based 20  WO 2007/114926PCT/US2007/008395 on
these computer modeling results, a novel antagonist was designed
based on the chemical structure of PIK-39 and IC87114, as detailed
below. [0091] As shown in Figure 2C, PIK-39 does not contain a



X  [0098] In Scheme I above, iodination of the pyrazolo- or
pyrrolo-pyrimidine is 25 accomplished using an appropriate iodination
reagent, such as n-iodo-succinamide. Elaboration of the 1-position
may be accomplished via halogen displacement of a brominated
substituent (e.g. a substituted or unsubstituted alkylbromide).
Palladium-catalyzed cross coupling between organoboronic acid and the
iodo halide (i.e. Suzuki coupling), is then used  WO
2007/114926PCT/US2007/008395 to elaborate the 3-position. Recent
catalyst and method developments have broadened the possible Suzuki
coupling applications enormously, so that the scope of the reaction
partners is not restricted to aryls. Potassium trifiuoroborates and
organoboranes or boronate esters may be used in place of boronic
acids. Some pseudohalides (for example triflates) may also 5 be used
as coupling partners. Further information regarding Suzuki coupling
may be found, for example in Kudo et al., Angew. Chem. Int Ed. 45:
1282-1284 (2006); Kirchhoffet al., J. Am. Chem. Soc., 124:
13662-13663 (2002); Wu et at, J. Org. Chem., 68: 670-673 (2003); and
Molander et at, J. Org. Chem., 67: 8424-8429(2002). VI. Methods
10[0099] In another aspect, the present invention provides methods of
decreasing the catalytic activity of a PI3 Kinase (e.g. a p110a
kinase). The method includes the step of contacting the P13 kinase
with an activity decreasing amount of a compound of the present
invention (i.e. a P13-Kinase affinity pocket binding antagonist or
the compound of Formula (I)). In some embodiments, the antagonist is
capable of decreasing the catalytic activity of a tyrosine 15
lcinase. In some embodiments, the antagonist is a P13-Kinase affinity
pocket binding pyrazolopyrimidine antagonists, or P13-Kinase affinity
pocket binding pyrrolopyrimidine antagonists. [0100] In some
embodiments, the antagonist is specific to p110a relative to the
antagonist action against p1 105, p11 0, and/or pH 0y. In some
embodiments, the IC50 for pl 10a is at 20least 1.5, 2.0, 3.0, 4.0,
5.0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, or 1000 fold
lower than the IC50 against p1108, p11013, and/or pl 107. In other
embodiments, the IC50 of the antagonist against the pl 10a is less
than 100 p.M, 50 pM, 40 MM, 30 pM, 20 gM, 10 p.M, 5 [AM, 1 gM, 0.5
pM, 0.1 pM, 50 nM, 10 n.M, 1 nM. 0.5 nM, 0.1 nM, 50 pM, 10 pM, or 1
pm. 25[0101] In some embodiments, the antagonist is specific to p110a
relative to the antagonist  action against insulin receptor tyrosine
kinase. In some embodiments, the 1050 for p110a is at least 1.5, 2.0,
3.0, 4.0, 5.0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, or
1000 fold lower than the IC50 against insulin receptor tyrosine
kinase. In other embodiments, the 1050 of the antagonist against the
pl 10a is less than 100 pM, 50 p.M, 40 [AM, 30 p.M, 20 p.M, 10 30 pM,
5 pM, 1 p.M, 0.5 pM, 0.1 p.M, 50 nM, 10 nM, 1 TIM. 0.5 nM, 0.1 nM, 50
pM, 10 pM, or 1 pM.  WO 2007/1149261'CT/US2007/008395 [0102] In some
embodiments, the antagonist decreases, or is capable of decreasing,
the catalytic activity of a tyrosine kinase. In some embodiments, the
1050 of the antagonist against the tyrosine kinase is less than 100
p,M, 50 pM, 40 pM, 30 pM, 20 pM, 10 pM, 5 p.M, 1 gM, 0.5 pM, 0.1 pM,
50 nM, 10 nM, 1 nM. 0.5 nM, 0.1 nM, 50 pM, 10 pM, or 1 pM. 5 Some
tyrosine ldnases include, for example, DNA-dependent protein lcinase
DNA-dependent protein lcinase (pubmed protein accession number (PPAN)
AAA79184), Abl tyrosine lcinase (CAA52387), Bcr-Abl, hemopoietic cell
kinase (PPAN CAI19695), Src (PPAN CAA24495), vascular endothelial
growth factor receptor 2 (PPAN ABB82619), vascular endothelial growth



WO 2007/114926PCT/US2007/008395 pharmaceutically acceptable salts of
the P13-Kinase antagonists of the present invention described above.
101091 In therapeutic and/or diagnostic applications, the compounds
of the invention can be formulated for a variety of modes of
administration, including systemic and topical or 5 localized
administration. Techniques and formulations generally may be found in
Remington: The Science and Practice of Pharmacy (20th ed.)
Lippincott, Williams & Wilkins (2000). [0110] The compounds according
to the invention are effective over a wide dosage range. For example,
in the treatment of adult humans, dosages from 0.01 to 1000 mg, from
0.5 to 10 100 mg, from Ito 50 mg per day, and from 5 to 40 mg per day
are examples of dosages that may be used. A most preferable dosage is
10 to 30 mg per day. The exact dosage will depend upon the route of
administration, the form in which the compound is administered, the
subject to be treated, the body weight of the subject to be treated,
and the preference and experience of the attending physician.
15[01111 Pharmaceutically acceptable salts are generally well known
to those of ordinary skill in the art, and may include, by way of
example but not limitation, acetate, benzenesulfonate, besylate,
benzoate, bicarbonate, bitartrate, bromide, calcium edetate,
carnsylate, carbonate, citrate, edetate, edisylate, estolate,
esylate, furnarate, gluceptate, gluconate, glutamate,
glycollylarsanilate, hexylresorcinate, hydrabarnine, hydrobromide, 20
hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate,
lactobionate, malate, maleate, mandelate, mesylate, mucate,
napsylate, nitrate, pamoate (embonate), pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate,
subacetate, succinate, sulfate, tannate, tartrate, or teoclate. Other
pharmaceutically acceptable salts may be found in, for example,
Remington: The Science and Practice of Pharmacy (201h ed.)
Lippincott, Williams 25 & Wilkins (2000). Preferred pharmaceutically
acceptable salts include, for example, acetate, benzoate, bromide,
carbonate, citrate, gluconate, hydrobromide, hydrochloride, maleate,
mesylate, napsylate, pamoate (embonate), phosphate, salicylate,
succinate, sulfate, or tartrate. [0112] Depending on the specific
conditions being treated, such agents may be formulated into liquid
or solid dosage forms and administered systemically or locally. The
agents may 30 be delivered, for example, in a timed- or sustained-
low release form as is known to those skilled in the art. Techniques
for formulation and administration may be found in Remington: The
Science and Practice of Pharmacy (20thed.) Lippincott, Williams &
Wilkins (2000). 26  WO 2007/114926PCTIUS2007/008395 Suitable routes
may include oral, buccal, by inhalation spray, sublingual, rectal,
transdermal, vaginal, transmucosal, nasal or intestinal
administration; parenteral delivery, including intramuscular,
subcutaneous, intramedullary injections, as well as intrathecal,
direct intraventricular, intravenous, intra-articullar, infra
-sternal, intra-synovial, intra-hepatic, 5intralesional,
intracranial, intraperitoneal, intranasal, or intraocular injections
or other modes of delivery. [0113] For injection, the agents of the
invention may be formulated and diluted in aqueous solutions, such as
in physiologically compatible buffers such as Hank's solution,
Ringer's solution, or physiological saline buffer. For such
transmucosal administration, penetrants 10 appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are



[0122] Other examples of agents the inhibitors of this invention may
also be combined with include, without limitation, anti-inflammatory
agents such as corticosteroids, TNF blockers, IL-1 RA, azathioprine,
cyclophosphamide, and sulfasalazine; immunomodulatory and
inununosuppressive agents such as cyclosporin, tacrolimus, rapamycin,
mycophenolate 5 mofetil, interferons, corticosteroids,
cyclophophamide, azathioprine, and sulfasalazine; neurotrophic
factors such as acetylcholinesterase inhibitors, MAO inhibitors,
interferons, anti-convulsants, ion channel blockers, riluzole, and
anti-Parldnsonian agents; agents for treating cardiovascular disease
such as beta-blockers, ACE inhibitors, diuretics, nitrates, calcium
channel blockers, and statins; agents for treating liver disease such
as corticosteroids, 10 cholestyramine, interferons, and anti-viral
agents; agents for treating blood disorders such as corticosteroids,
anti-leukemic agents, and growth factors; agents for treating
diabetes such as insulin, insulin analogues, alpha glucosidase
inhibitors, biguanides, and insulin sensitizers; and agents for
treating immunodeficiency disorders such as gamma globulin.    [0123]
These additional agents may be administered separately, as part of a
multiple dosage 15 regimen, from the composition. Alternatively,
these agents may be part of a single dosage form, mixed together with
the inhibitor in a single composition. [0124] The present invention
is not to be limited in scope by the exemplified embodiments, which
are intended as illustrations of single aspects of the invention.
Indeed, various modifications of the invention in addition to those
described herein will become apparent to 20 those having skill in the
art from the foregoing description. Such modifications are intended
to fall within the scope of the invention. Moreover, any one or more
features of any embodiment of the invention may be combined with any
one or more other features of any other embodiment of the invention,
without departing from the scope of the invention. For example, the
1313-Kinase antagonists of the present invention described above are
equally 25 applicable to the methods of treatment and methods of
inhibiting kinases described herein. References cited throughout this
application are examples of the level of skill in the art and are
hereby incorporated by reference herein in their entirety for all
purposes, whether previously specifically incorporated or not. VIII.
Examples 30 [0125] The following examples are meant to illustrate
certain embodiments of the invention, and not to limit the scope of
the invention.  WO 2007/114926PCT/US2007/008395 [0126] General
Methods. All chemicals, reagents and solvents used were purchased
commercially and used as received. dH20 refers to deioinized water.
Evaporation of solvents was carried out on a rotary evaporator under
reduced pressure. Compounds were purified by High Pressure Liquid
Chromatography (HPLC) eluting with dH20-MeCN- 5trifluroacetic acid,
50:50:0.1, unless otherwise indicated. Analysis of products was
carried out on a Liquid Chromatography Mass Spectrometer (LCMS) using
MeCN-0.1% formic acid (varying ratios) as eluent. A.Selected Reaction
Procedures. 101271 Synthesis of 1H-pyrazolo[3,4-d]pyrimidin-4-amine
(BA18). A solution of 250 mL 10 of formamide and
3-amino-4-pyrazolecarbonitrile (25 g, 0.231 mol) was heated to 180C
overnight under an argon atmosphere. Reaction was cooled and 400 mL
of dH20 were added. The resulting solid was filtered and rinsed with
cold dH20. White solid precipitate was collected and dried in vacuo
overnight to yield BA18 (39g, 100% yield). ESI-MS (M+H) m/z calcd



