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13, 1999. BACKGROUND OF THE I NVENTI ON Protein kinases are a |arge class of
enzynmes which catalyze the transfer of the 10 y-phosphate from ATP to the
hydr oxyl group on the side chain of Ser+4Thr or Tyr in proteins and peptides
and are intimately involved in the control of various inportant cell

functions, perhaps nost notaNOVES MEIHODFORUWESHANINGS f erenti ati on and
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therapeutic use for protein ors’is as anti-cancer agents.
This potential application for protein tyrosine kinase ("PTK') inhibitors
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| ead to cell transformation (Yamanoto, 1993). The PTKs can be classified
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Inhibitors of various known protein kinases could have a variety of therapeutic

applications provided sufficient selectivity, and acceptable in vivo pharmacological
properties, can be incorporated into such inhibitors (Levitzki, 1996a). Perhaps the
20  most promising potential therapeutic use for protein kinase inhibitors is as anti-cancer
agents; This potential application for protein tyrosine kinase (“PTK”) inhibitors has
been highlighted in many recent reviews (e.g. Lawrence & Hiu, 1998, Kolibaba &
Druker, 1997, Showalter & Kraker, 1997. Patrick & Heimbrook, 1996, Groundwater
et al., 1996, Levitzki, 1995). The foundation for this application is based partly upon
25 the fact that about 50% of the known oncogene products are PTKs and their kinase
activity has been shown to lead to cell transformation (Yamamoto, 1993).
The PTKSs can be classified into two categbries (Courtneidge, 1994), 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

30  of the src family of non-receptor PTK's with pp60¢-SI¢ (hereafter referred to simply as
"src") being the prototype PTK of the family wherein the ca. 300 amino acid catalytic
domains are highly conserved (Rudd et al.. 1993, Courtneidge, 1994). The

hyperactivation of src has been reported in and number of human cancers, including
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(Mazur enk@00/422131992) , bl adder (Fanning et al., 1992) and w4/ fsooloBsnekow
et al., 1987) as well as in gastric cancer (Takeshima et al., 1991), hairy
cell leukema (Lynch et al., 1993) and neyrobl astoma (Bjelfrman et al.,
1990). 5 Overstinulated cell proliferationh signals fromtransnenbrane
receptors (e.g. EGFR and pl185HER2/ Neu) to the cell interior also appears
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(Lawrence & Niu, 1988, Showal ter & Kraker. 1997, Patrick & Hei nbrook,
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not abl e recent ex |.e. of uch non-peptide, ATP-conpetitive, inhibitors
are the 4-an} er%@ﬂ?‘ﬁ%ﬂﬁﬁgkbecamf s CEFEVatgn WM Bgainm it gveyed in

ef f ecti vy aganstit: j :
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reported to be selreatiwd tholargehendE@BRimE ioteatiakfox imdtibigurs BT Kariousipnateindi ng

src, Fry et al., 1994) it_.is unknown what their.effect.is gn st of the
Femmi ni ng 2, BEBSTOTAISY RT ARREGRDER I OO hing S kAR BT sy reeded ol hes gl flinber

of other ATRe dNeBver{rbf PTRORhitgicks iL‘éWréﬂcé IsNSiRr10Is81 Sovdltel REKRALY. 1997,
Therefore, potential "side 25 effects fromPTK inhibitor drugs that mmc

ATP, whi ch nPgthick énHyinggoolk,slf86¢ edauindwiteret abx he¥s iBuelda st atsl 1 996Xi.oiitzii &
TR R T VT O O
further expl gicatdsa in {deaMfyER: AEK-pEEHRAY pAReid Kimdsk AMAbiteH bubBRS/add mgetiiéfon to
obt ai ni ng non-peptide inhibitors for any desired PTK, e.g. in thi's case
src. The ri skhegs bigd in thedfighlyicenseregdcTH biniding sits- \A notabletrecent Pxamaptpefi ti ve
PTK i nhi bit OEfchr}l%ﬁ-p%%)ﬁge,b/ﬁaﬂcompetitive, inhibitors are the 4-anilinoquinazolines, and
analogs, which were shown to be effective against the epidermal growth factor
20 receptof PTK (EGFRTK) (e.g. Rewcastle et al., 1996). Although this class of
inhibitors was reported to be selective for the EGFR PTK vs. six other PTKs
(including src, Fry et al., 1994) it is unknown what their effect is on most of the
remaining 2,000 protein ki‘nases that all bind ATP as well as a large number of other
ATP, ADP, GTP, GDP, etc. utilizing proteins in the body. Therefore, potential side
25  effects from PTK inhibitor drugs that mimic ATP, which might only be discovered
after expensive animal toxicity studies or human clinical trials, are still a serious
concern. Also, although this class of compounds was a nice discovery and is
undergoing further exploration, they do not provide a rational and general solution to
obtaining non-peptide inhibitors for any desired PTK, e.g. in this case src. The risk of
30  insufficient specificity in vivo with ATP-competitive PTK inhibitors has also been
noted by others, along with the inherent three order of magnitude reduction in potency

these inhibitors display when competing with the mM levels of intracellular ATP
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than the Mlevels used in the isolated enzyne assays (e.g. see Lawence &
Niu, 1998, Hanke et al., 1996, Kelloff et al., 1996). An older, and nore

extensi vely studied, class of non-peptide PTK inhibitors is erbstatin and
the related tyrphostins (see reviews). This class of inhibitors are active
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resi dues of @l@fubtlﬁglhﬁfoch@i(ﬁlafr@ﬂheﬁthﬁn mKlﬁnmb@tnﬁﬁ(mugdaet el. nl%ga the gener al
base. Asp-166 which is proposed to interact with the substrate OH and the
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substrate), g&gusoerﬁ(j\qg C&Q‘Pdepedqgw 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

20  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), whicfi is proposed to interact with the y-

25  phosphate of ATP to help catalyze transfer of this phosphate. Two additional
important PKA crystal structures have been reported (Madhusudan et al., 1994), one
for the ternary PKA:ADP:PKI(5-24) complex wherein the PKI Ala 21 has been
replaced with Ser (thereby becomming a substrate), and one for the binary
PKA:PKI(5-24) complex wherein the PKI Ala 21 has been replaced with

30  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 phosphoserine forming a salt
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bri dge with the Lys-168 side chain and wi4%hin H bondi ng di stance of the
Asp- 166 carboxyl group. These structures support the earlier proposed

roles for -166.and _Lys-_168 jn the catalytic.nechanis The x-ray
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cleft between the two | obes as the substratées bind i nging the

y- phosphat e CefalysiRocnt at lee Geft bewden the bes. Pineoxiystatiggripiric did sdutiont r ansf er
of the phosphate. ., However. i nhi bi.tors._of protein kinases still lack the
“speci fici tyg%‘af’ bftﬁ@@‘“@gﬁﬁéﬁv? Hﬁ‘?ﬁﬁ%f‘&ﬁ@ﬂ??ﬁzm%yn (EF I ¥e key roles
pl ayed by peeifhiatkdnapaemgbdramlan dpalreforRf o thd ¢ Qb&Al cHafeaNBsactivBgbidi NY

cancer, psoriasis, arthrosclerosis, and their role in régulating inmmne
syst em act i @$ ttypindsrihg sibstates (foxpledi, i P24)pridesi confomeatimsalghengeseeeled. The

t t] ' | h for designi tein ki
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provides a nethod for identifying inhibitors of protein kinases. A first
modul e havi trgnsferofghephesphatef uncti onal groups for binding to 25 catal ytic

oot duce of e BLOLSL o ARRR S CONALED, . L0y, SSRPRL R £
modul es whi @bsireldTh kfapRitd) @eN ThieBI8e REY to¥dsiplay@idehSRbRet Biases in a
15  number of different diseases, including cancer, psoriasis, arthrosclerosis, and their
role in regulating immune system activity, inhibitors of specific protein kinases are
needed. The present invention provides a novel approach for designing protein kinase
inhibitors, which are more potent as well as being more specific for the targeted
pathways.
20 .
SUMMARY OF THE INVENTION

The present invention provides a method for identifying inhibitors of protein
- kinases. A first module having a one or more functional groups for binding to
25  catalytic residues of the protein kinase is combined with a second module which
provides a non-peptide scaffold. Combinations of the first and second modules which
inhibit protein kinase activity are selected. ‘
The present invention also provides a method of inhibiting a protein kinase.
The protein kinase is contacted by a compound comprising a first module having a
30  functionality for binding to catalytic residues of the protein kinase and a second
module which provides a non-peptide scaffold. The combination of the first and

second modules inhibits the protein kinase activity.



The present

ki nase.

invention also provides a nethod of inhibiting a protein

The protein kinase is contacted by a conpound q@@CTOBER2003 St
modul e haviyteaz2130 functionality for binding to catalytic residues of

protein kinase and a second nodul e which provides a non- pepf FHESAUYRI| d.
- The conbination of the first and second ;dules inhibits the protein

t he

ki nase activity. WD 00/42213 10 1% (1:}0 OCTOBER 2003 PCT/ US00/ 00803 -5- In a
further embodiment, the IitAveHher spbpdigent dhe nvensionpeoiidesa ponoreptide PIojEBs| ne
ki nase i nhi bi ‘hayi ‘ NAhe WIELEAN R is Hor OH R2 is Hor OH,
R3 is OH or Hﬁﬁ{&?ﬂggidé%zﬁﬁ%h?%%heor é%ims) S, R5is OCH3, H or OH R6
is OCH3, F, H or OH and R7 is OCH3, H OH CXR2H CORCH3, CH2CX2H, or
CH2CO2CH3. The present invention also provides a non-peptide.protein
tyrosi ne kinase inhibitor havi ngR he formula: G -J 17 R6// 1 2 - RA RS
20 N. (CH2)X H wherein R is OH or 2 is OHofAH R3is QFor H R4 is
OHor H RSis OH OwWw, or H R6 Owve, . OVe, or H,
and X is or 1. In yet anot hé& T Nt , ot he pyesey enti on provides
a nethod of treating a condition, Jonsi vy ki_nase
inhibitor, in a patient. A protein i nas¢e/ i Or ¢ adrini stered to
a patient. The protein kinase inhibitor #pas—a first nodul®e having a
functionality for binding to catalytic resi ddes of the pr 8t ei n ki nase and

a second nodul e which provides a non-peptide Scaffold. The combination of
the first and second nodul es inhibits protein kinase activity in the

patient.

10

15

20

25

30

wherein R1 is H or OH, R2 is H or OH, R3 is OH or H, R4 is CH,,
CH(CH3)R, or CH(CH3)S, R5 is OCH3, H, or OH, R6 is OCHj, F, H, or OH, and R7 is
OCH;, H, OH, CO,H, CO,CH3;, CH,CO,H, or CH,CO,CHs.

