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BICYCLIC COMPOSITIONS AND METHODS 
FORMODULATING A KINASE CASCADE 

BACKGROUND OF THE INVENTION 

0001 Signal transduction is any process by which a cell 
converts one kind of signal or stimulus into another. Processes 
referred to as signal transduction often involve a sequence of 
biochemical reactions inside the cell, which are carried out by 
enzymes and linked through second messengers. In many 
transduction processes, an increasing number of enzymes and 
other molecules become engaged in the events that proceed 
from the initial stimulus. In Such cases the chain of steps is 
referred to as a “signaling cascade' or a 'second messenger 
pathway' and often results in a small stimulus eliciting a large 
response. One class of molecules involved in signal transduc 
tion is the kinase family of enzymes. The largest group of 
kinases are protein kinases, which act on and modify the 
activity of specific proteins. These are used extensively to 
transmit signals and control complex processes in cells. 
0002 Protein kinases are a large class of enzymes which 
catalyze the transfer of the Y-phosphate from ATP to the 
hydroxyl group on the side chain of Ser/Thr or Tyr in proteins 
and peptides and are intimately involved in the control of 
various important cell functions, perhaps most notably: signal 
transduction, differentiation, and proliferation. There are esti 
mated to be about 2,000 distinct protein kinases in the human 
body, and although each of these phosphorylate particular 
protein/peptide Substrates, they all bind the same second Sub 
strate, ATP, in a highly conserved pocket. Protein phos 
phatases catalyze the transfer of phosphate in the opposite 
direction. 
0003. A tyrosine kinase is an enzyme that can transfer a 
phosphate group from ATP to a tyrosine residue in a protein. 
Phosphorylation of proteins by kinases is an important 
mechanism in signal transduction for regulation of enzyme 
activity. The tyrosine kinases are divided into two groups; 
those that are cytoplasmic proteins and the transmembrane 
receptor-linked kinases. In humans, there are 32 cytoplasmic 
protein tyrosine kinases and 58 receptor-linked protein-ty 
rosine kinases. The hormones and growth factors that act on 
cell Surface tyrosine kinase-linked receptors are generally 
growth-promoting and function to stimulate cell division 
(e.g., insulin, insulin-like growth factor 1, epidermal growth 
factor). 
0004 Inhibitors of various known protein kinases or pro 
tein phosphatases have a variety of therapeutic applications. 
One promising potential therapeutic use for protein kinase or 
protein phosphatase inhibitors is as anti-cancer agents. About 
50% of the known oncogene products are protein tyrosine 
kinases (PTKs) and their kinase activity has been shown to 
lead to cell transformation. 
0005. The PTKs can be classified into two categories, the 
membrane receptor PTKs (e.g. growth factor receptor PTKs) 
and the non-receptor PTKs (e.g. the Src family of proto 
oncogene products). There are at least 9 members of the Src 
family of non-receptor PTK's with pp60° (hereafter 
referred to simply as “Src') being the prototype PTK of the 
family wherein the approximately 300 amino acid catalytic 
domains are highly conserved. The hyperactivation of Src has 
been reported in a number of human cancers, including those 
of the colon, breast, lung, bladder, and skin, as well as in 
gastric cancer, hairy cell leukemia, and neuroblastoma. Over 
stimulated cell proliferation signals from transmembrane 
receptors (e.g. EGFR and p185HER2/Neu) to the cell interior 
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also appear to pass through Src. Consequently, it has recently 
been proposed that Src is a universal target for cancertherapy, 
because hyperactivation (without mutation) is involved in 
tumor initiation, progression, and metastasis for many impor 
tant human tumor types. 
0006 Because kinases are involved in the regulation of a 
wide variety of normal cellular signal transduction pathways 
(e.g., cell growth, differentiation, Survival, adhesion, migra 
tion, etc.), kinases are thought to play a role in a variety of 
diseases and disorders. Thus, modulation of kinase signaling 
cascades may be an important way to treat or prevent Such 
diseases and disorders. 

0007 An important contribution to the protein kinase field 
has been the X-ray structural work with the serine kinase 
cAMP-dependent protein kinase (“PKA) bound to the 
20-residue peptide derived from the heat stable inhibitor pro 
tein, PKI(5-24), and MgATP (Taylor et al., 1993). This struc 
tural work is particularly valuable because PKA is considered 
to be a prototype for the entire family of protein kinases since 
they have evolved from a single ancestral protein kinase. 
Sequence alignments of PKA with other serine and tyrosine 
kinases have identified a conserved catalytic core of about 
260 residues and 11 highly conserved residues within this 
core (Taylor et al., 1993). Two highly conserved residues of 
particular note for the work proposed herein are the general 
base Asp-166 which is proposed to interact with the substrate 
OH and the positively charged residue, Lys-168 for serine 
kinases and an Arg for tyrosine kinases (Knighton et al., 
1993), which is proposed to interact with the Y-phosphate of 
ATP to help catalyze transfer of this phosphate. Two addi 
tional important PKA crystal structures have been reported 
(Madhusudan et al., 1994), one for the ternary PKA: ADP: 
PKI(5-24) complex wherein the PKIAla 21 has been replaced 
with Ser (thereby becoming a substrate), and one for the 
binary PKAPKI(5-24) complex wherein the PKI Ala 21 has 
been replaced with phosphoserine (an end product inhibitor). 
The ternary complex shows the serine OH donating a H-bond 
to Asp-166 and accepting a H-bond from the side chain of Lys 
168. The binary complex shows the phosphate group of phos 
phoserine forming a salt bridge with the Lys-168 side chain 
and within H-bonding distance of the Asp-166 carboxyl 
group. These structures Support the earlier proposed roles for 
Asp-166 and Lys-168 in the catalytic mechanism. 
0008. The X-ray structures of PKA show that the enzyme 
consists of two lobes wherein the smaller lobe binds ATP and 
the larger lobe the peptide substrate. Catalysis occurs at the 
cleft between the lobes. The crystallographic and solution 
structural studies with PKA have indicated that the enzyme 
undergoes major conformational changes from an “open’ 
form to the “closed catalytically active form as it binds the 
substrates (Cox et al., 1994). These conformational changes 
are presumed to involve the closing of the cleft between the 
two lobes as the substrates bind bringing the Y-phosphate of 
ATP and the Ser OH in closer proximity for direct transfer of 
the phosphate. 
0009. However, many inhibitors of protein kinases and 
protein phosphatases still lack the specificity and potency 
desired for therapeutic use. Due to the key roles played by 
protein kinases and protein phosphatases in a number of 
different diseases, including cancer, psoriasis, arthrosclero 
sis, Type II diabetes, obesity, and their role in regulating 
immune system activity, modulators of protein kinase cas 
cades are needed. 
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SUMMARY OF THE INVENTION 

0010. One aspect of the invention provides a compound 
having the Formula I: 

(Formula I) 

wherein X is a halogen, and R. R. R. R. Rs, and R are the 
same or different, and selected from H. C(O)RC(O)NRR, 
C(O)OR, C(O)SR, OH, OR, OC(O)R OC(O)OR, NH, 
NRR, NRC(O)RNRC(O)NRR, NRC(O)ORNRC 
(O)SR, NRS(O)RNRS(O)2Rb, NRS(O)OR, NRS(O) 
OR, NRP(O)OROR, NRP(O)ORR, NRP(O)OR 
OR, SR S(O)R S(O).R. S(O)OR S(O) OR S(O) 
NRR, S(O)NRR, P(O)OROR, B(OH), halogen, aryl, 
heteroaryl, biaryl, heterobiaryl, heterocyclic compound, and 
alkyl (branched, cyclic, or unbranched), having from 1 to 20 
carbon atoms, optionally containing a double or triple bond 
and optionally substituted with a heteroatom or other func 
tional groups, such as a carboxylic acid, carboxylic ester, 
alcohol, alkoxy, thioether, amide, thioamide, urea, urethane, 
Sulfoxide, Sulfone.phosphonic acid, phosphonic ester, phos 
phinic acid, phosphinic ester, boronic acid, aryl, heteroaryl, 
biaryl, and heterobiaryl, or Rs and R together form a hetero 
cyclic compound. R. R. and Rare the same or different and 
selected from the group consisting of H, aryl, heteroaryl, 
biaryl, heterobiaryl, and alkyl (branched, cyclic, or 
unbranched), optionally substituted with a heteroatom or 
other functional groups such as a carboxylic acid, carboxylic 
ester, alcohol, alkoxy, thioether, amide, thioamide, urea, ure 
thane, Sulfoxide, Sulfone, phosphonic acid, phosphonic ester, 
phosphinic acid, phosphinic ester, boronic acid, aryl, het 
eroaryl, biaryl, and heterobiaryl. It is understood that all open 
Substitution positions in the above side chains can contain 
further substitutions. 

0011. In one embodiment, at least one of Rs or R is 

R9 R10 

Rs R11, 

R* R12 

wherein R* is the point of attachment and is (CH), wherein 
X is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10, 
CHCHOH, CH(CH)(R-isomer), or CH(CH)(S-isomer), 
and each of Rs. R. R. R. and Rare the same or different 
and selected from H, C(O)R C(O)NRR, C(O)OR, C(O) 
SR, OH, OR OC(O)R OC(O)OR, NH, NRR, NRC 
(O)RNRC(O)NRR, NRC(O)OR, NRC(O)SR, NR 
S(O)R. NRS(O)2Rb, NRS(O)OR, NRS(O),OR, NRP 
(O)OROR, NRP(O)ORR, NRP(O)ORORSR, S(O) 
R. S(O)2R, S(O)OR S(O),OR S(O)NRR, S(O) 
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NRR, P(O)OROR, B(OH), halogen, aryl, heteroaryl, 
biaryl, heterobiaryl, heterocyclic compound, and alkyl 
(branched, cyclic, or unbranched), having from 1 to 20 carbon 
atoms, optionally containing a double or triple bond and 
optionally substituted with a heteroatom or other functional 
groups, such as a carboxylic acid, carboxylic ester, alcohol, 
ether, thioether, amide, thioamide, urea, urethane, Sulfoxide, 
Sulfone, phosphonic acid, phosphonic ester, phosphinic acid, 
phosphinic ester, boronic acid, aryl, heteroaryl, biaryl, and 
heterobiary1. R. R. and R can be the same or different and 
are selected from the group consisting of H, aryl, heteroaryl, 
biaryl, heterobiaryl, and alkyl (branched, cyclic, or 
unbranched), optionally substituted with a heteroatom or 
other functional groups such as a carboxylic acid, carboxylic 
ester, alcohol, ether, thioether, amide, thioamide, urea, ure 
thane, Sulfoxide, Sulfone, phosphonic acid, phosphonic ester, 
phosphinic acid, phosphinic ester, boronic acid, aryl, het 
eroaryl, biaryl, and heterobiaryl. It is understood that any of 
Rs. Ro Ro, R., and R2 are substituted or unsubstituted. 
0012. In another embodiment, at least one of Rs or R is 

OH Y H 
O s 

wherein the asterisk indicates the point of attachment to the 
nitrogen. 
0013 Another aspect of the invention is a compound hav 
ing the Formula II: 

(Formula II) 

wherein X is a halogen, e.g., fluorine, and R. R. R. and R. 
are specificity side chain elements and defined as described 
above. In one embodiment, R is H. R. is 

OH or F. 

R is H. and R is H. In another embodiment, the compound is 
Substituted at any other position on the indole ring. 
0014) Another aspect of the invention is a method for 
identifying inhibitors of protein kinases. The method involves 
providing at least one first module having one or more func 
tional groups each capable of covalently or non-covalently 
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binding to catalytic residues of the protein kinase, wherein at 
least one of the one or more functional groups is a halogen, 
combining at least one first module with at least one second 
module which provides a non-peptide scaffold to form one or 
more combinations of the first and second modules, screening 
the one or more combinations of the first and second modules 
for protein kinase inhibition, and selecting combinations of 
the first and second modules which inhibit protein kinase 
activity. As used herein, a module is a single molecular entity 
or a collection of functional groups. As used herein, a non 
peptide scaffold is a molecule which may include peptide 
bonds, so long as a part of the molecule is not a peptide. 
0015. Another aspect of the invention is a method of inhib 
iting a protein kinase. The protein kinase is contacted by a 
compound comprising at least one first module having one or 
more functional groups each capable of covalently or non 
covalently binding to catalytic residues of the protein kinase, 
wherein the one or more functional groups comprise a halo 
gen, and a second module which provides a non-peptide 
scaffold. The combination of at least one first module and 
second module inhibits the protein kinase activity. 
0016. Another aspect of the invention is a method of treat 
ing a condition, responsive to a protein kinase inhibitor, in a 
Subject. Another aspect of the invention is use of a compound 
of the invention in the manufacture of a medicament for 
treating a condition, responsive to a protein kinase inhibitor, 
in a Subject. A protein kinase inhibitor is administered to a 
subject. The protein kinase inhibitor has at least one first 
module having one or more functional groups each capable of 
covalently or non-covalently binding to catalytic residues of 
the protein kinase, wherein the one or more functional groups 
comprise a halogen, and a second module which provides a 
non-peptide scaffold. The combination of at least one first 
module and second module inhibits protein kinase activity in 
the subject. 
0017. Another aspect of the invention is a method for 
identifying inhibitors of protein phosphatases. The method 
involves providing at least one first module having one or 
more functional groups each capable of covalently or non 
covalently binding to catalytic residues of the protein phos 
phatase, combining at least one first module with at least one 
second module which provides a non-peptide scaffold to form 
one or more combinations of the first and second modules, 
screening the one or more combinations of the first and sec 
ond modules for phosphatase inhibition, and selecting com 
binations of the first and second modules which inhibit pro 
tein phosphatase activity. 
0018. Another aspect of the present invention is a method 
of inhibiting a protein phosphatase. Another aspect of the 
invention is use of a compound of the invention in the manu 
facture of a medicament for inhibiting a protein phosphatase. 
The protein phosphatase is contacted by a compound com 
prising at least one first module having one or more functional 
groups each capable of covalently or non-covalently binding 
to catalytic residues of the protein phosphatase, and a second 
module which provides a non-peptide scaffold. The combi 
nation of at least one first module and second module inhibits 
the protein phosphatase activity. 
0019. Another aspect of the invention is a method of treat 
ing a condition, responsive to a protein phosphatase inhibitor, 
in a subject. Another aspect of the invention is use of a 
compound of the invention in the manufacture of a medica 
ment for treating a condition, responsive to a protein phos 
phatase inhibitor, in a Subject. A protein phosphatase inhibitor 
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is administered to a subject. The protein phosphatase inhibi 
tor has at least one first module having one or more functional 
groups each capable of covalently or non-covalently binding 
to catalytic residues of the protein phosphatase, and a second 
module which provides a non-peptide scaffold. The combi 
nation of at least one first module and second module inhibits 
protein phosphatase activity in the Subject. 
0020. Another aspect of the invention is a compound 
according to Formula V: 

(Formula V) 
R4 Rs R 

R3 N-R, 

R5 N O 

R 

or a salt, solvate, hydrate, or prodrug thereof. R. R. R. R. 
and R are the same or different and are independently H, 
C(O)RC(O)NRRC(O)ORC(O)SR, OH, OR, OC(O) 
R OC(O)OR, NH, NRR, NRC(O)R, NRC(O)NR 
R. NRC(O)OR, NRC(O)SR, NRS(O)R. NRS(O) 
RNRS(O)OR, NRS(O),ORNRP(O)OROR, NRP 
(O)ORR, NRP(O)OROR, SR S(O)R. S(O).R. S(O) 
OR S(O) OR S(O)NRR, S(O)NRR, P(O)OROR, 
B(OH), P. halogen, aryl, benzyl, heteroaryl, biaryl, hetero 
biaryl, heterocycle, and branched, unbranched, or cyclic 
alkyl. R and R7 are the same or different and are indepen 
dently H, branched or unbranched, or (CH), Z, wherein Z 
is aryl, heteroaryl, biaryl, cyclic alkyl, or heterocycle, or R 
and R, together form a heterocycle. t is 0, 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10. R. R. and R are the same or different and are 
independently H, aryl, heteroaryl, biaryl, heterobiaryl, or 
branched, unbranched, or cyclic alkyl. P is SOH, OSOH, 
OPOH, OPOH, O-lower (C.C.C.C.C.s, or C) alkyl 
K. O—C(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH 
lower (C,C, C, C, Cs, or C) alkyl-M, or O-aryl-Q, further 
wherein lower (C, C, C, C, Cs, or C) alkyl is linear or 
branched alkyl. K is C(O)NH2, COOH, SOH, OSOH, 
POH, OPOH, NH, NHRs, NRR, SOR, glyco 
side, lower C1, C2, Cs, Ca, Cs, Calkoxy, or 

7. Cl 
L is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

2. { 1s, 
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M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2. Cs. C4 Cs. Co. alkoxy, O 

7. Cl 
Q is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

NN 

( Pl 
N O. 

Ro Ro and R2 are independently C, C, C, C, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring. Any of R. R. R. R. Rs 
R, and R, and R. R. and R is Substituted or unsubstituted. 
At least one of R. R. R. R. Rs, and R is P. 
0021. In one embodiment, P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q, further where K 
is SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
glycoside, and heterocycle; further where L is SOH, 
OSOH, POH, OPOH, NH, NHR, NRoRo glyco 
side, and heterocycle; and further where M is SOH, OSOH, 
POH, OPOH, NH, NHR, NRoRo glycoside, and 
heterocycle. 
0022. In one embodiment, at least one of R. R. R. R. 
and Rs is selected from halogen, boronic acid, hydroxyl, 
phosphonic acid, Sulfamic acid, guanidine, carboxylic acid, 
aldehyde, amide, and hydroxymethylphosphonic acid. In 
another embodiment, at least one of R. R. R. R. and Rs is 
halogen. In another embodiment, at least one of R. R. R. 
Ra, and Rs is boronic acid. In another embodiment, at least 
one of R. R. R. R. and Rs is hydroxyl. In another embodi 
ment, at least one of R. R. R. R. and Rs is amide. For 
example, amide is vicinal tricarbonyl amide. In one embodi 
ment, R is halogen. For example, R is fluorine. In another 
embodiment, R is hydroxyl. 
0023. In one embodiment, at least one of R and R, is 

R10 R11 

Ro R12 

*Rs R13 

where *Rs is the point of attachment. In one embodiment Rs 
is (CH), where X is 0,1,2,3,4,5,6,7,8,9, or 10. In another 
embodiment Rs is CHCHOH, CH(CH)(R-isomer), or 
CH(CH)(S-isomer). In another embodiment, each of Rs. 
Rio R, R2, and R are the same or different and each of 
Ro, Rio, R, R2, and R independently are H. C(O)R. 
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C(O)NRR, C(O)OR, C(O)SR, OH, OR OC(O)R. 
OC(O)OR, NH, NRR, NRC(O)R, NRC(O)NRR, 
NRC(O)OR, NRC(O)SR, NRS(O)R NRS(O).R. 
NRS(O)OR, NRS(O),OR, NRP(O)OROR, NRP(O) 
ORR, NRP(O)OROR, SR S(O)R S(O).R. S(O)OR, 
S(O)ORS(O)NRRS(O)NRR, P(O)OROR, B(OH) 

halogen, P', aryl, heteroaryl, biaryl, heterobiaryl, hetero 
cycle, or branched, cyclic, or unbranched alkyl, P' is SOH, 
OSOH, OPOH, OPOH, O-lower (C, C, C, C, Cs, or 
C) alkyl-K". O—C(O)-lower (C, C, C, C, Cs, or C) 
alkyl-L', NH-lower (C, C, C, C, Cs, or C) alkyl-M', or 
O-aryl-Q", further where lower (C, C, C, C, Cs, or C) 
alkyl is linear or branched alkyl. K' is C(O)NH, COOH, 
SOH, OSOH, POH, OPOH, NH, NHR, NRR, 
SOR2, glycoside, lower C, C2, C, C, Cs, Calkoxy, or 

( 
L' is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. S-l. 
M' is aryl, OH, C(O)NH, COOH, SOH, OSOH, PO.H., 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

( 
Q is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

( N 1s, 
R22, R2 and R2 are independently C1, C2, C, C, Cs, or C 
alkyl or R and R taken together with the attached nitrogen 
atom form a five membered ring. R. R. and Rare the same 
or different and independently are H, aryl, heteroaryl, biaryl, 
heterobiaryl, branched, cyclic, or unbranched alkyl: 
wherein any of Ro, Rio, R, R2, and Rs are substituted or 
unsubstituted; and provided that if one of R. R. R. R. or Rs 
is not P, then at least one of Ro, Rio R, R2, and R is P. 
(0024. In another embodiment, P' is SOH, OSOH, 
OPOH, OPOH, O-lower (C, C, C, C, Cs, or C) alkyl 
K', O C(O)-lower (C, C, C, C, Cs, or C) alkyl-L', 
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NH-lower (C, C, C, C, Cs, or C) alkyl-M', or O-aryl-Q'. 
K" is SOH, OSOH, POH, OPOH, NH, NHR, 
NRR, glycoside, or heterocycle. L' is SOH, OSOH, 
POH, OPOH, NH, NHR, NRR, glycoside, or het 
erocycle. M' is SOH, OSOH, POH, OPOH, NH, 
NHR, NRR, glycoside, or heterocycle. In another 
embodiment, at least one of R and R, is 

0025. Another aspect of the invention includes a com 
pound of Formula VI: 

(Formula VI) 

R2 

R R3 

O R7 
R4, 

NH 
1. 

R6 (CH2)x 

Rs 

or a salt, Solvate, hydrate, or prodrug. R. R. R. R. Rs. R. 
and Rare each the same or different and independently are H. 
C(O)RC(O)NRRC(O)ORC(O)SR, OH, OR, OC(O) 
R, OC(O)CR, NH, NRR, NRC(O)R, NRC(O)NR 
R. NRC(O)OR, NRC(O)SR, NRS(O)R. NRS(O) 
RNRS(O)OR, NRS(O),OR, NRP(O)OROR, NRP 
(O)ORR, NRP(O)OROR, SR S(O)R S(O).R. S(O) 
OR, S(O) OR S(O)NRR, S(O)NRR, P(O)OROR, 
B(OH), Phalogen, aryl, heteroaryl, biaryl, heterobiaryl, het 
erocycle, and branched, cyclic, or unbranched alkyl. R. R. 
and Rare the same or different and are independently H, aryl, 
heteroaryl, biaryl, heterobiaryl, and branched, cyclic, or 
unbranched alkyl. P is SOH, OSOH, OPOH, OPOH, 
O-lower (C, C, C, C, Cs, or C) alkyl-K, O—C(O)-lower 
(C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. C. C. C. 
Cs, or C) alkyl-M, or O-aryl-Q, further where lower (C,C, 
C, C, Cs, or C) alkyl is linear or branched alkyl. K is 
C(O)NH, COOH, SOH, OSOH, POH, OPOH, NH, 
NHRio, NRoRo SOR, glycoside, lower C. C. C. C. 
Cs, Calkoxy, or 

NN O 

/ -N 
N O. 

L is aryl, OH, C(O)NH2, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2. Cs. C4 Cs. Co. alkoxy, O 
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M is aryl, OH, C(O)NH, COOH, SOH, OSOH, PO.H., 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2. Cs. C4 Cs. Co. alkoxy, O 

( 
Q is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. 

Rio, Ro and R2 are independently C, C, C, C, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring. X is 1, 2, 3, 4, 5, 6, 7, 8, 9. 
or 10. At least one of R. R. R. R. R. R. and R, is P. 
(0026. In one embodiment, P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
(O)-lower (C,C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q. K is SOH, 
OSOH, POH, OPOH, NH, NHRs, NRR, glyco 
side, or heterocycle. L is SOH, OSOH, POH, OPOH, 
NH, NHR, NRoRo glycoside, or heterocycle. M is 
SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
glycoside, or heterocycle. 
0027. One aspect of the invention includes use of a com 
pound of Formula V in the manufacture of a medicament to 
protect against or treat hearing loss in a Subject. Another 
aspect of the invention includes a method of protecting 
against or treating hearing loss in a subject comprising 
administering a compound having the Formula V: 

(Formula V) 
R4 Rs R6 

v 
R3 N-R, 

R N O 

R 

or a salt, solvate, hydrate, or prodrug thereof. R. R. R. R. 
and Rs are the same or different and are independently H, 
C(O)RC(O)NRRC(O)ORC(O)SR, OH, OR, OC(O) 
R OC(O)OR, NH, NRR, NRC(O)R, NRC(O)NR 
R. NRC(O)OR, NRC(O)SR, NRS(O)R. NRS(O) 
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RNRS(O)OR, NRS(O),ORNRP(O)OROR, NRP 
(O)ORR, NRP(O)OROR, SR S(O)R S(O).R. S(O) 
OR S(O),OR S(O)NRR, S(O)NRR, P(O)OROR, 
B(OH), P. halogen, aryl, benzyl, heteroaryl, biaryl, hetero 
biaryl, heterocycle, and branched, unbranched, or cyclic 
alkyl. R and R, are the same or different and are indepen 
dently H, branched or unbranched or (CH), Z, wherein Z is 
aryl, heteroaryl, biaryl, cyclic alkyl, or heterocycle, or R and 
R, togetherform a heterocycle. t is 0,1,2,3,4,5,6,7,8,9, or 
10. R. R. and R are the same or different and are indepen 
dently H, aryl, heteroaryl, biaryl, heterobiaryl, or branched, 
unbranched, or cyclic alkyl. P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q, further wherein 
lower (C, C, C, C, Cs, or C) alkyl is linear or branched 
alkyl K is C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHRs, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

( 
L is aryl, OH, C(O)NH2, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C. C. C. C. Cs, CalkOXy, or 

( 
M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

( 
is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, Q 

OPOH, NH, NHRs, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

NN O 

(l N O. 