and CH2Cl2. Organic phases were combined, concentrated in vacua and
purified by RPHPLC (MeCN:H20:0.1% TEA) to yield BA21 (2.5 mg, 14%
yield). ESI-MS (M+H)+ Ink calcd 280.1, found 280.1. [0138] Synthesis
of 3-(3-(benzyloxy)-5-fluoropheny1)-1-isopropyI-1H-pyrazolo[3,4- 30
d]pyrimidin-4-amine.. A solution of
(3-Ben2y1oxy-5-f1uorophenyl)boroni0 acid (29 mg, 5.80 trunol) in Et0H
(3.3 mL) was added to a solution of 3-iodo-1
-isopropy1-1H-pyrazolo[3,4- d]pyrimidin-4-amine (20 mg, 0.07 mmol) in
DYLE (12 mL) Pd(PPh3)4 (16 mg, 0.014 mmol) 32  WO
2007/114926PCT/US2007/008395 and saturated Na2CO3 (1.9 mL) were added
and the reaction was heated to 80C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated
NaC1 and CH2C12. Organic phases were combined, concentrated in vacuo
and purified by RPBPLC (MeCN:1120:0.1% TEA) to yield BA22 (15.6 mg,
60% yield). ESI-MS (M-FH) m/z 5calcd 378.1, found 378.0. [0139]
Synthesis of
3-(4-amino-l-isopropy1-1H-pyrazolo[3,4-d}pyrimidin-3-y0-5-
fluorophenol (BA22). A solution of
-(3-(benzyloxy)-5-fluoropheny1)-1-isopropyl-1Hpyrazolo[3,4-d]pyrimidi
n-4-amine (15 mg, 0.04 mmol) in Me0H (0.9 mL) was flushed with argon.
Pd on activated carbon (10 mL) was carefully added while keeping
reaction under an 10 argon atmosphere. Reaction was flushed with H2
gas and left under H2 atmosphere overnight at room temperature. The
reaction was filtered through celite and rinsed with Me0H to yield
BA22 (15 mg, 100% yield). ESI-MS (M+H)* m/z calcd 288.1, found 288.1.
[0140] Synthesis of
1-isopropy1-3-(3,4-dimethoxypheny1)-1H-pyrazolo[3,4-cOpyrimidin-4-
amine (BA23). A solution of 3,4-Dimethoxyphenylboronic acid (24 mg,
0.13 mrnol) in 15 Et01-1 (3.3 mL) was added to a solution of 3-iodo-1
-isopropy1-11-1-pyrazolo[3,4-d]pyrimidin4-amine (20 mg, 0.07 mmol) in
DME (12 tnL). Pd(PPh3)4 (16 mg, 0.014 mmol) and saturated Na2CO3 (1.9
mL) were added and the reaction was heated to 80C under an argon
atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and C1{2C12 Organic phases were combined, concentrated
in vacua and purified by RP-HPLC 20 (MeCN:H20:0.1% TEA) to yield BA23
(13.1 mg, 60% yield). ESI-MS (M+Hr m/z calcd 314.0, found 314.1.
[0141] Synthesis of
(3-(4-amino-l-isopropy1-111-pyrazolo[3,4-d]pyrimidin-3-
yOphenyOmethanol (BA26). A solution of (3-HydroxymethylphenyOboronic
acid (24 mg, 0.13 ;Imo in Et0H (3.3 mL) was added to a solution of
3-iodo-1-isopropy1-1H- 25 pyrazolo[3,4-d]pyrimidin-4-amine (20 mg,
0.07 mmol) in DME (12 mL). Pd(PPh3)4 (16mg, 0.014 nunol) and
saturated Na2CO3 (1.9 mL) were added and the reaction was heated to
80C under an argon atmosphere overnight. After cooling, the reaction
was extracted with saturated NaC1 and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-BPLC
(MeCN:1120:0.1% TEA) to yield BA26 (8.4 mg, 42% yield). EST-MS 30
(M+H)+ m/z calcd 283.1, found 284.2. [0142] Synthesis of
3-(4-amino-1-isopropy1-1H-pyrazolo[3,4-dlpyrimidin-3-y1)-N-(4,5-
dihydrothiazol-2-yObenzarnide (BA30). A solution of
[3-((4,5-dihydrothiazol-2- 33  WO 2007/114926PCT/US2007/008395
yOcarbamoyftphenyliboronic acid (19 mg, 0.08 mmol) in Et0H (3.3 mL)
was added to a solution of
3-iodo-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07
nunol) in DME (12 mL). Pd(PPh3)4 (16 mg, 0.014 mrnol) and saturated



1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12
mL). Pd(PPh3)4 (30 35  WO 2007/114926PCT/US2007/008395 mg, 0.03 mmol)
and saturated Na2CO3 (1.9 mL) were added and the reaction was heated
to 80C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCI and CH2C12. Organic phases
were combined, concentrated in vacuo and purified by RP-IIPLC
(MeCN:H20:0.1% TEA) to yield 8A40 (0.9 mg, 3% yield). 651-MS 5 (M+H)
m/z calcd 347.1, found 347.0. [01501 Synthesis of
3-(4-Amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-
benzenesulfonamide (BA41). A solution of Benzenesulfonamide-3-boronic
acid pinacol ester (31 mg, 0.11 mmol) in Et0H (3.3 mL) was added to a
solution of 3-iodo-1-isopropy1- 1H-pyrazolo[3,4-d]pyrimidin-4-amine
(30 mg, 0.10 mmol) in DME (12 mL). Pd(PPh3)4 (30 10 mg, 0.03 mmol)
and saturated Na2CO3 (1.9 mL) were added and the reaction was heated
to 80C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaC1 and CH2C12. Organic phases
were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TEA) to yield BA41 (9.2 mg, 28% yield). EST-MS (M+H)
m/z calcd 333.1, found 333.0. 15[0151] Synthesis of
2-(4-amino-l-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzo[b]thiophene-5-carbaldehyde (BA42). A solution of
5-Formylbenzo[b]thiophene-2- boronic acid pinacol ester (31 mg, 0.11
mmol) in Et0H (3.3 nil-) was added to a solution of
3-iodo-l-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
mmol) in DME (12 mL). Pd(PPh3)4 (30 mg, 0.03 nunol) and saturated
Na2CO3 (1.9 mL) were added and the 20 reaction was heated to 80C
under an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaCl and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield 8A42 (15.2 mg, 45% yield). 51-MS (M+H)+
fez calcd 338.1, found 338.0. [0152] Synthesis of
5-(4-amino-1-isopropy1-1H-pyrazolo [3,4-d]pyrimidin-3-y1)-1H-indole-
25 3-carbaldehyde (BA43). A solution of
N-Boc-3-formy1-5-indoleboronic acid pinacol ester (40 mg, 0.11 mmol)
in Et0H (3.3 mL) was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
nunol) in DME (12 inL). Pd(2Ph3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 mL) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with 30 saturated NaC1 and CH2Cl2. Organic phases were
combined, concentrated in vacuo and purified by RP-IiIPLC
(MeCN:H20:0.1% TFA). The TFA from purification hydrolyzed the Boc to
yield BA43. ESI-MS (M+H)+calcd 321.1, found 321.0. 36  WO
2007/114926PCT/US2007/008395 [0153] Synthesis of
3-(benzo[c][1,2,5]oxadiazol-6-y1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA44). A solution of
Benzo[c][1,2,5]oxadiazole-5-boronic acid (18 mg, 0.11 mmol) in Et0H
(3.3 InL) was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
mmol) in DME (12 mL) Pd(PPh3)4 (30 mg, 5 0.03 inmol) and saturated
Na2CO3 (1.9 mL) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaC1 and CH202. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% 1A) to yield BA44. ESI-MS (M+H)+ m/z Gated 296.1,