The present invention also provides a non-peptide protein tyrosine kinase

inhibitor having the formula:

R,
R;3 3
R7 1 \6 R3
o) 5 P
Rg L Ry
_N.
R, CH), 'H

wherein R1 is OH or H, R2 is OH or H, R3 is OH or H, R4 is OH or H, R5 is
OH, OMe, or H, R6 is OH, OMe, or H, R7 is OH, OMe, or H,and XisOor 1.
‘ In yet another embodiment, the present invention provides a method of
treating a condition, responsive to a protein kinase inhibitor, in a patient. A protein
kinase inhibitor is administered to a patient. The protein kinase inhibitor has a first
~module ha\)ing a functionality for binding to catalytic residues of the protein kinase
and a second module which provides a non-peptide scaffold. The combination of the

first and second modules inhibits protein kinase activity in the patient.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the modular strategy for developing non-peptide protein

kinase inhibitors. Step 1 utilizes one or more first modules (“M;’s”) to identify



30 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 depicts the nodul ar strategy
for devel opi ng non-peptide protein kinase inhibitors. $phepciroBgRizogs one
or nore fgré)s@ nguI es ("M1's") to identify 10 OCTOBER 2003 WD 00/ 42213 -6
PCT/ Us00/ 03884 P7 ori si ng non- pepti de scaffolds. Step 2 enhdSddsSPRB% 0t ency
by adding specificity elenments. During this step the scaffolds are

val i dated. Whether the inhibitor is non~6ATP conpetitive can al so be
determned. In step 3, the potency and selectivity are further enhanced
using conbinatorial libraries to optimze M1 and specificity 5 el enents.
Figure 2 pr ovindsigamaepintide scaffiflds. Hisex 2 eaanses the tpateacy by adding specificity
(PKA) : MJ2ATP, pseudasubstrate inhi bitqr. Figure ovi des .a, general nodul e
ML desi on 1 GRS DORIG IR ot RAS epnebiged Bhetiel faithdlarsdonr vt i ¢
region. 10 BABUESHAetRRWEn blBibelddRrBRHANIE 5186 B dtheipBRnBY ki Scledivignge 22 were
shown to be substrates for PKA Figure 5 denonstrates the binding -

i nt er act i onduntiier snbarggd ssingtcembanatdreal TiprarieGouePineizlNg dnd speciékitsrc acti ve

site. Fi gure 6 shows the design of naphthal ene-based src inhibitor
scaffol d3. 4¥"¥jure 7 shows the design of isoquinoline and indol e-based

src inhibitor saqgbiRldsrovideoy tpiSid OMhdesapiiret@eplfe of the chem stry
~used to prepare the naphthalene " inhibitors,” which is described in Marsilje
2000. A bor dRKA) Mgt Fitspetudosidisiraty iabitdse  put put in place of a M.

hydr oxyl groups in the src.inhibitars from Tabl e 5 usi the 2 d

() catal yred or SUEEAPIHE mertstcTeu: NudeTet utes B PEFeil B8, ary
triflate (lohieradiprBteifkinadd&faly®d regbnar yl halide (Ishiyanma, 1995) can be
coupled with the comercially available pinacol ester of diboron. Figure 9

shows alfynt het i digementhopsahat dmbasenit gridowidbitern” At ged 22 Ve shesm tobe
hydr ophobi ¢ Sg»gsn;s és%lt,bg_i‘%y el enents to the naphthal ene scaffold. 25 Figure
10 shows successtul nodel” reactions with napht hal ene chem stry, which can

be converted to tHgued dehaRases tHe PR ek of skysibhest 2ichile-Tyr-
conbinatorial |ibraries of this scaffold in a 96-well plate format. The
cheni stry hdalu-Phe-NH; in model src active site. _

Figure 6 shows the design of naphthalene-based src inhibitor scaffolds.

15 Figure 7 shows the design of isoquinoline and indole-based src inhibitor
scaffolds.

Figure 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 put in place of a M; hydroxyl groups in the src inhibitors from Table 5 using the

20 Pd (0)-catalyzed cross-coupling methodology was used wherein either an aryl triflate
(Ishiyama et al, 1997) or an aryl halide (Ishiyama, 1995) can be coupled with the
commercially available pinacol ester of diboron.

Figure 9 shows a synthetic scheme that can be followed, in order to attach
hydrophobic S, selectiviiy elements to the naphthalene scaffold.

25 Figure 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-

30 naphthoic acid as describe in Marsilje 2000.

Figure 11 provides a possible strategy for modifying the naphthalene scaffold

in combinatorial libraries.
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Figure 12 shows the conversion of the trifltate functionality formed in
reaction 2 frominternediate 69 (Figure 11) to an amine (Wlfe et al,
1997) and then a series_of am des or other am ne derivatives. Figure 13
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were nodeled in the src a nsulin’r el n tyrosine
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as sone of the interestin possibilities. Figure 14 shows results from
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15B shows the results from tests of the src inhibitors for inhibition of normal human
15 fibroblast cell growth. No inhibition of normal cell growth (both subconfluent and
confluent; 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.
Figure 15 C provides the structures of the src inhibitors TOM 2-32, TOM 2-47, and
KLM 2-31.
20
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for identifying inhibitors of protein

kinases. The general modular strategy for the development of non-peptide PTK

25  inhibitors is outlined in Figure 1. Basically, a first module having a one or more
functional groups for binding to catalytic residues of the protein kinase is combined
with a second module which provides a non-peptide scaffold. Combinations of the
first and second modules which inhibit protein kinase activity are then selected. Step
1 begins with protein kinase inhibitor information which was already generated, i.e.

30  pentapeptide scaffolds which bind in the substrate specificity sites of PKA or src have
already been used to position various rationally designed functional groups (i.e.
module “M;” or “first module™) to interact with the conserved catalytic residues,

MgATP or MgADP. A selection of preferred functional groups have now been
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src: i nhi bi t obinlomgpielativethiAd For ovi des sone confidence that rationally guided
choi ces 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 specificity element
20  (Sp) side chains. 2) To determine that these inhibitors are not ATP-competitive. 3)
To determine that the potency is responding to the side chain S, properties and
attachment points as would be expected based upon the working model for the
src:inhibitor complex (this provides some confidence that rationally guided choices
can be made for the ranges of individual seleétivity elements S, to include in the
25  focused libraries of Step 3).
It is in Step 3 that high potency and specificity for a particular PTK is
anticipated because numerous combinations 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 seléctivity may
30  be further increased if necessary by appending additional specificity elements (see
optional S;’s in Figure 1). One of the selected src inhibitor scaffolds from Step 2 has
already been attached to a solid phase resin and is currently being developed into a

combinatorial library following Step 3.
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for drug-size C 0 or lesS) is so large that one
coul d notlshopeelt as sdigateewiadrk hg@irophotsic nidttendingrand pageinradtions hrghkelgisi ty of

(Bohacek ef S5l O TGuBergng Do RHB I S b L PO e G RTRaE BoRTni ng up
to 30 atoms cHPSEFlar 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
20  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. Consequently,
additional constraints need to be used to identify regions of molecular space wherein
25  particular drug candidates 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” combinatorial library
members will in fact be the tightest binding ligands (i.e. the quantitation problem) is
30 then resolved by employing an efficient combinatorial synthesis and high-throughput
testing of the library.
In the earlier peptide based serine and tyrosine kinase inhibitor design efforts

PK A was used as a convenient qualitative model for designing the protein kinase
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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. Furthermore,
PKA binds MgADP with the same affinity as MgATP (Whitehouse et al., 1983) and
20  the ratio of ATP/ADP in cells is typically 10/1 (Alberts, et al. 1994). Therefore, at
equilibrium, 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:MgADP:inhibitor inactive complex.
Since the PKA catalytic residues Asp-166 and Lys-168 are completely
25  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
30 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 competing with ATP/ADP binding.



thereby creating a binding cavity for appended M functional groups.
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as i ntended. 15 Consequently, the goal of this earlier peptide-based work
was to i dent P§RAdg seqf?cﬁg%ﬁtgh 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).
20 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 0 Ala position in the
PKA ternary structure using the SYBYL molecular modeling package (Tripos) on a
Silicone Graphics workstation as indicated in Figure 3.
A crystal structure of PKA with MgATP and an inhibitor bound in a more
25  “open” conformation was not available, so initial modeling studies were carried out
on the MgADP bound form of PKA derived from the ternary complex illustrated in
Figure 2 by simply deleting the ATP y-phosphate. Initial modeling studies were used
to provide qualitative guidance for identifying interesting potential M, functional
groups for the protein kinase family before synthesis and testing. The most advanced
30 compufational algorthms for quantitatively predicting the free energy of binding, 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 difficulties in sampling,
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field with asghi§h@RG8y structure if convergence is not reached. These minimized complexes

were then visually evalulated to determine if the appended individual M; functional
groups were able to engage in favorable interactions with the conserved catalytic

20  residues and/or Mg;ADP. This visual evalulation involved, among other standard
interaction evaluations, measuring atom-atom distances to determine if hydrogen
bonds and ionic interactions were being favorably formed.

Favorable intermolecular interactions between an individual M; functionality

and the conserved catafytic residues or Mg, ADP does not necessarily mean enhance

25  binding affinity will be observed for the new inhibitor. Unfavorable 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 P 0 Ala inhibitor, even though the appended M; functionality is

30 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
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added ADP. A 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
20  closer to mimicking the overall cytosolic physical chemical conditions 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 b}nds best to (the STAIRe method). Data was collected
correlating the activity of the new non-peptide src inhibitors in the Cellular Mimetic
25  assay with that obtained in the LA25 src transformed cell line (see below).

When these two assay conditions were applied to some of the pentapeptide-
based PKA inhibitors, which were designed as illustrated in Figure 3, the results
shown in Table 1 were obtained. The same assay conditions were also applied to the
analogously designed pentapeptide-based src inhibitors and obtained the results

30 shownin Table 2.
The standard pentapeptide sequence chosen for the majority of PKA inhibitors

in Table 1 was derived from the pseudosubstrate sequence of the peptide inhibitor

which was bound to PKA, when the crystal structure illustrated in Figure 1 was
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sulfamic acid PKA inhibitor 8 (Table I) has a K; of O.ié uM under Literature Mimetic
assay conditions (L) whereas the isosteric sulfonamide 7 is 1,875 X less potent (K; =
300 uM). The sulfamic acid inhibitor 8 is also isosteric with the end product

20  phosphate inhibitor 1 yet it binds much more tightly under both Literature Mimetic
assay conditions (31 X) 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 phosphate 1 and also ether 6 to
phosphate 1. This oxygen atom can also be pgsitioned as a serine-like OH side chain

25  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 (Figure 3).
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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
5 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, & 17 held their activity under these higher ionic strength assay
conditions. Also, the hydroxyphosphonate src¢ inhibitor 13 (a mixture of the R and S

10 diastereomers) is analogous to the PKA inhibitor 3A and both are roughly in the same
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activity range as their corresponding end product inhibitors, 12 & 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

© 5 inhibitor comparison 3 to 4) and, more importantly, resulted in equivalent activity
under Cellular Mimetic assay conditions. The src results with 16-19 (particularly 17,
see later for an analogous a-tricarbonyl acid M analog appended to non-peptide src
inhibitors) also suggests that similar amides may be useful M, functional groups to
explore with non-peptide src inhibitors.

10 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,
phosphonate inhibitor 14 not only inhibits src by competitively binding in the active
site but it also activateé src by binding to the SH2 site thereby releasing the
intramolecular autoinhibition mechanism (Xu et al., 1997). This opposing effect

15 gives an unusual ICsq curve for 14 wherein at low inhibitor concentrations src is
stimulated (to a maximum of 70%) in a smooth dose-response fashion (due to initial
tighter SH2 binding) followed by a typical ICs 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

20  active site inhibitors than they in fact are, and makes it difficult to accurately 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 orienting groups for the
ongoing non-pepitde src inhibitor studies as intended. Since PKA does not have an

25  SH2 domain this complication is not a factor in interpreting the PKA pentapeptide |
inhibitor M; testing data.
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The results in Tables 1 and 2 also show how much effect the assay conditions can
have on both inhibitor potencies and the rank order of activity. For example, as
shown in Table 1, 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
10  potent than 1 under Literature Mimetic conditions it is more potent under Cellular
Mimetic conditions. The src inhibitor data presented in Table 2 show that many of
the inhibitors lose their potency upon going from Literature Mimetic assay conditions
to Cellular Mimetic assay conditions. The rank order of potency against src is also
sensitive to the assay condjtions. Whereas inhibitor 18 is more potent than inhibitor
15 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
20  followed up with cell culture assays wherein cell penetration, metabolism and binding
to other cellular components are also factors in the measured potency.
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

25  absorption of non-peptide inhibitors across cell membranes. 2) The planar, ﬁrigonal,
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complex by x-ray and showed that the hydrated boronic acid functionality 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

20  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 interactions with the gcti-ve site Mg”"’s (see Figure 2), and 4) The use of boronic
acids for protein kinase inhibitors has not been explored pfeviously.