Ro Ro and R2 are independently C, C, C, C, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring. Any of R. R. R. R. Rs 
R, and R, and R. R. and R is Substituted or unsubstituted. 
At least one of R. R. R. R. R. R. and R, is P. 
0028. In one embodiment, P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
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(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q. K is SOH, 
OSOH, POH, OPOH, NH, NHR, NRoRo glyco 
side, or heterocycle. L is SOH, OSOH, POH, OPOH, 
NH, NHR, NRoRo glycoside, or heterocycle. M is 
SOH, OSOH, POH, OPOH, NH, NHR, NRR, 
glycoside, or heterocycle. 
0029. In one embodiment, the compound inhibits one or 
more components of a protein kinase signaling pathway. In 
another embodiment, the compound is an allosteric inhibitor. 
In another embodiment, the compound does not inhibit ATP 
binding to a protein kinase. In one embodiment, the com 
pound inhibits a Src family protein kinase. For example, the 
Src family protein kinase is pp60' tyrosine kinase. 
0030. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally (e.g., by administering drops into the ear), intraarteri 
ally, intralesionally, by metering pump, or by application to 
mucous membranes. In one embodiment, the compound is 
administered in combination with a drug that causes hearing 
loss e.g., cis platinum or an aminoglycoside antibiotic. In 
another embodiment, the compound is administered in com 
bination with a drug that targets hairy cells. In one embodi 
ment, the compound is administered with a pharmaceutically 
acceptable carrier. In one embodiment, the compound is 
administered before initiation of hearing loss. In another 
embodiment, the compound is administered after inititiation 
of hearing loss. 
0031. In one embodiment, at least one of R. R. R. R. 
and Rs is selected from halogen, boronic acid, hydroxyl, 
phosphonic acid, Sulfamic acid, guanidine, carboxylic acid, 
aldehyde, amide, and hydroxymethylphosphonic acid. In 
another embodiment, at least one of R. R. R. R. and Rs is 
a halogen. In another embodiment, at least one of R. R. R. 
R, and Rs is boronic acid. In another embodiment, at least 
one of R. R. R. R. and Rs is hydroxyl. In another embodi 
ment, at least one of R. R. R. R. and Rs is amide. For 
example, amide is vicinal tricarbonyl amide. In one embodi 
ment, R is halogen. For example, R is fluorine. In one 
embodiment, R is hydroxyl. 
0032. In one embodiment, at least one of R and R, is 

R10 R11 

Ro R12 

*Rs R13 

*Rs is the point of attachment and is (CH), wherein X is 0. 
1,2,3,4,5,6,7,8,9, or 10, CHCHOH, CH(CH)(R-isomer), 
or CH(CH)(S-isomer). Each of Ro, Rio, R, R2, and R is 
the same or different and independently are H. C(O)RC(O) 
NRR, C(O)OR, C(O)SR, OH, OR, OC(O)R OC(O) 
OR, NH, NRR, NRC(O)RNRC(O)NRR, NRC(O) 
OR, NRC(O)SR, NRS(O)R, NRS(O).R. NRS(O) 
OR, NRS(O)OR, NRP(O)OROR, NRP(O)ORR, 
NRP(O)OROR, SR S(O)R S(O).R. S(O)OR S(O) 
OR S(O)NRR, S(O)NRR, P(O)OROR, B(OH), 
halogen, P', aryl, heteroaryl, biaryl, heterobiaryl, heterocycle, 
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or branched, cyclic, or unbranched alkyl. P' is SOH, OSOH, 
OPOH, OPOH, O-lower (C, C, C, C, Cs, or C) alkyl 
K', O C(O)-lower (C, C, C, C, Cs, or C) alkyl-L', 
NH-lower (C, C, C, C, Cs, or C) alkyl-M', or O-aryl-Q'. 
further where lower (C, C, C, C, Cs, or C) alkyl is linear 
or branched alkyl. K' is C(O)NH COOH, SOH, OSOH, 
POH, OPOH, NH, NHR, NRR, SOR, glyco 
side, lower C1, C2, Cs, Ca, Cs, Calkoxy, or 

7. Sls, 
L' is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. Cl 
M' is aryl, OH, C(O)NH, COOH, SOH, OSOH, PO.H., 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

( 
Q is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

NN 

W Pl 
N O. 

R22, R2 and R2 are independently C1, C2, Cs, Ca, Cs, or C 
alkyl or R and R taken together with the attached nitrogen 
atom form a five membered ring. R. R. and Rare the same 
or different and independently are H, aryl, heteroaryl, biaryl, 
heterobiaryl, branched, cyclic, or unbranched alkyl. Any of 
Ro, Rio R, R2, and Rs are Substituted or unsubstituted. If 
one of R. R. R. R. or Rs is not P, then at least one of Rs. 
Rio R, R2, and R is P. 
0033. In one embodiment, P' is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K', O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L', NH-lower (C. 
C, C, C, Cs, or C) alkyl-M', or O-aryl-Q'. K' is SOH, 
OSOH, POH, OPOH, NH, NHR, NRR, glyco 
side, or heterocycle. L' is SOH, OSOH, POH, OPOH, 
NH, NHR, NRR, glycoside, or heterocycle. M' is 
SOH, OSOH, POH, OPOH, NH, NHR, NRR, 
glycoside, or heterocycle. In another embodiment, at least 
one of R or R, and 
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0034. One aspect of the invention is use of a compound of 
Formula V in the manufacture of a medicament for preventin 
or treating a proliferative disease in a subject. Another aspect 
of the invention includes a method of preventing or treating a 
proliferative disease in a Subject comprising administering a 
compound having the Formula V: 

(Formula V) 
R4 Rs R6 

w 
R3 N N-R, 

R N O 

R 

or a salt, Solvate, hydrate, or prodrug thereof. R. R. R. R. 
and Rs are the same or different and are independently H, 
C(O)RC(O)NRRC(O)ORC(O)SR, OH, OR, OC(O) 
R OC(O)OR, NH, NRR, NRC(O)R, NRC(O)NR 
R. NRC(O)CR, NRC(O)SR, NRS(O)R NRS(O) 
RNRS(O)OR, NRS(O),ORNRP(O)OROR, NRP 
(O)ORR, NRP(O)OROR, SR S(O)R. S(O).R. S(O) 
OR S(O) OR S(O)NRR, S(O)NRR, P(O)OROR, 
B(OH), P. halogen, aryl, benzyl, heteroaryl, biaryl, hetero 
biaryl, heterocycle, and branched, unbranched, or cyclic 
alkyl. R and R, are the same or different and are indepen 
dently H, branched or unbranched, or (CH), Z, wherein Z 
is aryl, heteroaryl, biaryl, cyclic alkyl, or heterocycle, or R 
and R, together form a heterocycle. t is 0, 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10. R. R. and R are the same or different and are 
independently H, aryl, heteroaryl, biaryl, heterobiaryl, or 
branched, unbranched, or cyclic alkyl. P is SOH, OSOH, 
OPOH, OPOH, O-lower (C, C, C, C, Cs, or C) alkyl 
K. O—C(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH 
lower (C,C, C, C, Cs, or C) alkyl-M, or O-aryl-Q, further 
wherein lower (C, C, C, C, Cs, or C) alkyl is linear or 
branched alkyl. K is C(O)NH2, COOH, SOH, OSOH, 
POH, OPOH, NH, NHRs, NRR, SOR, glyco 
side, lower C1, C2, Cs, Ca, Cs, Calkoxy, or 

7. Cl 
L is aryl, OH, C(O)NH2, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 
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M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2. Cs. C4 Cs. Co. alkoxy, O 

( 
Q is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

7. S-l. 
Rio, Rao and R2 are independently C1, C2, Cs, Ca, Cs, or C. 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring; 
wherein any of R. R. R. R. Rs. Re, and R7 and R. R. and 
R is substituted or unsubstituted. At least one of R. R. R. 
R. Rs, and R is P. 
0035. In one embodiment, P is is SOH, OSOH, 
OPOH, OPOH, O-lower (C, C, C, C, Cs, or C) alkyl 
K. O—C(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH 
lower (C, C, C, C, Cs, or C) alkyl-M, or O-aryl-Q. Kis 
SOH, OSOH, POH, OPOH, NH, NHR, NRR, 
glycoside, and heterocycle. L is SOH, OSOH, POH, 
OPOH, NH, NHRs, NRR, glycoside, and hetero 
cycle. M is SOH, OSOH, POH, OPOH, NH, NHR, 
NRoRo glycoside, and heterocycle. 
0036. In one embodiment, the compound inhibits one or 
more components of a protein kinase signaling pathway. In 
another embodiment, the compound is an allosteric inhibitor. 
In another embodiment, the compound is a peptide Substrate 
inhibitor. In another embodiment, the compound does not 
inhibit ATP binding to a protein kinase. In another embodi 
ment, the compound inhibits a Src family protein kinase. For 
example, the Src family protein kinase is pp60 tyrosine 
kinase. 

0037. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membrane. In another embodiment, 
the compound is administered with a pharmaceutically 
acceptable carrier. In one embodiment, the compound is 
administered before initiation of the proliferative disease. In 
another embodiment, the compound is administered after 
inititiation of the proliferative disease. 
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0038. In one embodiment, at least one of R. R. R. R. 
and Rs is selected from halogen, boronic acid, hydroxyl, 
phosphonic acid, Sulfamic acid, guanidine, carboxylic acid, 
aldehyde, amide, and hydroxymethylphosphonic acid. In 
another embodiment, at least one of R. R. R. R. and Rs is 
halogen. In another embodiment, at least one of R. R. R. 
R, and Rs is boronic acid. In another embodiment, at least 
one of R. R. R. R. and Rs is hydroxyl. In another embodi 
ment, at least one of R. R. R. R. and Rs is amide. For 
example, the amide is vicinal tricarbonyl amide. In one 
embodiment, R is halogen. For example, R is fluorine. In 
one embodiment, R is hydroxyl. In one embodiment, at least 
one of R and R, is 

*Rs is the point of attachment and is (CH), wherein X is 0. 
1,2,3,4,5,6,7,8,9, or 10, CHCHOH, CH(CH)(R-isomer), 
or CH(CH)(S-isomer). Each of Ro, Rio, R, R2, and R is 
the same or different and independently are H. C(O)RC(O) 
NRR, C(O)OR, C(O)SR, OH, OR, OC(O)R OC(O) 
OR, NH, NRR, NRC(O)RNRC(O)NRR, NRC(O) 
OR, NRC(O)SR, NRS(O)R. NRS(O).R. NRS(O) 
OR, NRS(O).OR, NRP(O)OR, NRP(O)ORR, NRP 
(O)OROR, SR S(O)R S(O).R. S(O)OR S(O)OR, 
S(O)NRR, S(O)NRR, P(O)OROR, B(OH), halogen, 
P', aryl, heteroaryl, biaryl, heterobiaryl, heterocycle, or 
branched, cyclic, or unbranched alkyl. P' is SOH, OSOH, 
OPOH, OPOH, O-lower (C, C, C, C, Cs, or C) alkyl 
K". O—C(O)-lower (C, C, C, C, Cs, or C) alkyl-L', 
NH-lower (C, C, C, C, Cs, or C) alkyl-M', or O-aryl-Q'. 
further wherein lower (C, C, C, C, Cs, or C) alkyl is 
linear or branched alkyl. K' is C(O)NH, COOH, SOH, 
OSOH, POH, OPOH, NH, NHR, NRR, SOR, 
glycoside, lower C, C, C, C, Cs, Calkoxy, or 

( 
L' is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. Cl 
M' is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 
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Q is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2. Cs. C4 Cs. Co. alkoxy, O 

7. { -N, 
R. R. and R2 are independently C, C, C, C, Cs, or C 
alkyl or R and R taken together with the attached nitrogen 
atom form a five membered ring. R. R. and Rare the same 
or different and independently are H, aryl, heteroaryl, biaryl, 
heterobiaryl, branched, cyclic, or unbranched alkyl. Ro Ro, 
R, R2, and Rs are substituted or unsubstituted. If one of 
R. R. R. R. or Rs is not P, then at least one of Ro, Rio, R. 
R, and R is P. 
0039. In one embodiment, P' is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K', O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L', NH-lower (C. 
C, C, C, Cs, or C) alkyl-M', or O-aryl-Q'. K' is SOH, 
OSOH, POH, OPOH, NH, NHR, NRR, glyco 
side, or heterocycle. L' is SOH, OSOH, POH, OPOH, 
NH, NHR, NRR, glycoside, or heterocycle. M' is 
SOH, OSOH, POH, OPOH, NH, NHR, NRR, 
glycoside, or heterocycle. 
0040. In one embodiment, at least one of R and R, is 

0041. One aspect of the invention is use of a compound of 
Formula VII in the manufacture of a medicament for protect 
ing against or treating osteoporosis in a subject. Another 
aspect of the invention includes a method of protecting 
against or treating osteoporosis in a subject comprising 
administering a compound of Formula VII: 

(Formula VII) 
R4 Rs R6 

v 
R3 N-R, 

R N O 

R 
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or a salt, Solvate, hydrate, or prodrug thereof. R. R. R. R. 
and Rs are the same or different and are independently H, 
C(O)RC(O)NRRC(O)ORC(O)SR, OH, OR, OC(O) 
R OC(O)OR, NH, NRR, NRC(O)R NRC(O) 
NRR, NRC(O)OR, NRC(O)SR, NRS(O)RNRS(O) 
RNRS(O)OR, NRS(O),ORNRP(O)OROR, NRP 
(O)ORR, NRP(O)OROR, SR S(O)R. S(O).R. S(O) 
OR S(O) OR S(O)NRR, S(O)NRR, P(O)OROR, 
B(OH), P. halogen, aryl, benzyl, heteroaryl, biaryl, hetero 
biaryl, heterocycle, and branched, unbranched, or cyclic 
alkyl. R and R, are the same or different and are 
independently H, branched or unbranched or (CH), Z. 
wherein Z is aryl, heteroaryl, biaryl, cyclic alkyl, or hetero 
cycle, or R and R, together form a heterocycle. t is 0, 1,2,3, 
4, 5, 6, 7, 8, 9, or 10. R. R. and R are the same or different 
and are independently H, aryl, heteroaryl, biaryl, heterobi 
aryl, or branched, unbranched, or cyclic alkyl. P is SOH, 
OSOH, OPOH, OPOH, O-lower (C, C, C, C, Cs, or 
C) alkyl-K, O—C(O)-lower (C, C, C, C, Cs, or C) 
alkyl-L, NH-lower (C, C, C, C, Cs, or C) alkyl-M, or 
O-aryl-Q, further wherein lower (C, C, C, C, Cs, or C) 
alkyl is linear or branched alkyl. K is C(O)NH, COOH, 
SOH, OSOH, POH, OPOH, NH, NRR, SOR, 
glycoside, lower C, C, C, C, Cs, Calkoxy, or 

( 
L is aryl, OH, C(O)NH2, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. Cl 
M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHRs, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. S-l. 
Q is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

7. Cl 
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Rio. Rao and R2 are independently C1, C2, Cs, Ca, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring; wherein any of R. R. R. 
R. R. R. and R, and R. R. and R is substituted or unsub 
stituted. 

0042. In one embodiment, P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q. K is SOH, 
OSOH, POH, OPOH, NH, NHR, NRoRo glyco 
side, or heterocycle. L is SOH, OSOH, POH, OPOH, 
NH, NHR, NRoRo glycoside, or heterocycle. M is 
SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
glycoside, or heterocycle. 
0043. In one embodiment, the compound inhibits one or 
more components of a protein kinase signaling pathway. In 
another embodiment, the compound is an allosteric inhibitor. 
In another embodiment, the compound is a peptide Substrate 
inhibitor. In another embodiment, the compound does not 
inhibit ATP binding to a protein kinase. In another embodi 
ment, the compound inhibits a Src family protein kinase. For 
example, the Src family protein kinase is pp60 tyrosine 
kinase. 
0044. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In another embodiment, the compound is admin 
istered before initiation of osteoporosis. In another embodi 
ment, the compound is administered after inititiation of 
osteoporosis. 
0045. In another embodiment, at least one of R. R. R. 
Ra, and Rs is selected from halogen, boronic acid, hydroxyl, 
phosphonic acid, Sulfamic acid, guanidine, carboxylic acid, 
aldehyde, amide, and hydroxymethylphosphonic acid. 
0046) In another embodiment, at least one of R. R. R. 
Ra, and Rs is a halogen. In one embodiment, at least one of R, 
R. R. R. and Rs is a boronic acid. In another embodiment, 
at least one of R. R. R. R. and Rs is hydroxyl. In another 
embodiment, at least one of R. R. R. R. and Rs is amide. 
For example, the amide group is vicinal tricarbonyl amide. In 
one embodiment, R is halogen. For example, R is fluorine. 
In one embodiment, R is hydroxyl. 
0047. In one embodiment, at least one of R and R, is 

R10 R11 

Ro R12. 

*Rs R13 

*Rs is the point of attachment and is (CH), wherein X is 0, 
1,2,3,4,5,6,7,8,9, or 10, CHCHOH, CH(CH)(R-isomer), 
or CH(CH)(S-isomer). Each of R. R. R. R. and R is 
the same or different and independently are H. C(O)RC(O) 
NRR, C(O)OR, C(O)SR, OH, OR, OC(O)R OC(O) 
OR, NH, NRR, NRC(O)RNRC(O)NRR, NRC(O) 
OR, NRC(O)SR, NRS(O)R. NRS(O).R. NRS(O) 
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OR, NRS(O)OR, NRP(O)OROR, NRP(O)ORR, 
NRP(O)OROR, SR S(O)R S(O).R. S(O)OR S(O) 
OR S(O)NRR, S(O)NRR, P(O)OROR, B(OH), 
halogen, P', aryl, heteroaryl, biaryl, heterobiaryl, heterocycle 
and branched, cyclic, or unbranched alkyl, P' is SOH, 
OSOH, OPOH, OPOH, O-lower (C, C, C, C, Cs, or 
C) alkyl-K". O—C(O)-lower (C, C, C, C, Cs, or C) 
alkyl-L', NH-lower (C, C, C, C, Cs, or C) alkyl-M', or 
O-aryl-Q", further wherein lower (C, C, C, C, Cs, or C) 
alkyl is linear or branched alkyl. K' is C(O)NH, COOH, 
SOH, OSOH, POH, OPOH, NH, NHR, NRR, 
SOR2, glycoside, lower C, C2, C, C, Cs, Calkoxy, or 

7. 

L' is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

( 
M' is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. Sls, 
Q is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPO.H., NH, NHR, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

() N O. 

R. R. and R2 are independently C, C, C, C, Cs, or C 
alkyl or R and R taken together with the attached nitrogen 
atom form a five membered ring. R. R. and Rare the same 
or different and independently are H, aryl, heteroaryl, biaryl, 
heterobiaryl, branched, cyclic, or unbranched alkyl; and 
wherein any of Ro, Rio, R, R2, and Rs are substituted or 
unsubstituted. 
0048. In one embodiment, P' is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K', O C 
(O)-lower (C,C, C, C, Cs, or C) alkyl-L', NH-lower (C. 
C, C, C, Cs, or C) alkyl-M', or O-aryl-Q'. K' is SOH, 
OSOH, POH, OPOH, NH, NHR, NRR, glyco 
side, or heterocycle. L' is SOH, OSOH, POH, OPOH, 
NH, NHR, NRR, glycoside, or heterocycle; and fur 
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ther wherein M' is SOH, OSOH, POH, OPOH, NH, 
NHR, NRR, glycoside, or heterocycle. In one embodi 
ment, at least one of R and R, is 

HO 

O 

In another embodiment, the compound is 

C. F HN 

O) N O 

EtO 

0049. One aspect of the invention is use of a compound of 
Formula VI in the manufacture of a medicament for protect 
ing against or treating hearing loss in a subject. Another 
aspect of the invention includes a method of protecting 
against or treating hearing loss in a subject comprising 
administering a compound of Formula VI: 

(Formula VI) 

R 

R R3 

R O R4 

NH 
1. 

Rs 

or a salt, Solvate, hydrate, or prodrug thereof. R. R. R. R. 
Rs, Re, and R, are each the same or different and indepen 
dently are H, C(O)RC(O)NRRC(O)ORC(O)SR, OH, 
OR OC(O)R OC(O)OR, NH, NRR, NRC(O)R. 
NRC(O)NRR, NRC(O)OR, NRC(O)SR, NRS(O)R. 
NRS(O).R. NRS(O)OR, NRS(O),OR, NRP(O)OR 
OR, NRP(O)ORR, NRP(O)OROR, SR, S(O)R. 
S(O).R. S(O)OR S(O),OR S(O)NRR, S(O)NRR, 
P(O)OROR, B(OH), P. halogen, aryl, heteroaryl, biaryl, 
heterobiaryl, heterocycle, and branched, cyclic, or 
unbranched alkyl. R. R. and Rare the same or different and 
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are independently H, aryl, heteroaryl, biaryl, heterobiaryl, 
and branched, cyclic, or unbranched alkyl; 
P is SOH, OSOH, OPOH, OPOH, O-lower (C,C, C, 
C, Cs, or C) alkyl-K, O—C(O)-lower (C, C, C, C, Cs, or 
C) alkyl-L, NH-lower (C, C, C, C, Cs, or C) alkyl-M, or 
O-aryl-Q, further wherein lower (C, C, C, C, Cs, or C) 
alkyl is linear or branched alkyl. K is C(O)NH2, COOH, 
SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
SOR, glycoside, lower C. C. C. C. Cs, Calkoxy, or 

7. 

L is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

( 
M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPO.H., NH, NHR, NRoRo SOR, glycoside, lower 
C. C2. Cs. C4. Cs. Cs alkoxy, O 

7. -l, 
Q is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

7. Cl 
Rio. Rao and R2 are independently C1, C2, C, C, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring. X is 1,2,3,4,5,6,7,8,9, or 
10. At least one of R. R. R. R. R. R. and R, is P. 
0050. In one embodiment, P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q. K is SOH, 
OSOH, POH, OPOH, NHR, NRoRo glycoside, or 
heterocycle. L is SOH, OSOH, POH, OPOH, NH, 
NHRs, NRR, glycoside, or heterocycle. M is SOH, 
OSOH, POH, OPOH, NH, NHR, NRoRo glyco 
side, or heterocycle. 
0051. In one embodiment, the compound inhibits one or 
more components of a protein kinase signaling pathway. In 
another embodiment, the compound is an allosteric inhibitor. 
In one embodiment, the compound is a peptide Substrate 
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inhibitor. In another embodiment, the compound does not 
inhibit ATP binding to a protein kinase. In another embodi 
ment, the compound inhibits a Src family protein kinase. For 
example, the Src family protein kinase is pp60 tyrosine 
kinase. 

0.052. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally (e.g., by administering drops into the ear), intraarteri 
ally, intralesionally, by metering pump, or by application to 
mucous membranes. In one embodiment, the compound is 
administered in combination with a drug that causes hearing 
loss. In another embodiment, the compound is administered 
with a pharmaceutically acceptable carrier. In another 
embodiment, the compound is administered before initiation 
of hearing loss. In another embodiment, the compound is 
administered after inititiation of hearing loss. 
0053) One aspect of the invention is use of a compound of 
Formula VIII in the manufacture of a medicament for protect 
ing against or treating osteoporosis in a subject. Another 
aspect of the invention includes a method of protecting 
against or treating osteoporosis in a subject comprising 
administering a compound of Formula VIII: 

(Formula VIII) 

R2 

R R3 

O 
R R4, 

NH 
1 

R6 (CH2)x 

Rs 

or a salt, solvate, hydrate, or prodrug thereof. R. R. R. R. 
Rs, Re, and R, are each the same or different and indepen 
dently are H, C(O)RC(O)NRRC(O)ORC(O)SR, OH, 
OR OC(O)R OC(O)OR, NH, NRR, NRC(O)R. 
NRC(O)NRR, NRC(O)OR, NRC(O)SR, NRS(O)R. 
NRS(O).R. NRS(O)OR, NRS(O),OR, NRP(O)OR 
OR, NRP(O)ORR, NRP(O)OROR, SR, S(O)R. 
S(O).R. S(O)OR S(O),OR S(O)NRR, S(O)NRR, 
P(O)OROR, B(OH), P. halogen, aryl, heteroaryl, biaryl, 
heterobiaryl, heterocycle, and branched, cyclic, or 
unbranched alkyl. R. R. and Rare the same or different and 
are independently H, aryl, heteroaryl, biaryl, heterobiaryl, 
and branched, cyclic, or unbranched alkyl. P is SOH, 
OSOH, OPOH, OPOH, O-lower (C, C, C, C, Cs, or 
C) alkyl-K, O—C(O)-lower (C, C, C, C, Cs, or C) 
alkyl-L, NH-lower (C, C, C, C, Cs, or C) alkyl-M, or 
O-aryl-Q, further wherein lower (C, C, C, C, Cs, or C) 
alkyl is linear or branched alkyl. K is C(O)NH2, COOH, 
SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
SO-R-1, glycoside, lower C, C2, C, C, Cs, Calkoxy, or 
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L is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, C, C, Cs, Co alkoxy, or 

7. Cl 
M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHRs, NRR, SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

( 
Q is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

7. { -N, 
Rio, Ro and R2 are independently C, C, C, C, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring. X is 1,2,3,4,5,6,7,8,9, or 
10. 
0054) In one embodiment, P is SOH, OSOH, OPOH, 
OPOH, O-lower (C, C, C, C, Cs, or C) alkyl-K, O C 
(O)-lower (C, C, C, C, Cs, or C) alkyl-L, NH-lower (C. 
C, C, C, Cs, or C) alkyl-M, or O-aryl-Q. K is SOH, 
OSOH, POH, OPOH, NH, NHR, NRoRo glyco 
side, or heterocycle. L is SOH, OSOH, POH, OPOH, 
NH, NHR, NRoRo glycoside, or heterocycle. M is 
SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
glycoside, or heterocycle. 
0055. In one embodiment, the compound inhibits one or 
more components of a protein kinase signaling pathway. In 
another embodiment, the compound is an allosteric inhibitor. 
In another embodiment, the compound is a peptide Substrate 
inhibitor. In another embodiment, the compound does not 
inhibit ATP binding to a protein kinase. In another embodi 
ment, the compound inhibits a Src family protein kinase. For 
example, the Src family protein kinase is pp60 tyrosine 
kinase. 
0056. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
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cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In one embodiment, the compound is adminis 
tered before the onset of osteoporosis. In another embodi 
ment, the compound is administered after onset of 
osteoporosis. 
0057. One aspect of the invention is use of a compound of 
Formula VIII in the manufacture of a medicament for pre 
venting or treating a proliferative disorder in a subject. 
Another aspect of the invention includes a method of prevent 
ing or treating a proliferative disorder in a subject comprising 
administering a compound of Formula VIII: 

(Formula VIII) 

R 

R R3 

O 
R R4, 

NH 
1 

R6 (CH2)x 

or a salt, solvate, hydrate, or prodrug thereof. R. R. R. R. 
Rs. R, and R, are each the same or different and indepen 
dently are H, C(O)RC(O)NRRC(O)ORC(O)SR, OH, 
OR OC(O)R OC(O)OR, NH, NRR, NRC(O)R. 
NRC(O)NRR, NRC(O)OR, NRC(O)SR, NRS(O)R. 
NRS(O).R. NRS(O)OR, NRS(O),OR, NRP(O)OR 
OR, NRP(O)ORR, NRP(O)OROR, SR S(O)R. 
S(O).R. S(O)OR S(O),OR S(O)NRR, S(O)NRR, 
P(O)OROR, B(OH), P. halogen, aryl, heteroaryl, biary1. 
heterobiaryl, heterocycle, and branched, cyclic, or 
unbranched alkyl. R. R. and Rare the same or different and 
are independently H, aryl, heteroaryl, biaryl, heterobiaryl, 
and branched, cyclic, or unbranched alkyl. P is SOH, 
OSOH, OPOH, OPO-HO-lower (C, C, C, C, Cs, or 
C) alkyl-K, O—C(O)-lower (C, C, C, C, Cs, or C) 
alkyl-L, NH-lower (C, C, C, C, Cs, or C) alkyl-M, or 
O-aryl-Q, further wherein lower (C, C, C, C, Cs, or C) 
alkyl is linear or branched alkyl. K is C(O)NH2, COOH, 
SOH, OSOH, POH, OPOH, NH, NHRs, NRR, 
SO-R-1, glycoside, lower C, C2, C, C, Cs, Calkoxy, or 

( 
L is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C.C2, Cs, C4, Cs, Co alkoxy, or 
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M is aryl, OH, C(O)NH COOH, SOH, OSOH, POH, 
OPOH, NH, NHRs, NRR, SOR, glycoside, lower 
C1, C2. Cs. C4 Cs. Co. alkoxy, O 

7. -l, 
Q is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glycoside, lower 
C1, C2, Cs, Ca, Cs, Co alkoxy, or 

( 
Rio, Ro and R2 are independently C, C, C, C, Cs, or C 
alkyl or Ro and Ro taken together with the attached nitrogen 
atom form a five membered ring. X is 1,2,3,4,5,6,7,8,9, or 
10. 