5 (M+H) m/z calcd 312.1, found 312.0. 101611 Synthesis of
1-(3-(4-aminoThisopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-
yOphenyl)ethanone (BASS). A solution of 3-Acetylphenylboronic acid
(23 mg, 0.14 mmol) in Et0H (3.3 mL) was added to a solution of
3-iodo-1-isopropy1-1H-pyrazolo [3,4- d]pyrimidin-4-amine (40 mg, 0.13
mmol) in DME (12 mL). Pd(PPh3)4 (30 mg, 0.03 mmol) 10 and saturated
Na2CO3 (1 9 mL) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaCI and CH2C12 Organic phases were
combined, concentrated in vacuo and purified by RPHIPLC
(MeCN:H20:0.1% TFA) to yield BA55 (7 mg, 18% yield). ESI-MS (M+H) m/z
calcd 296.1, found 296.1. 15[0162] Synthesis of
4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenol
(13A56). A solution of 4-Hydroxyphenylboronic acid (30 mg, 0.14 mmol)
in Et0H (3.3 mL) was added to a solution of
3-iodo-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 0.13
mmol) in DME (12 mL). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 mL) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After 20 cooling, the reaction was
extracted with saturated NaC1 and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BA56 (12 mg, 32% yield). ESI-MS (M+H)+
m/z calcd 270.1, found 270.1. [0163] Synthesis of P13-K/Tyrosine
Kinase Dual Inhibitors [0164] Synthesis of
1H-pyrazolo[3,4-d]pyrimidin-4-amine (3A18). A solution of 250 ml 25
of formamide and 3-amino-4-pyrazolecarbonitrile (25g, 6.231 mol) was
heated to 180C overnight under an argon atmosphere. Reaction was
cooled and 400 ml of dH20 were added. The resulting solid was
filtered and rinsed with cold dH20. White solid precipitate was
collected and dried in vacuo overnight to yield BA18 (39g, 100%
yield). ESI-MS (M+H)+ m/z calcd 136.1, found 136.1. 30 [0165]
Synthesis of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (13A19). A
solution of 3H-pyrazolo[3,4-d]pyrimidin-4-amine (10g, 0.074 mol) and
n-iodo-succinamide (25 g, 0.111 39  WO 2007/114926PCT/US2007/008395
mol) in DMF (80m1) was heated to 80C overnight under an argon
atmosphere. The resulting solid was filtered and rinsed with cold
Et0H. Product was dried in vacuo overnight to yield BA19 (24g, 100%
yield). ESI-MS (M+H)+calcd 262.0, found 262.0 [0166] Synthesis of
3-iodo-l-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (BAl2). A 5
solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (2 g, 0.0077
mol) and K2CO3 (4.2g, 0.031 mol) in DMF (50 ml) was brought to 80C
under an argon atomosphere. Isopropylbromide (1.0g, 0.0084 mol) was
added with a syringe Reaction was refluxed under argon atmosphere for
2 hours. Solid K2CO3 was removed by filtration. Solvent was partially
removed in vacuo. Sodium citrate (50 ml) was added and reaction was
extracted 10 with Et0Ac. Organic phases concentrated in vacuo and
purified using silica gel column chromatography Ne0H-CH2C12, 5:95]
yielding BAl2 (1.68 g, 72% yield). ESI-MS (M+H)+ rnk calcd 304.0,
found 304.1. [0167] Synthesis of
4-(4-Amino-l-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-
benzenesulfonamide (BA14). A solution of benzenesulfonamide-4-boronic
acid pinacol ester 15 (23 mg, 0.08 inmol) in Et0H (3.3 ml) was added
to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyritnidin-4-amine (20 mg, 0.07
mmol) in DME (12 ml). Pd(PPh3)4 (16 mg, 0.014 mmol) and saturated



fluorophenol (BA22). A solution of
-(3-(benzyloxy)-5-fluoropheny1)-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidi
n-4-amine (15 mg, 0.04 mmol) in Me0H (0.9 ml) was flushed with 20
argon. Pd on activated carbon (10 ml) was carefully added while
keeping reaction under an argon atmosphere. Reaction was flushed with
H2 gas and left under H2 atmosphere overnight at room temperature.
The reaction was filtered through celite and rinsed with Me0H to
yield BA22 (15 mg, 100% yield). ESI-MS (M+H)+ rniz calcd 288.1, found
288.1. [0176] Synthesis of
1-isopropyl-3-(3,4-dimethoxypheny1)-1H-pyrazolo[3,4-d]pyrimidin-4- 25
amine (BA23). A solution of 3,4-Dimethoxyphenylboronic acid (24 mg,
0.13 tnmol) in Et0H (3.3 ml) was added to a solution of
3-iodo-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin4-amine (20 mg, 0.07
mmol) in DME (12 ml). Pd(PPh3)4 (16 mg, 0.014 rninol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaC1 and 30 CH2Cl2. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:1120:0.1% TFA) to yield BA23 (13.1 mg, 60% yield). 81-MS (M+H)+
ink calcd 314.0, found 314.1.  WO 2007/114926PCT/US2007/008395 [0177]
Synthesis of tert-butyl
2-(4-amino-l-isopropy1-1H-pyra2olo[3,4-d]pyrimidin-3-y1)-
5-(benzyloxy)-1H-indole-l-carboxylate (BA24). A solution of
5-Benzyloxy-1-B0C-indole2-boronic acid (303mg, 0.83 mmol) in Et0H
(3.3 ml) was added to a solution of
3-iodo-lisopropy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine (100 mg, 0.33
mmol) in DME (12 m1). 5 Pd(PPh3)4 (30 mg, 0.03 mina) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaC1 and CH2Cl2. Organic phases were
combined, concentrated in vacuo and purified by silica gel column
chromatography [Et0Ac-hexanes, 5:95] to yield BA24. BSI-MS (M+H)-1-
tn/z calcd 499.2, found 499.2. 10[0178] Synthesis of
2-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-1H-indo1-
5-ol (BA24dd). BA24
(3-(4-fluoro-3-methoxypheny1)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine, 30 mg, 0.10 mmol) was dissolved in a solution of
formic acid (4.5 ml, 10 equivalents) and HC1 (0.45 ml, 1 equivalent).
The reaction was heated and stirred for one hour under an argon
atmosphere. The reaction was then concentrated in vacuo and purified
15 by RP-HPLC (MeCN:H20:0.1% 1.1?A) to yield BA24dd. ESI-MS (M+H)+
m/z calcd 309.1, found 309.1. [0179] Synthesis of
(3-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)phenyl)methanol (13A26). A solution of
(3-Hydroxymethylphenyl)boronic acid (24 mg, 0.13 mmol) in Et0H (3.3
ml) was added to a solution of 3-iodo-1-isopropy1-1H- 20
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DM:E (12 m1).
Pd(PPh3)4 (16mg, 0.014 mmol) and saturated Na2CO3 (1.9 ml) were added
and the reaction was heated to 80C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated
NaC1 and al2C12. Organic phases were combined, concentrated in vacuo
and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA26 (8.4 mg,
42% yield). ESI-MS 25 (M+H)+ m/z calcd 283.1, found 284.2.  [0180]
Synthesis of
3-(4-amino-l-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-N-(4,5-



15 reaction was heated to 80C under an argon atmosphere overnight.
After cooling, the reaction was extracted with saturated NaC1 and
CH2C12. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0,1% TEA) to yield BA42 (15.2 mg, 45%
yield). ESI-MS (M+H)+ rn/z calcd 338.1, found 338.0. [0190] Synthesis
of
5-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-1H-indole-
20 3-carbaldehyde (13A43). A solution of
N-Boc-3-formy1-5-indoleboronic acid pinacol ester (40 mg, 0.11 mmol)
in Et0H (3.3 ml) was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with 25 saturated NaC1 and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TEA). The TEA from purification hydrolyzed the Boc to
yield BA43. ESI-MS (M+H)+ m/z Calcd 321.1, found 321.0. [0191]
Synthesis of
3-(benzo[c][1,2,5]oxadiazol-6-y1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA44). A solution of
Benzo[c][1,2,5]oxadiazole-5-boronic acid (18 30 mg, 0.11 mmol) in
Et0H (3.3 ml) was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
rnmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C 46  WO
2007/114926PCT/US2007/008395 under an argon atmosphere overnight.
After cooling, the reaction was extracted with saturated NaC1 and
CH2C12. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TEA) to yield BA44. PSI-MS (M+H)+
m/z calcd 296.1, found 296.1. 5[0192] Synthesis of
2-(4-(4-amino-l-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)phenypacetonitrile (BA45). A solution of
(4-Cyanomethylphenyl)boronic acid (18 mg, 0.11 nunol) in Et0H (3.3
ml) was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C 10
under an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaC1 and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:1120:0.1% TEA) to yield BA45. PSI-MS (M+H)+ m/z calcd 293.1,
found 293.1. [0193] Synthesis of
2-(3-(4-amino-1-isopropyl4H-pyrazolo[3,4-d]pyrimidin-3- 15
yl)phenyl)acetonitrile (3A46). A solution of
(3-Cyanomethylphenyl)boronic acid (18 mg, 0.11 mmol) in Et0H (3.3 ml)
was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10
mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with 20 saturated NaC1 and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TEA) to yield BA45. ESI-MS (M+H)+ m/z calcd 293.1,
found 293.1. [0194] Synthesis of



WO 2007/114926PCT/US2007/008395 and saturated Na2CO3 (1.9 ml) were
added and the reaction was heated to 80C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated
NaC1 and CH2C12. Organic phases were combined, concentrated in vacuo
and purified by silica gel column chromatography [Me0H-CH2C12, 2:98]
to yield BA60 (42 mg, 22% yield). 5 ESI-MS (M+H)+ rn/z calcd 284,
found 284. [0203] Synthesis of
3-(4-fluoro-3-methoxypheny1)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (8A62). A solution of
4-fluoro-3-methoxyphenylboronic acid (61 mg, 0.36 mmol) in MOH (3.3
ml) was added to a solution of
3-iodo-1-isopropy1-1Hpyrazolo[3,4-d]pyrimidin-4-amine (90 mg, 0.30
mmol) in DME (12 m1). Pd(PPh3)4 (30 mg, 10 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaC1 and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by silica gel column
chromatography [MeOFIT-CH2C12, 2:98] to yield BA62 (40 mg, 44%
yield). ESI-MS (M+H)+calcd 302, found 302. 15[0204] Synthesis of
5-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidfii-3-y1)-2-
fluorophenol (BA62d). A solution of BA62
(3-(4-fluoro-3-methoxypheny1)-1-isopropyl-1Hpyrazolo[3,4-d]pyrimidin-
4-amine, 30 mg, 0.10 mmol) was dissolved in CH2C12 (5 ml) and stirred
under an argon atmosphere. BBr3 (500uL, 0.5 mol) was added slowly
with a syringe, while stirring. The reaction was stirred at room
temperature for 3 hours then 20 concentrated in vacuo and purified
using silica gel column chromatography [Me0HCH2C12, 2:98] to yield
BA62d (23 mg, 44% yield). ESI-MS (M+H)+ ink called 288.1, found
288.1. [0205] Synthesis of
3-(2,5-difluoro-4-methoxypheny1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA63). A solution of
2,5-difluoro-4-methoxyphenylboronic acid (84 25 mg, 0.45 mmol) in
Et0H (3.3 ml) was added to a solution of 3-iodo-1
-isopropyl-1Hpyrazolo[3,4-d]pyrimidin-4-amine (54 mg, 0.18 mmol) in
DME (12 m1). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9
ml) were added and the reaction was heated to 80C under an argon
atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2C12. Organic phases were combined, concentrated
in vacuo and 30 purified by silica gel column chromatography
[Me0H-CH2012, 2:98] to yield BA63 (50 mg, 17% yield). ESI-MS (M+H)+
m/z calcd 320.1, found 320.0.  WO 2007/114926PCT/US2007/008395 [0206]
Synthesis of
4-(4-amino-l-isopropy1-111-pyrazolo[3,4-d]pyrimidin-3-y1)-2,5-
difluorophenol (BA93).
3-(2,5-difluoro-4-methoxypheny1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (8A63) (20 mg, 0.06 mmol) was dissolved in CH2C12
(2m1) and BBr3 (0.630 mL, 0.63 mmol) was added slowly with a syringe,
while stirring. The reaction was 5 stirred at room temperature for
overnight then concentrated in vacuo and purified using by RP-HPLC
(MeCN:H20:0.1% TFA) to yield 3A93 (6.7 mg, 35% yield). ESI-MS (M+H)+
tn/z calcd 306.1, found 306.0. [0207] Synthesis of
1-isopropy1-3-(3,4,5-trimethoxypheny0-1H-pyrazolo[3,4-d]pyrimidin4-am
ine (BA64). A solution of 3,4,5-tiimethoxyphenylboronic acid (123 mg,
0.58 mmol) in 10 Et0H (3.3 ml) was added to a solution of
3-iodo-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin4-amine (70 mg, 0.23