In the area of pentapeptide-based PKA inhibitors, the boronic acid -

25 functionality has been prepared and tested as a potential M; module utilizing the four

inhibitors 21-24 shown in Table 3 (see Hsiao & Hangauer, 1998, for some of the

chemistry used to prepare these compounds).
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INHIBITORS
5
Ac-RRGXI- ICso uM (cond. ICso UM (cond. ICso uM (cond. | ICsy M (cond.
NH,, X = L,0h L,4h C,0h C,4h
preincubation) preincubation) preincubation) preincubation)
20 Ala 278 (K; =9 uM) 417 41 (K; = 25 pM) 50
OH 249 * 500 uM 34% 764 * 2000 uM 19%
2 By inh sti
HN">CO
OH 81 * 65 * 1753 * 2000 uM 71%
2 E/B\ oH sti
HN">CO
HO. . OH 398 133 2000 uM 16% * 2000 pM 5%
23 f inh inh
HN">CO
OH 1000 uM 33% 1000 uM 44% 2000 uM 6% sti 1734 uM
B‘OH inh inh
2 J\j
HN™ “CO ’
* Very distorted ICs, curve: Suggests Inhibitor is also a substrate.
L = Literature Mimetic Assay Conditions. Inh = Inhibition.
C = Cellular Mimetic Assay Conditions. Sti = Stimulation.
10 While testing these boronic acid-containing PKA inhibitors, the corresponding
pentapeptide pseudosubstrate inhibitor 20 was included as an internal control while
investigating time-dependent inhibition as shown in Table 3. Under Literature
Mimetic assay conditions, and no preincubation, the initial results suggested that the
shortest chain L-amino acid 21 was binding with the same affinity as the
15 pseudosubstrate inhibitor 20 (i.e. K; ca. 9 uM). As this side chain was increased in

length (to 23 and then 24) binding affinity appeared to decrease. When the

stereochemistry of the unnatural amino acid was inverted from L in 21toDin 22,

32 nmM

OH8388HOCH

binding affinity appeared to increase 3-fold. This improvement in binding may occur
as a result that the boronic acid OH in 21 is positioned at the same chain length as L-
20 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 from L

in 21 to D in 22 and then repositioning the side chain to more closely mimic the
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form ng borate conplexes with water or hydroxide ions. Therefore, it is
Consequently, when analyzed as inhibitors, the amount of phosphorylated

Kemptamide produced was not only counted, but also the amount of phosphorylated
20  inhibitor simultaneously produced (e.g. see 26 below). The net result is that distorted
ICsp 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 4 hours under Cellular Mimetic
conditions followed by the L diastereomer 21 (19%) and then the one carbon homolog
25 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. However, it does appear from
the data that homologating the boronic acid functionality out with only CH, groups
(homologations with boronic acid non-peptide src inhibitors may also be carried out)

30  decreases the binding affinity and ability to function as a substrate.
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mmcs and ML nodul es as proposed in Figure 2. This hydpadCTOBERZDORY Was
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argi nase. These researchers evaluated the inhibited conplex by x-ray and
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t hose proposed in protein ki rﬁ’agﬁ active sites, i.e. Hbonds to the

catal ytic Asp side chain carbgxyl group and interacti onS\B\LviO h the active
site My’ +'s (see Figure 2), d 4) The use of boronic agids for protein
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pent apept i de- based PKA inhi biters, the boronic aci tionality has
been prepared and tested as & potential ML nodul e utilizing the four
inhibitors 21-24 showmhdsghorfiabiiemgafi®&ee Hsi ao & Hanggy ﬁm,,a;eggg, for some of
the chem stry used to prepare these conpounds). WO 00/42213 - 19 TABLE I11
5 10 OCTOBER 2003 PCT/ USOQ' 00803 PKA | NHI BI TI ON RESULTS W TH BORONI C
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and levels of phosphorylation with the typical loss of initial velocity kinetics 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
10  the same assay run, at identical boronic acid substrate concentrations, and with
identical Cellular Mimetic assay solutions 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 suggesting a slower consumption of starting material. That the
15  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 ph&sphocellulose paper with 25 mM phosphoric acid (3X). An
20 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,
25  Murakami et al., 1990). However, this highly unusual anhydride has never before
been synthesized free of a solid surface, isolated or characterized. Thus, thisisa
novel enzymatic reaction and chemical entity with interesting possibilities for protein

kinase inhibitor designs.
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00/ 42213 - 20 inhibitors, which do not compete with ATP, are the native src structure and the
10 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.
Since the src and IRTK structures are only used as qualitative guides in

designing the non-peptide scaffolds and combinatorial libraries, the aptive sites along

15  with two layers of surrounding residues were carved out from the native src and IRTK
ternary 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,

20  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 modeling
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

25  of the bound peptide substrate which induces order in the positioning of this sequence
so that it is visible by x-ray. The src pentapeptide substrate Ac-Ile-Tyr-Gly-Glu-Phe-
NH; (Nair et al., 1995) was then docked into the src active site again using the IRTK
ternary structure as a template. Small adjustments were then manually made to
partially clean up this complex, all of the hydrogen atoms were added, appropriate

30  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, analgous to the previous PKA modeling

procedure. A schematic representation of this modeled complex is given in Figure 5.
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i npossi ble with the current assay. However, it does appear from the data
that hondf og&hPssg Stdeeehany gnite BdiRosiencrasdpla follgwed by file-h TBAPIFSEBnscbups
(horol cos oyt e o0l ¢yeslcnitsasabifs 3B by g bsg be
substrate. WihdiGdté®HBigOre3X AMeviously, researchers found that only Glu was chosen for the
P+2 position and the present model indicates that this side chain forms a salt bridge
with the Lys 423 side chain. At the P+3 position Phe was very strongly preferred and
20  the model indicates that this side chain forms a stacking interaction with the Phe 424
side chain. At the P-1 position Songyang et al. found that Ile was the most preferred
residue followed by Val ax}d then Leu. The model shows a hydrophobic pocket for
binding the P-1 side chain formed mainly by Trp 428, Ala 390 and Leu 347. One
might expect that the P 0 Tyr side main chain-will strongly interact (though hydrogen
25  bonding) with the active site in a catalytically competent complex because enzymes
often form more critical interactions in this region close to where the reaction will be
occurring. The IRTK ternary complex does not show a good hydrogen bond to either
the P 0 Tyr 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
30  carbonyl oxygen. When the IRTK ternary structure is overlayed 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 IRTK Asn 1215. This suggests that this conserved residue is performing
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~Phosphoni c- bgé&?c{ecscgfgfgﬂis ?nél( ?igteggi?l)e/ %';ei,fer?e gu%qsgﬁl%gn E)géigbnszt%)r the specificity
elements, all with an appropriately attached M, functionality, before choosing new
scaffolds to experimentally evaluate. The IRTK:peptide: AMP-PNP ternary structure
10 can also be used to model these potential scaffolds and preferred substitution
positions. These scaffolds have broad utility for the development of selective PTK
inhibitors by further developing them with appropriate specificity elements following
the strategy outlined in Figure 1.
The first non-peptide scaffold evaluated with this src:peptide substrate model
15 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 demonstrated By developing a non-peptide
inhibitor of the IRTK and EGF receptor PTK (Saperstein et al., 1989). The IRTK
ternary complexes were subsequently used to adapt this scaffold for src inhibition (see
20  Marsilje et al., 2000). The naphthalene 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 Figure 6. In this way the naphthalene scaffold is related to the peptide
substrate by the cyclization shown by the arrow in Figure 6 and an appended OH as a
substitute for the substrate Tyr NH. This is essentially the same process used to dock
25  this scaffold into the IRTK structure as described in Marsilje 2000. The peptide
substrate was then deleted from the active site, various M; functional groups and
specificity elements S; & S; were then added to the scaffold as indicated and the
complexes were then individually minimized for 300 iterations. This same process
was also used to design the isoquinoline and indole scaffolds whose binding modes
30  areindicated in Figure 7.
In all of these modeled complexes selectivity element 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 fragments which
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be obtained with an appropriate M, group attached to a scaffold (e.g. 27 & 38). 2) 1

mM inhibitor concentrations for this type of screening is higher than desirable but 100
1M is too low. Screening of scaffolds bearing an M, group would optimally be

20  conducted at 500 pM. 3) The boronic acid, sulfamic acid and phosphonic acid M,
functional groups, which had been identified using the PKA pentapeptide scaffold
(22, Table 3 & 8 Table 1)‘ or the src pentapeptide scaffold (14, Table 2), respectively,
give measurable activity when placed at the 2 position of the naphthalene ring (27, 28
& 30, respectively), the preferred position for M, identified in the model naphthalene

25  inhibitor:src complex (Figure 6). Moving the boronic acid or phosphonic acid M,
groups to the 1 position (32 or 33) reduced activity. 4) The related M; sulfonamide
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 sulfonic acid analog at the naphthalene 2 position (29) is completely inactive,

30  evenat ImM. 5) The naphthalene scaffold can be replaced with a benzofuran (35) or
a benzothiophene (36) 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
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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
20  acid inhibitors were determined to ensure that a typical dose/response I1Csg curve is
obtained. This analysis provided the typical shape dose/response curves seen with
more potent inhibitors. The ICsq’s and K;'s of these simple inhibitors also confirmed
- that the boronic acid inhibitor 27 is the more potent than the sulfamic acid analog 28
and has a K; of about 554 pM.
25 The next issue addressed with these simple inhibitors before proceeding to
elaborate them further was their mode of inhibition, specifically whether they are
ATP-competitive inhibitors. In the case of the naphthalene inhibitors 27 & 28, their
ICsy’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
30  (Table II) was also monitored. If any of these inhibitors were competing with ATP,
then their ICso’s should have increased proportionally with the ATP concentration
(i.e. the dashed line). As shown, the ICsq’s for all three inhibitors remained

essentially constant as the ATP concentration was increased demonstrating that they
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was found t oprbmiginssdafforusdoy firthet biab&atioh Wit thiapalce@ays Thbigeban 1215. This

suggests that this conserved residue is performng WO 00/42213 -24 10
OCTOBER 2003Mserf#psorthotwal isihitispme ohthe scaffeldaidgniifiehin thiswsayamight npte

cl oser (. €. : : : yhkin a
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u cificity elements,

preferred substitution positions for the sp all with an
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selective PTK inhibitors by further devel oping themwth a ate
speci fi city ereentlys thefbororoomeid M, group is preferred 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

20 conserved catalytic residues since it can: 1) hydrate, 2) form borate complexes with
electron rich active site atoms, and/or 3) be phosphorylated and then react with active
site nucleophiles or engage in additional non-covalent interactions. From the data in
Table 4, the naphthalene ar;d 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

25  that naphthylalanine and analogs can be successfully substituted for the P 0 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 P 0 site.



the strategy outlined in Figure 1. The first non-peptide scaffold eval uated
wWith this src:peptide substrate nodel 15 was the napht h@l@gqﬂag@f{fﬂm@
This is thedomsts use of bicyclic aromatic scaffolds for 3‘@%"?“ de PTK

i nhi bitors, which do not conpete with ATP. The napht hal ene 89332 s
utility for this purpose was denonstrated by devel opi ng a non-peptide

i nhibitor of the |RTK and EGF receptor PBR-(Saperstein et al., 1989). The

| RTK ternary conpl exes were subsequently used to adapt this scaffold for
src inhibition (see 20 Marsilje et al., 2000). The naphthal ene scaffold was
docked into the src active site by fi rngLEHrryl ng out a |east squares

fitting of atoms a-d onto the,sReRhiHENVER I ialtvasic Akdidi cated in Figure 6.
In this way the naphthal ene scaffold is related to the peptide substrate

by the cyclizatjiQpn sh%%row in Figure 6 and an apped#ced (Idras a
substitute for ﬁ subStEEe= 'NH. This is essdfidal |y thebissmuamiagess
used to dock 2&751 scaffold into the IRTK structare as described in