0058. In one embodiment, the compound inhibits one or 
more components of a protein kinase signaling pathway. In 
another embodiment, the compound is an allosteric inhibitor. 
In another embodiment, the compound is a peptide Substrate 
inhibitor. In one embodiment, the compound does not inhibit 
ATP binding to a protein kinase. In another embodiment, the 
compound inhibits a Src family protein kinase. For example, 
the Src family protein kinase is pp60 tyrosine kinase. 
0059. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In another embodiment, the compound is admin 
istered before onset of the proliferative disease. In another 
embodiment, the compound is administered after onset of the 
proliferative disease. 
0060. One aspect of the invention is use of a compound of 
the invention e.g., of Formula VII or VIII in the manufacture 
of a medicament for protecting against or treating ophthalmic 
disease. Another aspect of the invention includes a method of 
protecting against or treating ophthalmic disease (e.g., macu 
lar degeneration, retinopathy, macular edema, etc.) in a Sub 
ject comprising administering a compound of Formula VII or 
VIII. In one embodiment, the compound inhibits one or more 
components of a protein kinase signaling pathway. In another 
embodiment, the compound is an allosteric inhibitor. In 
another embodiment, the compound is a peptide Substrate 
inhibitor In another embodiment, the compound does not 
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inhibit ATP binding to a protein kinase. In another embodi 
ment, the compound inhibits a Src family protein kinase. 
0061. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally (e.g., by administration of drops or a cream to the eye), 
intraarterially, intralesionally, by metering pump, or by appli 
cation to mucous membranes. In one embodiment, the com 
pound is administered with a pharmaceutical acceptable car 
rier. In another embodiment, the compound is administered 
before initiation of ophthalmic disease. In another embodi 
ment, the compound is administered after inititiation of oph 
thalmic disease. 
0062 One aspect of the invention is use of a compound of 
the invention e.g., Formula VII or VIII in the manufacture of 
a medicament for protecting against or treating diabetes in a 
subject. Another aspect of the invention includes a method of 
protecting against or treating diabetes in a subject comprising 
administering a compound of Formula VII or VIII. In one 
embodiment, the compound inhibits one or more components 
of a protein kinase signaling pathway. In another embodi 
ment, the compound is an allosteric inhibitor. In another 
embodiment, the compound is a peptide Substrate inhibitor. In 
another embodiment, the compound does not inhibit ATP 
binding to a protein kinase. In another embodiment, the com 
pound inhibits a Src family protein kinase. 
0063. In one embodiment, the administration of the com 
pound is carried out orally, parentally, subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In another embodiment, the compound is admin 
istered before the onset of diabetes. In another embodiment, 
the compound is administered after the onset of diabetes. 
0064 One aspect of the invention is use of a compound of 
the invention e.g. Formula VII or VIII in the manufacture of a 
medicament for protecting against or treating obesity in a 
subject. Another aspect of the invention includes a method of 
protecting against or treating obesity in a Subject comprising 
administering a compound of Formula VII or VIII. In one 
embodiment, the compound inhibits one or more components 
of a protein kinase signaling pathway. In another embodi 
ment, the compound is an allosteric inhibitor. In another 
embodiment, the compound is a peptide Substrate inhibitor. In 
another embodiment, the compound does not inhibit ATP 
binding to a protein kinase. In another embodiment, the com 
pound inhibits a Src family protein kinase. 
0065. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In another embodiment, the compound is admin 
istered before the onset of obesity. In another embodiment, 
the compound is administered after the onset of obesity. 
0066. One aspect of the invention is use of a compound of 
the invention e.g., Formula VII or VIII in the manufacture of 
a medicament for protecting against or treating stroke in a 
subject. Another aspect of the invention includes a method of 

Jun. 9, 2011 

protecting against or treating stroke in a Subject comprising 
administering a compound of Formula VII or VIII. In one 
embodiment, the compound inhibits one or more components 
of a protein kinase signaling pathway. In another embodi 
ment, the compound is an allosteric inhibitor. In another 
embodiment, the compound is a peptide Substrate inhibitor. In 
another embodiment, the compound does not inhibit ATP 
binding to a protein kinase. In another embodiment, the com 
pound inhibits a Src family protein kinase. 
0067. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In another embodiment, the compound is admin 
istered before a stroke occurs in a subject. In another embodi 
ment, the compound is administered after a stroke has 
occurred in a Subject. 
0068. One aspect of the invention is use of a compound of 
the invention e.g. Formula VII or VIII in the manufacture of 
a medicament for protecting against or treating athrosclero 
sis. Another aspect of the invention includes a method of 
protecting against or treating athrosclerosis in a Subject com 
prising administering a compound of Formula VII or VIII. In 
one embodiment, the compound inhibits one or more com 
ponents of a protein kinase signaling pathway. In another 
embodiment, the compound is an allosteric inhibitor. In 
another embodiment, the compound is a peptide Substrate 
inhibitor. In another embodiment, the compound does not 
inhibit ATP binding to a protein kinase. In another embodi 
ment, the compound inhibits a Src family protein kinase. 
0069. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In another embodiment, the compound is admin 
istered before the onset of athrosclerosis. In another embodi 
ment, the compound is administered after the onset of 
athrosclerosis. 

0070. One aspect of the invention is use of a compound of 
the invention e.g., Formula VII or VIII in the manufacture of 
a medicament for regulating immune system activity in a 
subject. Another aspect of the invention includes a method of 
regulating immune system activity in a subject comprising 
administering a compound of Formula VII or VIII. In one 
embodiment, the compound inhibits one or more components 
of a protein kinase signaling pathway. In another embodi 
ment, the compound is an allosteric inhibitor. In another 
embodiment, the compound is a peptide Substrate inhibitor. In 
another embodiment, the compound does not inhibit ATP 
binding to a protein kinase. In another embodiment, the com 
pound inhibits a Src family protein kinase. 
(0071. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
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application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. 
0072. One aspect of the invention is use of a compound of 
the invention e.g., Formula VII or VIII in the manufacture of 
a medicament for protecting against or treating chronic neu 
ropathic pain in a subject. Another aspect of the invention 
includes a method of protecting against or treating chronic 
neuropathic pain in a Subject comprising administering a 
compound of Formula VII or VIII. In one embodiment, the 
compound inhibits one or more components of a protein 
kinase signaling pathway. In another embodiment, the com 
pound is an allosteric inhibitor. In another embodiment, the 
compound is a peptide Substrate inhibitor. In another embodi 
ment, the compound does not inhibit ATPbinding to a protein 
kinase. In another embodiment, the compound inhibits a Src 
family protein kinase. 
0073. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In one embodiment, the compound is adminis 
tered before the onset of chronic neuropathic pain. In another 
embodiment, the compound is administered after the onset of 
chronic neuropathic pain. 
0074. One aspect of the invention is use of a compound of 
the invention e.g. Formula VII or VIII in the manufacture of a 
medicament for protecting against or treating hepatitis B in a 
subject. Another aspect of the invention includes a method of 
protecting against or treating hepatitis B in a Subject compris 
ing administering a compound of Formula VII or VIII. In one 
embodiment, the compound inhibits one or more components 
of a protein kinase signaling pathway. In another embodi 
ment, the compound is an allosteric inhibitor. In another 
embodiment, the compound is a peptide Substrate inhibitor. In 
another embodiment, the compound does not inhibit ATP 
binding to a protein kinase. In another embodiment, the com 
pound inhibits a Src family protein kinase. 
0075. In one embodiment, the administration of the com 
pound is carried out orally, parentally, Subcutaneously, intra 
venously, intramuscularly, intraperitoneally, by intranasal 
instillation, by intracavitary or intravesical instillation, topi 
cally, intraarterially, intralesionally, by metering pump, or by 
application to mucous membranes. In one embodiment, the 
compound is administered with a pharmaceutically accept 
able carrier. In one embodiment, the compound is adminis 
tered before the onset of hepatitis B. In another embodiment, 
the compound is administered after the onset of hepatitis B. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0076 FIG. 1 depicts the modular strategy for developing 
non-peptide protein kinase inhibitors. Step 1 utilizes one or 
more first modules (“M’s) to identify promising non-pep 
tide scaffolds. Step 2 enhances the potency by adding speci 
ficity elements. During this step the scaffolds are validated. 
Whether the inhibitor is non-ATP competitive can also be 
determined. In step 3, the potency and selectivity are further 
enhanced using combinatorial libraries to optimize M and 
specificity elements. 
0077 FIG. 2 provides a depiction of the X-ray structure of 
(PKA):MgATP:pseudosubstrate inhibitor. 
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0078 FIG. 3 provides a general module M design fea 
tures for binding to the conserved protein kinase catalytic 
region. 
007.9 FIG. 4 shows that the boronic acid “inhibitors' 21 
and 22 were shown to be substrates for PICA. 
0080 FIG. 5 demonstrates the binding interactions of Src 
substrate Ac-Ile-Tyr-Gly-Glu-Phe-NH. (SEQ. ID. No. 1) in 
model Src active site. 
I0081 FIG. 6 shows the design of naphthalene-based Src 
inhibitor scaffolds. 
I0082 FIG. 7 shows the design of isoquinoline and indole 
based Src inhibitor scaffolds. 
I0083 FIG. 8 provides an example of the chemistry used to 
prepare the naphthalene inhibitors, which is described in 
Marsilje 2000. A boronic acid functionality can be put in 
place of a Mihydroxyl groups in the Src inhibitors from Table 
V using the Pd(0)-catalyzed cross-coupling methodology 
wherein either an aryl triflate (Ishiyama et al., 1997) or an aryl 
halide (Ishiyama, 1995) can be coupled with the commer 
cially available pinacol ester of diboron. 
I0084 FIG. 9 shows a synthetic scheme that can be fol 
lowed, in order to attach hydrophobic S. selectivity elements 
to the naphthalene scaffold. 
0085 FIG. 10 shows successful model reactions with 
naphthalene chemistry, which can be converted to the solid 
phase in preparation for synthesizing combinatorial libraries 
of this scaffold in a 96-well plate format. The chemistry has 
been carried out on the less active naphthalene regioisomer 
represented by 44 because this compound is readily obtained 
from commercially available 3,5-dihydroxy-2-naphthoic 
acid, as described in Marsilje 2000. 
I0086 FIG. 11 provides a possible strategy for modifying 
the naphthalene scaffold in combinatorial libraries. 
0087 FIG. 12 shows the conversion of the triflate func 
tionality formed in reaction 2 from intermediate 69 (FIG. 11) 
to an amine (Wolfe et al., 1997) and then a series of amides or 
other amine derivatives. 
I0088 FIG. 13 shows modeling a series of hydroxy-con 
taining analogs of the boronic acid M group shown in the Src 
and IRTK (insulin receptor protein tyrosine kinase) active 
sites. 
I0089 FIG. 14 shows results from testing of the non-pep 
tide Src inhibitor 43-meta (Table V) in the LA25 and NRK 
cell lines. 
0090 FIG. 15A shows a comparison of taxol and doxoru 
bicin (they were more effective than etoposide & cisplatin in 
this tumor cell culture) with the three Src inhibitors men 
tioned above utilizing ovarian tumor cells from tumor NO15. 
FIG.15B shows the results from tests of the Src inhibitors for 
inhibition of normal human fibroblast cell growth. No inhi 
bition of normal cell growth (both subconfluent and conflu 
ent; some enhanced growth was observed instead) was found, 
indicating that these inhibitors are not toxic to normal cells 
even at a 10-fold higher concentration. FIG. 15C provides the 
structures of the Src inhibitors TOM 2-32, TOM 2-47, and 
KLM 2-31 
0091 FIG. 16A shows a comparison of taxol and doxoru 
bicin (they were more effective than etoposide and cisplatin in 
this tumor cell culture) with the three Src inhibitors (45. 
43-meta, and 49-meta from Table V) utilizing ovarian tumor 
cells from tumor NO15. FIG.16B shows the results from tests 
of the Src inhibitors for inhibition of normal human fibroblast 
cell growth. No inhibition of normal cell growth (both sub 
confluent and confluent; some enhanced growth was 
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observed instead) was found, indicating that these inhibitors 
are not toxic to normal cells even at a 10-fold higher concen 
tration. FIG.16C shows the results from tests of two of the Src 
inhibitors for inhibition of is v-Src stimulated LA25 cell 
growth. FIG. 16D shows the results from tests of two of the 
Src inhibitors for inhibition of normal rat kidney cell growth. 
FIG. 16E provides the structures of the Src inhibitors 45, 
43-meta, and 49-meta. 
0092 FIG. 16 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 kHz, 
2 kHz, 4 kHz, and 8 kHz band noise prior to experimental 
manipulation. 
0093 FIG. 17 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz band 
noise at day 0, day 1, day 3, and day 20 after experimental 
manipulation. 
0094 FIG. 18 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 1 kHz band noise 
at day 0, day 1, day 3, and day 20 after experimental manipu 
lation. 
0095 FIG. 19 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 2 kHz band noise 
at day 0, day 1, day 3, and day 20 after experimental manipu 
lation. 
0096 FIG. 20 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 4 kHz band noise 
at day 0, day 1, day 3, and day 20 after experimental manipu 
lation. 
0097 FIG. 21 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure. to 8 kHz band 
noise at day 0, day 1, day 3, and day 20 after experimental 
manipulation. 
0098 FIG.22 is a graph showing the average dB threshold 
shifts in chinchilla cochleas at day 20 for control and treated 
CaS. 

0099 FIG. 23 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 kHz, 
2 kHz, 4 kHz, and 8 kHz band noise prior to experimental 
manipulation. 
0100 FIG. 24 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 kHz, 
2 kHz, 4 kHz, and 8 kHz band noise on day 1 after experi 
mental manipulation. 
0101 FIG. 25 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 kHz, 
2 kHz, 4 kHz, and 8 kHz band noise on day 3 after experi 
mental manipulation. 
0102 FIG. 26 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 kHz, 
2 kHz, 4 kHz, and 8 kHz band noise on day 7 after experi 
mental manipulation. 
0103 FIG. 27 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 kHz, 
2 kHz, 4 kHz, and 8 kHz band noise on day 20 after experi 
mental manipulation. 
0104 FIG. 28 is a graph showing average threshold shifts 
(dB) in chinchilla cochleas after exposure to 8000 Hz on day 
1, day 3, day 7, and day 20. 
0105 FIGS. 29A-F are SEM images of chinchilla 
cochleas. FIG. 29.A shows a split (marked by S) of the reticu 
lar lamina after exposure to an impulse noise. FIG.29B shows 
focal adhesion kinase (FAK) staining in a cochlea exposed to 
an octave band noise centered at 4 kHz (OBN) at 105 dB 
(SPL). FIG. 29C shows a small lesion with a few apoptotic 
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nuclei (marked with arrow) from a cochlea exposed to an 
OBN at 110 dB. FIG. 29D shows FAK staining for the lesion 
shown in FIG.29C. FIG.29E shows a confocal scanning level 
a few microns lower than in FIG. 29D, demonstrating that the 
lesion extends well below the cuticular plate and into the cell 
body (marked with arrow). FIG.29F shows FAK staining in a 
cochlea exposed to impulse noise at 155 dB (SPL). In this 
figure, many outer hair cells have lost their cuticular plate 
integrity. The remaining outer hair cells show strong FAK 
fluorescence in the cuticular plates. 
0106 FIGS. 30A-B are confocal images of chinchilla 
cochleas exposed to high level noise. In FIG. 30A, the chin 
chilla cochlea was pre-treated with CH-65. In FIG. 30B, the 
chinchilla cochlea was left untreated. 

0107 FIG. 31A is a graph indicating the effect of AZ28 
and KX2-391 on Src autophosphorylation in c-Src/NIH-3T3 
cells: FIG. 31B is a graph indicating the effect of AZ28 and 
KX2-391 on Src autophosphorylation in HT-29 cells. 
0.108 FIG. 32A is a graph indicating the effect of AZ28 
and KX2-391 on FAK phosphorylation in c-Src/NIH-3T3 
cells: FIG. 32B is a graph indicating the effect of AZ28 and 
KX2-391 on FAK phosphorylation in HT-29 cells. 
0109 FIG. 33A is a graph indicating the effect of AZ28 
and KX2-391 on Shc phosphorylation in c-Src/NIH-3T3 
cells: FIG. 33B is a graph indicating the effect of AZ28 and 
KX2-391 on Shc phosphorylation in HT-29 cells. 
0110 FIG. 34 is a graph indicating the effect of AZ28 and 
KX2-391 on paxillin phosphorylation in c-Src/NIH-3T3 
cells. 

0111 FIG. 35A is a graph indicating the effect of AZ28 
and KX2-391 on caspase-3 cleavage in c-Src/NIH-3T3 cells; 
FIG. 35B is a graph indicating the effect of AZ28 and KX2 
391 on caspase-3 cleavage in HT-29 cells. 
0112 FIG. 36A is a graph indicating the effect of AZ28 
and KX2-391 on total phosphotyrosine levels in c-Src/NIH 
3T3 cells; FIG. 36B is a graph indicating the effect of AZ28 
and KX2-391 on total phosphotyrosine levels in HT-29 cells. 
0113 FIG. 37 is a graph indicating the effect of AZ28 and 
KX2-391 on autophosphorylation of PDGFR in c-Src/NIH 
3T3 cells. 

0114 FIG. 38A is a graph indicating the effect of AZ28 
and KX2-391 on autophosphorylation of FAK in c-Src/NIH 
3T3 cells: FIG.38B is a graph indicating the effect of AZ28 
and KX2-391 on autophosphorylation of FAK in HT-29 cells. 
0115 FIG. 39A is a graph indicating the effect of AZ28 
and KX2-391 on autophosphorylation of EGFR in c-Src./ 
NIH-3T3 cells: FIG. 39B is a graph indicating the effect of 
AZ28 and KX2-391 on autophosphorylation of EGFR in 
HT-29 cells. 

0116 FIG. 40 is a bar chart showing the average threshold 
shifts (dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 
kHz, 2 kHz, 4 kHz, and 8 kHz band noise on day 1 after 
experimental manipulation. 
0117 FIG. 41 is a graph showing the average threshold 
shifts (dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 
kHz, 2 kHz, 4 kHz, and 8 kHz band noise on day 7 after 
experimental manipulation. 
0118 FIG. 42 is a graph showing the average threshold 
shifts (dB) in chinchilla cochleas after exposure to 0.5 kHz, 1 
kHz, 2 kHz, 4 kHz, and 8 kHz band noise on day 21 after 
experimental manipulation. 
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0119 FIG. 43 is a line graph showing the threshold shifts 
(dB) in guinea pig cochleas after exposure to 2 kHz, 4 kHz, 8 
kHz, 12 kHz, 16 kHz and 20 kHz band noise after treatment 
with cisplatin. 
0120 FIG. 44 is a line graph showing the threshold shifts 
(dB) in KX1-004-treated guinea pig cochleas after exposure 
to 2 kHz, 4 kHz, 8 kHz, 12 kHz, 16 kHz and 20 kHz band 
noise after treatment with cisplatin. 
0121 FIG. 45 is a line graph showing the average thresh 
old shifts (dB) in KX1-004-treated guinea pig cochleas and 
untreated control guinea pig cochleas after exposure to 2 kHz. 
4 kHz, 8 kHz, 12 kHz, 16 kHz and 20 kHz band noise after 
treatment with cisplatin. 
0122 FIG. 46 is a series of illustrations depicting the 
effect of compounds on osteoclast formation. 
0123 FIG. 47 is a bar chart demonstrating the effect of 
compounds on osteoclast formation. 
0.124 FIG. 48 is a series of illustrations showing the effect 
of compounds on osteoclast Survival. 
0.125 FIG. 49 is a bar chart depicting the effect of com 
pounds on osteoclast Survival. 
0126 FIG.50A is a bar chart demonstrating the effect of 
compounds on bone resorption in vitro. 
0127 FIG.50B is a bar chart showing the effect of com 
pounds on resorption pit formation. 
0128 FIG. 51A is a series of illustrations depicting the 
effect of compounds on osteoclast formation on bone slices. 
0129 FIG. 51B is a series of illustrations demonstrating 
the effect of compounds on the formation of resorption pits on 
bone slices. 
0130 FIG. 52 is a bar chart showing the effect of com 
pounds on alkaline phosphatase expression by osteoblasts. 
0131 FIG. 53 is a bar chart depicting the effect of com 
pounds on protein expression by osteoblasts. 

DETAILED DESCRIPTION OF THE INVENTION 

0132 Because kinases are involved in the regulation of a 
wide variety of normal cellular signal transduction pathways 
(e.g., cell growth, differentiation, Survival, adhesion, migra 
tion, etc.), kinases are thought to play a role in a variety of 
diseases and disorders. Thus, modulation of kinase signaling 
cascades may be an important way to treat or prevent Such 
diseases and disorders. Such diseases and disorders include, 
for example, cancers, osteoporosis, cardiovascular disorders, 
immune system dysfunction, type II diabetes, obesity, and 
transplant rejection. 
0.133 Compounds of the invention are useful in modula 
tion a component of the kinase signaling cascade. Com 
pounds of the invention are useful in the manufacture of a 
medicament that modulates a component of the kinase sig 
naling cascade. Some compounds may be useful in modula 
tion of more than one component of a kinase signaling cas 
cade. The phrase "modulates one or more components of a 
protein kinase signaling cascade” means that one or more 
components of the kinase signaling cascade are affected Such 
that the functioning of a cell changes. Components of a pro 
tein kinase signaling cascade include any proteins involved 
directly or indirectly in the kinase signaling pathway includ 
ing second messengers and upstream and downstream tar 
getS. 
0134. A number of protein kinases and phosphatases are 
known, and are targets for the development of therapeutics. 
See, e.g., Hidaka and Kobayashi, Annu. Rev. Pharmacol. 
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Toxicol, 1992, 32:377-397; Davies et al., Biochem. J., 2000, 
351:95-105, each of which is incorporated by reference 
herein. 
I0135. One family of kinases, the protein tyrosine kinases 
are divided into two large families: receptor tyrosine kinases, 
or RTKs (e.g., insulin receptor kinase (IRK), epidermal 
growth factor receptor (EGFR), basic fibroblast growth factor 
receptor (FGFR), platelet-derived growth factor receptor 
(PDGFR), vascular endothelial growth factor receptor 
(VEGFR-2 or Flk1/KDR), and nerve growth factor receptor 
(NGFR)) and nonreceptor tyrosine kinases, or NRTKs (e.g., 
the Src family (Src, Fyn, Yes, Blk, Yrk, Fgr, lick, Lck, and 
Lyn), Fak, Jak, Abl and Zap70). See, for example, Parang and 
Sun, Expert Opin. Ther. Patents, 2005, 15:1183-1207, incor 
porated by reference herein. 
0.136 Because of the role of Src kinases in a variety of 
cancers, these kinases are the Subject of a number of studies 
relating to the development of Src inhibitors as cancer thera 
peutics, including highly metastatic cancer cell growth. Src 
inhibitors are sought as therapeutics for a variety of cancers, 
including, for example, colon cancer, precancerous colon 
lesions, ovarian cancer, breast cancer, epithelial cancers, 
esophageal cancer, non-Small cell lung cancer, pancreatic 
cancer, and others. See, e.g., Frame, Biochim. Biophys. Acta, 
2002, 1602:114-130 and Parang and Sun, Expert Opin. Ther. 
Patents, 2005, 15:1183–1207. 
0.137 Inhibition of other kinases may be useful in the 
treatment and modulation of other types of diseases and dis 
orders. For example, various eye diseases may be inhibited or 
prevented by administration of VEGF receptor tyrosine 
kinase inhibitors. Inhibitors of the tyrosine phosphatase PTP 
1B and/or glycogen phosphorylase may provide treatments 
for Type II diabetes or obesity. Inhibitors of p56lck may be 
useful in treating immune system disorders. Other targets 
include HIV reverse transcriptase, thromboxane synthase, 
EGFRTK, p55 fyn, etc. 
0.138 Compounds of the invention may be Src signaling 
inhibitors that bind in the Src peptide substrate site. Com 
pounds of the invention may be useful in the manufacture of 
a medicament that comprises a Src signaling inhibitor that 
binds in the Src peptide substrate. The activity of various 
compounds of the invention has been studied in c-Src (527F. 
constitutively active and transforming) transformed NIH3T3 
cells and in human colon cancer cells (HT29). For example, in 
these cell lines, KX2-391 was shown to reduce the phospho 
rylation level of known Src protein substrates in a dose 
dependent fashion and in good correlation with growth 
inhibitory effects. Thus, in some embodiments, compounds 
of the invention may directly inhibit Src, and may do so by 
binding in the peptide binding site (as opposed to binding at 
an allosteric site). 
0.139 Molecular modeling experiments have been per 
formed which show that compounds of the invention fit into 
the model Src substrate site (See, e.g., U.S. Pat. Nos. 7.005, 
445 and 7,070,936). Modeling is also used to retool the Src 
kinase inhibitor Scaffolds in order to target other kinases, 
simply by using a different set of side chains present on the 
molecules and/or modifying the scaffold itself. 
0140. Without wishing to be bound by theory, it is believed 
that the conformation of some kinases (e.g., Src) outside cells 
relative to the conformation inside cells is markedly different, 
because inside cells, many kinases are is embedded in multi 
protein signaling complexes. Thus, because the peptide Sub 
strate binding site is not well formed in an isolated kinase (as 
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shown by Src X-ray structures), it is believed that the activity 
against isolated kinase for a peptide Substrate binding inhibi 
tor would be weak. Binding to this site in an isolated kinase 
assay requires the inhibitor to capture the very small percent 
age of total protein in an isolated enzyme assay that is in the 
same conformation that exists inside cells. This requires a 
large excess of the inhibitor to drain significant amounts of 
the enzyme from the catalytic cycle in the assay in order to be 
detectable. 
0141. However, for cell-based assays, a large inhibitor 
excess is not needed because the peptide binding site is 
expected to be formed. In cell-based Src assays, SH2 & SH3 
domain binding proteins have already shifted the Src confor 
mation so that the peptide substrate binding site is fully 
formed. Thus, low concentrations of the inhibitor can remove 
the enzyme from the catalytic cycle since all of the enzyme is 
in the tight binding conformation. 
0142. The vast majority of known kinase inhibitors are 
ATP competitive and show poor selectivity in a panel of 
isolated kinase assays. However, many of the compounds of 
the invention are thought to be peptide Substrate binding 
inhibitors. Thus, traditional high throughput Screening of 
compounds against isolated enzymes, such as Src, would not 
result in the discovery of compounds of the invention. 
0143. There is considerable recent literature support for 
targeting pp60c-Src (Src) as a broadly useful approach to 
cancer therapy without resulting in serious toxicity. For 
example, tumors that display enhanced EGF receptor PTK 
signaling, or overexpress the related Her-2/neu receptor, have 
constitutively activated Src and enhanced tumor invasive 
ness. Inhibition of Src in these cells induces growth arrest, 
triggers apoptosis, and reverses the transformed phenotype 
(Karni et al. (1999) Oncogene 18(33): 4654-4662). It is 
known that abnormally elevated Src activity allows trans 
formed cells to grow in an anchorage-independent fashion. 
This is apparently caused by the fact that extracellular matrix 
signaling elevates Src activity in the FAK/Src pathway, in a 
coordinated fashion with mitogenic signaling, and thereby 
blocks an apoptotic mechanism which would normally have 
been activated. Consequently FAK/Src inhibition in tumor 
cells may induce apoptosis because the apoptotic mechanism 
which would have normally become activated upon breaking 
free from the extracellular matrix would be induced (Hisano, 
et al., Proc. Annu. Meet. Am. Assoc. Cancer Res. 38:A1925 
(1997)). Additionally, reduced VEGF mRNA expression was 
noted upon Src inhibition and tumors derived from these 
Src-inhibited cell lines showed reduced angiogenic develop 
ment (Ellis et al., Journal of Biological Chemistry 273 (2): 
1052-1057 (1998)). 
0144. For example, a knock-out of the Src gene in miceled 