yl)phenypethanone (BA81, BA81d & BA81dd). A solution of tert-butyl
2-methoxy-4- 20
(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-yl)phenylcarbamate (200 mg,
0.76 mmol) in Et0H (3.3 ml) was added to a solution of
1-cyclopenty1-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4- amine (BA80, 100
mg, 0.30 mmol) in DME (12 m1). Pd(PPh3)4 (30 mg, 0.03 mmoI) and
saturated Na2CO3 (1.9 ml) were added and the reaction was heated to
80C under an argon atmosphere overnight. After cooling, the reaction
was extracted with saturated NaCl and 25 CH2C12. Organic phases were
combined, concentrated in vacuo and purified using silica gel column
chromatography [Me0H-CH2C12, 5:95] yielding 3A81. BA81 was dissolved
in 50:50 CH2C12:TFA and stirred for one hour at mom temperature. The
reaction mixture was concentrated in vacuo and purified using by
RP-HPLC (MeCN:H20:0.1% TFA) to yield BA81d. BA81d was dissolved in
CH2C12 (2m1) and BBr3 (4 mL, 4 mol) was added slowly 30 with a
syringe, while stirring. The reaction was stirred at room temperature
for 2 hours then concentrated in vacuo and purified using by RP-HPLC
(MeCN:H20:0.1% TEA) to yield BAS ldd.  WO
2007/114926PCT/US2007/008395 [021'7] Synthesis of
3-(3-bromo-5-methoxypheny1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BASS). A solution of
2-(3-bromo-5-methoxypheny1)-4,4,5,5- tetramethy1-1,3,2-dioxaborolane
(137 mg, 0.43 mmol) in Et0H (3.3 ml) was added to a solution of
3-iodo-1-isopropy1-1H-pyrazo1o[3,4-cl]pyrimidin-4-amine (65 mg, 0.216
mmol) in 5 DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaC1 and CH2Cl2. Organic phases were
combined, concentrated in vacuo and purified by R2-112LC
(MeCN:1120:0.1% TFA) to yield BASS (28mg, 36% yield). ESI-MS (M+H)+
ink calcd 362.1, found 362.0. 10[0218] Synthesis of
3-(4-amino-l-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-5-
bromophenol (BA87).
3-(3-bromo-5-methoxypheny1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA85, 0.1 mmol) was dissolved in CH2C12 (1 ml)
and BBr3 (1 inL, 1 mol) was added slowly with a syringe, while
stirring. The reaction was stirred at room temperature for 35 minutes
then concentrated in vacuo and purified using by RP-HPLC 15
(MeCN:H20:0.1% TEA) to yield BA87 (10.7 mg, 31% yield). ESI-MS (M+H)+
raiz calcd 348.0, found 348.0. [0219] Synthesis of tert-butyl
5-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-
1H-indole-1-carboxylate (BA86). A solution of tert-butyl
5-(4,4,5,5-tetramethy1-1,3,2-
dioxaborolan-2-y1)-1H-indole-1-carboxylate (212 mg, 0 61 mmol) in
Et0H (3.3 ml) was 20 added to a solution of
3-iodo-l-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (75 mg, 0.25
mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80C under
an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaCI and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H20) to
yield BA86 (9.3 25 mg, 9% yield). ESI-MS (M+H)+calcd 362.1, found
362.0. [0220] Synthesis of
3-(1H-indo1-5-y1)-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(BA89). Tert-butyl



20 ESI-MS (M+H)-1- m/z calcd 275.9, found 275.9 [02311 General
synthetic scheme for BA102, BA105-108, BA110, BA118, BAl28-3A135,
BA137, BA139-140, BA143, BA147, BA149-BA152, BA156, BA158,
BA160-BA162. A solution of boronic acid (2.5 equivalents) in Et0H
(1.65 ml) was added to a solution of 3-
iodo-l-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine (BAl2, 1
equivalent) in DME (6 ml). 25 Pd(PPh3)4 (15 mg, 0.15 mmol) and
saturated Na2CO3 (0.95 ml) were added and the reaction was heated to
90C under an argon atmosphere overnight. After cooling, the reaction
was extracted with saturated NaCl and CH2C12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield desired products. Products were analyzed
by LC-MS. 30 [0232] General synthetic scheme for BA112, BA115, BAl21,
BAl22, BAl24, BA136, BA138. BA141, and BA144. A solution of boronic
acid (2.5 equivalents) in Et0H (1.65 ml) was added to a solution of
1-cyclopenty1-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine 57  WO
2007/114926PCT/US2007/008395 (BA80, 1 equivalent) in DME (6 ml).
Pd(PPh3)4 (15 mg, 0.15 mrnol) and saturated Na2CO3 (0.95 ml) were
added and the reaction was heated to 90C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated
NaC1 and CH2C12. Organic phases were combined, concentrated in vacuo
and purified by RP-HPLC  5 (MeCN:H20:0.1% TFA) to yield desired
products. Products were analyzed by LC-MS. [0233] General synthetic
scheme for BA111, BA114, BA116, BA117, BA119, and BAl20. A solution
of boronic acid (2.5 equivalents) in Et0H (1.65 ml) was added to a
solution of 3- iodo-1 -methy1-1H-pyrazolo[3,4-dlpyrimidin-4-amine
(BA109, 1 equivalent) in DME (6 ml). Pd(PPh3)4 (15 mg, 0.15 minol)
and saturated Na2CO3 (0.95 ml) were added and the reaction 10 was
heated to 90C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH2C12. Organic phases
were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:1120:0.1% 11A) to yield desired products. Products were
analyzed by LC-MS. [0234] Synthesis of
6-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-yOquinolin-2- 15
amine (BA146).
3-(2-chloroquitiolin-6-y1)-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (BA130, 50 mg, 0.15 mmol), acetamide (174 mg, 3.0 mmol) and
K2CO3 (104 mg, 0.75 nunol) were combined and heated to 200C under an
argon atmosphere for one hour. Reaction was cooled, then extracted
with 1320 and CH2C12. Organic phases were combined, concentrated in
vacua and purified by RP-HPLC (MeCN:H20:0.1% TEA) to yield BA146 20
(22 mg, 46 % yield). SI-MS (M+H)+calcd 320.2, found 320.4. [0235]
Synthesis of 3-(3-amino-1H-indazol-6-y1)-1-isopropy1-1H-pyrazolo[3,4-
d]pyrimidin-4-arnine (8A154).
4-(4-amino-l-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-
2-fluorobenzonitrile (BA150, 20 mg, 0.07 mmol) was dissolved in
n-BuOli (2 m1). Hydrazine monohydrate (0.400 ml) was added and the
reaction was heated to 110C under an 25 argon atomosphere and left
stirring over night. Reaction mixture was concentrated in vacuo and
purified by RP-HPLC (MeCNO20:0.1% TEA) to yield BA154 (15 mg, 70%
yield). ESI-MS (IvI+H)+ rniz calcd 309.2, found 309.4. [0236]
Synthesis of
4-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-2-
hydroxybenzonitrile (BA1552).
4-(4-amino-1-isopropy1-1H-pyrazolo[3,4-d]pyrimidin-3- 30