Marsilje 2000. Thelpepti-dertechegdhst rat e was t hen thebet ed from the active
site, various M ctional groups and specificitfiel enents S2 & S3 were
then added to thg, scaffold as indicated and the ¢ | exes were then

i ndi vidual Iy mini g,u zed ﬁ?jrfgb’ﬁoo iterations. 3Thi s *sanme process wasush so used
‘to design th#& i sofuinol |;d:oeg,@;§1dfvg'v;;gg;,9£ scaf fpol ds ;whose binding ppdes, 30 are
indicated in Figure 7. Krisal¥ of these nodéeled conpl exes selectivity

el enent S2 conslstis of ya r\gus hydr ophobi ¢ si de ighai ns which can bind in

t he same pocket é% t he Slatddte 1 11 e side Ch!al n and selectivity

el ement S3 consiSts of Vatl Bus“HBFBEH ar f Bagnment STWhi ch WO 004342248 - 25 10
OCTOBER 2003 PCT/oLJSOOI 00803 can bind in the P+l to 3 r.ggion of the

pepti de substy at &,,sbj ndingmsites (Figure 5). Since tReJactive site region
where ML binds is°highly conserved anong all ofs, the protein kinases, the
smal | menu of ML functional groups previously igeqtified using peptide
scaf fol ds segvad-as the,jnifial M groups for a@ﬁ% I to the scaffolds
at the indicated positions. O the two selectivitly & enents binding sites,
the structure of the hydrophobic binding cavitM for®s2 is known with
greater confidence®in the src nodel than is the P+1 tg Pt3 bindi ng regi on
for S3. Thisi s bgcauseot®ews3 binding si té-v\@,sB constm@t@wl’pa‘?}f’f"’é} ly by
conpar ati ve honol 8gy nodeling whereas the S2 site is |argely unchanged
fromthe structur determ ned by x-ray for natug;e src. In view of
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5 In comparing the naphthalene vs. indole scaffold results with a boronic acid
M, group (i.e. 27 vs. 38, Table 4) 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 Sy) to the naphthalene scaffold at the adjacent positions suggested by the

10 modeling results (Figure 6). For the indole scaffold one pridrity was to prepare some

amide analogs to see if potency can be increased with the S, specificity element



10 these varied | evels of confidence in the nodel ed binding sites for M,

S2 and S3, the conbinatorial library diversity is scal 4@ QCTIOBERI2003c

gr eat est W 9RH3and nunber of side chains in the conbi nateemidookbdasari es
are at the S3 site followed by the S2 site and then M1. The src results

using ML functional groups to experi rrent_anl y identify 15 prom sing

non- pepti de scaffolds are listed in Table”4. The data in Table 4 allows a
nunber of conclusions to be drawn: 1) Low, but neasurable, inhibition
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scaffold (e. I'nhrbitor concentrations for this type of
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scaffol ds bearing an ML gr oug, woul d optimally be 20 conducted at 500 .i M
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L L S e e e S A e
respecti vel y the @ialgticeskiueable raatliswbtainadhfen s@hacéthednitiahamabggasd givemirof

t he naphthal ene ring (27, 28 & 30, respectivel y%%, the preferred position
for ML identilgPled 3lang wghw&qbwﬁa&%m%@mgs Uil MIBFEC 6 AREXO( Fi gur e

6). Myving t ' Circh: ' j 1.position
(32 or 38y r o AREANlEerB i fbiRgs BRRSTRRICR AFlPolly pORShPSTH ApEhe Pl Ly,
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replaced with a benzofuran or a benzot hi ophene (3 scaffol d w thout
a noti ceabl e ir ebindingonodewadd bv ekyectdietn belvery Himilanbesed sipdn Me rgedsal fFigyre

iti d I to the 2 iti ht hal . T b i
Port M1 gr oo RS ekt ALuR B0R AraRiby B Art 3 RS ey SRE A Vo ¢
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(38) scaffolds at the positions indicated by nmodeling results (Figure 7).
However, the malgbhg stdesgthdhese hydeexypylinegmidad dgvigativenen thesopafitivesithe

scaf fol d ,suggesti.ng..t hat .a .hydrogen bond nating ability to . 468 (see
i aur e 7)) S SRRRUPT i BB arpH L EPSR o AR BB e idkodsR 16h

protonat ed 5 jheRtbAOWItheheid PRe 4734-Ailf 206REbENE pdpeidadbadsemblogbestor on

W thdrawi ng ester group). This conclusion is also supported by considering

that a pepti depadmhsitbsaates (pegTigyed Ik drhese modeling studies also indicated t%at the

homologous hydroxybenzylamides should be active and, more importantly, provide a
substitution position (i.e. the benzylic carbon) for appending side chains to bind in the

20 P-1 side chain pocket (e.g. to Arg 469, Figure 5). .

The data in Table 5 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 modefs 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 hydroxy! group to the

25  naphthalene scaffold adjacent to the amide increases potency (about 5-fold, 43-meta
vs. 44) as predicted by the src model, and also suggests Asn 468 does hydrogen bond
with this OH. 3) Moving the M; OH 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 less responsive than the naphthalene scaffold to

30  regiochemistry of the hydroxyaniline extension (48 vs. 43). 5) The naphthalene and
the indole scaffolds accept the one carbon homologation provide 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



a hydrogen bond donating peptide bond NH at a simlar position (Figure 6)
and by finding that an equivalently positioned phenol i d0@CTOBER2003

i mproves YWotoeme313 (phenolic OH s are nmuch better H bond dor}%%sgg@@ﬁ
acceptors) 8) Wwen directly 10 conpared to other ML groups the Pc acid

group is superior (e.g. 27 vs. 28-31, 38_ vs. 39). 9) A biphenyl scaffold
nodel ed into the src and | RTK active sité8-and found prom sing binding
nodes for this scaffold. Conbinatorial libraries were developed wth the
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M i nhi bi t or 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 hydrophobic site (see Figure 6) whereas the analogous

20  position can not be substituted on the iminochromene scaffold because it is occupied

by the ring oxygen atom.



concentration but with increasing ATP concentrations of 200, 500 and 1, 000
M 5 Once again the inhibitor potency was not reduced y lang
ATP conc®f¢0&2?2¥n denonstrating that 38 is al so non-ATgbéggggﬁﬂgagg?BThe
initial results obtained in Step 1 suggests that it is possible to identify
prom sing scaffolds for further elaboratgin with this procedure. The

bi ggest uncertainty with Step 1 is that "some of the scaffolds identified
in this way m ght not 10 be binding in the fashion suggested by the prior
nodel i ng eval uations. This is essentighdyva "fal se positive" problem
These "fal se positives" wll |ikelyfigidkriddsols€P 2, When they are

eval uated for inproved bi ndi REUETHYOYTNELHBIRINEETIECEP] exes as a gui de.
Sone fal se positive results can be accepted in Step 1 because the bare
scaff ol ds wi tshionl y t he Nﬂﬁﬁ%ﬁgﬁé&ﬁ%ﬁhed ar emeasi | y obt ai négeEsattcher

i nhi bitor 15 devel opnent, one may return to StepMt each tinme new scaffol ds
are needed to caf¥y through Steps 2 & 3. The bestAMlL generated can be used

each time Step 17 epeated. Currently, the poro acid M groHFOOlMs
preferred singe it aoﬁgoveguagh!ity to give neaswur e activi y”dﬁth
bare scaffolds. Al so oronic acid ML group offers fultiple interesting

_possibilities for cowalent and non-coval ent inter&@tions with the 20
conserved catal y®)c residues since it can: 1) hydfate, 2) formborate
conmpl exes with &Pectron rich active site atonms, adddo 3% be

phosphoryl at ed and n rmeact with active site nucl egpi ™Qf, engage in
addi ti onal non-coval i h@@pti ons. Fromthe data in °Tabke 4, thew
napht hal ene and i ndoloe scaffol ds were chosen gs M2 for the firgt gffarts in

Step 2 (the biphenyl scaffol%i&iaio a preferTedﬂ§paffoId). |¥m9§uoL§0
worth mentioning 25 khahpngqpﬁﬁ%y%@%ane and anal ggs can be successfully
substituted for the B'6*1N/fostné" “Th"Src peptide supstrat e;ﬁé%g. see

Al faro-Lopez et al., 1998) fau tsheswmsupporting the it E—Prapht hal ene
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Ortho: 42 (100 uM) Piceatannol for P56h:k
a6 Meta: In progress
Para: 42 (100 pM)
5 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
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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 ICsg curves on every inhibitor. It
should be mentioned, however, that an ICs, dose response curve is not linear and the
difference 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.

The discrepancies found within the literature reporting 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 crucial, 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
compounds 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, IC5p=18 uM & K; = 10 uM) is also effective in
specifically blocking pp60"™" stimulated cell proliferation with a similar ICs of ca.
25 pM. 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 iﬁtracellular src. '

Analogs of a number of the naphthalene and indole inhibitors above can be
prepared with the boronic acid M group in place of the M; OH and/or witha S;
hydrophobic specificity element attached for binding in the src P-1 site as illustrated
in Figures 6 & 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 fhe combinatorial libraries of Step 3. Even though the

optimal combination of M,, S, an S; is likely to be different for each scaffold, those
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vs. indole scaffold results with a boronic acid ML group (i.e
27 vs. 38, Table 4) the indole hydrogen bgnd donati ng NH and/or the

er group appeared to be the T¥ason for the enhanced potency.
, for Step 2 one of the first attenpts was to add a hydroxyl

SRR s iTh R b R OB T FCE BB S B 875G

scaf fol d one 1y in@blets¥aff&lg) SHOURY IRPABbIS IBE LI IBAT 6 a8 Betted isitihispeeificity pot ency

ased with the S2 sp eCIfICItX el ement
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
suitable pharmaceutical properties are achieved for the src inhibitors or, subsequently,
for inhibitors of additional therapeutically important PTK’s.

Some of the chemistry used to prepare the naphthalene inhibitors is described
in Marsilje 2000. For attaching a boronic acid functionality in place of a M; hydroxyl
groups in the src inhibitors from Table 5, the Pd (0)-catalyzed cross-coupling
methodology was used wherein either an 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 was have recently completed is given in Figure 8.

The example shown in Figure 8 demonstrates that it is possible to selectively
triflate the less hindered OH at the M; position and have proven this by its removal to

56 with subsquent 'H NMR verification of the substitution pattern. The monotriflate

53 was then taken on to the desired boronit acid 55 as indicated. The same reaction
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sequence also works well for the regioisomer of 42 which corresponds to inhibitor 45
from Table 5. The synthetic scheme shown in Figure 9 can be followed, in order to
attach hydrophobic S, selectivity elements to the naphthalene scaffold.

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 naphthalene
regioisomer represented b‘y 44 because this compound is readily obtained from
commercially available 3,5-dihydroxy-2-naphthoic acid as describe in Marsilje 2000.
The successful model reactions to date are shown in Figure 10.

These model reactions demonstrate that it is possible 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] followed 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.

The naphthalene scaffold currently provides three diversity sites to be
explored in the combinatorial libraries, M;, S, & S3. Solid phase combinatorial

chemistry with 96-well plate reactors similar to that used in previous studies (Pavia et
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active site
chemistry proposed in Figure 11 will be to simply prepare a library of 96 amides,

15 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 S3 elements can be quickly identified..