to only one defect, namely osteoclasts that fail to form ruffled 
borders and consequently do not resorb bone. However, the 
osteoclast bone resorb function was rescued in these mice by 
inserting a kinase defective Src gene (Schwartzberg et al., 
(1997) Genes & Development 11: 2835-2844). This sug 
gested that Src kinase activity can be inhibited in vivo without 
triggering the only known toxicity because the presence of the 
Src protein is apparently sufficient to recruit and activate 
other PTKs (which are essential for maintaining osteoclast 
function) in an osteoclast essential signaling complex. 
0145 Src has been proposed to be a “universal target for 
cancer therapy since it has been found to be overactivated in 
a growing number of human tumors (Levitzki, Current Opin 
ion in Cell Biology, 8, 239-244 (1996); Levitzki, Anti-Cancer 
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Drug Design, 11, 175-182 (1996)). The potential benefits of 
Src inhibition for cancer therapy appear to be four-fold inhi 
bition of uncontrolled cell growth caused by autocrine growth 
factor loop effects, inhibition of metastasis due to triggering 
apoptosis upon breaking free from the cell matrix, inhibition 
of tumorangiogenesis via reduced VEGF levels, low toxicity. 
0146 Prostate cancer cells have been reported to have 
both an over expression of paxillin and p130cas and are 
hyperphosphorylated (Tremblay et al., hit. J. Cancer, 68, 164 
171, 1996) and may thus be a prime target for Src inhibitors. 
0147 As described herein, a compound of the invention 
may be used to protect against or prevent hearing loss in a 
Subject. A compound of the invention may be used in the 
manufacture of a medicament to protect against or prevent 
hearing loss in a Subject. In order to protect against hearing 
loss, the compound may be administered prior to noise expo 
Sure or exposure to a drug which induces hearing loss. Such 
drugs may include chemotherapeutic drugs (e.g., platinum 
based drugs which target hair cells) and aminoglycoside anti 
biotics. A compound of the invention may provide a syner 
gistic effect with certain cancer drugs. For example, 
promising inhibitors can be screened in primary human tumor 
tissue assays, particularly to look for synergy with other 
known anti-cancer drugs. In addition, the protein kinase 
inhibitors may reduce toxicity of certain cancer drugs (e.g., 
platinum-based drugs which are toxic to the cochlea and 
kidney), thereby allowing increased dosage. 
0148 Alternatively, a compound of the invention may be 
used to treat hearing loss in a subject. In this embodiment, the 
compound is administered to the Subject Subsequent to the 
initiation of hearing loss to reduce the level of hearing loss. A 
compound of the invention may be involved in modulating a 
kinase cascade, e.g. a kinase inhibitor, a non-ATP competitive 
inhibitor, a tyrosine kinase inhibitor, a Src inhibitor or a focal 
adhesion kinase (FAK) modulator. Although not wishing to 
be bound by theory, it is believed that the administration of 
kinase inhibitors prevents apoptosis of cochlear hair cells, 
thereby preventing hearing loss. In one embodiment, admin 
istration of a compound of the invention is administered to a 
subject suffering from hearing loss in order to prevent further 
hearing loss. In another embodiment, administration of a 
compound of the invention is administered to a subject Suf 
fering from hearing loss in order to restore lost hearing. In 
particular, following noise exposure, the tight cell junctures 
between the cochlear hair cells, as well as the cell-extracel 
lular matrix interaction, are torn and stressed. The stressing of 
these tight cell junctures initiates apoptosis in the cells 
through a complex signaling pathway in which tyrosine 
kinases act as molecular Switches, interacting with focal 
adhesion kinase to transduce signals of cell-matrix disrup 
tions to the nucleus. It is believed that the administration of 
kinase inhibitors prevents the initiation of apoptosis in this 
cascade. 
014.9 The identification of apoptosis in the noise-exposed 
cochlea has generated a number of new possibilities for the 
prevention of noise-induced hearing loss (NIHL) (Hu, et al.: 
2000, Acta. Otolaryngol., 120, 19-24). For example, the ear 
can be protected from NIHL by administration of antioxidant 
drugs to the round window of the ear (Hight, et al., 2003, 
Hear. Res., 179, 21-32; Hu, et al.: Hear: Res. 113, 198-206). 
Specifically, NIHL has been reduced by the administration of 
FDA-approved antioxidant compounds (N-L-acetylcysteine 
(L-NAC) and salicylate) in the chinchilla (Kopke, et al., 2000, 
Hear. Res., 149, 138-146). Moreover, Harris et al. have 
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recently described prevention of NIHL with Src-PTK inhibi 
tors (Harris, et al., 2005, Hear: Res., 208, 14-25). Thus, it is 
hypothesized that the administration of a compound of the 
instant invention which modulates the activity of kinases, is 
useful for treating hearing loss. 
0150 Changes in cell attachment or cell stress can activate 
a variety of signals through the activation of integrins and 
through the phosphorylation of PTKs, including the Src fam 
ily of tyrosine kinases. Src interactions have been linked to 
signaling pathways that modify the cytoskeleton and activate 
a variety of protein kinase cascades that regulate cell Survival 
and gene transcription (reviewed in Gianotti and Ruoslahti; 
1999, Science, 285, 1028-1032). In fact, recent results have 
indicated that outer hair cells (OHC), which had detached at 
the cell base following an intense noise exposure, underwent 
apoptotic cell death. Specifically, the Src PTK signaling cas 
cade is thought to be involved in both metabolic- and 
mechanically-induced initiation of apoptosis in sensory cells 
of the cochlea. In a recent study, Src inhibitors provided 
protection from a 4 hour, 4 kHZ octave band noise at 106 dB, 
indicating that Src-PTKs might be activated in outer hair cells 
following noise exposure (Harris, et al., 2005, Hear: Res., 
208, 14-25). Thus, compounds of the instant invention that 
modulate the activity of Src, are useful in treating hearing 
loss. 

0151. The present invention relates to a method for pro 
tecting against or treating osteoporosis in a Subject. This 
method involves administering an effective amount of a com 
pound of the invention to the subject to protect against or to 
treat osteoporosis. In order to protect against osteoporosis, 
the compound may be administered prior to the development 
of osteoporosis. Alternatively, the compound may be used to 
treat osteoporosis in a Subject. In this embodiment, the com 
pound is administered to the Subject Subsequent to the initia 
tion of osteoporosis to reduce the level of osteoporosis. A 
compound of the invention may be used in the manufacture of 
a medicament to protect against or treat osteoporosis in a 
Subject. 
0152. A compound of the invention can be, e.g. a non-ATP 
competitive inhibitor. The compound of the invention can 
modulate a kinase signaling cascade, depending upon the 
particular side chains and scaffold modifications selected. 
The compound of the invention can be a kinase inhibitor. For 
example, the compound can be a protein tyrosine kinase 
(PTK) inhibitor. The proline-rich tyrosine kinase (PYK2; also 
known as cell adhesion kinase B, related adhesion focal 
tyrosine kinase, or calcium-dependent tyrosine kinase) and 
focal adhesion kinase (FAK) are members of a distinct family 
of non receptor protein-tyrosine kinases that are regulated by 
a variety of extracellular stimuli (Avraham, et al., 2000, Cell 
Signal., 12, 123-133; Schlaepfer, et al., 1999, Prog. Biophys. 
Mol. Biol. 71, 435-478). The compound of the invention can 
be a Src inhibitor. It has been shown that Src deficiency is 
associated with osteoporosis in mice, because of loss of 
osteoclast function (Soriano, et al., 1991, Cell, 64, 693-702). 
Alternatively, the compound of the invention can modulate 
the expression of interleukin-1 receptor associated kinase M 
(IRAK-M). Mice that lack IRAK-M develop severe 
osteoporosis, which is associated with the accelerated differ 
entiation of osteoclasts, an increase in the half-life of osteo 
clasts, and their activation (Hongmei, et al., 2005, J. Exp. 
Med., 201, 1169-1177). 
0153. Multinucleated osteoclasts originate from the 
fusion of mononuclear phagocytes and play a major role in 
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bone development and remodeling via the resorption of bone. 
Osteoclasts are multinucleated, terminally differentiated 
cells that degrade mineralized matrix. In normal bone tissue, 
there is a balance between bone formation by osteoblasts and 
bone resorption by osteoclasts. When the balance of this 
dynamic and highly regulated process is disrupted, bone 
resorption can exceed bone formation resulting in quantita 
tive bone loss. Because osteoclasts are essential for the devel 
opment and remodeling of bone, increases in their number 
and/or activity lead to diseases that are associated with gen 
eralized bone loss (e.g., osteoporosis) and others with local 
ized bone loss (e.g., rheumatoid arthritis, periodontal dis 
ease). 
0154) Osteoclasts and osteoblasts both command a multi 
tude of cellular signaling pathways involving protein kinases. 
Osteoclast activation is initiated by adhesion to bone, cytosk 
eletal rearrangement, formation of the sealing Zone, and for 
mation of the polarized ruffled membrane. It is believed that 
protein-tyrosine kinase 2 (PYK2) participates in the transfer 
of signals from the cell Surface to the cytoskeleton, as it is 
tyrosine phosphorylated and activated by adhesion-initiated 
signaling in osteoclasts (Duong, et al., 1998, J. Clin. Invest., 
102, 881-892). Recent evidence has indicated that the reduc 
tion of PYK2 protein levels results in the inhibition of osteo 
clast formation and bone resorption in vitro (Duong, et al.: 
2001, J. Bio. Chem., 276, 7484-7492). Therefore, the inhibi 
tion of PYK2 or other protein tyrosine kinases might reduce 
the level of osteoporosis by decreasing osteoclast formation 
and bone resorption. Thus, without wishing to be bound by 
theory, it is hypothesized that the administration of a com 
pound of the instant invention will modulate kinase (e.g. 
PTK) activity and therefore result in the inhibition of osteo 
clast formation and/or bone resporption, thereby treating 
osteoporosis. 
0155 Src tyrosine kinase stands out as a promising thera 
peutic target for bone disease as validated by Src knockout 
mouse studies and in vitro cellular experiments, suggesting a 
regulatory role for Src in both osteoclasts (positive) and 
osteoblasts (negative). In osteoclasts, Src plays key roles in 
motility, polarization, survival, activation (ruffled border for 
mation) and adhesion, by mediating various signal transduc 
tion pathways, especially in cytokine and integrin signaling 
(Parang and Sun: 2005, Expert Opin. Ther. Patents, 15, 1183– 
1207). Moreover, targeted disruption of the Src gene in mice 
induces osteopetrosis, a disorder characterized by decreased 
bone resorption, without showing any obvious morphological 
or functional abnormalities in other tissues or cells (Soriano, 
et al., 1991, Cell, 64, 693-702). The osteopetrotic phenotype 
ofsrc mice is cell-autonomous and results from defects in 
mature osteoclasts, which normally express high levels of Src 
protein (Home, et al.: 1991, Cell, 119, 1003-1013). By lim 
iting the effectiveness of Src tyrosine kinase, which triggers 
osteoclast activity and inhibits osteoblasts, Src inhibitors are 
thought to lessen bone break down and encourage bone for 
mation. Because osteoclasts normally express high levels of 
Src, inhibition of Src kinase activity might be useful in the 
treatment of osteoporosis (Missbach, et al., 1999, Bone, 24. 
437-449). Thus, the PTK inhibitors of the instant invention 
that modulate the activity of Src, are useful in treating 
osteoporosis. 
0156. As described herein, a compound of the invention 
may be used to protect against or prevent obesity in a Subject. 
In order to protect against obesity, the compound may be 
administered prior to the development of obesity in a subject. 
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Alternatively, the compound may be used to treat obesity in a 
Subject. A compound of the instant invention may be involved 
in modulating a kinase signaling cascade, e.g., a kinase 
inhibitor, a non-ATP competitive inhibitor, a tyrosine kinase 
inhibitor, a protein tyrosine phosphatase inhibitor, or a pro 
tein-tyrosine phosphatase 1B inhibitor. A compound of the 
invention may be used in the manufacture of a medicament to 
protect against or prevent obesity in a subject 
0157 Obesity is associated with diabetes and increased 
insulin resistance in insulin responsive tissues. Such as skel 
etal muscle, liver, and white adipose tissue (Klaman, et al.: 
2000, Mol. Cell. Biol., 20,5479-5489). Insulin plays a critical 
role in the regulation of glucose homeostasis, lipid metabo 
lism, and energy balance. Insulin signaling is initiated by 
binding of insulin to the insulin receptor (IR), a receptor 
tyrosine kinase. Insulin binding evokes a cascade of phospho 
rylation events, beginning with the autophosphorylation of 
the IR on multiple tyrosyl residues. Autophosphorylation 
enhances IR kinase activity and triggers downstream signal 
ing events. The stimulatory effects of protein tyrosine kinases 
and the inhibitory effects of protein tyrosine phosphatases 
largely define the action of insulin. Appropriate insulin sig 
naling minimizes large fluctuations in blood glucose concen 
trations ind ensures adequate delivery of glucose to cells. 
Since insulin stimulation leads to multiple tyrosyl phospho 
rylation events, enhanced activity of one or more protein 
tyrosine phosphatases (PTPs) could lead to insulin resistance, 
which may lead to obesity. Indeed, increased PTP activity has 
been reported in several insulin-resistant states, including 
obesity (Ahmad, et al., 1997, Metabolism, 46, 1140-1145). 
Thus, without wishing to be bound by theory, the administra 
tion of a compound of the instant invention modulates kinase 
(e.g., PTP) activity, thereby treating obesity in a subject. 
0158 Insulin signaling begins with the activation of the IR 
via tyrosine phosphorylation and culminates in the uptake of 
glucose into cells by the glucose transporter, GLUT4 (Saltiel 
and Kahn: 2001, Nature, 414, 799-806). The activated IR 
must then be deactivated and returned to a basal state, a 
process that is believed to involve protein-tyrosine phos 
phatase-1B (PTP-1B) (Ahmad, et al; 1997, J. Biol. Chem. 
270, 20503-20508). Disruption of the gene that codes for 
PTP-1B in mice results in sensitivity to insulin and increased 
resistance to diet-induced obesity (Elchebly, et al., 1999, 
Science, 283, 1544-1548; Klaman, et al., 2000, Mol. Biol., 20, 
5479-5489). The decreased adiposity in PTP-1B deficient 
mice was due to a marked reduction in fat cell mass without a 
decrease in adipocyte number (Klaman, et al., 2000, Mol. 
Cell. Biol., 20, 5479-5489). Moreover, leanness in PTP-1B 
deficient mice was accompanied by increased basal meta 
bolic rate and total energy expenditure, without marked alter 
ation of uncoupling protein mRNA expression. The 
disruption of the PTP-1B gene demonstrated that altering the 
activity of PTP-1B can modulate insulin signaling and 
dietary-induced obesity in vivo. Thus, without wishing to be 
bound by theory, the administration of a compound of the 
instant invention that modulates insulin signaling (e.g., PTP 
1B activity), is useful in treating obesity in a Subject. 
0159. As described herein, a compound of the invention 
may be used to protect against or prevent diabetes in a subject. 
In order to protect against diabetes, the compound may be 
administered prior to the development of diabetes in a subject. 
Alternatively, the compound may be used to treat diabetes in 
a Subject. The compound of the instant invention may be 
involved in modulating a kinase signaling cascade, e.g. a 
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kinase inhibitor, a non-ATP competitive inhibitor, a tyrosine 
kinase inhibitor, a phosphatase and tension homologue on 
chromosome 10 (PTEN) inhibitor, or a sequence homology 
2-containing inositol 5'-phosphatase 2 (SHIP2) inhibitor. A 
compound of the invention may be used in the manufacture of 
a medicament to protect against or prevent diabetes in a 
Subject 
(0160 Type 2 diabetes mellitus (T2DM) is a disorder of 
dysregulated energy metabolism. Energy metabolism is 
largely controlled by the hormone insulin, a potent anabolic 
agent that promotes the synthesis and storage of proteins, 
carbohydrates and lipids, and inhibits their breakdown and 
release back into the circulation. Insulin action is initiated by 
binding to its tyrosine kinase receptor, which results in auto 
phosphorylation and increased catalytic activity of the kinase 
(Patti, et al.; 1998, J. Basic Clin. Physiol. Pharmacol. 9, 
89-109). Tyrosine phosphorylation causes insulin receptor 
substrate (IRS) proteins to interact with the p85 regulatory 
subunit of phosphatidylinositol 3-kinase (PI3K), leading to 
the activation of the enzyme and its targeting to a specific 
Subcellular location, depending on the cell type. The enzyme 
generates the lipid product phosphatidylinositol-3,4,5-tris 
phosphate (PtdIns(3,4,5)P), which regulates the localization 
and activity of numerous proteins (Kido, et al., 2001, J. Clin. 
Endocrinol. Metab., 86,972-979). PI3K has an essential role 
in insulin-stimulated glucose uptake and storage, inhibition 
oflipolysis and regulation of hepatic gene expression (Saltiel, 
et al., 2001, Nature, 414, 799-806). Overexpression of domi 
nant-interfering forms of PI3K can block glucose uptake and 
translocation of glutamate transporter four, GLUT4, to the 
plasma membrane (Quon, et al., 1995, Mol. Cell. Biol., 15, 
5403-5411). Thus, the administration of a compound of the 
instant invention that modulates kinase (e.g. PI3K) activity, 
and therefore results in increased glucose uptake, is useful in 
treating diabetes. 
0.161 PTEN is a major regulator of PI3K signaling in may 
cell types, and functions as a tumor Suppressor due to antago 
nism of the anti-apoptotic, proliferative and hypertrophic 
activities of the PI3K pathway (Goberdhan, et al., 2003, Hum. 
Mol. Genet., 12, R239-R248; Leslie, et al., 2004, J. Biochem., 
382, 1-11). Although not wishing to be bound by theory, it is 
believed that PTEN attenuates the PI3K pathway by dephos 
phorylation of the PtdIns(3,4,5)P, molecule, degrading this 
important lipid second messenger to PtdIns(4,5)P. In a 
recent study, reduction of endogenous PTEN protein by 50% 
using small interfering RNA (siRNA) enhanced insulin-de 
pendent increases in PtdIns(3,4,5)P levels, and glucose 
uptake (Tang, et al.; 2005, J. Biol. Chem., 280,22523-22529). 
Thus, without wishing to be bound by theory, it is hypoth 
esized that the administration of a compound of the instant 
invention that modulates PTEN activity, and therefore results 
in increased glucose uptake, is useful for treating diabetes. 
(0162 PtdIns(3,4,5)P, levels are also controlled by the 
family of SRC homology 2 (SH2)-containing inositol 
5'-phosphatase (SHIP) proteins, SHIP1 and SHIP2 (Lazar 
and Saltiel: 2006, Nature Reviews, 5, 333-342). SHIP2. 
expressed in skeletal muscle, among other insulin-sensitive 
tissues, catalyzes the conversion of PtdIns(3,4,5)P into 
PtdIns(3,4)P (Pesesse, et al.; 1997: Biochem Biophys. Res. 
Commun., 239, 697-700; Backers, et al., 2003, Adv. Enzyme 
Regul., 43, 15-28; Chi, et al., 2004, J. Biol. Chem., 279, 
44987-44995; Sleeman, et al., 2005, Nature Med., 11, 199 
205). Overexpression of SHIP2 markedly reduced insulin 
stimulated PtdIns(3,4,5)P levels, consistent with the pro 
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posed capacity of SHIP2 to attenuate the activation of 
downstream effectors of PI3K (Ishihara, et al.; 1999, Bio 
chem. Biophys. Res. Commun., 260,265-272). Thus, without 
wishing to be bound by theory, it is hypothesized that the 
administration of a compound of the instant invention which 
modulates SHIP2 activity, and therefore results in increased 
glucose uptake, is useful for treating diabetes. 
0163 As described herein, a compound of the invention 
may be used to protect against or prevent eye disease in a 
Subject. In order to protect against eye disease, the compound 
may be administered prior to the development of eye disease 
in a Subject. Alternatively, the compound may be used to treat 
eye disease in a subject, e.g. macular degeneration, retinopa 
thy, and macular edema. The compound of the instant inven 
tion may be involved in modulating a kinase cascade, e.g. a 
kinase inhibitor, a non-ATP competitive inhibitor, a tyrosine 
kinase inhibitor, e.g. a vascular endothelial growth factor 
(VEGF) receptor tyrosine kinase inhibitor. A compound of 
the invention may be used in the manufacture of a medica 
ment to protect against or prevent eye disease in a subject 
0164 Vision-threatening neovascularization of the physi 
ologically avascular cornea can occur. The proliferative ret 
inopathies, principally diabetic retinopathy and age-related 
macular degeneration, are characterized by increased vascu 
lar permeability, leading to retinal edema and subretinal fluid 
accumulation, and the proliferation of new vessels that are 
prone to hemorrhage. Angiogenesis, the formation of new 
blood vessels from preexisting capillaries, is an integral part 
of both normal development and numerous pathological pro 
cesses. VEGF, a central mediator of the complex cascade of 
angiogenesis and a potent permeability factor, is an attractive 
target for novel therapeutics. VEGF is the ligand for two 
membrane-bound tyrosine kinase receptors, VEGFR-1 and 
VEGFR-2. Ligand binding triggers VEGFR dimerization and 
transphosphorylation with Subsequent activation of an intra 
cellular tyrosine kinase domain. The ensuing intracellular 
signaling axis results in vascular endothelial cell prolifera 
tion, migration, and Survival. Thus, without wishing to be 
bound by theory, it is hypothesized that the administration of 
a compound of the instant invention which modulates kinase 
activity, e.g. tyrosine kinase activity, and results in the inhi 
bition of angiogenesis and/or neovascularization, is useful for 
treating an eye disease, e.g. macular degeneration, retinopa 
thy and/or macular edema. 
0.165 Macular degeneration is characterized by VEGF 
mediated retinal leakage (an increase in vascular permeabil 
ity) and by the abnormal growth of small blood vessels in the 
back of the eye (angiogenesis). VEGF has been identified in 
neovascular membranes in both diabetic retinopathy and age 
related macular degeneration, and intraocular levels of the 
factor correlate with the severity of neovascularization in 
diabetic retinopathy (Kvanta, et al., 1996, Invest. Ophthal. 
Vis. Sci., 37, 1929-1934.: Aiello, et al.; 1994, N. Engl.J.Med., 
331, 1480-1487). Therapeutic antagonism of VEGF in these 
models results in significant inhibition of both retinal and 
choroidal neovascularization, as well as a reduction in vascu 
lar permeability (Aiello, et al.; 1995, Proc. Natl. Acad. Sci. 
USA., 92, 10457-10461: Krzystolik, et al.: 2002, Arch. Oph 
thal., 120,338-346; Qaum, et al., 2001, Invest. Ophthal. Vis. 
Sci., 42, 2408-2413). Thus, without wishing to be bound by 
theory, it is hypothesized that the administration of a com 
pound of the instant invention which modulates VEGF activ 
ity, and results in the inhibition of angiogenesis and/or 
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neovascularization, is useful for treating an eye disease, e.g. 
macular degeneration, retinopathy and/or macular edema. 
0166 The compounds of the invention are used in meth 
ods of treating, preventing, ameliorating a stroke in a subject 
who is at risk of Suffering a stroke, is Suffering from a stroke 
or has suffered a stroke. The compounds of the invention are 
useful in methods of treating patients who are undergoing 
post-stroke rehabilitation. A compound of the invention may 
be used in the manufacture of a medicament to treat, prevent 
or ameliorate stroke in a Subject 
0.167 A stroke, also known as a cerebrovascular accident 
(CVA), is an acute neurological injury whereby the blood 
supply to a part of the brain is interrupted due to either 
blockage of an artery or rupture of a blood vessel. The part of 
the brain in which blood supply is interrupted no longer 
receives oxygen and/or nutrients carried by the blood. The 
brain cells become damaged or necrotic, thereby impairing 
function in or from that part of the brain. Brain tissue ceases 
to function if deprived of oxygen for more than 60 to 90 
seconds and after a few minutes will suffer irreversible injury 
possibly leading to a death of the tissue, i.e., infarction. 
0168 Strokes are classified into two major types: 
ischemic, i.e., blockage of a blood vessel Supplying the brain, 
and hemorrhagic, i.e., bleeding into or around the brain. The 
majority of all strokes are ischemic strokes. Ischemic stroke is 
commonly divided into thrombotic stroke, embolic stroke, 
systemic hypoperfusion (Watershed stroke), or venous 
thrombosis. In thrombotic stroke, a thrombus-forming pro 
cess develops in the affected artery, the thrombus, i.e., blood 
clot, gradually narrows the lumen of the artery, thereby 
impeding blood flow to distal tissue. These clots usually form 
around atherosclerotic plaques. There are two types of throm 
botic strokes, which are categorized based on the type of 
vessel on which the thrombus is formed. Large vessel throm 
botic stroke involves the common and internal carotids, Ver 
tebral, and the Circle of Willis. Small vessel thrombotic 
stroke involves the intracerebral arteries, branches of the 
Circle of Willis, middle cerebral artery stem, and arteries 
arising from the distal vertebral and basilar artery. 
0169. A thrombus, even if non-occluding, can lead to an 
embolic stroke if the thrombus breaks off, at which point it 
becomes an embolus. An embolus refers to a traveling particle 
or debris in the arterial bloodstream originating from else 
where. Embolic stroke refers to the blockage of arterial access 
to a part of the brain by an embolus. An embolus is frequently 
a blood clot, but it can also be a plaque that has broken off 
from an atherosclerotic blood vessel or a number of other 
Substances including fat, air, and even cancerous cells. 
Because an embolus arises from elsewhere, local therapy 
only solves the problem temporarily. Thus, the source of the 
embolus must be identified. There are four categories of 
embolic stroke: those with a known cardiac source; those with 
a potential cardiac or aortic source (from trans-thoracic or 
trans-esophageal echocardiogram); those with an arterial 
Source; and those with unknown source. 
0170 Systemic hypoperfusion is the reduction of blood 
flow to all parts of the body. It is most commonly due to 
cardiac pump failure from cardiac arrest or arrhythmias, or 
from reduced cardiac output as a result of myocardial infarc 
tion, pulmonary embolism, pericardial effusion, or bleeding. 
Hypoxemia (i.e., low blood oxygen content) may precipitate 
the hypoperfusion. Because the reduction in blood flow is 
global, all parts of the brain may be affected, especially the 
“watershed areas which are border Zone regions supplied by 
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the major cerebral arteries. Blood flow to these area has not 
necessary stopped, but instead may have lessened to the point 
where brain damage occurs. 
0171 Veins in the brain function to drain the blood back to 
the body. When veins are occluded due to thrombosis, the 
draining of blood is blocked and the blood backs up, causing 
cerebral edema. This cerebral edema can result in both 
ischemic and hemorrhagic strokes. This commonly occurs in 
the rare disease sinus vein thrombosis. 
0172 Stroke is diagnosed in a subject or patient using one 
or more of a variety of techniques known in the art, Such as, 
for example, neurological examination, blood tests, CT scans 
(without contrast enhancements). MRI scans, Doppler ultra 
Sound, and arteriography (i.e., roentgenography of arteries 
after injection of radiopacque material into the blood stream). 
If a stroke is confirmed on imaging, various other studies are 
performed to determine whether there is a peripheral source 
of emboli. These studies include, e.g., an ultrasound/doppler 
study of the carotid arteries (to detect carotid Stenosis); an 
electrocardiogram (ECG) and echocardiogram (to identify 
arrhythmias and resultant clots in the heart which may spread 
to the brain vessels through the bloodstream): a Holter moni 
tor study to identify intermittent arrhythmias and an angio 
gram of the cerebral vasculature (if a bleed is thought to have 
originated from an aneurysm or arteriovenous malformation). 
0173 Compounds useful in these methods of treating, pre 
venting or ameliorating stroke or a symptom associated with 
stroke are compounds that modulate kinase signaling cascade 
preceding, during or after a stroke. In some embodiments, the 
compound is a kinase inhibitor. For example, the compound is 
a tyrosine kinase inhibitor. In an embodiment, the tyrosine 
kinase inhibitor is an Src inhibitor. Preferably, the compound 
used in the methods of treating, preventing or ameliorating 
stroke or a symptom associated with stroke described herein 
is an allosteric inhibitor of kinase signaling cascade preced 
ing, during or after a stroke. Preferably, the compound used in 
the methods of treating, preventing or ameliorating stroke or 
a symptom associated with stroke described herein is a non 
ATP competitive inhibitor of kinase signaling cascade pre 
ceding, during or after a stroke. 
0.174 Inhibition of Src activity has been shown to provide 
cerebral protection during stroke. (See Paul et al., Nature 
Medicine, vol. 7(2):222-227 (2001), which is hereby incor 
porated by reference in its entirety). Vascular endothelia 
growth factor (VEGF), which is produced in response to the 
ischemic injury, has been shown to promote vascular perme 
ability. Studies have shown that the Src kinase regulates 
VEGF-mediated VP in the brain following stroke, and admin 
istration of an Src inhibitor before and after stroke reduced 
edema, improved cerebral perfusion and decreased infarct 
volume after injury occurred. (Paul et al., 2001). Thus, Src 
inhibition may be useful in the prevention, treatment or ame 
lioration of secondary damage following a stroke. 
0.175. The compounds of the invention prevent, treat or 
ameliorate stroke or a symptom associated with stroke. 
Symptoms of a stroke include Sudden numbness or weakness, 
especially on one side of the body; Sudden confusion or 
trouble speaking or understanding speech; sudden trouble 
seeing in one or both eyes; Sudden trouble with walking, 
dizziness, or loss of balance or coordination; or Sudden severe 
headache with no known cause. 
0176 Generally there are three treatment stages for stroke: 
prevention, therapy immediately after the stroke, and post 
stroke rehabilitation. Therapies to prevent a first or recurrent 
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stroke are based on treating the underlying risk factors for 
stroke, such as, e.g., hypertension, high cholesterol, atrial 
fibrillation, and diabetes. Acute stroke therapies try to stop a 
stroke while it is happening by quickly dissolving the blood 
clot causing an ischemic stroke or by stopping the bleeding of 
a hemorrhagic stroke. Post-stroke rehabilitation helps indi 
viduals overcome disabilities that result from stroke damage. 
Medication or drug therapy is the most common treatment for 
stroke. The most popular classes of drugs used to prevent or 
treat stroke are anti-thrombotics (e.g., anti-plateletagents and 
anticoagulants) and thrombolytics. The compounds are 
administered to a patient who is at risk of Suffering a stroke, 
is suffering from a stroke or has suffered a stroke at a time 
before, during, after, or any combination thereof, the occur 
rence of a stroke. The compounds of the invention are admin 
istered alone, in pharmaceutical compositions, or in combi 
nation with any of a variety of known treatments, such as, for 
example, an anti-platelet medication (e.g., aspirin, clopi 
dogrel, dipyridamole), an anti-coagulant (e.g., warfarin), or a 
thrombolytic medication (e.g., tissue plasminogen activator 
(t-PA), reteplase, Urokinase, Streptokinase, tenectaplase, lan 
oteplase, or anistreplase. 
0177. The compounds of the invention are used in meth 
ods of treating, preventing, ameliorating atherosclerosis or a 
symptom thereof in a subject who is at risk for or Suffering 
from atherosclerosis. The compounds of the invention are 
used in the manufacture of a medicament to treat, prevent, or 
ameliorate atherosclerosis in a subject. 
0.178 Atherosclerosis is a disease affecting the arterial 
blood vessel and is commonly referred to as a “hardening of 
the arteries. It is caused by the formation of multiple plaques 
within the arteries. Atherosclerotic plaques, though compen 
sated for by artery enlargement, eventually lead to plaque 
ruptures and Stenosis (i.e., narrowing) of the artery, which, in 
turn, leads to an insufficient blood Supply to the organ it feeds. 
Alternatively, if the compensating artery enlargement process 
is excessive, a net aneurysm results. These complications are 
chronic, slowly progressing and cumulative. Most com 
monly, Soft plaque Suddenly ruptures, causing the formation 
of a blood clot (i.e., thrombus) that rapidly slows or stops 
blood flow, which, in turn, leads to death of the tissues fed by 
the artery. This catastrophic event is called an infarction. For 
example, coronary thrombosis of a coronary artery causes a 
myocardial infarction, commonly known as a heart attack. A 
myocardial infarction occurs when an atherosclerotic plaque 
slowly builds up in the inner lining of a coronary artery and 
then Suddenly ruptures, totally occluding the artery and pre 
venting blood flow downstream. 
0179 Atherosclerosis and acute myocardial infarction are 
diagnosed in a patient using any of a variety of clinical and/or 
laboratory tests such as, physical examination, radiologic or 
ultrasound examination and blood analysis. For example, a 
doctor or clinical can listen to a subject's arteries to detect an 
abnormal whooshing Sound, called a bruit. A bruit can be 
heard with a stethoscope when placed over the affected artery. 
Alternatively, or in addition, the clinician or physician can 
check pulses, e.g., in the leg or foot, for abnormalities such as 
weakness or absence. The physician or clinical may perform 
blood work to check for cholesterol levels or to check the 
levels of cardiac enzymes, such as creatine kinase, troponin 
and lactate dehydrogenase, to detect abnormalities. For 
example, troponin Sub-units I or T, which are very specific for 
the myocardium, rise before permanent injury develops. A 
positive troponin in the setting of chest pain may accurately 
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predicta high likelihood of a myocardial infarction in the near 
future. Other tests to diagnose atherosclerosis and/or myocar 
dial infarction include, for example, EKG (electrocardio 
gram) to measure the rate and regularity of a subject's heart 
beat; chest X-ray, measuring ankle?brachial index, which 
compares the blood pressure in the ankle with the blood 
pressure in the arm, ultrasound analysis of arteries; CT scan 
of areas of interest, angiography; an exercise stress test, 
nuclear heart scanning; and magnetic resonance imaging 
(MRI) and positron emission tomography (PET) scanning of 
the heart. 
0180 Compounds useful in these methods of treating, pre 
venting or ameliorating atherosclerosis or a symptom thereof 
are compounds that modulate kinase signaling cascade in a 
patient at risk for or Suffering from atherosclerosis. In some 
embodiments, the compound is a kinase inhibitor. For 
example, the compound is a tyrosine kinase inhibitor. In an 
embodiment, the tyrosine kinase inhibitor is an Src inhibitor. 
Preferably, the compound used in the methods of treating, 
preventing or ameliorating atherosclerosis or a symptom 
thereof described herein is an allosteric inhibitor of kinase 
signaling cascade involved in atherosclerosis. Preferably, the 
compound used in the methods of treating, preventing or 
ameliorating atherosclerosis or a symptom associated with 
atherosclerosis described herein is a non-ATP competitive 
inhibitor of kinase signaling cascade involved in atheroscle 
OS1S. 