30 TEA). ESI-MS (M+H) m/z calcd 257.1, found 257.3.  WO
2007/114926PCT/US2007/008395 [0247] Synthesis of
3-(3-(2,6-dich1orobenzy1oxy)pheny1)-1H-pyrazolo[3,4-d]Pyrimidin-4-
amine (ZK131).
1-tert-buty1-3-(3-(2,6-dichlorobenzyloxy)pheny1)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (19.5 mg, 0.05 mmol) was dissolved in a solution
of formic acid (2 mL) and conc. HC1 (0.2 mL) and heated to reflux for
30 mm. Reaction was concentrated in vacuo 5 and purified by RP-II:PLC
(MeCN:1120:0.1% TEA). ESI-MS (M+H)* mix calcd 386.1, found 386.2.
[0248] Synthesis of
3-(2,3-dimethylpheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK132).
1-tert-butyl-3-(2,3-dimethylpheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-ami
ne (34 mg, 0.14 nunol) was dissolved in a solution of formic acid (2
mL) and conc. HCI (0.2 mL) 10 and heated to reflux for 30 mm.
Reaction was concentrated in vacua and purified by RPHPLC
(MeCN:H20:0.1% TEA). BSI-MS (M+H) nth calcd 240.1, found 240.4.
[0249] Synthesis of 2-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yOphenol
(ZK133). 1-
tert-buty1-2-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenol (5 mg,
0.014 mmol) was dissolved in a solution of formic acid (2 inL) and
conc. HC1 (0.2 mL) and heated to reflux for 15 30 min. Reaction was
concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TEA).
ESI-MS (M+H)* mix calcd 228.1, found 228.3. [0250] Synthesis of
3-o-toly1-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK134). 1-tertbuty1-3
-o-toly1-1H-pyrazolo[3,4-d]pyrimidin-4-amine was dissolved in a
solution of formic acid (2 mL) and conc. HC1 (0.2 mL) and heated to
reflux for 30 min. Reaction was 20 concentrated in vacuo and purified
by RP-FTPLC (MeCN:H20:0.1% TFA). ESI-MS (M+H)+ n1/2 calcd 226.1,
found 226.3. [0251] Synthesis of
3-(3-aminopheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK135). 1-
tert-buty1-3-(3-aminopheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine was
dissolved in a solution of formic acid (2 mL) and conc. HC1 (0.2 mL)
and heated to reflux for 30 min. 25 Reaction was concentrated in
vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA). ESI-MS (M+H)+ Ink
calcd 227.1, found 227.3. [0252] Synthesis of
3-(3-(benzyloxy)pheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK136).
1-tert-buty1-3-(3-(benzyloxy)pheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-am
ine (19 mg, 0.052 mmol) was dissolved in a solution of formic acid (1
mL) and conc. HC1 (0.1 inL) 30 and heated to reflux for 30 mm.
Reaction yielded a mixture of 11(136 and
3-(4-amino-1Hpyrazolo[3,4-d]pyrimidin-3-yl)phenol (11(138) Reaction
was concentrated in vacuo and the  WO 20071114926PCT/US2007/008395
products purified by RP-HPLC (MeCN:H20:0.1% TEA). ZK136: 551-MS
(M+11) zn/z calcd 318.1, found 318.3. ZK138: ESI-MS (M+H)4* m/z calcd
228.1, found 228.3. [0253] Synthesis of
3-(4-aminopheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK137). 1-
tert-buty1-3-(4-aminopheny1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (9
mg, 0.032 mrnol) was 5 dissolved in a solution of formic acid (1
triL) and conc. TIC! (0.2 mL) and heated to reflux. The reaction was
allowed to proceed 30 min., then concentrated in vacuo and the
products purified by RP-HPLC (MeCN:H20:0.1% TFA). ESI-MS (M-FH)+ m/z
calcd 227.1, found 227.3. [0254] Synthesis of
3-(1,2,3,4-tetrahydronaphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-
10 amine (ZK139). 1 -tert-butyl-3-(1,2,3
,4-tetrahydronaphthalen-2-y1)- 1H-pyrazolo [3,4- d}pyrimidin-4-amine



10 and concentrated in vacua. This concentrate was then dissolved in
formamide (10 mL) and heated to 160-180C overnight. The following day
the reaction was cooled, poured into water, and the precipitated
product collected by filtration. ESI-MS (M+H)+ nth. calcd 304.2,
found 304.2. [0265] Synthesis of
1-ethy1-3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 15
(ZK157). 3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (100
mg, 0.42 mmol) was dissolved in DMF (3 inL) and 1C2CO3 (220 mg, 1.6
nunol) and ethyl iodide (37 ttL, 0.46 mmol) were added. The reaction
was heated to 60 C overnight, then cooled to RT and poured into water
(30 mL) The precipitate was collected by filtration. ESI-MS (M4-1-1)
m/z calcd 290.1, found 290.2. 20[0266] Synthesis of
1-cyclopenty1-3-(naphthalen-2-y1)-111-pyrazolo[3,4-d]pyrimidin-4-
amine (ZK158).
3-(naphthalen-2-y1)-11-1-pyrazolo[3,4-d]pyrimidin-4-amine (100 mg,
0.42 mmol) was dissolved in DMF (3 inL) and K2CO3 (220 mg, 1.6 mmol)
and cyclopentyl bromide (49.5 uL, 0.46 mmol) were added. The reaction
was heated to 60 C overnight, then cooled to RT and poured into water
(30 mL). The precipitate was collected by filtration. 25 PSI-MS
(M-FH)+ m/z calcd 330.2, found 330.2. [0267] Synthesis of
1-ally1-3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(71(159). 3-(naphthalen-2-yI)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50
mg, 0.21 nunol) was dissolved in DMF (1.5 inL) and 1C2CO3 (110 mg,
0.8 mmol) and allyl iodide (23 4, 0.25 mmol) were added. The reaction
was heated to 60 C overnight, then cooled to RT and 30 poured into
water (30 mL). The precipitate was collected by filtration. PSI-MS
(M+H)+ m/z calcd 302.1, found 302.2.  WO 2007/114926PCT/US20071008395
[0268] Synthesis of
2-(4-arnino-3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-1 -
yl)acetamide (ZK162).
3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.21
nunol) was dissolved in DMF (1.5 mL) and K2CO3 (110 mg, 0.8 mrnol)
and iodoacetamide (46 mg, 0.25 mmol) were added. The reaction was
heated to 60 C overnight, 5 then cooled to RT and poured into water
(30 mL). The precipitate was collected by filtration. ESI-MS (M+H)+
m/z calcd 319.1, found 319.2. [0269] Synthesis of
1-(cyclopropy1methy1)-3-(naphthalen-2-y1)-1H-pyrazol0[3,4-
d]pyrimidin-4-amine (ZK165).
3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.21
mmol) was dissolved in DMF (1.5 mL) and K2CO3 (110 mg, 0.8 mmol) and
10 cyclopropyl methyl bromide (22 RL, 0.25 mtnol) were added. The
reaction was heated to 60 C overnight, then cooled to RT and poured
into water (30 mL). The precipitate was collected by filtration.
ESI-MS (M-1-H7 m/z calcd 316.2, found 316.2. [0270] Synthesis of
1-isopenty1-3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(ZK161). 3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyriinidin-4-amine (50
mg, 0.21 mmol) 15 was dissolved in DMF (1.5 mL) and K2CO3 (110 mg,
0.8 mind) and isobutyl bromide were added. The reaction was heated to
60 C overnight, then cooled-to RT and poured into water (30 mL). The
precipitate was collected by filtration. ESI-MS (M+H) m/z calcd
332.2, found 332.3. [0271] Synthesis of
3-(naphthalen-2-y1)-14(E)-3-phenylprop-1-eny1)-1H-pyrazolo[3,4- 20
d]pyrimidin-4-amine (Z1C167).
3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.21
mmol) was dissolved in DMF (1.5 mL) and K2CO3 (110 mg, 0.8 rnmol) and



20 collected by filtration. The precipitate was then dissolved in
CH2C12/Me0H and passed through a silica plug. The product was then
lyophilized from benzene to yield a brown solid (6.4 mg, 2.5% over
two steps). 51-MS (M+H)+ m/z calcd 330.1, found 330.0. B.Structural
Studies [0280] Crystal structures of pl 10y have been reported, alone
and in complex with ATP or 25 pan-specific inhibitors such as
LY294002 and wmtmannin (Walker et al., 2000; Walker et al., 1999). To
explore how potent and selective inhibitors bind, the crystal
structures of PI3- K inhibitors from three chemotypes bound to human
pllOy were determined at 2.5 - 2.6 A resolution: the quinazoline
purine PIK-39, the imidazopyridine PIK-90 and the phenylthiazole
P1K-93 (Figure 2). 30[0281] Based on these co-crystal structures and
a conserved arylmorpholine pharmacophore model, structural models
were generated for three additional chemotypes 67  WO
2007/114926PCT/US2007/008395 bound to p1 by: the
pyridinylfuranopyrimidine PI-103, the morpholinochromone P1K-108, and
the morpholinopyranone KU-55933 (Figure 2). Model-building for these
inhibitors was guided by the observation that each compound contains
the key aryhnorpholine pharmacophore found in. LY294002. 5 [0282]
P1K-39 is an isoquinoline purine that inhibits p1108 at mid-nanomolar
concentrations, pl lOy and p1 10j3 at concentrations -100-fo1d
higher, and shows no activity against any other P13-K family member,
including pl 10a, at concentrations up to 100 u1V1 (Figure 5). The
biochemical selectivity of this compound is achieved through an
unusual binding mode revealed in its co-crystal structure with p1 by
(Figure 2C). Only the 10 mercaptopurine moiety of P1K-39 makes
contacts within the interior of the ATP binding pocket, and this ring
system is rotated -110 and twisted -35 out of the plane relative to
the adenine of the ATP. In this orientation, it satisfies hydrogen
bonds to the backbone amides of Val 882 and Glu 880 (thereby
recapitulating the hydrogen bonds made by N1 and N6 of adenine). 15
[0283] In contrast to other P13-K inhibitor structures, PIK-39 does
not access the deeper pocket in the active site interior (Figure 2C,
lightly shaded area labeled as "Affinity Pocket"). Instead, the
aryl-isoquinoline moiety of PIK-39 extends out to the entrance of the
ATP binding pocket (Figure 2B). In this region, the ldnase
accommodates the inhibitor by undergoing a conformational
rearrangement in which Met 804 shifts from an "up" position, 20 in
which it forms the ceiling of the ATP binding pocket, to a "down"
position which it packs against the isoquinoline moiety. The effect
of this movement, which is unique to the P1K-39 structure (Figure
2B), is to create a novel hydrophobic pocket between Met 804 and Tip
812 at the entrance to the ATP binding site. This induced-fit pocket
buries -180 A2 of solvent accessible inhibitor surface area, enabling
PIK-39 to achieve nanomolar affinity despite 25limited contacts
within the active site core. [0284] Co-crystal structures of PIK-90
and PIK-93 compounds bound to pllOy were determined. PIK-90 and
PlK-93 both make a hydrogen bond to the backbone amide nitrogen of
Val 882 (Figure 2D), an interaction conserved among all known P13-K
inhibitors (Walker et al., 2000). In addition to this hydrogen bond,
PIK-93 makes a second hydrogen. bond to 30 the backbone carbonyl of
Val 882 and a third between its sulphonamide moiety and the side
chain of Asp 964. PIK-93 is one of the most polar inhibitors in our
panel (clogP = 1.69) and these extended polar interactions may
compensate for its limited hydrophobic surface area. 68  WO