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)

20  based upon the modeling of candidate side chains into the P-1 site of the src model
(Figure 6) and on the commercial availability of the needed halides to prepare the
corresponding Wittig reagents. At least 96 commercially available amines are
available which will provide potential S3 specificity elements including: 1)
hydrocarbons (4), 2) alkyl groups containing hydrogen bond acceptors (4), 3) alkyl

25  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) heterocyclic hydrogen bond acceptors and donors (20), 7) side
chains containing cationic groups (4), 8) side chains containing anionic groups (9),
and the 3-amino phenol side chain from inhibitor 43-meta as an internal control for

30 srcactivity. A broad range of amines were included for Ss, in order not to overly bias

the library here due to the higher level of uncertainty for this binding site in the src

model.
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Following the modeling procedure described above, a the series of hydroxy-

20 containing analogs of the boronic acid M, group shown in Figure 13 were modeled in
the src and IRTK active sites and found the illustrated interactions/binding modes as
some of the interesting possibilities. By phosphorylating the boronic acid additional
interesting possibilities are available (e.g. suicide type inhibition via reaction of the
resulting mixed anhydride with an active site nucleophile). The presence of

25  additional hydroxyl groups on the Tyr-mimetic phenyl ring is necessary and common
among many PTK inhibitors (e.g. Piceatannol 52, Table 5) and was shown to be
benefical on the side chain with the PKA phosphonate 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 Figure 13 may considerably enhance potency. These OH

30  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 & 24, Table 3). One

possible route to the hydroxyboronic acids 76 & 77 utilizes the chiral boronic ester



by the ring oxygen atom WO 00/42213 -31 TABLE V INITIAL STEP 2 RESULTS
SRC I NHIBI TION I N CELLULAR M METI C ASSAY | nhi bitor 42 43, 03 ‘
| nhi bi ti owobo/2220393M RR-src  at I nhibitor Concentration () 4 t ho:
39 (100 pM NON-ATP Meta: 89 (100 M COMPETI TIVE | Ct0=18 P

Para: 23 (100 pM 44 45 OH 45(100M OH NON-ATP 51 (100 M) COMPETI TI VE

| Cs0=170 pM Inhibitor (M) HO, Inhibiti®¥r of 2 MM RR-src at |nhibitor
Concentration O 47 _Owe 40 (500 pM (M) HO 48

homologation methodology of Matteson (e.g. see Matteson et al., 1987, 1988 &
1990).

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

-5 identified which preferentially bind to catalytic residues of the protein kinase.
Further, the first module is combined with the second module so that the second
module substitutes for the peptide scaffold.

Preferred first modules have a functional group such as boronic acid, a
hydroxyl group, phosphonic acid, sulfamic acid, a guanidino group, carboxylic acid,

10 analdehyde, an amide, and hydroxymethylphosphonic acid. The compounds of the
present invention may have two or more functional groups within the first module.
More preferred modules are boronic acid groups, a hydroxyl group, or an amide
group. An even more pfeferred amide group is a vicinal tricarbonyl amide.

Preferred second modules include indole, naphthalene, biphenyl, isoquinoline,

15 benzofuran, and benzothiophene. 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 carbon atoms in the linear

20  chainis subétituted with a nitrogen, oxygen or sulfur atom.

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. Preferred protein tyrosine kinases are pp60°™™, p56'**, ZAP kinase,
platelet derived growth factor receptor tyrosine kinase, Ber-Abl, VEGF (vascular

25  endothelial growth factor) receptor tyrosine kinase, and 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 protein) kinase, protein kinase C, and CDK
(cyclin dependent protein kinase).

30 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. Specificity side chains can increase potency and specificity of the inhibitor.
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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
5  compared to the unmodified first inhibitor.

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

10 kinase activity but does not inhibit or only weakly inhibit ATP binding to the protein
kinase are preferred.

The present invention also provides a method for testing compounds for an
ability to inhibit protein kinase activity. Compounds are produced according to claim
1. The activity of the protein kinase is measured in the presence of the inhibitor at the

15 same temperature, pH, ionic strength, osmolarity, and free magnesium concentration
as found in a cell which expresses the protein kinase. The level of protein kinase
activity is compared to the level of activity from the protein kinase without the
presence of the inhibitor. Such an assay system which mimics physiological
conditions provides the most relevant inhibition data. The assay may be conducted in

20  an automated assay system. Furthermore, the assay may be combined with a
combinatorial chemistry method to rapidly screen numerous candidates.

The Pierce 96-well plate non-radioactive ELISA PTK assay method may be
adapted to the Cellular Mirﬁetic assay conditions for initial src screening of the 96-
well plate combinatorial libraries. This high throughput assay utilizes the same RR-

25  SRC peptide substrate, except that it is biotinylated so that it can be attached to the
NeutrAvidin-coated wells in their commercial 96-well plates. This high throughput
inhibition assay can be run by incubating src with the RR-SRC substrate prebound to
the wells followed by adding their anti-phosphotyrosine antibody (PY20)-horseradish
peroxidase (HRP) conjugate and their HRP substrate to quantitate the level of

30 phospho-RR-SRC produced via measuring the level of HRP product with a 96-well
plate UV reader. Standard low throughput P*2-ATP radioactive assays have been
used, but a 96-well plate format is preferred, especially with a non-radioactive assay if

possible. As very potent src inhibitors are developed, a panel of protein kinase assays
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site as illustrated
in this pair of cell lines are shown in Figure 14.

As shown in this graph the growth of the LA25 cells at the permissive
| temperature of 33°C is inhibited by ca. 50% at a 25 uM concentration of 43-meta
20  relative to the LA25 cell growth at the non-permissive 40°C as a control. The lack of
cell toxicity of 43-meta is evidenced by the fact that as its concentration is increased
up to 400 pM, the basel growth of the NRK non-transformed cells, the LA25 cells at
the non-permissive 40°C and the LA20 cells at the permissive temperature of 33°C
(but with pp60*™ fully inhibited by 43-meta) hot only does not decrease but actually
25 increases somewhat (presumably due to a non-src related activity of this compound).
Since the 43-meta solutions were prepared with a low concentration of DMSO for
solubilization a DMSO control was also run at the same concentration. A more
complete dose/response curve centered around 25 pM will be run.
In another embodiment, the present invention provides a method of inhibiting
30  aprotein kinase. The protein kinase is contacted with a compound having a first

module which has a functionality for binding to catalytic residues of the protein



in Figures 6 & 7. The naphthal ene and indole scaffolds can then be taken
through to Step 3 as described bel ow. Each tine Step 24p0CTOBER2003t h
new scaf f olydsofssam Step 30 1, the best selectivity el ements S2 and/or S3
whi ch have di scovered with previous scaffolds will be usedPFHUSPR00803
conbi natorjal libraries of Step 3. Even tfaough the optimal combination of
ML, S2 an S3 is likely to be different for each scaffold, those WD 00/42213
1n -JJ 10 OCTOBER 2003 PCT/ US00/ 00803 found optimal with the previous

rel ated scaf kiohst 4Rl gsecgnd ﬂ@dﬁfe%i&lhﬁro’%ﬁﬁ?ta%hﬁié?ti&?sca R 'ﬂQQJoﬁlb?&ﬁfoﬁnO' d)
shoul d be suifable for utilization as better 1nitial specificity elenents
in Step 2 wi PhibefiEstaag sseqidfrapdplestinbibita the moeoekisasddctivioe r epeat ed each
time there is.a need tQplefe¥red . : o i Cler

sel ectivity .and 5 sui taBI e ,phgg;n%}gg%ﬁgtglﬁq%@%perta{s%@mfggtdg%gweg@gg]%%%whe
src i nhi bi t JREnten hag thsdellpydpg fogmula:f or i nhi bitors of additi onal
therapeutically inportant PTK s. Sone of the chem stry used to prepare the
napht hal ehe inhibitors is desckibed in Marsi | je 2000. For attaching a
boronic acid functionality in pNace of a M hydroxyl grougs in the src
inhibitors fromTable 5, the Pd

was used wherein either anrary TB .6 1997) or an aryl
hal i de (1shiyam, 1995) can be ®g@ gl |y avail abl e

- pinacol ester of diboron. An i [ [ as/have, recent |y
~conpleted is given in Figure 8¢, The gxanpfe shown in ¥ gure 8 denonstrates
that it is possible to selectively triflate the |ess jjndered OH at the M.
posi ti onlland have proven this by its renovBl to 15 56 with subsquent 'H
NMVR verification of the substitution pattern. The nonotriflate 53 was then

taken on to the desi r@ﬂlekbamnis@l&@}ﬂ_l&ﬁsﬁ%rbpﬁkﬁﬁt(ﬁ@'o;ih@i§@ﬁ§d}ﬁé§t§)&{?&
sequence al r§1 Id !_LO]!:I tg reqgi oi soner of 42 which corresponds to

i nhi bi t or '4@()#?‘8 S‘ﬁ%g%é: - Higgg i%t’%‘é@ﬁt%@%tﬁ%{,%mﬁﬂﬁi@& @@#an be
fol I oved, i CORCHEICH,00,Htok BERCONHE ORNObE prefer2@ LabddiMért YheSoRTRM AR phfeih NE
napht hal ene scaf f.ol dgﬁ% Thr%?.@ap t hal ene chepi stry can be convert«gd to the
sol i d phase S ase inpibior mhi F‘E‘iﬁﬁ‘ﬂ&’s‘ifﬂ% dBRBNEP3Sei al | i braries of

this scafsfold in An8feyBlcferfiddion-depfi tei if @i Roglnahen y has been
carried out on the Iesg\ﬁactive nalfoeﬁtlgg{)rgneéﬂ-wgsgl{'%lf(%%?neelr lrbgtglregg'ssgh§ed by 44
because t hi sfolewpfedmuta:r eadi |y obtained from commrercially avail able
3, 5-di hydr oxy-2-napht hoic acid as descri be E{n Marsilje 2000.

2 .

R,

R, AN NER;
0 7
2

R R,

~N.
20 . R, (CHy),” 'H

where R1 is OH or H, R2 is OH or H, R3 is OH or H, R4 is OH or H, R5 is OH, OMe,
or H, R6 is OH, OMe, or H, R7 is OH, OMe, or H, and X is O or 1. In 2 more
preferred embodiment, the non-peptide protein tyrosine kinase inhibitor has the above

25  structure and R1 is OH, R2is OH, R3 is H, R4 is H, R5 is OMe, R6 is H, R7 is H, and
Xis 1.

“Yet another preferred non-peptide protein tyrosine kinase has the formula:

| HO o
0 A
N HN
H NH,
' 6)



25 The successful nodel reactions to date are shown in Figure 10. These
nodel reactions denonstrate that it is possible couple H4o0CIDBERIZD03

scaf fol d wo éd@208ang resin (63) and then carry out chem stry _on the
triflate [in this case the Pd (0)-catal yzed cross-coupl i nd)\étTéUﬁﬂﬂ@mﬁ’ar oni ¢
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containing the S3 selectivity elenments. The napht hal ene scaffold currently
provides three diversity sites to be explored in the conbinatorial
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(SYBYL™, 6.4, Tripos Inc., St. Louis) wherein a naphthalene ring was superimposed

upon the IRTK Tyr 1,162. The IRTK region containing Tyr 1,162 folds back into the

20 active site, with Tyr 1,162 positioned analogous to a phosphorylatable Tyr in a
peptide substrate, thereby autoinhibiting the tyrosine kinase. This superimposition

indicated that an amide carbony! should be placed at the 2-position (Scheme 1) of the

Schemel r,-l" IRTKTyrl,162 .
H.I}f\o OH HO3 6 OH
T — T
2
Ny | My

25 naphthalene ring to mimic the Tyr 1,162 carbonyl and a hydroxyl group should be
positioned at the 6-position to mimic the Tyr 1,162 hydroxyl group. These modeling

studies also indicated that a hydroxyl group at the 3-position could mimic the Tyr
1,162 NH.
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(Figure ll)ﬁ@hﬁsbe converted to an amne (Wlfe et al.. 1997) and then a

[ .of d th t f t.h ti .
eauence shown 1 il HS BOFEORZCRPHRY oo Sl ersphie Pl BN B S 2+
synt het ijg h@diﬁzﬁ%@ﬁéér@omfcﬁﬁﬁﬁﬂhﬁ@ daBBtﬂal‘éhé‘ﬁx‘hxtﬁ%(l‘cOE@ﬁu) QERUPS as

wel | . Wien the amne 72 is availabl'e, the known ' e.g. the sulfamc
acid from gry(uthersrlrzuzcbfrt)xmrco’fr&i‘nélfaiallg;,I aSaidabie éﬁiﬁdd})acﬁ-dlhydrofam-earﬂ)th@aambe

eval uated wt evel gped scaffaol d and eval ul ate sone new am ne
derivatives th(;fia‘@(go aﬁﬁﬂ hqre acidpregpestivtle Remsihyl 81t 14 andalensg |

am de ML Qr oy, réﬂﬁﬁﬁ{gtt{é’}éé %a(:i% Clia({ntl" {éBQrszé’ }?f'nlergg@%ﬁ"(ﬁ Ee'sor) s

accessi bl e via the synt i C ne et al nd coul d
form a vari edayured withe€bgdsn Thie rahﬁﬁ@qtzwmszmlt rb-tzgemnnaeérveglnma&ﬁdwyl c

resi dues. Follow ng the nodeling procedure described above the series of
hydr oxy-15  coupling the respective carboxylic acid with commercially available (Aldrlch or
Lancaster) amines using one of two methods. The first method utilized the NBS/PPh,
methodology as described by Froyen (Froyen, 1997). The second method utilized
IIDQ (Aldrich) as the coupling reagent. The carboxylic acid was first reacted with 1.0
eq. IIDQ in anhydrous DMF at room temperature for 24h. The respective amine (2.0
20 eq.) was then added neat and the reaction was heated to 80°C for 2-6 hours. After

aqueous workup, puriﬁcation was achieved by silica gel chromatography and
precipitation from CH,Cl,/hexane, followed by preparative C-18 RP-HPLC
(CH;CN/H,0), if necessary. The benzyl amines were commercially available only as
their corresponding hydroxyl protected methy! ethers. Consequently, after amide

25  formation, the hydroxyl groups were deprotected by treatment with 6 eq. BBr; in

DCM for 1 minute at -78°C followed by 1 hour at room temperature.