0181 Cellular signal transduction by Src is believed to 
play a key role in increased permeability of vessels, known as 
vascular permeability (VP). Vascular endothelia growth fac 
tor (VEGF), which is produced in response to the ischemic 
injury, including, e.g., myocardial infarction, has been shown 
to promote vascular permeability. Studies have shown that the 
inhibition of Src kinase decreases VEGF-mediated VP. (See 
Parang and Sun, Expert Opin. Ther. Patents, vol. 15(9): 1183– 
1206 (2005), which is hereby incorporated by reference in its 
entirety). Mice treated with an Src inhibitor demonstrated 
reduced tissue damage associated with trauma or injury to 
blood vessels after myocardial infarction, as compared to 
untreated mice. (See e.g., U.S. Patent Publication Nos. 
20040214836 and 20030130209 by Cheresh et al., the con 
tents of which are hereby incorporated by reference in their 
entirety). Thus, Src inhibition may be useful in the preven 
tion, treatment or amelioration of secondary damage follow 
ing injury due to atherosclerosis, such as, for example, myo 
cardial infarction. 

0182. The compounds of the invention prevent, treat or 
ameliorate stroke or a symptom associated with atheroscle 
rosis. Atherosclerosis generally does not produce symptoms 
until it severely narrows the artery and restricts blood flow, or 
until it causes a Sudden obstruction. Symptoms depend on 
where the plaques and narrowing develop, e.g., in the heart, 
brain, other vital organs and legs or almost anywhere in the 
body. The initial symptoms of atherosclerosis may be pain or 
cramps when the body requires more oxygen, for example 
during exercise, when a person may feel chest pain (angina) 
because of lack of oxygen to the heart or leg cramps because 
of lack of oxygen to the legs. Narrowing of the arteries Sup 
plying blood to the brain may cause dizziness or transient 
ischaemic attacks (TIA's) where the symptoms and signs of a 
stroke last less than 24 hours. Typically, these symptoms 
develop gradually. 
0183 Symptoms of myocardial infarction are character 
ized by varying degrees of chest pain, discomfort, Sweating, 
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weakness, nausea, vomiting, and arrhythmias, sometimes 
causing loss of consciousness. Chest pain is the most com 
mon symptom of acute myocardial infarction and is often 
described as a tightness, pressure, or squeezing sensation. 
Pain may radiate to the jaw, neck, arms, back, and epigas 
trium, most often to the left arm or neck. Chest pain is more 
likely caused by myocardial infarction when it lasts for more 
than 30 minutes. Patients suffering from a myocardial infarc 
tion may exhibit shortness of breath (dyspnea) especially if 
the decrease in myocardial contractility due to the infarct is 
sufficient to cause left ventricular failure with pulmonary 
congestion or even pulmonary edema. 
0.184 The compounds of the invention are administered 
alone, in pharmaceutical compositions, or in combination 
with any of a variety of known treatments for atherosclerosis, 
Such as, for example, cholesterol-lowering drugs (e.g., 
statins), anti-platelet medications, or anti-coagulants. 
0185. The compounds of the invention are used in meth 
ods of treating, preventing, ameliorating neuropathic pain, 
Such as chronic neuropathic pain, or a symptom thereof in a 
Subject who is at risk of Suffering from, is suffering from, or 
has suffered neuropathic pain. The compounds of the inven 
tion are used in the manufacture of a medicament to treat, 
prevent, or ameliorate neuropathic pain in a subject or a 
symption thereof in a subject who is at risk of suffering from, 
is suffering from, or has suffered from neuropathic pain. 
0186 Neuropathic pain, also known as neuralgia, is quali 
tatively different from ordinary nociceptive pain. Neuro 
pathic pain usually presents as a steady burning and/or “pins 
and needles” and/or “electric shock' sensations. The differ 
ence between nociceptive pain and neuropathic pain is due to 
the fact that “ordinary, nociceptive pain stimulates only pain 
nerves, while a neuropathy often results in the stimulation of 
both pain and non-pain sensory nerves (e.g., nerves that 
respond to touch, warmth, cool) in the same area, thereby 
producing signals that the spinal cord and brain do not nor 
mally expect to receive. 
0187 Neuropathic pain is a complex, chronic pain state 
that usually is accompanied by tissue injury. With neuro 
pathic pain, the nerve fibers themselves may be damaged, 
dysfunctional or injured. These damaged nerve fibers send 
incorrect signals to other pain centers. The impact of nerve 
fiberinjury includes a change in nerve function both at the site 
of injury and areas around the injury. 
0188 Neuropathic pain is diagnosed in a subject or patient 
using one or more of a variety of laboratory and/or clinical 
techniques known in the art, Such as, for example, physical 
examination. 

0189 Compounds useful in these methods of treating, pre 
venting or ameliorating neuropathic pain, Such as chronic 
neuropathic pain, or a symptom associated with neuropathic 
pain are compounds that modulate kinase signaling cascade 
involved in neuropathic pain. In some embodiments, the com 
pound is a kinase inhibitor. For example, the compound is a 
tyrosine kinase inhibitor. In an embodiment, the tyrosine 
kinase inhibitor is an Src inhibitor. Preferably, the compound 
used in the methods of treating, preventing or ameliorating 
neuropathic pain or a symptom thereof is an allosteric inhibi 
tor of kinase signaling cascade involved in neuropathic pain. 
Preferably, the compound used in the methods of treating, 
preventing or ameliorating neuropathic pain or a symptom 
thereof is a non-ATP competitive inhibitor of kinase signaling 
cascade involved in neuropathic pain. 
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0.190 c-Src has been shown to regulate the activity of 
N-methyl-D-aspartate (NMDA) receptors. (See Yu et al., 
Proc. Natl. Acad. Sci. USA, vol.96:7697-7704 (1999), which 
is hereby incorporated by reference in its entirety). Studies 
have shown that PP2, a low molecular weight Src kinase 
inhibitor, decreases phosphorylation of the NMDA receptor 
NM2 subunit. (See Guo et al., J. Neuro., vol. 22:6208-6217 
(2002), which is hereby incorporated by reference in its 
entirety). Thus, Src inhibition, which in turn, inhibits the 
activity NMDA receptors, may be useful in the prevention, 
treatment or amelioration of neuropathic pain, such as 
chronic neuropathic pain. 
0191 The compounds of the invention prevent, treat or 
ameliorate neuropathic pain, such as chronic neuropathic 
pain, or a symptom associated with neuropathic pain. Symp 
toms of neuropathic pain include shooting and burning pain, 
tingling and numbness. 
0.192 The compounds of the invention are administered 
alone, in pharmaceutical compositions, or in combination 
with any of a variety of known treatments, such as, for 
example, analgesics, opioids, tricyclic antidepressants, anti 
convulsants and serotonin norepinephrine reuptake inhibitors 
0193 The compounds of the invention are used in meth 
ods of treating, preventing, ameliorating hepatitis B or a 
symptom thereof in a Subject who is at risk for or Suffering 
from hepatitis B. The compounds of the invention are used in 
the manufacture of a medicament to treat, prevent, or amelio 
rate hepatitis Bora symptom thereof in a subject who is at risk 
for or suffering from hepatitis B. 
0194 The hepatitis B virus, a member of the Hepadnavi 
rus family, consists of a proteinaceous core particle contain 
ing the viral genome in the form of double stranded DNA with 
single-stranded regions and an outer lipid-based envelope 
with embedded proteins. The envelope proteins are involved 
in viral binding and release into susceptible cells. The inner 
capsid relocates the DNA genome to the cell's nucleus where 
viral mRNAs are transcribed. Three subgenomic transcripts 
encoding the envelope proteins are made, along with a tran 
Script encoding the X protein. A fourth pre-genomic RNA is 
transcribed, which is exported to the cytosol and translates the 
viral polymerase and core proteins. Polymerase and pre-ge 
nomic RNA are encapsidated in assembling core particles, 
where reverse transcription of the pre-genomic RNA to 
genomic DNA occurs by the polymerase protein. The mature 
core particle then exits the cell via normal Secretory path 
ways, acquiring an envelope along the way. 
0.195 Hepatitis B is one of a few known non-retroviral 
viruses that employ reverse transcription as part of the repli 
cation process. Other viruses which use reverse transcription 
include, e.g., HTLV or HIV. 
0196. During HBV infection, the host immune response is 
responsible for both hepatocellular damage and viral clear 
ance. While the innate immune response does not play a 
significant role in these processes, the adaptive immune 
response, particularly virus-specific cytotoxic T lymphocytes 
(CTLs), contributes to nearly all of the liver injury associated 
with HBV infection. By killing infected cells and by produc 
ing antiviral cytokines capable of purging HBV from viable 
hepatocytes, CTLs also eliminate the virus. Although liver 
damage is initiated and mediated by the CTLS, antigen-non 
specific inflammatory cells can worsen CTL-induced immu 
nopathology and platelets may facilitate the accumulation of 
CTLS into the liver. 
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0.197 Hepatitis B is diagnosed in a patient using any of a 
variety of clinical and/or laboratory tests such as, physical 
examination, and blood or serum analysis. For example, 
blood or serum is assayed for the presence of viral antigens 
and/or antibodies produced by the host. In a common test for 
Hepatitis B, detection of hepatitis B surface antigen (HBSAg) 
is used to screen for the presence of infection. It is the first 
detectable viral antigen to appear during infection with this 
virus; however, early in an infection, this antigen may not be 
present and it may be undetectable later in the infection as it 
is being cleared by the host. During this window in which 
the host remains infected but is Successfully clearing the 
virus, IgM antibodies to the hepatitis B core antigen (anti 
HBc IGM) may be the only serologic evidence of disease. 
0198 Shortly after the appearance of the HBS Ag, another 
antigen named as the hepatitis Be antigen (HBeAg) will 
appear. Traditionally, the presence of HBeAg in a host's 
serum is associated with much higher rates of viral replica 
tion; however, some variants of the hepatitis B virus do not 
produce the 'e' antigen at all. During the natural course of an 
infection, the HBeAg may be cleared, and antibodies to the 
“e' antigen (anti-HBe) will arise immediately afterward. This 
conversion is usually associated with a dramatic decline in 
viral replication. If the host is able to clear the infection, 
eventually the HBS Agwill become undetectable and will be 
followed by antibodies to the hepatitis B surface antigen 
(anti-HBs). A person negative for HBSAg but positive for 
anti-HBs has either cleared an infection or has been vacci 
nated previously. A number of people who are positive for 
HBSAg may have very little viral multiplication, and hence 
may be at little risk of long-term complications or of trans 
mitting infection to others. 
0199 Compounds useful in these methods of treating, pre 
venting or ameliorating hepatitis B or a symptom thereofare 
compounds that modulate kinase signaling cascade in a 
patient at risk for or suffering from hepatitis B. In some 
embodiments, the compound is a kinase inhibitor. For 
example, the compound is a tyrosine kinase inhibitor. In an 
embodiment, the tyrosine kinase inhibitor is an Src inhibitor. 
Preferably, the compound used in the methods of treating, 
preventing or ameliorating hepatitis B or a symptom thereof 
described herein is an allosteric inhibitor of kinase signaling 
cascade involved in hepatitis B. Preferably, the compound 
used in the methods of treating, preventing or ameliorating 
hepatitis B or a symptom associated with hepatitis B 
described herein is a non-ATP competitive inhibitor of kinase 
signaling cascade involved in hepatitis B. 
0200 Src plays a role in the replication of the hepatitis B 
virus. The virally encoded transcription factor HBX activates 
Src in a step that is required from propagation of the HBV 
virus. (See e.g., Klein et al., EMBO J., vol. 18:5019-5027 
(1999): Klein et al., Mol. Cell. Biol., vol. 17:6427-6436 
(1997), each of which is hereby incorporated by reference in 
its entirety). Thus, Src inhibition, which in turn, inhibits Src 
mediated propagation of the HBV virus, may be useful in the 
prevention, treatment or amelioration of hepatitis B or a 
symptom thereof. 
0201 The compounds of the invention prevent, treat or 
ameliorate hepatitis B or a symptom associated with hepatitis 
B. Symptoms of hepatitis B typically develop within 30-180 
days of exposure to the virus. However, up to half of all people 
infected with the hepatitis B virus have no symptoms. The 
symptoms of hepatitis B are often compared to flu, and 
include, e.g., appetite loss; fatigue; nausea and Vomiting, 
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itching all over the body; pain over the liver (e.g., on the right 
side of the abdomen, under the lower rib cage), jaundice, and 
changes in excretory functions. 
0202 The compounds of the invention are administered 
alone, in pharmaceutical compositions, or in combination 
with any of a variety of known treatments for hepatitis B, such 
as, for example, interferon alpha, lamivudine (Epivir-HBV) 
and baraclude (entecavir). 
0203 As described herein, the compounds of the inven 
tion may be used to regulate immune system activity in a 
Subject, thereby protecting against or preventing autoimmune 
disease, e.g., rheumatoid arthritis, multiple Sclerosis, sepsis 
and lupus as well as transplant rejection and allergic diseases. 
Alternatively, the compound may be used to treat autoim 
mune disease in a subject. For example, the compound may 
result in reduction in the severity of symptoms or halt 
impending progression of the autoimmune disease in a Sub 
ject. The compound of the invention may be involved in 
modulating a kinase signaling cascade, e.g., a kinase inhibi 
tor, a non-ATP competitive inhibitor, a tyrosine kinase inhibi 
tor, e.g., a Src inhibitor, a p59fyn (Fyn) inhibitor or a p561ck 
(Lck) inhibitor. The compounds of the invention are used in 
the manufacture of a medicament to regulate immune system 
activity in a subject 
0204 Autoimmune diseases are diseases caused by a 
breakdown of self-tolerance such that the adaptive immune 
system responds to self antigens and mediates cell and tissue 
damage. Autoimmune diseases can be organ specific (e.g., 
thyroiditis or diabetes) or systemic (e.g., systemic lupus 
erythematosus). T cells modulate the cell-mediated immune 
response in the adaptive immune system. Under normal con 
ditions, T cells express antigen receptors (T cell receptors) 
that recognize peptide fragments of foreign proteins bound to 
Selfmajor histocompatibility complex molecules. Among the 
earliest recognizable events after T cell receptor (TCR) 
stimulation are the activation of Lek and Fyn, resulting in 
TCR phosphorylation on tyrosine residues within immunore 
ceptor tyrosine-based activation motifs (Zamoyska, et al.: 
2003, Immunol. Rev., 191, 107-118). Tyrosine kinases, such 
as Lck (which is a member of the Src family of protein 
tyrosine kinases) play an essential role in the regulation of cell 
signaling and cell proliferation by phosphorylating tyrosine 
residues of peptides and proteins (Levitzki; 2001, Top. Curr: 
Chem., 211, 1-15; Longati, et al., 2001, Curr. Drug Targets, 2. 
41-55; Qian, and Weiss: 1997, Curr. Opin. Cell Biol., 9, 
205-211). Thus, although not wishing to be bound by theory, 
it is hypothesized that the administration of a compound of 
the instant invention which modulates tyrosine kinase (e.g., 
Src) activity is useful in the treatment of autoimmune disease. 
0205 The tyrosine kinases Ick and fyn are both activated 
in the TCR pathway; thus, inhibitors of Ick and/or fyn have 
potential utility as autoimmune agents (Palacios and Weiss; 
2004. Oncogene, 23, 7990-8000). Lck and Fyn are predomi 
nantly expressed by T cells through most of their lifespan. 
The roles of Lck and Fyn in T cell development, homeostasis 
and activation have been demonstrated by animal and cell line 
studies (Parang and Sun; 2005, Expert Opin. The. Patents, 15, 
1183-1207). Lck activation is involved in autoimmune dis 
eases and transplant rejection (Kamens, et al., 2001, Curr: 
Opin. Investig. Drugs, 2, 1213-1219). Results have shown 
that the lck (-) Jurkat cell lines are unable to proliferate, 
produce cytokines, and generate increases in intracellular 
calcium, inositol phosphate, and tyrosine phosphorylation in 
response to T cell receptor stimulation (Straus and Weiss; 
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1992, Cell.., 70,585-593: Yamasaki, et al., 1996, Mol. Cell. 
Biol., 16, 7151-7160). Therefore, an agent inhibiting lek 
would effectively block T cell function, act as an immuno 
Suppressive agent, and have potential utility in autoimmune 
diseases, such as rheumatoid arthritis, multiple Sclerosis, and 
lupus, as well as in the area of transplant rejection and allergic 
diseases (Ranke and Pollok; 1995, Inflammation Res., 44. 
357-371). Thus, although not wishing to be bound by theory, 
it is hypothesized that the administration of a compound of 
the instant invention which modulates one or more members 
of the Src family of protein tyrosine kinases (e.g., lck and/or 
fyn) is useful in the treatment of autoimmune disease. 
0206. The present invention provides inhibitors of protein 
kinases and/or protein phosphatases. In one embodiment, the 
protein kinase and/or protein phosphatase inhibitor is a non 
peptide inhibitor having the following Formula I: 

(Formula I) 
R3 R4 R6 

v 
X N N-Rs, 

R N O 
H 

R 

wherein X is a halogen, and R. R. R. R. Rs, and R are the 
same or different, and selected from H. C(O)RC(O)NRR, 
C(O)OR, C(O)SR, OH, OR., OC(O)R OC(O)OR, NH, 
NRR, NRC(O)RNRC(O)NRR, NRC(O)CRNRC 
(O)SR, NRS(O)RNRS(O).R. NRS(O)OR, NRS(O) 
OR, NRP(O)OROR, NRP(O)ORR, NRP(O)OR 
OR, SR S(O)R S(O).R. S(O)OR S(O)OR S(O) 
NRR, S(O)NRR, OSOH, OPOH, P(O)OROR, 
B(OH), halogen, aryl, O-aryl-Q, heteroaryl, biaryl, hetero 
biaryl, heterocyclic compound, and alkyl (branched, cyclic, 
or unbranched), having from 1 to 20 carbonatoms, optionally 
containing a double or triple bond and optionally Substituted 
with a heteroatom or other functional groups, such as a car 
boxylic acid, carboxylic ester, alcohol, alkoxy, thioether, 
amide, C(O)NH, thioamide, urea, urethane, sulfoxide, sul 
fone, SOH, OSOH, phosphonic acid, phosphonic ester, 
phosphinic acid, phosphinic ester, POH, OPOH, boronic 
acid, aryl, heteroaryl, biaryl, heterocycle, NH, alkyl and 
dialkyl amine, glucoside, and heterobiaryl, or Rs and R. 
togetherforma heterocyclic compound. R. R. and Rare the 
same or different and selected from H, aryl, heteroaryl, biaryl, 
heterobiaryl, and alkyl (branched, cyclic, or unbranched), 
optionally substituted with a heteroatom or other functional 
groups such as a carboxylic acid, carboxylic ester, alcohol, 
alkoxy, thioether, amide, C(O)NH2, thioamide, urea, ure 
thane, sulfoxide, sulfone, SOH, OSOH, phosphonic acid, 
phosphonic ester, phosphinic acid, phosphinic ester, POH, 
OPOH, boronic acid, aryl, heteroaryl, biaryl, heterocycle, 
NH2, alkyl and dialkylamine, glucoside, and heterobiary1. Q 
is aryl, OH, C(O)NH, COOH, SOH, OSOH, POH, 
OPOH, NH, NHR, NRoRo SOR, glucoside, 
alkoxy, or 



US 2011/O 136807 A1 

It is understood that all open substitution positions in the 
above side chains can contain further Substitutions. Examples 
of suitable R groups are provided in Table VI, below. 
0207. In one embodiment, at least one of Rs or R is 

wherein R* is the point of attachmentandis (CH), wherein 
X is 0, 1, 2, 3, 4, 5, 6, 7,8,9, and 10, CHCHOH, CH(CH) 
(R-isomer), or CH(CH)(S-isomer), and each of Rs. R. Ro, 
R, and R2 are the same or different and selected from H. 
C(O)RC(O)NRRC(O)ORC(O)SR, OH, OR, OC(O) 
R. OC(O)OR, NH, NRR, NRC(O)R, NRC(O)NR 
R. NRC(O)OR, NRC(O)SR, NRS(O)R. NRS(O) 
R. NRS(O)OR, NRS(O)OR, NRP(O)OR, NRP(O) 
ORR, NRP(O)ORORSR, S(O)R S(O).R. S(O)OR, 
S(O) OR S(O)NRR, S(O)NRR, OSOH, OPOH, 
P(O)OROR, B(OH), halogen, aryl, O-aryl-Q, heteroaryl, 
biaryl, heterobiaryl, heterocyclic compound, and alkyl 
(branched, cyclic, or unbranched), preferably having from 1 
to 20 carbon atoms, optionally containing a double or triple 
bond and optionally substituted with a heteroatom or other 
functional groups, such as a carboxylic acid, carboxylic ester, 
alcohol, alkoxy, thioether, amide, C(O)NH, thioamide, urea, 
urethane, sulfoxide, sulfone, SOH, OSOH, phosphonic 
acid, phosphonic ester, phosphinic acid, phosphinic ester, 
boronic acid, aryl, heteroaryl, biaryl, heterocycle, NH, alkyl 
and dialkylamine, glucoside, and heterobiary1. R. R. and R. 
can be the same or different and are selected from the group 
consisting of H, aryl, heteroaryl, biaryl, heterobiaryl, and 
alkyl (branched, cyclic, or unbranched), optionally Substi 
tuted with a heteroatom or other functional groups such as a 
carboxylic acid, carboxylic ester, alcohol, alkoxy, thioether, 
amide, C(O)NH, thioamide, urea, urethane, sulfoxide, sul 
fone, SOH, OSOH, phosphonic acid, phosphonic ester, 
phosphinic acid, phosphinic ester, POH, OPOH, boronic 
acid, aryl, heteroaryl, biaryl, heterocycle, NH, alkyl and 
dialkyl amine, glucoside, and heterobiaryl. Q is aryl, OH, 
C(O)NH COOH, SOH, OSOH, PO11 OPOH, NH, 
NHRio, NRoRo SOR, glucoside, alkoxy, or 

NN O 

N O. 