concentration), buffer (25 raM HEPES, pH 7.4, 10 mM MgC12), and
freshly sonicated 70  WO 2007/114926PCT/US20071008395
phosphatidylinositol (100 ng/m1). Reactions were initiated by the
addition of ATP containing 10 nCi of 7-32P-ATP to a final
concentration 10 or 100 nM, as indicated in Figure 5, and allowed to
proceed for 5 minutes at room temperature. For TLC analysis,
reactions were then terminated by the addition of 105 gl 1N HC1
followed by 160 gl CHC13:Me0H (1:1). The 5 biphasic mixture was
vortexed, briefly centrifuged, and the organic phase transferred to a
new tube using a gel loading pipette tip precoated with CHC13. This
extract was spotted on TLC plates and developed for 3 - 4 hours in a
65:35 solution of n-propano1:1M acetic acid. The TLC plates were then
dried, exposed to a phosphorimager screen (Storm, Amersham), and
quantitated. For each compound, kinase activity was measured at 10 -
12 inhibitor 10 concentrations representing two-fold dilutions from
the highest concentration tested (typically, 200 pM). For compounds
showing significant activity, IC50 determinations were repeated two
to four times, and the reported value is the average of these
independent measurements.      [0293] Results are set forth below in
Table 2. 15D.Abl Assay [0294] Inhibitors (final concentration: 10
;AM) were assayed in triplicate against recombinant full-length Abl
or Abl (T3151) (Upstate) in an assay containing 25 mM HEPES, pH 7.4,
10 mM MgCl2, 200 nM ATP (2.5 nCi of y-32P-ATP), and 0.5 nig/mL BSA.
The optimized Abl peptide substrate EAIYAAPFAKICK was used as
phosphoacceptor (200 pM) . 20 Reactions were terminated by spotting
onto phosphocellulose sheets, which were washed with 0.5% phosphoric
acid (approximately 6 times, 5-10 minutes each) Sheets were dried and
the transferred radioactivity quantitated by phosphorimaging. [0295]
Results are set forth below in Table 3. E.Hck Assay 25[0296] Hck:
Inhibitors (final concentration: 10 RM) were assayed in triplicate
against recombinant full-length lick in an assay containing 25 inM
HEPES, pH 7.4, 10 mlY1MgC12, 200 nIVI ATP (2.5 nCi of y-32P-ATP), and
0.5 mg/mL BSA. The optimized Src family kinase peptide substrate
EIYGEFKKK was used as phosphoacceptor (200 pM) . Reactions were
terminated by spotting onto phosphocellulose sheets, which were
washed with 0.5%  WO 2007/114926PCT/U82007/008395 phosphoric acid
(approximately 6 times, 5-10 minutes each). Sheets were dried and the
transferred radioactivity quantitated by phosphorimaging. [0297]
Results are set forth below in Table 3. F. Inulsin Receptor (IR)
Assay 5[0298] )Inhibitors (final concentration: 10 gM) were assayed
ha triplicate against recombinant insulin receptor lcinase domain
(Upstate) in an assay containing 25 mM HEPES, pH 7.4, 10 InM MgC12,
10 mItil MnC12, 200 )th/1 ATP (2.5 gel of y-32P-ATP), and 0.5 mWmL
BSA. Poly E-Y (Sigma; 2 mg/mL) was used as a substrate. Reactions
were terminated by spotting onto nitrocellulose, which was washed
with 1M NaC1/1% phosphoric 10 acid (approximately 6 times, 5-10
minutes each). Sheets were dried and the transferred radioactivity
quantitated by phosphorimaging. [0299] Results are set forth below in
Table 4. G. Sre Assay [0300] Src, Src (T3381): Inhibitors (final
concentration: 10 pM) were assayed in triplicate 15 against
recombinant full-length Src or Src (T338I) in an assay containing 25
mM HEPES, pH 7.4, 10 rnM MgC12, 200 RM ATP (2.5 pei of y-32P-ATP),
and 0.5 mg/mL BSA. The optimized Src family kinase peptide substrate
ETYGEFKKK was used as phosphoacceptor (200 )1M) . Reactions were
terminated by spotting onto phosphocellulose sheets, which were



MgC12, 0.1% BlVfE, 10 pM ATP (2.5 pei of p-32P-ATP), and 3 pg/inL
BSA. Poly E-Y 5 (Sigma; 2 mg/mL) was used as a substrate. Reactions
were terminated by spotting onto nitrocellulose, which was washed
with 1M NaC1/1% phosphoric acid (approximately 6 times, 5-10 minutes
each). Sheets were dried and the transferred radioactivity
quantitated by phosphorimaging.      [03091 Results are set forth in
Table 3 below. 10M. KIT Assay [0310] Inhibitors (final concentrations
5011M -0.003 pM) were tested against recombinant KIT lcinase domain
(Invitrogen) in an assay containing 25 mM BEPES, pH 7.4, 10 mM MgC12,
1mM DTT, 10mM MnC12, 10 1.tM ATP (2.5 pCi of p-32P-ATP), and 3 p.g/mL
BSA. Poly E-Y (Sigma, 2 mg/mL) was used as a substrate. Reactions
were terminated by spotting 15 onto nitrocellulose, which was washed
with 1M NaC1/1% phosphoric acid (approximately 6 times, 5-10 minutes
each). Sheets were dried and the transferred radioactivity
quantitated by phosphorimaging. [0311] Results are set forth in Table
4 below. N. RET Assay 20 [0312] Inhibitors (final concentrations 50pM
-0.003 p.M) were tested against recombinant RET kinase domain
(Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10 mM MgC12,
2.5rnM DTT,10 pM ATP (2.5 pCi of p-32P-ATP), and 3 pg/mL BSA. The
optimized AN peptide substrate EAIYAAPFAKKK was used as
phosphoacceptor (200 pM) . Reactions were terminated by spotting onto
phosphocellulose sheets, which were washed 25 with 0.5% phosphoric
acid (approximately 6 times, 5-10 minutes each). Sheets were dried
and the transferred radioactivity quantitated by phosphorimaging.
[0313] Results are set forth in Table 4 below.  WO
2007/114926PCT/US2007/008395 0.Platelet derived growth factor
receptor (PDGFR) Assay [0314] Inhibitors (final concentrations 50 oM
-0.003 oM) were tested against recombinant PDG receptor kinase domain
(Invitrogen) in an assay containing 25 mIvl HEPES, pH '7.4, 10 mM
MgC12, 2.5mM DTT,10 oM ATP (2.5 oCi of p-32P-ATP), and 3 og/mL BSA.
The 5 optimized AN peptide substrate EAIYAAPPAKICK. was used as
phosphoacceptor (200 RIVE) . Reactions were terminated by spotting
onto phosphocellulose sheets, which were washed with 0.5% phosphoric
acid (approximately 6 times, 540 minutes each). Sheets were dried and
the transferred radioactivity quantitated by phosphorimaging. [0315]
Results are set forth in Table 4 below. 10P.FMS-related tyrosine
kinase 3 (FLT-3) Assay [0316] Inhibitors (final concentrations 50 pM
-0.003 oM) were tested against recombinant FLT-3 lcinase domain
(Invitrogen) in an assay containing 25 rnM HEPES, pH 7.4, 10 rnM
MgC12, 2.5mM DTT,10 oM ATP (2.5 pei of p.-32P-ATP), and 3 og/mL BSA.
The optimized Abl peptide substrate EAIYAAPFAKKK was used as
phosphoacceptor (200 oM) . 15 Reactions were terminated by spotting
onto phosphocellulose sheets, which were washed with 0.5% phosphoric
acid (approximately 6 times, 5-10 minutes each). Sheets were dried
and the transferred radioactivity quantitated by phosphorirnaging.
Results are set forth in Table 4 below. Q.TEK receptor tyrosine
kinase (TIE2) Assay 20 [0317] Inhibitors (final concentrations 50 oM
-0.003 oM) were tested against recombinant TM2 kinase domain
(Invitrogen) in an assay containing 25 m/v1HEPES, pH 7.4, 10 mM
MgC12, 2mM DTT, 10mM MnC12, 10 oM ATP (2.5 oCi of o-32P-ATP), and 3
og/mL BSA. Poly E-Y (Sigma; 2 mg/mL) was used as a substrate.
Reactions were terminated by spotting onto nitrocellulose, which was
washed with 1M NaC1/1% phosphoric acid (approximately 6 25 times,
5-10 minutes each). Sheets were dried and the transferred
radioactivity quantitated by phosphorimaging. Results are set forth
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BASS ++  +++ +++ +++ 71<320 ++ ++ +++ +++ ++ BA34 
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+++ 



BA78d ++ ++ +++ ++ +++ BAl2 ++ ++ +++ ++ ++ BA22 +++ +++ +++ +++ +++
BA30 ++ ++ +++ +++ +++ BA79d +++ +++ +++ +++ +++ ZK149 + ++ ++ ++ +
BA85 ++ ++ ++ ++ +++ ZK126 ++ + ++ + ++ BA87 +++ +++ +++ +++ +++ 



Z1C143 + + + + + ZK502 ++ ++ +++ ++ +++ 71(150 ++ + + + ++ ZK4B9 +++
+++ +++ +++ +++ Z1C136 ++ + + ++ +++ ZK487 +++ +++ +++ 4-1-4 +++ zKi
31 + + + + + Zk491 +++ +++ +++ +++ ++ ZK151 + + +  +++ 



Zk493 +++ +++ +++ +++ +++ zK142  + + + + BA62d +++ +++ +++ +++ ++
7K139 + + + ++ ++ ZK450 ++ ++ ++ +++ + KS207 ++ + +++ +++ +++ 71<454
++ ++ ++ +++ +++ KS208 ++ ++ ++ +++ +++ 71<469 +++ +++ ++ +++ +++ 



71<102 + +  .+ +++ 71<471 +++ +++ +++ +++ ++ 71(157   +++  +++ 71<461
+++ ++ +++ ++ ++ 71<159 ++ ++ ++ ++ +++ 71<413 ++ +++ +++ ++4 +++
71<166 ++ ++ ++ ++ +++ ZK379 +++ ++ +++ +++ +++ 1<863 + +  + +++ 



2K421 +++ ++ +++ +++ +++ 71<166 ++ ++ ++ ++ +++ ZK403 ++ +++ +++ +++
++ 71(147 + ++ ++ ++ ++ ZK405 ++ ++ +++ ++ +++ 71<155 ++ ++ ++ ++ +++
71<432 +++ ++ +++ +++ +++ 71<162 ++ + ++ ++ +++ ZK434 +++ +++ +++ +++
+4+ 