20 contai ning anal ogs of the boronic acid ML group shown in Figure 13 were
modeled in the src and I RTK active sites and found themlcbgﬂjgggqoo;;
interacti isPiRf ng nodes as sone of the interesting possibilitie
phosphorylating the boronic acid additional interesting poggF/Hﬁ‘W’?‘@s are
available (e.g. suicide type inhibition via reaction of the resulting

m xed anhydride with an active site nucletiphile). The presence of 25

addi ti onal hydroxyl groups on the Tyr-mnetic phenyl ring is necessary and
common anong nmany PTK inhibitors (e.g. Piceatannol 52, Table 5) and was
shown to be benefical on the side chain with the PKA phosphonate
inhibitors (e. 2 VS, .. Table_|). Consequently. adding one or nore
OH's to the Eagb’rﬁ'@pé%i dlﬁﬁhﬁt%vtasrmmof I@ékp@maaéthmene@@%%thves apd geiegtir e 13
may consi derably enhanclg pot ency. These OH 30 groups woul d al S ext end t he
boronic acid side chain past the catalytic Asp and Arg o resi dugs wt hout
suffering a penalty ring themw th hygrocarbon Reine D ably t he
case with the FEKA b 7aci d honol ogs (23 & TabI@ 3 On possi bl e
0

bordni ®saci ds 76 & 77 utiLi the chital borohic ester
WO 00/ 42213 - @60 14 GG\OBER 2003 PCT/ US 08 Kool i oma-pt hodol ogy
of Matteson (e.g. sgecggtteson et al., 1987, 198 &CH@990). In a preferred
enbodi ment Ofmﬁlﬂﬁed %@&Bdrpﬁbwhe first nodule is produced by attaching the
first nodule’to a peptide scaffold. One or nore functional groups are 5
identifiegd which preferentially bind to catalytic residues of the protein
ki nase.. Furtper ., the fighst ggodgle ps copbin ht h thennsecand npgdul g, so
that the secon nodul e substitutes for Ig?heﬁgemxlt de smoaM@lad. Pref er?ed
first nodul es have a functional group such as boronigvacid, a hydroxyl

group, phosphpnic agi digule anEc ag)d, @Agulqﬁl lenQ grQup, carbgxylic acid,

10 an al dehy nd hydr oni ¢ acld. The conpounds
of the pr eseﬁ'ﬂ i nvgﬁtl ve @)\%ONEZ’D E\Ir‘f%t i Orar J)gr oupsn Wi thin the

first nmodul el Mr@Hpréfer Hed RUdulNés a¥e bWﬁonNAaclg’d*@fr)oups - hydr oxyl
group, or anlam deNHgr dup. HAn BvenNMor &/4pr efir r @dA aningtévgr oup i a vi ci nal
tricarbonyl agm de.oRrefmrred sgcondunodul esyi nchude {ndode, napfit hal ene,
bi phenyl, i sesui nobine,0H 15 benzofur anomandabenaot hi osphene. Morigo preferred
second modul gs areppn ididohe of naphthpl engy | g song @mpodi menfis of the

i nvention mop e thag,one,figst podulg my . 14 (+/-2) nt.

2e OH H OH H OH H H 0 39(+-5) n.t.

2f OH H OH H H OH H 0 89 (+/-1) 16

28 OH H OH H H H OH 0 23 (+/-5) nt.

2h OH H OH H OH H OH 0 56 (+/-1) nt.

2i OH OH H H H OMe H 0 33 (+/-5) nt.

2 OH OH H H H H OMe 0 35 (+/-8) n.t.

2k OH OH H H OMe H H 1 13 (+/-3) nt.

21 OH OH H H H H  OMe I 14 (+/-2) nt.

2m OH H OH H OMe H H 1 inactive nt.

2n OH H OH H H H OMe 1 4 (+/-7) n.t.

20 OH OH H H OH H H 1 41 (+/-2) n.t.

2p OH OH H H H H OH 1 49 (+/-4) nt.

2q OH H OH H OH H H 1 42 (+1-2) nt.

2r OH H OH H H OH H 1 55 (+/-3) n.t.

2s OH H OH H H H OH I 42 (+/-3) n.t.

2t OH H H OH H OH H 0 68 (+/-5) nt.

2u OH H H OH H OH H 1 40 (+/-3) n.t.

2v H H OH H H OH H 0 45 (+/-5) nt.
Iminochromene 9TA 30 (+/-15) Lit* 0.118
Piceatannol 41 (+/-2) Lit": 66 (Ick)
ST-638 37 (+/-5) Lit': 18
Emodin* 22 (+/-3) Lit"; 38

Tyrophostin A47 43 (+/-3)



be bound to the second nodule. In addition, the first nodul e may have a

|l i near chain conprising between one and three carbon aygreCTOBERI2008S t he
first nodwoeoue2i3he second nodule. In alternative enbodi ”‘?E{rﬁys g Lf the
carbon atons in the linear 20 chain is substituted with a nitrogen, oxygen
or sulfur atom The nmethods and conpounds of the invention are broadly
applicable to any protein kinase. Pref €Hred protein kinases are protein
tyrosi ne ki nases and protein serine kinases. Preferred protein tyrosine
ki nases are pp60 -"c, p56l& ZAP kinase, platelet derived gromh factor
receptor tyrosine kinase, Bcr-Abl, VEGF (vascul ar 25 endothelial growth
factor) recédptiof Feonowsi ne ki nase, and epidernmal growth factor receptor
tyrosi ne ki nase, and epidermal growh factor receptor-Ilike tyrosine

ki nases.  A’The pravicbigrdesetited by prodedasi (D8 KianapsHd)wRRRO §1th|ﬁ*ieef erred
serine psot %Mbwiﬁ'g%@s%?%ohﬁ@héiﬁ@ ﬂ}{g)chn%ﬁ O36Rs é'rﬁféo‘ﬁ%ﬁt spﬁ@b ase,
protein King @%?: Ox{m@/ﬁ atg?d%e {Wprl()) i;: ME@. met hod

of the pr esené Ms i on’ eF \Const §

speci fi ci ty26P-ddnMhait0 BN Kerls 10 PWMt?eméﬁﬁﬁpﬁtéﬂil@nl%ﬁ MMnéTPl 1%8 udhd second

nodul es. Spéd?Ri IO ¥ julkleagthdivananspurified irerondarsat ppd@&Ht (Upstde Spaeithbligyy of

K he' i nhi bi t dnc.), AOOOMRRISRC 340 0 DOSOHEIR7 2003 C. PlHdsb508 008033 cohdifions
prom si hyy seeenBediBHowe (Choil 089 itd te%?odut:e the 1ﬂf?ﬁceﬂ§&?§§ﬁc{1ﬁoﬁsoofr}§p$ﬁﬁ al |

the steps ofgebhgg WE‘%M) RoiRStrendill©s blafity, B h®p Q&ﬁ%ﬂ&&tﬁm t Iugp Chains,

| Jorkd
nibior f‘%” A0 L, (0 U %’I"%&sc’i Ei SR e Tl N e o

protein kln H‘QI vvhen 5 conpared to the unnodified first inhibitor.
The present hoHO? prieallgield= tT‘B“FS‘?SéQ‘der entially provide protein kinase

i nhi bi t bt's WAldhceiapaisiveact by inhibiting ATP binding t the protein kinase.
I nhibitors of protein kinases may be potent but often lack specificity and

are therefore often not ood drug candi dates. Therefore, protein kinase
i nhi bitors which? H?W%O%%@w réihaé@éyaephtbalpyemblméélhwée-zhnm bit or

I Kl d h
onl'y weakly2hiibj blti 2 erp's%mfa%gzegq?él?g dd%; -2kr{ g&@b cgclljﬁégmgg}aeean The

present i nvention al so provi Stl

ability to mﬂthdﬂstdemrﬂneéabox}et aseynaihtsiyof iitenGodipRubIthht Aae develshed edl

accor di cI ai activi t of the protein kinase is neasured in
the presén C %Vyn frﬂ%c}ieﬁxﬁ SeyIng Wft ommercially available 2,7-dihydroxynaphthalene

3 (Aldrich).

1) NaH (1.1 eq), -10°C, 30 min

HO OH : :
2) MOM-CI (1.1 eq). -10°C to rt. ovemight MOM OOH
Anh. DMF

’ 4
32%
TBDMSCl(1.1eq) | DMAP (5 mol%)
DIEA (1.1eq) | Anh. DMF
0°Ctort, 4h

1) t-BuLi (13 eq). 0°C, 90 min
X 2) C1:C(0)-OMe (1.5 €g). 0°C to 1. 60 min

HO 6 _OH .
OO 1:1 Anh. Ether/Anh. Hex MOM OOTBDMS
o
9 3) pH=2 overnight

6 4) pH=12 overnight
OH . MeOH. H,0. nt S
37% 93%

Compound 1d was synthesized from 3-amino-2-naphthoic acid (Aldrich) by

reaction with TMS-diazomethane in DCM at room temperature. Compound 2v was

25  synthesized from 6-hydroxy-2-naphthoic acid (Aldrich) using the amidation method
described by Froyen (Froyen, 1997).