It is understood that all open substitution positions in the 
above side chains can contain further Substitutions. In one 
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embodiment, each of Rs. R. Rio, R., and R2 is selected 
from OCH, OCHCH, H, CH, OH, CHOH, CF. OCF, 
CFO, CH, OCHs, OCHCHs, OCHCHCH, CHO, 
COH, COCH, CHCOH, CHCOCH, NO, and halo 
gen. 
0208. In another embodiment, at least one of Rs or R is 

OH Y H 

O s 

wherein the asterisk indicates the point of attachment to the 
nitrogen. 
0209. In a preferred embodiment, the non-peptide inhibi 
tor inhibits the activity of pp60' tyrosine kinase, pp.56* 
tyrosine kinase, or pp.55" tyrosine kinase. 
0210. In another preferred embodiment, the non-peptide 
inhibitor inhibits the activity of protein tyrosine phosphatase 
1B (PTP-1B). 
0211 Another compound of the present invention has the 
following Formula II: 

(Formula II) 

wherein X is a halogen, e.g., fluorine, and R. R. R. and R. 
are specificity elements. As used herein, specificity elements 
or specificity side chains are side chains which will bind in 
unique binding pockets for individual proteins. Thus, the side 
chains used will depend on the particular protein to be inhib 
ited. To identify suitable side chains, known peptide binding 
side chains may be used to identify analogues which are then 
used in combinatorial chemistry techniques to expand the 
library of possible side chains. 
0212. In one embodiment, R is H. R. is 

OH or F. 

R is H. and R is H. In another embodiment, the compound is 
Substituted at any other position on the indole ring. 
0213. The compounds of the present invention provide 
activity against tyrosine kinases, such as pp60, and are 
expected to improve the ability of the compound to inhibit 
tyrosine kinases in vivo, since one easily metabolized OH 
group has been removed. In particular, an OH group at the 
5-position on the indole ring has been substituted with a 
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halogen. The halogen is a hydrogen bond acceptor, useful 
with catalytic residues which are hydrogen bond donors. In 
addition, the halogen is not metabolized in phase H metabo 
lism and is electronegative, leading to in Vivo benefits (see, 
e.g., Park et al., 2001). Some members of this class are also 
inhibitors of the opposing enzymes, i.e., phosphotyrosine 
phosphatases. These compounds are inhibitors of pp60. 
of highly metastatic prostate cancer cell growth, and are non 
toxic in mice upon high dose acute i.p. administration, as 
described in Example 1, below. Some of these compounds 
may be found to have other biological activities upon broader 
testing (e.g., inhibit glycogen phosphorylase for Type II dia 
betes, HIV reverse transcriptase, or thromboxane synthase). 
Thus, these compounds may be used as tyrosine kinase 
inhibitors for therapeutic applications, such as cancer. 
Tyrosine kinase inhibitors have other potential therapeutic 
applications as well (e.g., immunosuppressants in the case of 
p56lck) and inhibitors of the tyrosine phosphatase PTP-1B 
may provide drugs for treating Type II diabetes or obesity. 
0214. The present invention also provides a method for 
identifying inhibitors of protein kinases. The general modular 
strategy for the development of non-peptide PTK inhibitors is 
outlined in FIG.1. Basically, at least one first module having 
a one or more functional groups for binding to catalytic resi 
dues of the protein kinase (in a preferred embodiment, at least 
one of the functional groups is a halogen) is combined with at 
least one second module which provides a non-peptide scaf 
fold. The functional group(s) of the at least one first module 
are each capable of covalently or non-covalently binding with 
catalytic residues of the protein kinase. Thus, each functional 
group of each first module is capable of reversible or irrevers 
ible bond formation, either covalently or non-covalently, to 
catalytic residues of the protein kinase when the protein 
kinase the first module are combined under conditions effec 
tive for such binding. Combinations of the first and second 
modules which inhibit protein kinase activity are then 
selected. Step 1 begins with protein kinase inhibitor informa 
tion which was already generated, i.e. pentapeptide scaffolds 
which bind in the substrate specificity sites of PICA or Src 
have already been used to position various rationally 
designed functional groups (i.e. module “M” or “first mod 
ule') to interact with the conserved catalytic residues, 
MgATP or MgADP. A selection of preferred functional 
groups have now been identified in this fashion to serve as the 
initial M, module for Step 1. These M. functional groups have 
been utilized to identify promising non-peptide scaffolds for 
Src inhibitors in Step 1. It was anticipated that these bare 
non-peptide scaffolds, with only an M appendage, would 
have low binding affinity and be relatively non-selective 
among the protein tyrosine kinases (PTKs). A lack of selec 
tivity at the level of Step 1 is viewed as an advantage for the 
development of a general strategy which can be reapplied to 
additional PTKs. Therefore, the suite of non-peptide scaf 
folds identified in Step 1 can be recycled for use against 
additional PTKs by re-screening them and carrying the better 
ones through Steps 2 and 3, all using the new PTK target. The 
potency of these bare scaffolds from Step 1 may be increased 
enough by the attachment of one or two initial specificity 
elements (S) to allow for the validation of the scaffold as 
non-ATP competitive and amenable to further potency 
enhancements using combinatorial chemistry in a rationally 
guided fashion. Promising Src non-peptide M. (second mod 
ule) scaffolds identified in Step 1 have undergone Step 2 and 
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displayed a one to two order-of-magnitude increase in 
potency against Src as well as non-competitive binding rela 
tive to ATP. 

0215 Validation of the scaffolds at the level of Step 2 
before undertaking the resource intensive combinatorial 
library synthesis and testing of Step 3 is important for three 
reasons: 1) to develop the chemistry for appending the speci 
ficity element (S) side chains; 2) to determine that these 
inhibitors are not ATP-competitive; and 3) to determine that 
the potency is responding to the side chain S, properties and 
attachment points as would be expected based upon the work 
ing model for the Src.:inhibitor complex (this provides some 
confidence that rationally guided choices can be made for the 
ranges of individual selectivity elements S, to include in the 
focused libraries of Step 3). 
0216. It is in Step 3 that high potency and specificity for a 
particular PTK is anticipated because numerous combina 
tions of M functional groups (and close analogs M') with 
selectivity elements (S) will be evaluated experimentally via 
combinatorial chemistry and high-throughput screening. 
Potency and selectivity may be further increased if necessary 
by appending additional specificity elements (see optional 
S’s in FIG. 1). 
0217. In each of the Steps 1-3, molecular modeling studies 
with the IRTK:peptide: AMP-PNP crystal structure, the 
model of the Src.:peptide complex and the models for the Src 
complex with the individual families of inhibitors based upon 
a particular scaffold will be used as qualitative guides. These 
modeling studies have been remarkably helpful thus far in 
guiding the inhibitor design efforts as detailed later. Combin 
ing structure-based design and combinatorial chemistry tech 
nologies in this fashion provides a synergy wherein the major 
individual deficiencies of these technologies used in isolation 
are addressed by the strengths of the other. The major defi 
ciency of structure-based design is the difficulty in quantita 
tively predicting ligand binding affinities, which is particu 
larly challenging due to the complex effects of Solvation and 
entropy (Ajay & Murcko, 1995). The major strength of struc 
ture-based design is its capability to predict what types of 
molecules are likely to be good ligands. Structure-based 
design can determine the rough boundaries (proteins have 
some flexibility which need to be taken into account) for 
molecular size and shape as well as indicate where hydropho 
bic, H-bonding, and ionic interactions are likely to occur. On 
the other hand, the major deficiency of combinatorial chem 
istry is that "molecular space' for drug-sized molecules (i.e. 
MW ca. 500 or less) is so large that one could not hope to 
sample all of this molecular space with a high density of 
coverage in a reasonable sized combinatorial library. A recent 
estimate (Bohacek et al., 1996) of the number of possible 
compounds containing up to 30 atoms chosen only from 
carbon, nitrogen, oxygen and Sulfur (in addition to H's) is 
10' compounds. This is in the molecular weight range of 
typical drug molecules and still does not include additional 
diversity provided by other atoms, e.g. halogens. Conse 
quently, additional constraints need to be used to identify 
regions of molecular space wherein particular drug candi 
dates are likely to be located. Structure-based design can 
drastically reduce the volume of molecular space to be 
explored by identifying the types of molecules which have a 
higher probability of being good ligands. The inability to 
quantitatively predict which of these “focused combinato 
rial library members will in fact be the tightest binding 
ligands (i.e. the quantitation problem) is then resolved by 
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employing an efficient combinatorial synthesis and high 
throughput testing of the library. 
0218. In the earlier peptide based serine and tyrosine 
kinase inhibitor design efforts, PKA was used as a convenient 
qualitative model for designing the protein kinase inhibitor 
module M for interaction with the conserved catalytic resi 
dues. There is much more structural and kinetic information 
available for PKA than any other protein kinase. 
0219. The crystal structure of PKA complexed with 
MgATP and a pseudosubstrate (i.e. OH replaced with H) 
peptide inhibitor (PKI 5-24 amide) has been solved (Zhenget 
al., 1993) and the active site interactions near the P0 Ala of 
this inhibitor are shown in FIG. 2. 

0220. This crystal structure shows MgATP bound to the 
small lobe of PKA and a 20-residue pseudosubstrate peptide 
inhibitor bound to the large lobe with the overall conforma 
tion of the enzyme in the closed (i.e. the two lobes are touch 
ing) and activated state. The distances between the P0 Ala 
side chain carbon and the nearby heavy atoms in the complex 
are shown in A in FIG. 2. These distances show that the Ala 
side chain is within van der Waals contact distance of the 
Surrounding atoms and indicates that there is little space for 
appending bulky M functional groups to the Ala side chain. 
However, PKA is a flexible enzyme with open, closed and 
intermediate conformations (Cox et al., 1994) and these more 
open conformations would result in a retraction back of the 
ATP Y-phosphate from the inhibitor Ala thereby creating a 
binding cavity for appended M functional groups. Further 
more, PKA binds MgADP with the same affinity as MgATP 
(Whitehouse et al., 1983) and the ratio of ATP/ADP in cells is 
typically 10/1 (Alberts, et al. 1994). Therefore, at equilib 
rium, ca. 10% of the cellular protein kinase is in the MgADP 
bound State and this form of the enzyme can also be targeted 
with an inhibitor to drain all of the enzyme from the catalytic 
cycle into a PKA:MgADPinhibitor inactive complex. 
0221 Since the PICA catalytic residues Asp-166 and Lys 
168 are completely conserved in all serine kinases, and the 
tyrosine kinases only differ by the substitution of Arg for 
Lys-168 (Taylor et al., 1993), this region of the active site was 
chosen, along with the adjoining MgATP or MgADP, to target 
a selection of inhibitor functional groups which could serve as 
M and be broadly useful for developing inhibitors for the 
entire protein kinase family. By targeting M to the region of 
the active site adjacent to the nucleotide, an orientation point 
is provided for the non-peptide inhibitors which can extend 
into the peptide binding specificity sites without always com 
peting with ATP/ADP binding. 
0222. A selection of functional groups which could be 
utilized as M was identified first because, although this 
region of the active site is very highly conserved, it was 
expected that each particular protein kinase will still display 
Some differing preferences across this selection due to Small 
variations in the active site conformations and adjoining resi 
dues. Furthermore, the rank order preference among this 
selection of M's may change somewhat as the M module is 
appended to different non-peptide scaffolds. This expectation 
is based upon the potential for each non-peptide scaffold to 
bind in somewhat different orientations with each individual 
protein kinase and with each particular set of selectivity ele 
ment (S) side chains. Pentapeptide scaffolds were chosen for 
the initial screening of functional groups for M because the 
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binding orientation of these larger peptide scaffolds is likely 
to be very consistent and predictable (i.e. closely resembling 
that observed by X-ray) throughout the series and could be 
more confidently assumed to position each tested M func 
tionality adjacent to the conserved catalytic residues as 
intended. Consequently, the goal of this earlier peptide-based 
work was to identify a collection of M functional groups 
which can be used, not only for the initial screening of non 
peptide scaffolds (Step 1), but also as an initial set of M side 
chains which can be further expanded via close analogs and 
thereby optimized simultaneously with the other side chains 
in the final non-peptide combinatorial libraries (Step 3). 
0223) In order to model the candidate M functional 
groups in this conserved catalytic region of the PKA active 
site, they were built onto the P O Ala position in the PKA 
ternary structure using the SYBYL molecular modeling 
package (Tripos) on a Silicone Graphics workstation as indi 
cated in FIG. 3. 

0224. A crystal structure of PICA with MgATP and an 
inhibitor bound in a more “open conformation was not avail 
able, so initial modeling studies were carried out on the 
MgADP bound form of PKA derived from the ternary com 
plex illustrated in FIG. 2 by simply deleting the ATP Y-phos 
phate. Initial modeling studies were used to provide qualita 
tive guidance for identifying interesting potential M 
functional groups for the protein kinase family before Syn 
thesis and testing. The most advanced computational algo 
rithms for quantitatively predicting the free energy of bind 
ing, Such as Free Energy Perturbation methods, are 
computationally intensive methods which are not practical at 
this point in time for routine use by the non-specialist. Even 
the most advanced methods can be inaccurate due to difficul 
ties in sampling, inadequacies in the molecular mechanics 
force fields/parameters, and an incomplete understanding of 
electrostatics in water (Ajay & Murcko, 1995). Less rigorous 
(and easier to use) computational methods tend to be unreli 
able in making quantitative predictions of binding affinities, 
especially when dealing with multiple polar and ionic inter 
actions such as those involved in Mbinding. 
0225 
to be done with the Silicone Graphics workstation in a rea 
sonable amount of time, two layers of residues were carved 
out from the PKA ternary structure which are surrounding the 
PKA active site, along with the peptide inhibitor and 
MgADP. The M functional groups were then appended to 
the P 0 Ala side chain and the entire PKA active site: 
MgADP:modified peptide inhibitor complex was then sub 
jected to 300 iterations of molecular mechanics minimization 
using the Tripos force field with a distance dependent dielec 
tric constant after assigning appropriate formal charges and 
calculating Gasteiger Marsili point charges using SYBYL. 
Setting the maximum number of iterations at 300 was suffi 
cient to remove any serious strain in the complexes and yet 
not allow the overall structure to “drift” significantly from the 
starting X-ray structure if convergence is not reached. These 
minimized complexes were then visually evaluated to deter 
mine if the appended individual M functional groups were 
able to engage in favorable interactions with the conserved 

In order to allow molecular mechanics calculations 
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catalytic residues and/or MgADP. This visual evaluation 
involved, among other standard interaction evaluations, mea 
Suring atom-atom distances to determine if hydrogen bonds 
and ionic interactions were being favorably formed. 
0226 Favorable intermolecular interactions between an 
individual M functionality and the conserved catalytic resi 
dues or MgADP does not necessarily mean enhanced bind 
ing affinity will be observed for the new inhibitor. Unfavor 
able desolvation of both the polar M functionality and the 
polar PKA active site residues (as well as complex entropy 
effects) are not included in this analysis and may reduce the 
net binding affinity to the point that the modified inhibitor 
may even be less potent that the corresponding PO Ala inhibi 
tor, even though the appended M functionality is interacting 
with the conserved catalytic residues and/or MgADP (or 
MgATP) as intended. Even in cases where this desolvation 
penalty results in no net increase in binding affinity, these M. 
functional groups are still useful as an orienting groups for 
correctly positioning the non-peptide inhibitor analogs in the 
protein kinase active site. Positioning these polar functional 
groups elsewhere within the active site (assuming they are 
tethered so as not to be able to extend into bulk solvent while 
the scaffold is favorably bound in the active site) is likely to 
result in a reduced binding affinity because they were specifi 
cally designed and selected based upon their demonstrated 
ability (while appropriately tethered to pentapeptide scaf 
folds) to be accepted adjacent to the conserved catalytic resi 
dues and MgADP/MgATP. If a particular M functionality 
does not correctly position a non-peptide scaffold in Step 1 
then attempts to improve the potency by rationally appending 
initial specificity elements in Step 2 would likely fail. 
0227 None of the literature protein kinase assay proce 
dures contain added ADP. A typical PKA literature assay 
procedure (Glass et al., 1989) was modified by adding 10% as 
much ADP as the ATP concentration used to reflect the natural 
1/10 ratio in the cell. This protein kinase assay is hereinafter 
referred to as the “Literature Mimetic' assay. It has been used 
for PKA as well as the Src. An examination of the literature, 
and commercially available protein kinase assays, showed 
that there is poor consistency from lab to lab and company to 
company and that all of these assays use physical chemical 
conditions which differ considerably from those known to 
exist inside cells. Since inhibition of intracellular protein 
kinases is the ultimate goal for drug discovery, new protein 
kinase assays have been developed which come much closer 
to mimicking the overall cytosolic physical chemical condi 
tions known to exist inside cells. The development of these 
“Cellular Mimetic' protein kinase assays, is described herein, 
along with a novel method for determining which form of a 
protein kinase a given inhibitor binds best to (the STAIRe 
method). Data was collected correlating the activity of the 
new non-peptide Src inhibitors in the Cellular Mimetic assay 
with that obtained in the LA25 Src transformed cell line (see 
below). 
0228. When these two assay conditions were applied to 
some of the pentapeptide-based PKA inhibitors, which were 
designed as illustrated in FIG. 3, the results shown in Table I 
were obtained. The same assay conditions were also applied 
to the analogously designed pentapeptide-based Src inhibi 
tors and obtained the results shown in Table II. 
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TABLE I 

INITIAL MSCREENING RESULTS WHILE APPENDED 
TO THE PKAPENTAPEPTIDE SCAFFOLD 

M 

Ile-NH2 
Ac-Arg-Arg-Gly-NH 

O 

- - - - = Attachment Point 
K (uM), (Conditions*) 

O S. 4-oh D 108 X P 
1 M1 = 542 (C) 

O (End Product 
Inhibitor) 1 

OH 76 (L) 
S NT (C) 

OH 18 (L)-Diastereomer A 
S. 72 (L)-Diastereomer B 

NT (C) 

4 (L)-Diastereomer A. 
4M = Y OH 20 (L)-Diastereomer B 

2 cann 43 X 
171 (C)-Diastereomer A 
1510 (C)-Diastereomer B 

HOC X 28 (L) 29 X 
M = 780 CD 

O 6 (L) 75 X 1 5 x = H 450 O 
6 X = CO2H 

O 3OO (L On 4 () Y six 
S-NH 2400 (C) 

7 M = 

O 0.16 (L 
On 4 ( D 31 X 

-oil 5 (C) 
8 M = NH 

1 
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TABLE I-continued 

INITIAL MSCREENING RESULTS WHILE APPENDED 
TO THE PKAPENTAPEPTIDE SCAFFOLD 

M 

Ile-NH2 
Ac-Arg-Arg-Gly-NH 

O 

- - - - = Attachment Point 
K (uM), (Conditions*) 

O. NH2 250 (L) 
Y 8 X 9 M1 = 2100 (C) can 

NH2 38 (L) 
1. 3X 10 M = 

115 (C) 
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TABLE I-continued 

INITIAL MSCREENING RESULTS WHILE APPENDED 
TO THE PKAPENTAPEPTIDE SCAFFOLD 

M 

Ile-NH2 
Ac-Arg-Arg-Gly-NH 

O 
- - - - = Attachment Point 

K (uM), (Conditions*) 

COH COH 45 (L) 
NT (C) 

NH 

11 M1 = r 
L = Literature Mimetic 
C = Cellular Mimetic 

The structure identified in Table I as Ac-Arg-Arg-Gly-Ala 
bonded to M-Ile-NH is SEQ. ID. No. 2. 

TABLE II 

INITIAL MSCREENING RESULTS WHILE 
APPENDED TO THESRC PENTAPEPTIDE SCAFFOLD 

M 

O 

% Inhibition of 2 mM RR-Src phosphorylation by Src 
Assay Conditions 

Cellular Mimetic Inhibitor (1 mM) Literature Mimetic 

V OH 36 O 
1. 

12 M1 = o-K 
OH 

O 51 O 

\-OH 
13 M - HG-P 

OH OH 

O 83 88 

\-OH 
14 M = P V 

OH 

O 68 59 2 
15 M = k 
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TABLE II-continued 

INITIAL MSCREENING RESULTS WHILE 
APPENDED TO THESRC PENTAPEPTIDE SCAFFOLD 

M 

O 
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% Inhibition of 2 mM RR-Src phosphorylation by Src 
ASSay Conditions 

Inhibitor (1 mM) Literature Mimetic 

O 60 

16M = N-( 
NH2 

O 2O 

17 M = 

OH 

O 64 

18 M1 = 

HO OH 

24 

19 M1 = NH 

HN OH 

0229. The structure identified in Table II as Ac-Ile-Tyr 
bonded to M-Gly-Glu-Phe-NH is SEQ. ID. No. 3. 
0230. The standard pentapeptide sequence chosen for the 
majority of PKA inhibitors in Table I was derived from the 
pseudosubstrate sequence of the peptide inhibitor which was 
bound to PKA, when the crystal structure illustrated in FIG. 1 
was solved. The standard pentapeptide sequence used for Src 
in Table II, Ac-Ile-Xaa-Gly-Glu-Phe-NH. (SEQ. ID. No. 3), 
was described in Nair, Kim et al., 1995. Some of the chem 
istry used to prepare the PKA inhibitors is described in Nair, 
Lee & Hangauer 1995. The synthetic methodology used to 
develop a number of the Src inhibitors is described in Lai et 
al., 1998. 

28 

Cellular Mimetic 

0231. The collective results in Tables I and II show that 
both the serine kinase PKA and the PTK Src can accommo 
date a variety of large polar M functional groups at the P0 
phosphorylation position. Furthermore, using the STAIRe 
methodology (see Choi et al. 1996), the sulfamic acid inhibi 
tor 8, and related inhibitors, were shown to actually bind best 
when MgATP (not MgADP or no nucleotide) is also bound. 
This was a somewhat Surprising result since these inhibitors 
are analogs of the “end product inhibitors' 1 and 12 which 
must bind simultaneously with MgADP just following phos 
phate transfer in the generally accepted reaction mechanism 
for protein kinases. 
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0232. These results also demonstrate that both PKA and 
Src can show a large difference in binding affinity for struc 
turally very similar inhibitors. For example, the sulfamic acid 
PKA inhibitor 8 (Table I) has a K, of 0.16 uMunder Literature 
Mimetic assay conditions (L) whereas the isosteric Sulfona 
mide 7 is 1,875x less potent (K-300 uM). The sulfamic acid 
inhibitor 8 is also isosteric with the end product phosphate 
inhibitor 1 yet it binds much more tightly under both Litera 
ture Mimetic assay conditions (31x) and Cellular Mimetic 
(C) assay conditions (108 X). The beneficial effect of an 
oxygen atom positioned analogously to that in the Substrate 
Ser is illustrated by comparison of phosphonate 2 to phos 
phate 1 and also ether 6 to phosphate 1. This oxygenatom can 
also be positioned as a serine-like OH side chain and enhance 
binding (compare 2 to 3A and 4A) wherein the closer serine 
mimic 4A is the more active. The difference in activity of the 
diasteromeric inhibitors 3A or B and 4A or B suggests a 
specific interaction with the active site catalytic residue Asp 
166 may in fact be occurring as intended in the M design 
(FIG. 3). 
0233. The Src inhibition results (Table II) show that the 
end product inhibitor 12 drops in activity upon going from 
Literature Mimetic assay conditions to the higher ionic 
strength Cellular Mimetic assay conditions, analogous to the 
PKA end product inhibitor 1. However, whereas all of the 
PKA inhibitors with polar M functional groups were less 
active under Cellular Mimetic assay conditions, three of the 
Src inhibitors 14, 15, and 17 held their activity under these 
higher ionic strength assay conditions. Also, the hydroxy 
phosphonate Src inhibitor 13 (a mixture of the R and S dias 
tereomers) is analogous to the PKA inhibitor 3A and both are 
roughly in the same activity range as their corresponding end 
product inhibitors, 12 and 1 respectively, under Literature 
Mimetic assay conditions. Shortening the side chain length in 
the phosphonate Src inhibitor 13 by one carbon atom (and 
necessarily removing the attached OH at the same time) to 
give 14 improved the activity (analogous to the PKA inhibitor 
comparison 3 to 4) and, more importantly, resulted in equiva 
lent activity under Cellular Mimetic assay conditions. The 
Src results with 16-19 (particularly 17, see later for an analo 
gous C-tricarbonyl acid M analog appended to non-peptide 
Src inhibitors) also Suggests that similar amides may be use 
ful M functional groups to explore with non-peptide Src 
inhibitors. 