71<166 ++ + ++ ++ +++ 21(465 +++ + +++ +++ +++ ZK161 ++ + ++ ++ ++
71<377 ++ ++ ++ ++ +++ 71<167   ++  ++ ZK399 ++ ++ +++ ++ +++ 71(168
++  +++ 71<401 ++ + ++ + +++ BA116 + ++ ++ ++ +++ 



3A62 +++ ++ +++ +++ +++ BA17 +++ ++ +++ ++ +++ ZK358 +++ ++ +++ +++
+++ BA134 ++ + ++ + ++ ZK452 ++ ++ ++ +++ +++ 8A105 ++ ++ +++ ++ +++
71<456 +++ ++ ++ +++ +4+ BAl22 ++ ++ +++ ++ +++ 71<463 +++ ++ +++ +++
+++ 



BA111 +++ ++ +++ +++ +++ 71<371 +++ +++ +++ +++ +++ BA.= +++ +++ +++
+++ +++ 71<409 +++ +++ +++ +++ +++ ami2 +++ ++ +++ +++ +++ ZK428 +++
+++ +++ +++ +++ BAi 1 8 +++ ++ +++ +++ +++  WO
2007/114926PCT/US2007/008395 Cpd 110cc 1106 1108 110y DPK Cpd 110a
1100 1108 



110y DPK ZK430 +++ +++ +++ +++ +++ 5A130 +++ ++ +++ +++ +++ ZK387 ++
++ ++ ++ +++ BA132 +++ +++ +++ +++ +++ ZK389 ++ +++ +++ ++ +++ BA139
++ ++ +++ + ++ ZK369 ++ + ++ ++ ++ BA158 +++ +++ +++ +++ +++ ZK3B5 ++
++ +++ 



++ +++ 8A140 + ++ + + ++ ZK391 ++ ++ +++ ++ +++ 5A141 + + + + + BA155
2 +++ +++ +++ +++ +++ 5A146 +++ +++ +++ +++ +++ BA157 2 +++ +++ +++
+++ +++ BA142 +++ ++ ++ +++ +++ 5A59 +++ ++ +++ +++ +++ 5A14.5 ++ ++
++ 



++ ++ BA63  ++  +++ +++ BA147 ++ ++ ++ ++ ++ BA93 +++ ++ +++ +++ +++
BA148 ,++ ++ ++ ++ +++ 8A49 ++ + ++ ++ ++ BA143 ++ ++ ++ ++ +++ BA15
+++ ++ +++ +++ +++ BA144 +++ ++ +++ +++ +++ ZK321 +++ ++ +++ 



+++ +++ 5Al29 ++ + ++ + ++ ZK337 +++ +++ +++ +++ +++ am 31 +++ ++ +++
+++ +++ ZK347 +++ +++ +++ +++ +++ 5A133 +++ +++ +++ +++ +++ ZK325 +++
+++ +++ +++ +++ BAl20 +++ ++ +++ +++ +++ ZK349 +++ +++ +++ +++ +++
5A-108 +++ ++ +++ 



++ +++ ZK423 +++ +++ +++ +++ +++ 6Al21 +++ ++ +++ ++ +++ ZK411 ++ +++
+++ +++ +++ 5A59 +++ ++ +++ +++ +++ ZK407 '++ +++ +++ ++ ++ 8A94 +++
++ +++ +++ +++ 5A98 +++ -F++ +++ +++ +++ BAi 35 +++ +++ +++ +++ +++
S1 ++ + ++ 



+ + 5A136 +++ ++ +++ ++ +++ BA23 +++ +++ +++ +++ +++ 5A157 +++ +++
+++ +++ +++ ZK485 +++ +++ +++ ++ ++ BA138 +++ ++ +++ +++ +++ ZK495
+++ ++ +++ ++ +++ 6A160 ++ ++ +++ +++ +++ ZK496 ++ ++ +++ ++ +++
BA157 3 +++ 4+ +++ 



+++ +++ ZK494 +++ +++ +++ +++ +++ BA154 +++ +++ +++ +++ +++ BA90 +++
+++ +++ +++ +++ BA110 +++ ++ +++ +++ +++ ZK341 ++ ++ +++ +++ ++ BA115
+++ ++ +++ +++ +++ ZK343 +++ ++ +++ ++ +++ BA159 +++ +++ +++ +++ ++
2K361 ++ ++ +++ 



+++ +++ ' BA119 ++ ++ +++ ++ +++ ZK359 +++ +++ +++ +++ +++ BA107 ++
++ +++ ++ +++ ZK362 +++ +++ +++ +++ ++ BAl24 ++ ++ +++ ++ +++ 8A64 +
+ ++ + ++ BA161 + + + + +++ BAGS  + ++ + ++ BA162 ++ ++ ++ 



++ +++ ZK305 +++ +++ +++ +++ +++ BA24dd ++ ++ +++ ++ +++ ZK306 ++ +
++ ++ ++ BA43 +++  +++ +++ +++ BASS ++ ++ +++ ++ +++ 5A91 ++ ++ ++ ++
+++ BA48 ++ ++ +++ ++ +++ BA92 ++ ++ +++ ++ +++ ZK1 33 +  + 



++ ++ BAN ++ ++ ++ +++ +++ BA2Odd ++ ++ ++ ++ +++ BASS + + ++ +++ +++
BA20d ++ ++ +++ +++ +++ BA96 ++ + +++ +++ +++ 8A20 ++  ++ ++ ++ BA97
++ ++ +++ +++ +++ BA99 ++ + ++ + ++ BA44 ++ +++ ++ 



++ ++ BA81dd +++ ++ +++ +++ + BA156 ++ ++ . ++ ++ +++ BA81d +++ ++
+++ +++ +++ 8A95 ++ ++ +++ +++ +++ ZK137 ++ + ++ ++ +++ ZK129 ++ ++
++ ++ +++ ZK135 ++ + + ++ ++ BA54 ++ ++ ++ ++ +++ ZK130 + + + 



+ + ZK152 ++ ++ ++ ++ +++ 21<128 ++ + ++ ++ ++ 8A42 ++ ++ ++ ++ +++
BA26 ++ ++ +++ +++ ++ P1K294 ++ +++ +++ +++ ++ 8U11248 ++ + ++ ++ +
Iressa    + + BAY43- 9006 ++ +  + + PI1<103 +++ +++ 



+++ +++ +++ Dasatinib ++ + ++  ++ PIK90 +++ +++ +++ +++ +++  Table 3
Cpd Abl lick Src Src (1/1) VEGFR EGFR EphB4 KS84 +++ +++ +++ 4-+ +-F+
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+++ +++ +++ + + + -F+ ZK401 +++ +++ +++ + + + + 3A62 +++ +++ 



+++ + + ++ +++ ZK358 +++ +++ +++ ++ +++ +1--F ++i- ZK452 +++ +++ +++
++ +++ +I- +.1- ZK456 +++ +++ +++  ++ ++ ++ 3<463 +++ +++ +++ ++ +++
++ 4-4- 3<371 +++ +++ +++ ++ +++ +++ +++ ZK409 +++ +++ +++ ++ +++ ++
+++ ZK428 



+++ +++ +++ ++ +++ ++ +++ 3(430 +++ +++ +++ ++ +++ ++ +++ ZK387 +++
+++ +++ + ++ ++ ++ ZK389 4-4-4 ++1- +++ ++ +++ ++ +++ ZK369 ++ ++ +++
+ ++ ++ + ZK385 ++ +++ +++ + ++ + ++ ZK391 ++ +++ +++ + ++ ++ 



++ BA155 2 ++ +++ +++ ++ -Et ++ 44- BA157 2 ++ ++ ++ ++ ++ ++ ++
Cpd Abl tick Src Src (171) VEGFR EGFR  BA59 +++ +++ +++ +++ ++ ++
6A63 ++ +++ +++ ++ ++ ++  8A93 ++ +++ +++ ++ ++ ++ _ + 4- 8A49 



++ +++ +++ ++ + ++  BA15 ++ +++ +++ ++ + +++  1K321 +++ +++ +++ ++ ++
+  ZK337 +++ +++ +++   +  11(347 +++ +++ +++ ++ +++ ++ ++ 11<325 +++
+++ +++ ++ +++ ++ +++ 1K349 +++ +++ +++ +++ +++ +++ 



+++ 7K423 +++ +++ +++ ++ +++ +++ +++ ZK411 ++ ++ +++  ++ ++ ++ 11<407
++ +++ +++ + +++ ++ + 9A98 +++ +++ +++ ++ +++ +++ ++ Si- +++ + ++ + +
+ + 3A23 ++ ++ +++ ++ + ++ ++ ZK485 ++ +++ +++ + 



+ ++ ++ 71(495 ++ +++ ++ ++ + ++ ++ 7K496 ++ ++ ++ ++ ++ ++ ++ ZK494
+++ +++ +++ ++ ++ ++ ++ BA90 ++ +++ +++ ++ ++ ++ ++ 71(341 ++ ++ + +
+ + + Z1C343 ++ +++ +++ + ++ ++ ++ ZK361 ++ ++ 



++ + + ++ + ZK359 +++ +++ +++ ++ ++ ++ +++ 11<362 ++ +++ +++  + ++ +
8A64 +++ +++ +++ ++ + ++ +++ BA65 ++ +++ +++ ++ ++ 4+ ++ ZK305 ++ ++
++ ++ + + ++ ZK306 + ++ ++ ++ ++ ++ + BABB 



++ ++ ++ +  + ++ BA48 ++ +++ +++ ++ ++ ++ ++ BA2Odd +++ +++ +++ ++ ++
++ ++ BA20d +++ +++ +++ ++ ++ ++ ++ BA20 +++ +++ +++ +++ ++ +++ +
BA99 ++ +++ +++ ++ +++ ++ ++ BA81dd ++4 444 +4+ ++ +++ +4+ 