15 sane tenperature, pH, ionic strength, osnolarity, and free nagnesium
concentration as found in a cell which expresses the pﬁgt@Cr[dBER%o3The

|l evel of WiPdepbsyszki nase activity is conpared to the level of activity from
the protein kinase without the presence of the inhibitor. PST&P8190%93say
system whi ch m m cs physiological conditions provides the nost rel evant
inhibition data. The assay may be conducf¢4d in 20 an aut omat ed assay
system Furthernore, the assay may be combined with a conbinatori al

chem stry nethod to rapidly screen nunmerous candi dates. The Pierce 96-well
pl ate non-radi oa&inase aE@VSAnWRn&b@@)beﬁmSh@Yﬂn traipflyencegbapieasiirgdoinhfatory

ol ate conbi AN G weh ool o885 ¢ Sisridar ym%é%ﬁ%@%”g@ﬁmmeghgfﬂe“’e' |

RR 25 st i
iggebe atta?ﬁg dto %’%2 O?%%Sx% r‘ﬂ%%as’gﬁ(coa%s GA}%@F{)CI du?hlp L(grlg’lrtméoﬂn)ér@%c ottt
96-wel I pl a&&?mﬁﬁ*féu:ﬁh%&%%%ﬂ%ﬂ%ﬁh ndATP c{())hﬁjé dﬁ@éﬁ’!‘l{%ﬂﬂbﬁ

i ncubating src with the trate pre hewe ??Iowed by
addi ng thei resadt iPighaapbioSYra38, aed Aniphbetly AGPY¥R0) cﬁt@érsﬁé@dﬂ;esthey per oxi dase
(HRP) conjugate and their HRP substrate to quantitate the |evel of 30
phospho- RR- SmemsFad icad wa(ﬁ*@mr% Yogbempbgad agsfrepreenydwétheni th a

assays have i (3G SineRt APE20fep it BIR HBe PSRRI ot 1
with a non- iy ?i’ éti‘f@e %v?h%ﬁ)énbl zecpgfﬁﬁ'ﬂ{?é teyroéai?e Mﬁ% pg,gtclen%rfg oﬁs}gnh' bitors

are devel ope ane of prot I hase "assays /42 10 OCTOBER

2003 PCTI U £rC

avai |l abl e prﬁgqé)?%% Rgggsqﬁn%gé?ﬁospgqi%ﬁ%lﬁgllﬂggo eu%eﬁ iu| ar ]k}ﬁirl#étt%lrc

pr ot ei niki NagRres tANardi.t 1933, SARE ih&Rchidiese 91%%&%&%&@&5@@1? the
panel to obtain an ini “tial asséssenent of specificity. nore conplete

speci fi ci t yaaakbls itovas synthesiked wgng heovellrbute by cﬁn@ﬂﬂnpﬁoﬁtmlmpkenwsw&e will
d5tob duct || | t i i t h iti I

Col I abor at 1 siseppngg e SGHerdle ot RBBMEl b1 sacD b DreBe Draad ne

studied in pAIPLAL (8740 bYnSIARRE LhBRSER ARSRY Ssip 0% DPL{Moalatfe ki dney

(NRK) cells. a ‘t énperature-sensSitive pp anf

cell line (laéaa!i) 1 e’ﬁhEDDﬁZEleHDEAODNBE’H]S&ﬂQ@QBSm%) aosdw@kaierofand serum 10
i ndependent growt h at the "perm ssive" n‘ger ature of 33C due to activation
of pp6dd - sresubiing amyde withtlndeq. mfr?-%)é#hh‘ﬁ Euypenzaldshpds @etupwerdingomsat  whi ch

pp60”-src | %t(ﬂﬁt 2 h, 60°C) followed by deprotection (1.1 eq. TBAF, THF, 15 m, 43% overall)
gave iminochromene 9TA with satisfactory elemental, FAB(+)MS and 'H NMR

analysis after purification by flash chromatography (10:1, DCM:MeOH).
The inhibitory activities shown in Table 6 for compounds 1a-d and 2a-2v
20  were determined using purified, full length, human recombinant pp60°*". Due to the
number of compounds tested, and the associated cost, their rank order potencies were
- first determined at a constant inhibitor concentration (100 pM). As predicted by the
modeling studies, based upon analogy to the IRTK Tyr 1,162 hydroxyl group, a
preference for positioning the naphthalene hydroxyl group on carbon 6 vs. 5 or 7 was
25  observed in both the ester (1b, 47% vs. 1a, 5% & 1¢, 19%) and amide (e.g. 2f, 89%
vs. 2b, 51% & 2t, 68%) series. The prediction that attaching a hydroxyl group at
naphthalene carbon 3 (mimicking the Tyr 1,162 NH) would improve potency was also
confirmed (2f, 89% vs. 2v, 45%). Finally, the prediction that extending the inhibitor
as an amide at the 2 position (mimicking the peptide bond) could further improve

30  potency was confirmed as well (e.g. 2f, 89% vs. 1b, 47%).



activated (Li et al.. 1996). The use of this pair of closely related cell
lines for testing the src inhibitors at both the perm 39 0€TOBER 2003
non- per m 0 ae2tidnperatures allows one to deternmine if a gjfé%%ﬂ% 03
inhibitor is blocking cell growmh due to specific bl ockade of the src
signalling pathway, by a different mechanismor by a general cytotoxic
effect. Results frominitial testing of-fhe non-peptide src inhibitor
43-meta (Table V) in this pair of cell lines are shown in Figure 14. As

shown in this graph the growth of the LA25 cells at the (%errri ssi ve

tenperature of 33A¢%¥ Pﬂﬁ’l"kﬁeflé‘?dTB‘?)r Olemsusirale that pOVIREHA SEHHOXSkE §T8RP of
43- 20 I . { < )_SSI
contror. - Thdt e Gyt osiinte B eyl S B0 SRR b HRetp T° 2

that as its seRB@EMdtFly PRofils withtlegasad theldbtintl 408tuMent p&sidased ofthewt h of
the NRK non-transfornmed cells, the LA25 cells at the non-perm ssive 40C

and the LA20wdeixysgeemptshen feramidsside champeg afidgerso2b/28C Alspuf noktihthpp60’ - s”
ful'ly inhibited by 43-neta)..not, onl.y does not decrease but actually 25

| nor bases SoRRAFERET B BB MR 5 90 S 4V s hEHE i e oBeadie S TgRY ¢ ni s
conpound) . j SRl UL | EER it By ivity
;cogent rati oﬁb%ﬁuﬁ%oﬁgé%ﬁ'uﬁtﬁ% %%?gﬁﬁD o g‘%ﬁ? ?%\4]255 étﬂaeﬁ\ggtl}mﬁ at

~the same conelatite¢ &t therorréspohdiag hydroply eheden2b/IcE spnme ralutscacent er ed
around 25 Mw Il be run. In another enbodi ment, the present invention

provi des a rASHBANEY a8 A ihsicaphef thadl-bengybemides (@2 us. 2pHeg,2sbt Biik ki nase i s

contacted with a.c ound, havi ng. a..first dul.e i¢ch.has, a functionality

For bi ndi ng Teedi BROREvaBY B0Ages Bl pPF Hof < B8pIS5 Bobgoohs Otrontn

2003 PCTloUSQef428 Adihkh 8 ningd l@rdﬁ%‘éﬁ BEndagtre oMICRCPORY LFRDs areten- pept i de
|

scaffold. The conbination of the rst and second nodules inhibits the
prot ei n ki ndstgeaefii i thy bindling sfeer r ed non- pepti de protein tyrosine kinase
i nhibitor provid resent. jnventi .has the followi ng formula: 10

by th
wherein Rl is H gg If qrentfiaiiyg Bplygys of e Frege%t%%fofmoswn}% hpiroyly cHz) R,
CH(CH3) S, R5 i - H.or O i s OCH3 H d B7 i
o 6 ) el Y el b s e S I

enbodi nent n- peptd d gtein . tyrosi inase inhjbitor.inhibits the
activity of %g@&gﬁ r et%{}éf)%g Fﬁ’_’epl}((hleﬁea%eé.hsl >N Od‘?ﬁ@rhh%rae TQp 1L Whﬁ’-l Oébg?lae
protei n fsyr asi 0@,k 8aSD% RiPrédehi@fan Ragerlof fhagnitude difference in potency, as

expected. Similarly, a drop in % inhibition from ca. 50% to 10% would represent

another order of magnitude difference in potency.
A direct comparison of the most potent inhibitor from this series, compound
2f, with the five previously reported PTK inhibitors shown in Table 6 demonstrates
20  that, under these assay conditions, 2f is more potent by one to two orders of

magnitude. Interestingly, iminochromene 9TA was previously reported (Huang et al.,
1995) to have an ICs, of 118 nM against pp60°™, and was the most potent known
non-ATP competitive pp60“™" inhibitor, but u;xder the current assay conditions only a
30% inhibition at 100 pM was observed. These results re-emphasize (Lawrence et

25  al., 1998) the importance of comparing protein kinase inhibitors under identical assay

conditions.
A goal of these studies was to obtain non-peptide pp60°~*" inhibitors which do

not compete with ATP. Consequently the % inhibition of pp60°™™ by 2f and 2b at

constant inhibitor concentrations was monitored as a function of increasing [ATP] up

30  to acellular mimetic 1 mM level. Since the [ATP] had little effect on the %



followng fornmula: R2 6 R 7 20R6'\ J 1 v R4 (CH)XNHRS where RL
isOHor H R is OHor H R3is OHor H R4 is CH or Hno%cm?kﬁg#a or
H, R6i s OHwdMyhi3H R7is OH Ove,or Hand Xis Oor 1. Inanore preferre

enbodi ment, the non-peptide protein tyrosine kinase inhibi t ’ﬂ%@’“f“f?é_ above
25 structure and R is OH R2Zis OH R3is H R4is H R5is O, R6is H
R7 is H and X is 1. Yet another prefert4d non-peptide protein tyrosine

ki nase has the fornula: HO 30 WD 00/ 42213 -40 10 OCTOBER 2003 _
PCT/ US00/ 00803 . The present invention further provides a nethod of treating
a conditi on, MhikiteR ety &f andd 2b e apeicﬁmpﬁhageemﬁxbnptﬁ wish respectdo pdibi ekfte. %an
effective dose.af a protein _kina inhibitor is m njstered to a, patient.
The protein K&h‘ﬁg%” Vﬁﬁi"lﬁaf‘ﬁ?d fyee g‘ef | FOSLENRY QDY ﬁg%isﬁ(b&alﬂpg%éM WhEfity for

bi nding to cattythe irﬂﬁﬁi&&&%ﬁceﬂir@?%ﬁ%&{sﬁrﬁiIPth[léiimgﬁorsls a ?tgfngo%orgquﬁ(@ ul e

whi ch provi des a™hon-pepti de sca ere the conbi na Irst

and second madW, enithibisbiolGotdl Ricreakd MANTTAES éqtiivalent frb Bédrkasingdheni sing src
i nhibitors can_be screened in primry human tunor ti ssue assays,
parti cul at | yinhipifos sRndeptradgmefeld imierms of thereffenoem Yamhibitem censeluggdy the0

rohiieel 2 MM T R SR M e
(obtained with 200 pM ATP) for 1/5 of the set inhibitor concentration used in this
experiment if direct competition witﬁ ATP is occurring. For inhibitor 2f (set at 25
uM) a 62% (+/-5), 54% (+/-3) and 50% (+/-1) inhibition at 200 pM, 500 pM and

10 1,000 uM ATP, respectively, was obtained whereas the level of inhibition should
have dropped to ca. 20% at 1,000 pM ATP if direct competition with ATP were
occurring. Similarly, for inhibitor 2b (set at 300 uM) an 84% (+/-1), 81% (+/-1) and

| 77% (+/-2) inhibition at 200 uM, 500 uM and 1,000 uM ATP, respectively, was
obtained. The high cost of many kinases has stimulated other researchers to monitor

15 inhibitor potency as a function of increasing [ATP] for the same purpose (Saperstein
et al., 1989; Burke et al., 1993; Davis et al., 1989; Davis et al., 1992; Faltynek et al.,
1995; and Sawutz et al., 1996).

In summary, structure-based design has produced a series of
hydroxynaphthalene pp60°*" non-peptide inhibitors that do not compete with ATP.

20 Results with compounds from this series in cell-based assays, as well as detailed
kinetic studies under vario(;s assay conditions, will be reported in due course. An

extension of these design concepts from the naphthalene scaffold to an indole scaffold

is reported in the following paper.