0234 Non-peptide Src inhibitors are preferred to peptide 
scaffold based compounds, partly because some of these 
inhibitors have a dual effect on Src. For example, phospho 
nate inhibitor 14 not only inhibits Src by competitively bind 
ing in the active site but it also activates Src by binding to the 
SH site thereby releasing the intramolecular autoinhibition 
mechanism (Xu et al., 1997). This opposing effect gives an 
unusual ICso curve for 14, wherein at low inhibitor concen 
trations Src is stimulated (to a maximum of 70%) in a smooth 
dose-response fashion (due to initial tighter SH2 binding) 
followed by a typical ICso inhibition curve at higher inhibitor 
concentrations (due to lower affinity blockade of the active 
site). This opposing activation effect of the pentapeptide 
inhibitors makes them appear to be less potent active site 
inhibitors than they in fact are, and makes it difficult to accu 
rately rank M groups while appended to this pentapeptide 
scaffold. However, the better M groups identified with the 
Src pentapeptide scaffold must still be accommodated in the 
catalytic region of the active site and hence are useful orient 
ing groups for the ongoing non-peptide Src inhibitor studies 
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as intended. Since PKA does not have an SH2 domain, this 
complication is not a factor in interpreting the PKA pentapep 
tide inhibitor M testing data. 
0235. The results in Tables I and II also show how much 
effect the assay conditions can have on both inhibitor poten 
cies and the rank order of activity. For example, as shown in 
Table I, switching from the Literature Mimetic (L) assay 
conditions to the Cellular Mimetic (C) assay conditions can 
change the potency from as little as 3-fold (inhibitor 10) to as 
much as 108-fold (inhibitor 1). Also, whereas inhibitor 10 is 
less potent than 1 under Literature Mimetic conditions, it is 
more potent under Cellular Mimetic conditions. The Src 
inhibitor data presented in Table II show that many of the 
inhibitors lose their potency upon going from Literature 
Mimetic assay conditions to Cellular Mimetic assay condi 
tions. The rank order of potency against Src is also sensitive to 
the assay conditions. Whereas inhibitor 18 is more potent 
than inhibitor 17 under Literature Mimetic conditions, the 
opposite is true under Cellular Mimetic conditions. Since 
activity within cells is the goal, the Cellular Mimetic Src 
assay was selected as the standard assay for testing potential 
non-peptide Src inhibitors. Activity within the Cellular 
Mimetic assay is a necessary, but not sufficient, condition for 
activity within cells. As will be described later, the Cellular 
Mimetic Src assay will be followed up with cell culture assays 
wherein cell penetration, metabolism, and binding to other 
cellular components are also factors in the measured potency. 
0236. The next class of M functionality which was 
explored was the boronic acid group. This functional group is 
an intriguing candidate for M for a number of reasons: 1) It 
can exist in a non-ionic state so that it should not prevent 
passive absorption of non-peptide inhibitors across cell mem 
branes. 2) The planar, trigonal, boron acids might form 
reversible tetrahedral covalent borate complexes (a well 
known property of boronic acids, see Loomis & Durst, 1992) 
through their vacant 2p orbitals with anions present in the 
protein kinase active site, such as the catalytic Asp carboxyl 
group, or the ATP/ADP terminal phosphate oxygens. This 
ability to formborate complexes with active site nucleophiles 
has been extensively utilized to develop slow binding inhibi 
tors of serine proteases (e.g. see Kettner & Shenvi, 1984), 
wherein the nucleophilic serine OH forms a covalent bond 
with the vacant 2p orbital in the boronic acid resulting in a 
tetrahedral borate complex (e.g. see Skordalakes et al., 1997). 
Also, an intramolecular complex of a boronic acid with aurea 
NH was used to prepare transition state analogs inhibitors of 
dihydroorotase (Kinder et al., 1990). 3) Boronic acids act as 
Lewis acids and are converted to tetrahedral hydrates in water 
by forming borate complexes with water or hydroxide ions. 
Therefore, it is also possible that these boronic acid hydrates 
may function as phosphate mimics and M modules as pro 
posed in FIG. 2. This hydration property was utilized by 
Baggio et al. (1997) wherein a hydrated boronic acid func 
tioned as a transition state analog inhibitor functionality for 
arginase. These researchers evaluated the inhibited complex 
by X-ray and showed that the hydrated boronic acid function 
ality formed two hydrogen bonds with the active site catalytic 
Glu-277 carboxyl side chain and one of the other hydrated 
boronic acid OH's interacted with two catalytic Mn"'s in the 
active site. These binding interactions are closely analogous 
to those proposed in protein kinase active sites, i.e. H-bonds 
to the catalytic Asp side chain carboxyl group and interac 
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tions with the active site Mg's (see FIGS. 2 and 4). The use 
of boronic acids for protein kinase inhibitors has not been 
explored previously. 
0237. In the area of pentapeptide-based PICA inhibitors, 
the boronic acid functionality has been prepared and tested as 
a potential M module utilizing the four inhibitors 21-24 
shown in Table III (see Hsiao & Hangauer, 1998, for some of 
the chemistry used to prepare these compounds). 
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the unnatural amino acid was inverted from L in 21 to D in 22 
binding affinity appeared to increase 3-fold. This improve 
ment in binding may occuras a result that the boronic acid OH 
in 21 is positioned at the same chain length as L-homoserine 
whereas the natural Substrate, L-serine, has a one carbon 
shorter side chain. Modeling results with the PKA ternary 
structure indicated that the boronic acid OH can be retracted 
back somewhat by inverting the a-carbon Stereochemistry 

ICso IM (cond. 
C, 4 H 

preincubation) 
50 

*2000 IM 1.9% 
sti 

*2000 IM 71% 
sti 

*2000 M5% 
inh 

1734 M 

TABLE III 

PKAINHIBITION RESULTS WITHBORONIC ACID-CONTAINING PEPTIDE 
INHIBITORS 

ICso IM (cond. ICso IM (Cond. ICso IM (cond. 
Ac-RRGXI- L., Oh L., 4h C, Oh 
NH, X = preincubation) preincubation) preincubation) 
20 Ala 278 (K =9 |M) 417 41 (Ki = 25 M) 

OH 249 *500 M34% 764 
inh 

B 
21 YOH 

HN CO 

pi 81 *65 * 1753 

B 
22 1 YOH 

HN1 Nco 
0. HON -OH 398 133 2OOO uM 16% 

B inh 

23 

HN CO 

OH 1000 IM 33%. 1000 IM 44% 2000 IM 6% sti 
inh inh 

B 
YOH 

24 

HN CO 

*Very distorted ICso curve: Suggests Inhibitor is also a substrate. 
L = Literature Mimetic Assay Conditions, 
C = Cellular Mimetic Assay Conditions. 
Inh = Inhibition. 
Sti = Stimulation. 

The structure identified in Table III as Ac-RRGXI-NH is 
SEQ. ID. No. 4. 
0238 While testing these boronic acid-containing PKA 
inhibitors, the corresponding pentapeptide pseudosubstrate 
inhibitor 20 was included as an internal control while inves 
tigating time-dependent inhibition as shown in Table HI. 
Under Literature Mimetic assay conditions, and no preincu 
bation, the initial results suggested that the shortest chain 
L-amino acid 21 was binding with the same affinity as the 
pseudosubstrate inhibitor 20 (i.e. K, ca. 9 LM). As this side 
chain was increased in length (to 23 and then 24) binding 
affinity appeared to decrease. When the stereochemistry of 

from L in 21 to D in 22 and then repositioning the side chain 
to more closely mimic the positioning of the natural Substrate 
L-serine OH adjacent to the catalytic residues (Asp-166 and 
Arg-168). The modeling results were Subsequently Supported 
by the finding that, upon incubation of PKA with these inhibi 
tors for up to four hours without adding the competing peptide 
substrate (Kemptamide: LRRASLG-NH. (SEQ. ID. No. 5)), 
both 21 and 22 function as substrates with the D-diastereomer 
22 being phosphorylated faster. 
0239. The fact that these boronic acid inhibitors are also 
Substrates, became much more obvious by the greatly dis 
torted ICso curves obtained under the Cellular Mimetic con 
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ditions, both with and without preincubation (both PKA and 
Src are more active enzymes under the Cellular Mimetic 
conditions than under Literature Mimetic conditions). In the 
assay used to obtain these results, the P phosphorylated 
Kemptamide product (25 generated from Y-P’ ATP) was 
isolated at the end of the substrate incubation period by bind 
ing to phosphocellulose filter paper via the three cationic 
groups (two Arg's and the N-terminus) and the level of phos 
phorylated product isolated on the paper is then measured by 
liquid Scintillation counting (cpm’s). The boronic acid inhibi 
tors 21-24 have two Arg's in their sequence also and therefore 
will bind to the phosphocellulose paper in addition to 
Kemptamide (although not as consistently or completely due 
to one less positive charge). Consequently, when analyzed as 
inhibitors, the amount of phosphorylated Kemptamide pro 
duced was not only counted, but also the amount of phospho 
rylated inhibitor simultaneously produced (e.g. see 26 
below). The net result is that distorted ICs curves are 
obtained which show net “stimulation' at higher inhibitor 
concentrations in some cases. The D diastereomer 22 gives 
the greatest apparent “stimulation” (71%) when preincubated 
with PKA for four hours under Cellular Mimetic conditions 
followed by the L diastereomer 21 (19%) and then the one 
carbon homolog 23 (5%), indicating all three are substrates 
for PKA (Table III). The underlying substrate behavior of 
these “inhibitors’ makes an accurate measurement of their 
inhibition potency impossible with the current assay. How 
ever, it does appear from the data that homologating the 
boronic acid functionality out with only CH groups (ho 
mologations with boronic acid non-peptide Src inhibitors 
may also be carried out) decreases the binding affinity and 
ability to function as a Substrate. 

25 

L-G-NH2 Compare with 

O 

Phosphorylated Kemptamide 
26 

32 s -OH 
NoH 
O 
YB-OH 

I-NH 

A-R-R-G-N1) 
O 

Phosphorylated 22 

0240 Phosphorylated Kemptamide is SEQ. ID. No. 6. 
Phosphorylated 22 is SEQ. ID. No. 4. The boronic acid 
“inhibitors' 21 and 22 were shown to be substrates for PKA 
by running the same assay, but without adding Kemptamide, 
and stopping the reaction at various time points as shown in 
FIG. 4. The graphs show their respective rates and levels of 
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phosphorylation with the typical loss of initial velocity kinet 
ics with time (due to substrate depletion and end product 
inhibition), analogous to a standard L-Ser Substrate such as 
Kemptamide. The comparison of 21 to 22 shown was done in 
the same assay run, at identical boronic acid substrate con 
centrations, and with identical Cellular Mimetic assay solu 
tions so that the cpm’s could be directly compared. The 
graphs show that initial velocity conditions were lost within 
one hour for D isomer 22 whereas the linearity appears to 
have been lost somewhat slower with the L isomer 21 Sug 
gesting a slower consumption of starting material. That the 
boronic acid moiety would be phosphorylated by PKA was 
Surprising, but it is even more Surprising that the phosphonic 
boronic acid mixed anhydride produced (e.g. 26) was stable 
enough to survive the pH 7.2/37°C. assay incubation and then 
be isolated by binding to phosphocellulose paper after acid 
quenching of the reaction with 10% TCA and washing the 
phosphocellulose paper with 25 mM phosphoric acid (3x). 
An STN substructure search was run on mixed anhydrides of 
phosphoric and boronic acids and found only three references 
to experiments and theoretical calculations for the analogous 
putative (but not proven) anhydride formed from boric acid 
and phosphoric acid as a solid surface impregnated catalyst 
for the partial oxidation of ethane to acetaldehyde at 823°K 
(Zhanpeisov & Otsuka, 1992, Otsuka et al., 1992, Murakami 
et al., 1990). However, this highly unusual anhydride has 
never before been synthesized free of a solid surface, isolated, 
or characterized. Thus, this is a novel enzymatic reaction and 
chemical entity with interesting possibilities for protein 
kinase inhibitor designs. 
0241 The next class of M functionality which was 
explored was the halogen group. This functional group is an 
intriguing candidate for M for a number of reasons: 1) it is a 
good hydrogen bond acceptor, and 2) it reduces the rate of 
metabolism, leading to in vivo benefits. 
0242. The halogen functionality has been prepared and 
tested as a potential M module utilizing the inhibitor shown 
below (see Example 1, for the chemistry used to prepare this 
compound): 

CC 
0243 This inhibitor was tested for Src inhibition using the 
assay procedure set forth in Example 1. The results obtained 
are shown in Table VII, which indicates an ICs of 40 uM for 
the above inhibitor (1a in Table VII). This inhibitor includes a 
non-peptide scaffold (indole) which was chosen based on the 
screening method described below. 
0244. The Src and PKA pentapeptide scaffold tethered M 
evaluations described above have resulted in identifying a 
variety of orienting M groups which could be used for 
screening potential non-peptide scaffolds as indicated in Step 
1 (FIG.1). The boronic acid (from 22), the phosphonate (from 
14), and the sulfamic acid (from 8) were chosen from the 
menu of potential M’s for the Src non-peptide scaffold 
screening. Among these choices, the boronic acid M group 
has proven effective for Step 1 screening of non-peptide scaf 
folds. 
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0245. The most useful crystal structures available for the 
design of non-peptide Src inhibitors, which do not compete 
with ATP are the native Src structure and the IRTK. peptide: 
AMP-PNP ternary structure. For all of the modeling studies 
discussed below, the SYBYL molecular modeling software 
package is used on a Silicone Graphics Workstation. 
0246 Since the Src and IRTK structures are only used as 
qualitative guides in designing the non-peptide scaffolds and 
combinatorial libraries, the active sites along with two layers 
of surrounding residues were carved out from the native Src 
and IRTKternary structures, analogous to the previous PKA 
modeling studies. The IRTK:peptide: AMP-PNP ternary. 
structure active site region was used as the template structure 
to guide the building of the Src residue sequence 424–418 
back onto the Src structure using the comparative homology 
modeling technique (see Hutchins & Greer, 1991). These 
residues were disordered in the native Src crystal structure 
and therefore not visible by X-ray. They were reintroduced 
because they help form the P+1 to P+3 binding sites for 
peptide substrates which are important for some of the mod 
eling studies. The analogous residues in the IRTK ternary 
structure are seen by X-ray and directly interact with the 
bound peptide substrate. In fact, it is probably the presence of 
the bound peptide substrate which induces order in the posi 
tioning of this sequence so that it is visible by X-ray. The Src 
pentapeptide substrate Ac-Ile-Tyr-Gly-Glu-Phe-NH. (SEQ. 
ID. No. 1) (Nair et al., 1995) was then docked into the Src 
active site again using the IRTK ternary structure as a tem 
plate. Small adjustments were then manually made to par 
tially clean up this complex, all of the hydrogen atoms were 
added, appropriate formal and partial charges (calculated via 
the Gasteiger Marsili method) were added, and then the entire 
complex was subjected to 300 iterations of molecular 
mechanics minimization using the Tripos force field, analo 
gous to the previous PKA modeling procedure. A schematic 
representation of this modeled complex is given in FIG. 5. 
Any inaccuracies in this Src.:peptide and the Src.:inhibitor 
models are accommodated by experimentally evaluating a 
range of side chains, the number and diversity of which is 
scaled roughly to the level of uncertainty for the structure of 
their particular binding region in the Src model active site (see 
later), in a combinatorial fashion. 
0247. As shown in FIG.5 the residues 424-418 built back 
into the Src interact with the P+1 to P+3 substrate residues, 
Gly-Glu-Phe-NH respectively, through beta sheet type 
hydrogen bonding interactions with the Substrate main chain 
(analogous to the IRTK peptide Substrate). Lys 423 engages 
in two important interactions: 1) the Y and Y CH's fold over 
the top of the POTyr phenyl ring engaging in a hydrophobic 
binding interaction and then 2) the remaining CH-CH2— 
NH" of this side chain extends away to form a salt bridge 
with the P+2 Glu side chain as indicated. The rest of the P0 
Tyrhydrophobic binding pocket is formed by Pro 425 under 
the phenyl ring and part of the Cys 277 side chain above the 
phenyl ring. Using a large combinatorial peptide Src Substrate 
library, Songyang etal. (1995) found that the most commonly 
chosen side chain for the P+1 position was Gly followed by 
Glu. The present model indicates that a P+1 Glu side chain 
may form a salt bridge with nearby Arg 469 as indicated in 
FIG. 5. Previously, researchers found that only Glu was cho 
sen for the P+2 position and the present model indicates that 
this side chain forms a saltbridge with the Lys 423 side chain. 
At the P+3 position Phe was very strongly preferred and the 
model indicates that this side chain forms a stacking interac 
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tion with the Phe 424 side chain. At the P-1 position Songy 
ang et al. found that Ile was the most preferred residue fol 
lowed by Val and then Leu. The model shows a hydrophobic 
pocket for binding the P-1 side chain formed mainly by Trp 
428, Ala 390 and Leu347. One might expect that the P0 Tyr 
side main chain will strongly interact (though hydrogen 
bonding) with the active site in a catalytically competent 
complex because enzymes often form more critical interac 
tions in this region close to where the reaction will be occur 
ring. The IRTKternary complex does not show a good hydro 
gen bond to either the POTyr NH or carbonyl. The nearest 
candidate residue for this interaction in the IRTK structure is 
Asn 1215 wherein the side chain NH is 3.71 A from the Tyr 
carbonyl oxygen. When the IRTK ternary structure is over 
layed onto the Src native structure, using the four residues 
mentioned in the Background and Significance section, ASn 
468 from the Src structure was found to be positioned very 
close to the analogous IRTKASn 1215. This suggests that this 
conserved residue is performing an important role and might 
move a little closer (i.e. about 1 A) to the substrate PONHand 
carbonyl in a catalytically active complex and form the hydro 
gen bonding interactions indicated in FIG. 5. Finally, the 
catalytic Arg 388 and Asp 386 are correctly positioned in the 
Src model to catalyze the transfer of the y-phosphate from 
ATP to the Tyr OH. 
0248. The Src.:peptide substrate complex can now be used 
to model potential non-peptide scaffolds and determine pre 
ferred substitution positions for the specificity elements, all 
with an appropriately attached M functionality, before 
choosing new scaffolds to experimentally evaluate. The 
IRTK:peptide: AMP-PNP ternary structure can also be used 
to model these potential scaffolds and preferred substitution 
positions. These scaffolds have broad utility for the develop 
ment of selective PTK inhibitors by further developing them 
with appropriate specificity elements following the strategy 
outlined in FIG. 1. 

0249. The first non-peptide scaffold evaluated with this 
Src.:peptide substrate model was the naphthalene scaffold. 
This is the first use of bicyclic aromatic scaffolds for non 
peptide PTK inhibitors, which do not compete with ATP. The 
naphthalene scaffold's utility for this purpose was demon 
strated by developing a non-peptide inhibitor of the 1RTK 
and EGF receptor PTK (Saperstein et al., 1989). The 1RTK 
ternary complexes were Subsequently used to adapt this scaf 
fold for Src inhibition (see Marsilje et al., 2000). The naph 
thalene scaffold was docked into the Src active site by first 
carrying out a least squares fitting of atoms a-d onto the 
peptide substrate as indicated in FIG. 6. In this way the 
naphthalene scaffold is related to the peptide substrate by the 
cyclization shown by the arrow in FIG. 6 and an appended OH 
as a substitute for the substrate Tyr NH. This is essentially the 
same process used to dock this scaffold into the IRTK struc 
ture as described in Marsilje 2000. The peptide substrate was 
then deleted from the active site, various M. functional 
groups and specificity elements S and S were then added to 
the scaffold as indicated and the complexes were then indi 
vidually minimized for 300 iterations. This same process was 
also used to design the isoquinoline and indole Scaffolds 
whose binding modes are indicated in FIG. 7. 
0250 In all of these modeled complexes, selectivity ele 
ment S consists of various hydrophobic side chains which 
can bind in the same pocket as the substrate P-1 Ile side chain 
and selectivity element S consists of various molecular frag 
ments which can bind in the P1 to P+3 region of the peptide 
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substrate binding sites (FIG. 5). Since the active site region 
where M binds is highly conserved among all of the protein 
kinases, the Small menu of M functional groups previously 
identified using peptide scaffolds served as the initial M 
groups for attachment to the scaffolds at the indicated posi 
tions. Of the two selectivity elements binding sites, the struc 
ture of the hydrophobic binding cavity for S is known with 
greater confidence in the Src model than is the P+1 to P+3 
binding region for S. This is because the S binding site was 
constructed partially by comparative homology modeling 
whereas the S2 site is largely unchanged from the structure 
determined by X-ray for native Src. In view of these varied 
levels of confidence in the modeled binding sites for M. S. 
and Ss, the combinatorial library diversity is scaled such that 
the greatest variety and number of side chains in the combi 
natorial libraries are at the S site followed by the S site and 
then M. 
0251. The Src results using M functional groups to 
experimentally identify promising non-peptide Scaffolds are 
listed in Table IV. 

TABLE IV 

INITIAL STEP 1 RESULTS 
% SRC INHIBITION IN CELLULARMIMETIC ASSAY 

%. Inhibition of 2 mM 
RR-src at Inhibitor 

Inhibitor Concentration () 

Miss 2 

= Attaching bond. 

M 

27 OH 59 (1 mM) 
13 (100 IM) 

-B- ICso = 950 M 
HO K = 554 M 

NON-ATP 
COMPETITIVE 

28 H 31 (1 mM) 
HON-N- ICso = 1.6 mM 

8. K = 963 M 
/ \, NON-ATP 

COMPETITIVE 

29 pi O (1 mM) 
S 2 o% 

O 

30 pi 14 (1 mM) 

HO 7Ps 
O 

31 NH O (100 IM) 

36 
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TABLE IV-continued 

INITIAL STEP 1 RESULTS 
% SRC INHIBITION IN CELLULARMIMETIC ASSAY 

%. Inhibition of 2 mM 
RR-src at Inhibitor 

Inhibitor Concentration () 

a 

M 

M 

32 OH O (100 IM) 

B 
HO1 

33 t 1 (1 mM) 

HO WPs 
O 

34 t O (100 IM) 
S 2 o% 

O 

OH 

HO-B 

/ X 

3S X = O 10 (100 IM) 
36 X = S 12 (100 IM) 

37 OH 13 (500 IM) 

B 
HO1 

Sa OMe 
N 

O 

M 

\ OMe 
N 
H 

O 

M 
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TABLE IV-continued 

INITIAL STEP 1 RESULTS 
% SRC INHIBITION IN CELLULARMIMETIC ASSAY 

%. Inhibition of 2 mM 
RR-src at Inhibitor 

Inhibitor Concentration () 

38 OH 62 (500 IM) 
NON-ATP 

1 B COMPETITIVE 
HO ^ 

39 pi 11 (500 IM) 

HO 7P 
O 

40 OH 13 (100 IM) 
W 

HO-B 

41 HO 14 (100 IM) 

)-( ) A 
HO 

0252. The data in Table IV allows a number of conclusions 
to be drawn: 1) Low, but measurable, inhibition potency can 
be obtained with an appropriate M group attached to a scaf 
fold (e.g. 27 and 38).2) 1 mM inhibitor concentrations for this 
type of screening is higher than desirable but 100 uM is too 
low. Screening of scaffolds bearing an M group would opti 
mally be conducted at 500 uM. 3) The boronic acid, sulfamic 
acid, and phosphonic acid M functional groups, which had 
been identified using the PKA pentapeptide scaffold (22. 
Table III and 8, Table I) or the Src pentapeptide scaffold (14. 
Table II), respectively, give measurable activity when placed 
at the 2 position of the naphthalene ring (27, 28 and 30 
respectively), the preferred position for M identified in the 
model naphthalene inhibitor:Src complex (FIG. 6). Moving 
the boronic acid or phosphonic acid M groups to the 1 posi 
tion (32 or 33) reduced activity. 4) The related M sulfona 
mide functionality, which was poor on the PKA pentapeptide 
scaffold (7 & 9, Table 1) is also poor when appended to the 2 
(31) or 1 (34) position of the naphthalene scaffold. The sul 
fonic acid analog at the naphthalene 2 position (29) is com 
pletely inactive, even at 1 mM. 5) The naphthalene scaffold 
can be replaced with a benzofuran (35) or a benzothiophene 
(26) scaffold without a noticeable reduction in activity when 
the boronic acid M group is positioned analogous to the 2 
position on a naphthalene. 6) The boronic acid M group also 
provides active compounds when appended to the isoquino 
line (37) or indole (38) scaffolds at the positions indicated by 
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modeling results (FIG. 7). However, the indole scaffold is 
clearly favored over the isoquinoline scaffold Suggesting that 
a hydrogen bond donating ability to Asn 468 (see FIG. 7) is 
important for higher activity (this would require the proto 
nated isoquinoline which is disfavored by the adjacent elec 
tron withdrawing ester group). This conclusion is also Sup 
ported by considering that a peptide Substrate may position a 
hydrogen bond donating peptide bond NH at a similar posi 
tion (FIG. 6) and by finding that an equivalently positioned 
phenolic OH (FIG. 6) improves potency (phenolic OH's are 
much better H-bond donors than acceptors). 8) When directly 
compared to other M groups, the boronic acid group is Supe 
rior (e.g. 27 vs. 28-31, 38 vs. 32). 9) A biphenyl scaffold 
modeled into the Src and IRTK active sites and found prom 
ising binding modes for this scaffold. Combinatorial libraries 
were developed with the biphenyl scaffold (see Pavia et al., 
1996), and the modeling results were encouraging. Therefore, 
the para (40) and meta (41) isomers were evaluated with the 
boronic acid M group. Both biphenyl compounds showed 
potency equivalent to the best naphthalene boronic acid (27) 
and therefore provide another scaffold geometry (the two 
phenyl rings are not planar) for further evaluation and devel 
opment. 
0253) Since the bare scaffolds, with only an M group 
appended, often have low binding affinity, the ICso's and K's 
for the 2-naphthalene boronic acid and sulfamic acid inhibi 
tors were determined to ensure that a typical dose/response 
ICs curve is obtained. This analysis provided the typical 
shape dose/response curves seen with more potent inhibitors. 
The ICso's and K.'s of these simple inhibitors also confirmed 
that the boronic acid inhibitor 27 is more potent than the 
sulfamic acid analog 28 and has a K, of about 554 uM. 
0254 The next issue addressed with these simple inhibi 
tors before proceeding to elaborate them further was their 
mode of inhibition, specifically whether they are ATP-com 
petitive inhibitors. In the case of the naphthalene inhibitors 27 
and 28, their ICso's were monitored as the ATP concentration 
was increased in three steps up to 1 mM. As a comparison, the 
ICs of the pentapeptide phosphonic acid Src inhibitor 14 
(Table II) was also monitored. If any of these inhibitors were 
competing with ATP, then their ICs's should have increased 
proportionally with the ATP concentration (i.e. the dashed 
line). As shown, the ICso's for all three inhibitors remained 
essentially constant as the ATP concentration was increased 
demonstrating that they are not ATP-competitive inhibitors. A 
very similar, but much less costly (commercial Src is expen 
sive), analysis was conducted with the indole boronic acid 
inhibitor 38. In this case, the '% inhibition was monitored with 
38 at a constant 500 uM inhibitor concentration but with 
increasing ATP concentrations of 200, 500 and 1,000 uM. 
Once again the inhibitor potency was not reduced by the 
increasing ATP concentration demonstrating that 38 is also 
non-ATP competitive. 
0255. The initial results obtained in Step 1 suggests that it 

is possible to identify promising scaffolds for further elabo 
ration with this procedure. The biggest uncertainty with Step 
1 is that some of the scaffolds identified in this way might not 
be binding in the fashion suggested by the prior modeling 
evaluations. This is essentially a “false positive' problem. 
These “false positives” will likely fail in Step 2, when they are 
evaluated for improved binding using the modeled complexes 
as a guide. Some false positive results can be accepted in Step 
1 because the bare scaffolds with only the M group attached 
are easily obtained. For further inhibitor development, one 
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may return to Step 1 each time new scaffolds are needed to 
carry through Steps 2 and 3. The best M. generated can be 
used each time Step 1 is repeated. Currently, the boronic acid 
M group has been used since it has a proven ability to give 
measurable activity with bare scaffolds. Also the boronic acid 
M group offers multiple interesting possibilities for covalent 
and non-covalent interactions with the conserved catalytic 
residues since it can: 1) hydrate, 2) form borate complexes 
with electron rich active site atoms, and/or 3) be phosphory 
lated and then react with active site nucleophiles or engage in 
additional non-covalent interactions. From the data in Table 
IV, the naphthalene and indole scaffolds were chosen as M. 
for the first efforts in Step 2 (the biphenyl scaffold is also a 
preferred scaffold). It is also worth mentioning that naphthy 
lalanine and analogs can be successfully substituted for the P 
O tyrosine in Src peptide Substrates (e.g. see Alfaro-Lopez et 
al., 1998) further supporting the notion that naphthalene and 
related scaffolds can bind at the P0 site. 
0256 In comparing the naphthalene vs. indole scaffold 
results with a boronic acid M group (i.e. 27 vs. 38, Table IV) 

Inhibitor 

42 (M) 
HO 

43 (M) 
HO 

44 (M) 
HO 
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the indole hydrogen bond donating NH and/or the adjacent 
ester group appeared to be the reason for the enhanced 
potency. Consequently, for Step 2 one of the first attempts was 
to add a hydroxyl group and an amide (with S) to the naph 
thalene scaffold at the adjacent positions Suggested by the 
modeling results (FIG. 6). For the indole scaffold one priority 
was to prepare some amide analogs to see if potency can be 
increased with the S specificity element (FIG. 7). In order to 
facilitate the synthesis of these initial analogs, an OH was 
temporarily substituted for the boronic acid M group. The 
OH group is also known to interact with the catalytic residues, 
as required for an M group, because it is the natural Substrate 
M whose phosphorylation rate is accelerated by interactions 
with the catalytic residues. The results obtained for some of 
the initial analogs are given in Table V along with a side by 
side comparison, in the Cellular Mimetic Src assay, to two 
literature Src inhibitors 50 and 51 which are reported be 
non-ATP competitive. Some of these results and additional 
analogs are described in Marsilje 2000. 