+4+ BA81d +++ +++ +++ ++ +++ +++ +++  BA26 ++ ++ +++ ++ + + + BA46 ++
++ ++ + ++ ++ ++ BA45 ++ +++ +++ ++ ++ ++ + BASS ++ ++ ++ ++ ++  ++
BA150 ++ ++ ++ + ++ + ++ BA151 ++ ++ ++ + 



+ ++ ++ 3A21 ++ ++ ++ + + + + 8A52 ++ ++ ++ + + + + BASS ++ ++ ++ + +
+ + BA31 ++ ++ ++ + + ++ + BA152 +++ +++ +++ + ++ ++ ++ BA149 ++ +++
+++ ++ ++ ++ ++ BA32 ++ ++ 



++ + + + ++ BA55 ++ ++ ++ + + ++ ++ 3A35 ++ ++ ++ ++ ++ ++ ++ BA34 ++
++ ++ ++ ++ ++ ++ BA38 ++ ++ ++ ++ + + + BA40 ++ ++ ++ ++ ++ ++ +
Cpd Abl ' lick Src Sic (T71) VEGFR EGFR 



E phB4 13A41 ++ ++ ++ 4+ ++ + +4- E3A14 ++ ++ ++ ++ + + ++ 6Al2 ++ ++
++ ++ ++ ++ ++ BA30 ++ _ ++ ++ ++ ++ +++ ++ KS208 ++ +++ ++ ++ ++ +++
++ BA116 +4- +4+ ++  +++ +4 . ++ BAIT +++ +++ +++ 



+++ +++ +++ +++ 8A134 +4- ++ +4 ++ 4 + ++ BA105 +4- +++ ++ ++ +4- 4-+
++ BAl22 +++ +++ +++ ++ ++ +++ +++ BA111  + ++ ++ ++ ++ ++ BA102 +++
+++ +++ ++ +++ +++ +++ BA112 ++ +++ +++ ++ ++ ++ ++ BA118 ++ 



++ + ++ ++ + ++ 8A130 ++ +++ ++ ++ +++ + ++ BA132 +4- +++ ++ + ++ ++
+1- 13A139 ++ ++ 41- + ++ ++ + BA158 +++ +++ +++ ++ ++ ++ ++ BA140 ++
++ ++ ++ + ++ ++ 8A141 + ++ + + + ++ + 



BA146 ++ +4- ++ + +-F ++ +4- BA142 ++ ++ +++  ++ ++ ++ BA145 + ++ ++
+ + + ++ BA147 ++ ++ ++ + ++ + ++ BA148 + ++ ++ + + ++ + BA143 -H-
+4- 4+ ++ + +-I- ++ 5A144 ++ ++ +++ + ++ 



+ 4-f- BAl29 ++ + +++ + ++ ++ ++ BA131 ++ ++ 11  ++ + +-I- BA133 ++
++ +++ + + ++ ++ BAl20 +++ +++ +++ ++ +++ 44- ++ BA108 +++ +++ +++
+++ +++ +++ +++ BAl21 +++ +++ +++ +++ +++ +++ +++ BA89 +++ +++ +++ 



+++ +++ +++ +++ BA94 +++ +++ +++ +++ +++ +++ +++ BA135 +++ +++ +++ ++
+-F1- +++ + 6A136 +++ +++ +++ +4- +++  ++ BA137 +++ +++ +++ +++ +++
++ ++ BA138 +++ +++ +++ +++ +++ +++ ++ BA160 +++ +++ +++ ++ ++ +++ ++
BA157 3 ++ 



+++ +++ ++ + +4- ++ BA154 +++ +++ +++ +4- ++ ++ ++ BA110 +++ +++ +++
++ +++ ++ ++ BA115 +++ +++ 4-F-I- +++ +++ +++  BA159 +++ +++ +++ +4
+++ ++ ++ BM 19 ++ 4-1--F +4+ ++ ++ ++ ++ BA107 +++ +++ +++ ++ +++
+++ +++ 



BAl24 +++ +++ +++ +++ +++ +++ +++ BA161 ++ + ++ + + ++ + BA162 ++
+-I- +4 + + ++ ++ BA24dd ++ ++ ++ ++ ++ ++ ++ BA43 ++ +++ ++ ++ ++ ++
++ BA91 ++ ++ +++ ++ ++ ++ +-I- BA92 ++ +++ +++ ++ ++ 



++ +1- BABB +++ +++ +++ +++ +++ +++ +++ BASS +++ +++ +++ +++ +++ +++
+++  WO 2007/114926PCT/US2007/008395 Cpd Abl Hck Src Src (TM VEGFR
EGFR EphB4 6A96 +++ +++ +++ ++ ++ +++ +++ BA97 +++ +++ +++ ++ ++ +++
+++ BA44 ++ ++ ++ ++ + ++ + BA156 ++ 



4-4 ++ ++ ++ +++ ++ 8A95 ++ +++ 4-4 + + ++ +4 BA54 ++ ++ +++ ++ ++ ++
++ BA42 + ++ ++ ++ ++ + + + Sin I 248 +++ +++ +++ +++ +++ ++ + BAY43-
9006 +++ ++4 ++4 +++ +++ + ++ Dasatinib    4+ + +4+ 



Iressa ++ +++ +++ ++ ++  ++ P1K103 +  + + + +  P11<90 + + + + + + +
P11<294 ++ + ++ +  + +  Table 4 Cpd cKIT T1e2 FLT3 PDGFR RET IR mTOR
21<358 +++ ++ +++ +++ +++ ++ +++ ZK487 +++ +++ 



+++ +++ +++ + +++ ZK349 +++ +++ +++ +++ +++ ++ +++ ZK494 +++ ++ ++
+++ +++ + +++ BA102 +++ +++ +++ +++ +++ + +++ 5Al21 +++ +++ +++ +++
++ +++ KS84 +++ + +++ +++ +++ ++ ++ SU11248 +++ ++ +++ +++ +++ ++
BAY43-9006 



+++ +++  +++ +++ ++ + Dasatinib +++ ++ +++ +++ ++ + + Iressa + ++ +++
+++ ++ + + In Tables 2-4 above, a +++ indicates an IC50 of less than
1 inVI a 4-1- Indicates an 1050 of from 1 iiM to 50 itM; and a -I-
indicates and IC50 of more than 50 p.M.  WO
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quantification of polyphosphoinositides produced in response to
platelet-derived growth factor stimulation. Methods Enzymol 198,
78-87.  What is claimed is: 1. A compound having the formula: R36 (I)
wherein X is =N-; R1 is hydrogen, R3Lsubstituted or unsubstituted
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, or
R3-substituted heteroaryl; R2 is R4-substituted heteroaryl; R3 is
halogen, CN, -0R5, -S(0),R6' -NR7R8,   C(0)R9, -NR1-C(0)R11,
-NR12-C(0) OR13, -C(0)NR14R15, -NR' 6S(0)2R'7, Ws-substituted or
unsubstituted alkyl, Ws-substituted or unsubstituted heteroalkyl,
R19-substituted or unsubstituted cycloalkyl, Ws-substituted or
unsubstituted heterocycloalkyl, Ws-substituted or unsubstituted aryl,
or Ws-substituted or unsubstituted heteroaryl, wherein n is an
integer from 0 to 2; R36 is -NR37R38: R4 is halogen,OR", or -NR22R23;
R5, p6 p7p9pll p12 p13 p14 p15 n16 st la 77a 3a 7 a 5a 3a /a 5a 3 tc.
5 and R17 are independently hydrogen, R35-substituted or
unsubstituted alkyl, R35-substituted or unsubstituted heteroalkyl,
misubstituted cycloalkyl, R35 -substituted or unsubstituted
heterocycloalkyl, R35-substituted or unsubstituted aryl, or
R35-substituted or unsubstituted heteroaryl;  R20, R22 and 23 R are
hydrogen; R19 and R35 are independently hydrogen, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, or
unsubstituted heteroaryl; and R37 and R38 are hydrogen. 2. The
compound of claim 1, wherein R2 is  wherein W', W2. W3, and W4 are
independently =CH-, =N-; and ring A is a partially or fully
unsaturated 6- or 7-membered ring.   3. The compound of claim 1,
wherein R5, R6, R2, Rs, R9, RD), R11, R12, R13, R14, R15, R16, and
le-7 are independently hydrogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocyclo
alkyl, unsubstituted aryl, or unsubstituted heteroaryl.   4. The
compound of claim 1, wherein R.' is R3-substituted or unsubstituted
alkyl, or unsubstituted heterocycloalkyl.   5. The compound of claim
1, wherein R1 is R3-substituted or unsubstituted alkyl.   6. The
compound of claim 1, wherein RI is R3-substituted or unsubstituted
C1-C4 alkyl.   7. The compound of claim 1, wherein le is methyl or
unsubstituted C3-C6 branched alkyl.    8. The compound of claim 1,
wherein R.' is isopropyl.   9. The compound of claim 1, wherein R3 is
RI- 9-sub stituted or unsubstituted alkyl, R'9-substituted or
tmsubstituted cycloalkyl, or Ws-substituted or unsubstituted aryl.
10. The compound of claim 1, wherein R3 is R19-substituted or
unsubstituted alkyl, or R'9-substituted or unsubstituted cycloalkyl.
11. The compound of claim 1, wherein R'9 is unsubstituted alkyl or
unsubstituted cycloalkyl.   12. The compound of claim 1, wherein
122-9 is unsubstituted C1-Q4 alkyl or unsubstituted cyclopentyl.
13. The compound of claim 1, wherein le is R4-substituted pyridinyl,
R4- sub stituted pyrimidinyl, R4-substituted thiophenyl,
R4-substituted furanyl, R4-substituted indolyl, R4-substituted
benzoxadiazolyl, R4-substituted benzodioxolyl, R4-substituted
benzodioxanyl, R4-substituted thianaphthanyl, R4-substituted
pyrrolopyridinyl, R4-substituted indazolyl, R4-substituted
quinolinyl, R4-substituted quinoxalinyl, R4- substituted
pyridopyrazinyl, R4- substituted quinazolinonyl, R4-substituted
benzoisoxazolyl, le-substituted imidazopyridinyl, R4- substituted
benzofuranyl, or R4-substituted benzothiophenyl.   14. The compound
of claim 1, wherein R? is R4-substituted indolyl.   15. A