TABLEV 

INITIAL STEP 2 RESULTS 

9/o SRC INHIBITION IN CELLULAR MIMETIC ASSAY 

%. Inhibition of 2 mMRR-src 

at Inhibitor Concentration () 

47 (100 IM) 

OMe 

OH O 

Ortho: 39 (100 IM) 
Meta: 89 (100 IM) 
ICso = 18 M, 
K = 10M 
Para: 23 (100 IM) 
NON-ATP COMPETITIVE 

N 
-HOH 

OH O 2 

45 (100 IM) 

H 
N OH 
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TABLEV-continued 

INITIAL STEP 2 RESULTS 
% SRC INHIBITION IN CELLULARMIMETIC ASSAY 

%. Inhibition of 2 mM RR-src 
Inhibitor at Inhibitor Concentration () 

45 51 (100 IM) 
ICso = 170 M 

(M1) NON-ATP 
COMPETITIVE 

HO 

H 
N OH 

OH O o 
46 (M) Ortho: 42 (100 IM) 

HO Meta: In progress 

O Para: 42 (100 LM) 
N 

H -HOH 
N 21 

OH O 

47 (M) 40 (500 iM) 
HO 

\ OMe 
N 
H 

O 

48 (M) Ortho: 43 (100 IM) 
HO Meta:30 (100 IM) 

Para: 45 (100 IM) 

N 
\ 

O 

N 
-HOH 

2 

49 (M) Ortho: 24 (100 IM) 
HO Meta: 74 (100 IM) 

Para: 54 (100 IM) 

D 
50 30 (100 IM) 

Lit. ICso = 118 nM 
(M? 

HO 

OH On 1 N - 

NH O 

Huang etal 
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TABLEV-continued 

INITIAL STEP 2 RESULTS 
% SRC INHIBITION IN CELLULARMIMETIC ASSAY 

40 
Jun. 9, 2011 

%. Inhibition of 2 mM RR-src 
Inhibitor at Inhibitor Concentration () 

51 S 37 (100 IM) 
Lit. ICso = 18 M 

(M1) 
HO 

O 

- NH2 
NC 

O 

ST 638 

* M. OH 41 (100 IM) 
(M1) Lit. ICso = 66M 
HO for p56* 

OH 

OH 

Picentannol 

0257. Inhibitor 50, and analogs (Huang et al., 1995), were less responsive than the naphthalene scaffold to regiochem 
of particular interest because the iminochromene scaffold is 
closely related to the naphthalene scaffold and it’s binding 
mode would be expected to be very similar based upon the 
model (FIG. 6). Partly because of this close analogy, the 
amides of hydroxyanilines with the naphthalene and indole 
scaffolds were examined as shown in Table V. Also, the mod 
eling studies with these hydroxyaniline amide derivatives in 
the Src active site indicated that the hydroxyl group may be 
able to engage in hydrogen bonding interactions with the Src 
Phe 424-Ala 422 backbone peptide bonds analogous to pep 
tide substrates (see FIG. 5). These modeling studies also 
indicated that the homologous hydroxybenzylamides should 
be active and, more importantly, provide a Substitution posi 
tion (i.e. the benzylic carbon) for appending side chains to 
bind in the P-1 side chain pocket (e.g. to Arg 469, FIG. 5). 
0258. The data in TableV allow the following conclusions 

to be drawn: 1) Adding an amide extension onto both the 
naphthalene and indole scaffolds can increase potency as 
predicted by the models for these scaffolds bound in the Src 
active site (ca. 5-fold in the cases of 42 vs. 43-meta & 47 vs 
48). 2) Adding a hydroxyl group to the naphthalene Scaffold 
adjacent to the amide increases potency (about 5-fold, 
43-meta vs. 44) as predicted by the Src model, and also 
suggests Mn 468 does hydrogen bond with this OH. 3) Mov 
ing the MOH group from the position predicted to be best in 
the Src model to the adjacent position reduces potency by one 
order of magnitude (43-meta to 45). 4) The indole scaffold is 

istry of the hydroxyaniline extension (48 vs. 43). 5) The 
naphthalene and the indole scaffolds accept the one carbon 
homologation provided by using hydroxybenzylamides (46 
vs. 43 & 49 vs. 48). 6) The two M hydroxy regioisomers of 
the naphthalene scaffold are both non-ATP competitive (see 
Marsilje 2000). 7) All of the methyl hydroxyaniline and 
hydroxybenzylamide inhibitors were found to be less active 
Suggesting that the hydroxyl group in the amide extension is 
functioning as a hydrogen bond donor. In this regard it is 
worth mentioning that in another Src peptide Substrate com 
binatorial library study, Ser and Thr were identified as two of 
the most preferred residues at the P+2 position (Alfaro-Lopez 
et al., 1998), Suggesting that there are other binding opportu 
nities for an amide extension OH other than to the Phe 424 
Ala 422 peptide bonds Suggested by the modeling studies. 8) 
The most potent non-ATP competitive, non-peptide, Src 
inhibitor previously disclosed in the literature (50) is not 
nearly as potent as reported when tested under the Cellular 
Mimetic assay conditions (ICs-118 nM reported by Huang 
et al., 1995 vs only 30% inhibition at 100 uM) and is less 
potent than a number of the current inhibitors (especially 
43-meta) including the most analogous inhibitor (52 vs. 45). 
The structure-activity-relationship (SAR) reported for 
hydroxy regioisomers of 50 in their assay (Huang et al., 1995) 
also does not correspond with the SAR which was obtained 
for the related naphthalene inhibitors. For example, their imi 
nochromene analog of the most potent naphthalene inhibitor 
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43-meta is 230-fold less potent than 50 in their Src assay. An 
important advantage of the naphthalene scaffold over the 
iminochromene scaffold is that it allows a highly desirable S. 
specificity element to be added for accessing the P-1 hydro 
phobic site (see FIG. 6) whereas the analogous position can 
not be substituted on the iminochromene scaffold because it is 
occupied by the ring oxygen atom. 
0259. The inhibitor potencies in the Src Cellular Mimetic 
assay can be further calibrated against other literature non 
ATP, non-peptide Src inhibitors. Two additional examples are 
51 (ST 638, Shiraishi et al., 1989) which is a member of the 
“tyrphostin' family of erbstatin analogs (see Lawrence & 
Niu, 1998) and the natural product PTK inhibitor piceatannol 
52 (Thakkar et al., 1993). In the Cellular Mimetic assay all of 
these known inhibitors are less potent than had been reported 
Suggesting that the assay is particularly demanding in terms 
of achieving high potency. The initial testing of Src inhibitors 
is carried out using a single concentration (in triplicate) 
because commercial Src is too expensive to do full ICso 
curves on every inhibitor. It should be mentioned, however, 
that an ICso dose response curve is not linear and the differ 
ence between ca. 50% inhibition at 100 uM and a ca. 90% 
inhibition at 100 uM is actually a factor of 10 and not a factor 
of 2 (e.g. 45 vs. 43-meta). Consequently, the literature Src 
inhibitors 50-52 are greater than an order-of-magnitude less 
active than the currently most potent inhibitor 43-meta. 
0260 The discrepancies found within the literature report 
ing the potency of these inhibitors, the sensitivity to assay 
conditions described earlier with the PKA inhibitors, and the 
lack of consistency among numerous labs and commercial 
protein kinase assay kits highlights this overlooked, but cru 
cial, problem in the field. Although the inhibitors produced by 
the present invention may be more potent under other assay 
conditions, the Cellular Mimetic assay should be used, which 
mimics the intracellular physical chemical conditions as 
closely as possible, as the primary potency and rank order 
guide for evaluating the inhibitors before choosing com 
pounds to proceed to whole cell or tissue assays. As will be 
discussed in more detail later, the most potent naphthalene 
based inhibitor thus far from the Cellular Mimetic assay (i.e. 
43-meta, ICs 18 uM and K=10 uM) is also effective in 
specifically blocking pp60'' stimulated cell proliferation 
with a similar ICso of ca. 25uM. This suggests that not only 
is the Cellular Mimetic Src assay predictive, but also that this 
class of naphthalene-based inhibitors can readily pass 
through cell membranes and inhibit intracellular Src. 
0261 Analogs of a number of the naphthalene and indole 
inhibitors above can be prepared with the boronic acid or 
halogen M group in place of the MOH and/or with a S 
hydrophobic specificity element attached for binding in the 
Src P-1 site as illustrated in FIGS. 6 and 7. The naphthalene 
and indole scaffolds can then be taken through to Step 3 as 
described below. Each time Step 2 is repeated with new 
scaffolds from Step 1, the best selectivity elements S and/or 
S which have discovered with previous scaffolds will be used 
in the combinatorial libraries of Step 3. Even though the 
optimal combination of M. S., and S is likely to be different 
for each scaffold, those found optimal with the previous 
related scaffold (e.g. going from the naphthalene to the indole 
scaffold) should be suitable for utilization as better initial 
specificity elements in Step 2 with the new scaffold. The same 
process will be repeated each time there is a need to try 
another scaffold until Sufficient potency, selectivity, and Suit 
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able pharmaceutical properties are achieved for the Src 
inhibitors or, subsequently, for inhibitors of additional thera 
peutically important PTK's. 
0262 Some of the chemistry used to prepare the naphtha 
lene inhibitors is described in Marsilje 2000. For attaching a 
boronic acid functionality in place of a Mihydroxyl group in 
the Src inhibitors from Table V, the Pd(0)-catalyzed cross 
coupling methodology was used wherein eitheran aryl triflate 
(Ishiyama et al., 1997) or an aryl halide (Ishiyama, 1995) can 
be coupled with the commercially available pinacol ester of 
diboron. An illustrative example recently completed is given 
in FIG. 8. 
0263. The example shown in FIG. 8 demonstrates that it is 
possible to selectively triflate the less hindered OH at the M 
position and this has been proven by its removal to 56 with 
subsequent H NMR verification of the substitution pattern. 
The monotriflate 53 was then taken on to the desired boronic 
acid 55 as indicated. The same reaction sequence also works 
well for the regioisomer of 42 which corresponds to inhibitor 
45 from TableV. The synthetic scheme shown in FIG.9 can be 
followed, in order to attach hydrophobic S, selectivity ele 
ments to the naphthalene scaffold. 
0264. The naphthalene chemistry can be converted to the 
Solid phase in preparation for synthesizing combinatorial 
libraries of this scaffold in a 96-well plate format. Thus far, 
model chemistry has been carried out on the less active naph 
thalene regioisomer represented by 44 because this com 
pound is readily obtained from commercially available 3.5- 
dihydroxy-2-naphthoic acid as described in Marsilje 2000. 
The successful model reactions to date are shown in FIG. 10. 
0265. These model reactions demonstrate that it is pos 
sible to couple the naphthalene scaffold to the Wang resin (63) 
and then carry out chemistry on the triflate in this case the Pd 
(0)-catalyzed cross-coupling to the boronic ester 64 fol 
lowed by cleavage under mild conditions (65). The ester in 63 
can also be saponified for Subsequent coupling reactions to 
form amides containing the S. Selectivity elements. 
0266 The naphthalene scaffold currently provides three 
diversity sites to be explored in the combinatorial libraries, 
M. S., and S. Solid phase combinatorial chemistry with 
96-well plate reactors similar to that used in previous studies 
may be used (Pavia et al., 1996). The greatest number and 
diversity of side chains will be used for S followed by S and 
then M for the reasons discussed earlier. One possible overall 
synthetic strategy, based upon the synthetic model studies 
above, for preparing these libraries is shown in FIG. 11. 
0267. Of course if problems arise with this route there are 
many other possibilities. For example, if the Mitsunobu cou 
pling to give 67 proceeds in too low a yield (due to the 
increased steric congestion of the added adjacentallyl group 
but perhaps not a problem given the 92% loading obtained in 
FIG. 10), then the scaffold could be tethered to a resin through 
the carboxyl group, rather than the OH, using the acylsulfona 
mide “safety catch” linker (Backes et al., 1996) and form the 
amides last (the excess amines can be removed after cleavage 
by filtering through an acidic resin). Likewise, other linkers 
and/or resins can be used if the reduction of the alkene in the 
presence of benzylic ethers (67 to 68) is desired but problem 
atic. The first use of the chemistry proposed in FIG. 11 will be 
to simply prepare a library of 96 amides, containing the 
boronic acid M group, without having the allyl side chain in 
place so that these two potential complications will not be a 
problem initially and the most promising S elements can be 
quickly identified. 
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0268. At least 14 S hydrophobic side chains (includes 
linear, branched and cyclic) are identified for further study 
(28 if the corresponding alkenes are also explored) based 
upon the modeling of candidate side chains into the P-1 site of 
the Src model (FIG. 6) and on the commercial availability of 
the needed halides to prepare the corresponding Wittig 
reagents. At least 96 commercially available amines are avail 
able which will provide potential S. specificity elements 
including: 1) hydrocarbons (4), 2) alkyl groups containing 
hydrogen bond acceptors (4), 3) alkyl groups containing both 
hydrogen bond acceptors and donors (19), 4) alkyl/aryl 
groups containing hydrogen bond acceptors and donors (25), 
5) aryl hydrogen bond acceptors and donors (10), 6) hetero 
cyclic hydrogen bond acceptors and donors (20), 7) side 
chains containing cationic groups (4), 8) side chains contain 
ing anionic groups (9), and the 3-amino phenol side chain 
from inhibitor 43-meta as an internal control for Src activity. 
A broad range of amines were included for S. in order not to 
overly bias the library here due to the higher level of uncer 
tainty for this binding site in the Src model. 
0269. The indole scaffold can be developed into a combi 
natorial library in much the same fashion. In this case, the 
indole NH would be used as the tether point for attachment to 
the Wang (or other) resin since the analogous Mitsunobu 
reaction is known (Bhagwat & Gude, 1994). A large amount 
of synthetic methodology has been developed for the synthe 
sis of substituted indoles and have designed a route to include 
the S, hydrophobic side chain (see FIG. 7) (Ezquerra et al., 
1996). 
0270. The triflate functionality formed in reaction 2 from 
intermediate 69 (FIG. 11) can be converted to an amine 
(Wolfe et al., 1997) and then a series of amides or otheramine 
derivatives following the reaction sequence shown in FIG. 12. 
In fact, the triflate is a versatile synthetic handle and could be 
converted into other functional groups as well. 
0271 When the amine 72 is available, the known M's 
(e.g. the sulfamic acid from Src inhibitor 28 Table V and 
amide-acid 17 Table III) can be evaluated with this more 
developed scaffold and evaluate some new amine derivatives 
as potential Ms. For example the hydrated tricarbonyl 
amide M group shown in structure 73 (and it's non-hydrated 
precursor) is accessible via the synthetic methodology (see 
Lai et al., 1996) and could form a variety of interesting inter 
actions with the conserved catalytic residues. 
0272 Following the modeling procedure described above, 
a series of hydroxy-containing analogs of the boronic acid M. 
group shown in FIG. 13 were modeled in the Src and IRTK 
active sites and the illustrated interactions/binding modes 
were found as some of the interesting possibilities. By phos 
phorylating the boronic acid, additional interesting possibili 
ties are available (e.g. Suicide type inhibition via reaction of 
the resulting mixed anhydride with an active site nucleo 
phile). The presence of additional hydroxyl groups on the 
Tyr-mimetic phenyl ring is necessary and common among 
many PTK inhibitors (e.g. Piceatannol 52, Table V) and was 
shown to be beneficial on the side chain with the PKA phos 
phonate inhibitors (e.g. 2 vs. 3 and 4, Table I). Consequently, 
adding one or more OH's to the boronic acid inhibitor M 
design as illustrated in FIG. 13 may considerably enhance 
potency. These OH groups would also extend the boronic acid 
side chain past the catalytic Asp and Arg residues without 
Suffering a penalty for covering them with hydrocarbon as 
was probably the case with the PKA boronic acid homologs 
(23 and 24, Table III). One possible route to the hydroxybo 
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ronic acids 76 and 77 utilizes the chiral boronic ester homolo 
gation methodology of Matteson (e.g. see Matteson et al., 
1987, 1988 & 1990). 
0273 Thus, in a preferred embodiment of the invention, 
the first module is produced by attaching the first module to a 
peptide scaffold. One or more functional groups are identified 
which preferentially bind to catalytic residues of the protein 
kinase, wherein at least one of the one or more functional 
groups is a halogen. Further, the first module is combined 
with the second module so that the second module substitutes 
for the peptide scaffold. 
0274 Preferred first modules have a two or more func 
tional groups, including a halogen and one or more additional 
functional groups such as a boronic acid group, a hydroxyl 
group, phosphonic acid, Sulfamic acid, a guanidino group. 
carboxylic acid, an aldehyde, an amide, and hydroxymeth 
ylphosphonic acid. More preferred additional functional 
groups are boronic acid groups, a hydroxyl group, oran amide 
group. An even more preferred amide group is a vicinal tri 
carbonyl amide. 
0275 Preferred second modules include indole, naphtha 
lene, biphenyl, isoquinoline, benzofuran, and ben 
Zothiophene. More preferred second modules are an indole or 
naphthalene. In some embodiments of the invention more 
than one first module may be bound to the second module. In 
addition, the first module may have a linear chain comprising 
between one and three carbon atoms which links the first 
module to the second module. In alternative embodiments, 
one of the carbonatoms in the linear chain is substituted with 
a nitrogen, oxygen or Sulfur atom. 
0276. The methods and compounds of the invention are 
broadly applicable to any protein kinase. Preferred protein 
kinases are protein tyrosine kinases and protein serine kinases 
(a.k.a. serine-threonine kinases). Preferred protein tyrosine 
kinases are pp60', p56', p55", ZAP kinase, platelet 
derived growth factor receptor tyrosine kinase, Bcr-Abl, 
VEGF (vascular endothelial growth factor) receptor tyrosine 
kinase, epidermal growth factor receptor tyrosine kinase, and 
epidermal growth factor receptor-like tyrosine kinases. A 
more preferred protein tyrosine kinase is pp60. Preferred 
serine protein kinases include MAP (mitogen activated pro 
tein) kinase, protein kinase C, and CDK (cyclin dependent 
protein kinase). 
0277. The method of the present invention may further 
consist of adding one or more specificity side chain elements 
to the combination of the first and second modules, as 
described above. Specificity side chains can increase potency 
and specificity of the inhibitor. Suitable specificity side chains 
are described above (R groups for above structures) and in the 
Examples, which follow. 
0278. Once a promising second module is identified it is 
not necessary to repeat all the steps of the method. Rather, the 
first module, specificity side chains, or a combination the two 
may be modified to improve the original inhibitor, i.e an 
inhibitor which has an increased ability to inhibit protein 
kinase activity when compared to the unmodified first inhibi 
tOr. 

0279. The present method is designed to preferentially 
provide protein kinase inhibitors which do not act by inhib 
iting ATP binding to the protein kinase. Inhibitors of protein 
kinases which act by inhibiting ATP binding may be potent 
but often lack specificity and are therefore often not good 
drug candidates. Therefore, protein kinase inhibitors which 
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inhibit protein kinase activity but do not inhibit or only 
weakly inhibit ATP binding to the protein kinase are pre 
ferred. 

0280. In another embodiment, the present invention pro 
vides a method of inhibiting a protein kinase. The protein 
kinase is contacted with a compound having at least one first 
module which has one or more functional groups capable of 
covalently or non-covalently binding to catalytic residues of 
the protein kinase, wherein the one or more functional groups 
comprise a halogen, and a second module which provides a 
non-peptide scaffold. The combination of the at least one first 
module and second module inhibits the protein kinase activ 
ity. 
0281. The present invention further provides a method of 
treating a condition, responsive to a protein kinase inhibitor, 
in a subject. An effective dose of a protein kinase inhibitor is 
administered to a subject. The protein kinase inhibitor has at 
least one first module having one or more functional groups 
each capable of covalently or non-covalently binding to cata 
lytic residues of the protein kinase, wherein the one or more 
functional groups comprise a halogen, and a second module 
which provides a non-peptide scaffold, where the combina 
tion of the at least one first module and second module inhib 
its protein kinase activity. 
0282 Another aspect of the present invention is a method 
for identifying inhibitors of protein phosphatases. The 
method involves providing at least one first module having 
one or more functional groups each capable of covalently or 
non-covalently binding to catalytic residues of the protein 
phosphatase, combining at least one first module with at least 
one second module which provides a non-peptide scaffold to 
form one or more combinations of the first and second mod 
ules, screening the one or more combinations of the first and 
second modules for protein phosphatase inhibition, and 
selecting combinations of the first and second modules which 
inhibit protein phosphatase activity. 
0283 Suitable first and second modules and functional 
groups are described above. In a preferred embodiment, the at 
least one first module comprises a halogen, most preferably, 
fluorine. Examples of Suitable non-peptide protein phos 
phatase inhibitors are shown in Table VIII, below. 
0284 Suitable protein phosphatases include, but are not 
limited to, PTP-1B. Other suitable protein phosphatases are 
described, for example, in Zhang, 2002; McCluskey et al., 
2002a: Zhang 2001; McCluskey et al., 2001; Pestell et al., 
2000; Moller et al., 2000; Ripka, 2000; Kennedy, 1999; 
Johnson et al., 2002; McCluskey 2002b. 
0285. As described above, this method is designed to pref 
erentially provide phosphatase inhibitors which bind to the 
Substrate peptide binding site. 
0286 The present invention also relates to a method of 
inhibiting a protein phosphatase. The protein phosphatase is 
contacted by a compound comprising at least one first module 
having one or more functional groups each capable of 
covalently or non-covalently binding to catalytic residues of 
the protein phosphatase, and a second module which provides 
a non-peptide scaffold. The combination of at least one first 
module and second module inhibits the protein phosphatase 
activity. 
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0287. In one embodiment, the compound has the follow 
ing Formula III: 

(Formula III) 

wherein R through R, may be the same or different, and are 
selected from the group consisting of H, C(O)R. C(O)N- 
RRC(O)ORC(O)SR, OH, OR OC(O)ROC(O)OR, 
NH, NRR, NRC(O)R NRC(O)NRR, NRC(O)OR, 
NRC(O)SR, NRS(O)R NRS(O).R. NRS(O)OR, 
NRS(O), OR, NRP(O)OROR, NRP(O)ORR, NRP 
(O)OROR, SR S(O)R. S(O).R. S(O)OR S(O)OR, 
S(O)NRR, S(O)NRR, P(O)OROR, B(OH), halogen, 
aryl, heteroaryl, biaryl, heterobiaryl, heterocyclic compound, 
and alkyl (branched, cyclic, or unbranched), preferably hav 
ing from 1 to 20 carbonatoms, optionally containing a double 
or triple bond and optionally substituted with a heteroatom or 
other functional groups, such as a carboxylic acid, carboxylic 
ester, alcohol, ether, thioether, amide, thioamide, urea, ure 
thane, Sulfoxide, Sulfone, phosphonic acid, phosphonic ester, 
phosphinic acid, phosphinic ester, boronic acid, aryl, het 
eroaryl, biaryl, and heterobiaryl, or Rs and R togetherform a 
heterocyclic compound. R. R. and R can be the same or 
different and are selected from the group consisting of H, aryl, 
heteroaryl, biaryl, heterobiaryl, and alkyl (branched, cyclic, 
or unbranched), optionally substituted with a heteroatom or 
other functional groups such as a carboxylic acid, carboxylic 
ester, alcohol, ether, thioether, amide, thioamide, urea, ure 
thane, Sulfoxide, Sulfone, phosphonic acid, phosphonic ester, 
phosphinic acid, phosphinic ester, boronic acid, aryl, het 
eroaryl, biaryl, and heterobiaryl. It is understood that any of 
R through R, and R, through Ramay be substituted or unsub 
stituted. In a preferred embodiment, R is a halogen, most 
preferably, fluorine. 
0288. In another embodiment, at least one of R or R, is 

R10 R11 

R9 R12, 

Rs: R13 

wherein R* is the point of attachment and is (CH), wherein 
X is from 0 to 10, CHCHOH, CH(CH)(R-isomer), or 
CH(CH)(S-isomer), and each of R through R may be the 
same or different and are selected from the group consisting 
of H, C(O)R C(O)NRR, C(O)OR, C(O)SR, OH, OR, 
OC(O)R OC(O)OR, NH, NRR, NRC(O)RNRC(O) 
NRR, NRC(O)OR, NRC(O)SR, NRS(O)RNRS(O) 
RNRS(O)OR, NRS(O),ORNRP(O)OROR, NRP 
(O)ORR, NRP(O)OROR, SR S(O)R. S(O).R. S(O) 
OR S(O) OR S(O)NRR, S(O)NRR, P(O)OROR, 
B(OH), halogen, aryl, heteroaryl, biaryl, heterobiaryl, het 
erocyclic compound, and alkyl (branched, cyclic, or 
unbranched), preferably having from 1 to 20 carbon atoms, 

  


























































































































































































































