25 Example 2 - Design, Synthesis and Activity of Non-ATP Competitive
Hydroxyindole Derivative Inhibitors of pp60°°™ Tyrosine Kinase

In the preceding example, the structure-based design of a series of pp60*™
inhibitors utilizing a naphthalene scaffold is described. These compounds were
30  designed to bind in the peptide substrate site because of the potential for greater

selectivity and efficacy in a cellular environment relative to the alternative ATP



Ki nase 15 The crystal structure of the autoinhibited human | RTK catal ytic
domain (Hubbard et al.., 1994) was used to carry out qya OCTOBERMOCUl ar
nodel i ng Staia/42813 (SYBYLTM 6.4, Tripos Inc., St. Louis) V\/@,(Efltﬁ}% @H?
napht hal ene ring was superinposed upon the IRTK Tyr 1,162. ep region
containing Tyr 1,162 folds back into the 20 active site, with Tyr 1,162
posi ti oned anal ogous to a phosphoryl at atft’e Tyr in a peptide substrate,
t hereby autoinhibiting the tyrosine kinase. This superinposition indicated
that an am de carbonyl should be placed at the 2-position (Schene 1) of the
Schene 1 HO, j 6 OH v N.H 25 naphthalene ring to mmc the Tyr 1,162
carbonyl and a hydroxyl group should be positioned at the 6-position to
mmc the Tyr 1,162 hydroxyl group. These nobdeling studies also indicated
that a hydroxyl group at the 3- pg}%@ggl ould mmc the Tyr 1,162 NH WO
00/ 42213 - 41ScheneCTOBER 2003 PCI/ 700803 I n order to test ese design
concepts experinental ly, #hé& 2-pgsibijon carbonyl group was a aefef as
either a nethyl ester or as a § es of amdes (Tahle 6). The
N- phenyl (X=0) and N-be? am des were chosen bageg
i ncrease in pp60c-Sr- inhibitor potency observed with immothronene anal ogs
cont ai ni ng appended hydkoxwy N-phenyl amni de si de-chai ns (LﬁUa;rpg et al.,
- 1995). Anal ogs wherein the 6-hydroxyl group was either deleted or noved
were also prepared to deternmine if a drop in potency occurs as predicted
from t he nodebstmat sitst Tisesxamipheprssnisem exiendoparbionyldedghcslidaydne s series
napht hal ene inhibitors (la, 2a-2d, 21- 10 21, 2o0-2p) and
2- car bony| - 8f PP&fl hy shdbdyors hesied made ariridote woiffolds Qrice ag@intBrgrysiet siructure
synt hesi zed from cor?gg,r cjally avail abl e I(RAI drich) 3,5-di hydroxy-2-napht hoic
acid and 3°VI§iaRaaRyRyeOnsuEHReReRter BIEK R Tekywescised & garryroet qmﬁwyuve esters
lm?t gpida: g }Aﬁo?%:élﬁa?}rﬁdd%gﬁ% g%g{eg,géﬁigéﬂtqg ik 3 PSR Yifie 335 gupsetrfimr};[(;sgg upon

the IRTK Tyr 1,162. This superimposition indicated that the indole NH can mimic

D

the Tyr 1,162 NH, that a carbonyl should be placed at the 2-position, and a hydroxyl
10 group at the 5 position to mimic the Tyf 1,162 carbonyl and OH, respectively
(Scheme 1). The conceptual cyclization of Tyr 1,162 to the smaller 5-membered ‘ring
of an indole illustrated in Scheme 1, relative to a 6-membered ring in the case of the
naphthalene scaffold (Kami et al., 1999), results in a movement of the optimal
positioning of the OH from carbon 6 in the naphthalene scaffold to carbon 5 in the
15  indole scaffold.

The indole amide derivatives containing hydroxy phenyl/benzyl side chains
2d-f, 2j-1 (Table 7), respectively, were selected based upon the increase in pp60°™"
inhibitor potency observed for the a{lalogous naphthalene-based hydroxy phenyl
amides reported in the previous example. The c;orresponding methyl ethers 2a-c,g-i,v

20  are precursors in the synthesis. The additional analogs shown in Table 7 were
prepared to begin expanding the range of side chains beyond the hydroxy/methoxy
groups that have now been extensively probed with both the indole and naphthalene

scaffolds.

The indole amides containing only hydroxy or methoxy side chains were

25  synthesized as illustrated:



saturated with HC gas. The am des (2a-2d, 2i-21, 20-2p, 2t-2u) were

synt hesi zed by 15 coupling the respective carboxylic achHg @CTOBERZ00G! al |y
avai | abl Q&&glch or Lancaster) am nes using one of two nethods. The
first rret 3ized the NBS/ PPh3 et hodol ogy as descri bBAT/BF0W883en
(Froyen, 1997). The second nethod utilized 11DQ (A drich) as the coupling
reagent. The carboxylic acid was first._ggacted with 1.0 eq. 1IDQin
anhydrous DMF at roomtenperature for 24h. The respective amne (2.0 20
eq.) was then added neat and the reaction was heated to 80C for 2-6 hours.
After aqueous workup, purification was achieved by silica gel

chromat ography and precipitation fromCH, Cl,/hexane, followed by
preparative C 1§, BR,HPLC (CH3CN H20), if necessary. The benzyl anines were
commer ci al | yyavail abl e onl yi as thel r correspondi ng hydroxyl protected

met hyl et hers. \60 segueng| y,\ fheHamide @5 f or mat | on, the hydroxyl groups
wer e deprotecte QY LrLeal N th 6 eq 1313r3 in DCMfor 1 mnute at
-78C fol | oned by 7h utr at_room-t re. 10 OCTOBER 2003 WO 00/42213

- 42 PCT/ US00/ 0080%°Tabl e 6: p ' th\th ibitory activity of

hydr oxynapht haI ene derivatives and S t R 2%R4 MeO (1 @-1d) published

i'nhi bi tors. ' ''ci -6 R 7RS R 3 (L2a- Hubahy bition
"at ConpdRl m R5R6F@Z,x1 pM (st d. @4 ‘w
\_/ N A o GO
BBr3 anh. DCM H
(CH»),,—N -78°Ctort, 2h

The 2-indolecarboxylic acid derivative, the methoxyphenyl amine (1.1 eq,
Aldrich, Lancaster or Fluka), and the coupling reagent PyBOP (benzotriazol-1-

5 yloxy)tripyrro1idino-phoéphonium-hexaﬂuorophosphate) (1 eq, Fluka) were dissolved
in anhydrous DMF. The solution was cooled to 0°C under argon and then
diisopropylethylamine (DIEA, 3 eq) was added. The reaction was stirred at 0°C for
Im followed by 1 hour at room temperature. After workup the residue was purified
by silica gel chromatography. -

10 The methyl ethers were cleaved with boron tribromide (1 M in DCM, Aldrich)
when desired. The indole amide methy] ether was suspended in dry DCM and cooled
to -78°C under argon. One equivalent of BBr; was added for each heteroatom in the
starting material plus one excess equivalent. The resulting dark red solution was
stirred at -78° for 30m and then at room temperature for 1-2 hours. The reaction was

15 quenched with water (10 minutes) before workup.



1C50 (M dev.) | aCHOHHHN/ AN/ AN AN/ A5 (+/-2)n.t.

| bOHHOHHN AN/ AN/ AN A47( +/ - 3) n. t . | cOHHHOHN/ AN AN/ AN/ A19¢46/ OBTORBER 2003
| dNH, HHHNWOOASAN/ Al nact i ven. t . 2a0HOHHHOHHHO12( +/ - 4) n. t . 03
2HOHOHHHHOHHO51( +/ -] ) 150 26 OHOHHHHHOHO60( +/ - 7) n. t . 2d OHOHHHCHRRRO TS
(+/-2)n.t. 2eOHHOHHOHHHO39 (+1-5)n.t. 2f OHHOHHHOHHO89 (+/-1) 16
2gOHHOHHHHOH023 (+/-5)n. t. 2hOHHOHHOHHOHES6( +/ - 1) n. t .

2 OHOHHHHOVEHO33( +/ - 5) n. t . 2j OHOHHHHHVEO35 (+/-8)n.t. 2kOHOHHHOMEHHL13
(+/-3)n.t. 210HOHHHHHMB114(+/-2)n.t. 2nOHHOH HOMBHHI i nact i ven. t
2NOHHOHHHHVE 14 ( +/ TEbIe. T: . ppo0 P OmHHG S didvity s £ 1R)roryindole derivatives.”
2pOHOHHHHHOHLA9( +/ - 4) n. t. 2qOHHOHHOHHHL42 (+/-2)n. t .

2r OHHOHHHOHHL55(+/ - 3) n. t . 2SOHHOHHHHOH142 (+R,3)n. t. 2t C]—|HHC]—|HC]—|H068
(+/-5)n.t. 2UOHHHOHHOHHL 40 |

| m nochr onene 9TA30{+/ -/ b4 (+N 3 66 (Ick)
ST-63837(+/-5) Lit14: 18 Tyr opty PAR43(+/ -3) WO
00/ 42213 R,~O R,—N -
1a-1b
Compd R1 R2 R3 R4 R3S R6 R7 % Inhibition at
_ 100 uM (std. dev.)
la H OH H CH; . N/A N/A N/A 40 (+/-5)
[at 500 pM]

1b H OH OH CH,CH N/A N/A N/A 28 (+/-3)

2a H OH H - OCH; H H 3+

2b H OH H - H OCH; H 21 (+/-2)

2c H OH H - H H OCH; 39 (+/-9)

2d H OH H - OH H H 43 (+/-1)

2e H OH H - H OH H 30 (+/-6)

2f H OH H - H H OH 45 (+/-3)

2¢g H OH H CH, OCH; H H 21 (+/-3)

2h H OH H CH, H OCH, H 7 (+/-6)

2i H OH H CH, H H OCH; 18(+/-4)

2j H OH H CH, OH H H 24(+/-3)

2k H OH H CH, H OH H 74(+/-2)

[1C5 =38 uMj

21 H OH H CH, H H OH 54(+/-2)

2m H OH H CHCH, H H OH 21(+/-7)

2n H OH H CH, H H CO,H not active

20 H OH H CH, H H CO,CH; - T(+/-4)

2p H OH H - H H CH,CO,H 7(+/-6)

2q H OH H - H H CH.CO,CH, 32(+/-7)

2r H OH H - H F H 21(+/-7)

25 H OH H CH H F H 57(+/-6)

2t H OH OH CH, H OH H 26(+/-2)

2u H H OH CH, H OH H 56(+/-6)

2v H H H CH, H H OCH; 4(+/-4)

2w H H H CH, H H OH 36(+/-4)

2x OH H H CH, H OH H 60 (+/-3)

2y H OH H CH(CH;)R H OH H 15(+/-3)

2z H OH H CH(CH)S H OH H 13(+-7)

? All compounds were tested as described in the preceding paper.’
5 ® All compounds were characterized by proton NMR, FAB(+) MS and are
pure by TLC.

¢ N/A =Not applicable .

Using this synthetic route, the series of 5-hydroxyindole amide inhibitors 2a-
10 m,y,z were prepared from 5-hydroxy-2-indolecarboxylic acid. The 4- and 6-

hydroxyindole amides (2x,u, respectively) were synthesized from methyl 4-methoxy-



-43 Tabl e 6 Footnotes: 10 OCTOBER 2003 PCTI USOQ' 00803 a The previously
descri bed assay procedure (Lai et al., 1998) was used wWighOQOCHOBER@003WM ng
assay conagpgtg‘;ﬁ final concentrations and conditions: 50.0 mM MOPS, 4.02
mM Mgd , , 6. M K3citrate (used as a My'' buffer to stabiFG/ESWRESBy ce

M' at 0.5 nm¥), 99.0 MM KCl, 10.0 nM 2-nercapt oet hanol, 198 gM ATP, 19.8 M
ADP, 10 U full length human purified recosthi nant pp60 -S" (Upstate

Bi otechnology 1Inc.), 2.00 MM RR-SRC, 4.0 % DMSO, pH 7.2, 37C. These

overall assay conditions 10 have been shown (Choi, 1999) to reproduce the

i ntracel | ul a2-iodeoldedrbaiydate inphietiyd Gpnethoty-2énddiccarbqxldbe, mddpectiveiy. cThe
strength, osnolality, ATP/ADP _and reduction potential. b Al new conpounds

wer e char act eG-9i8ydiyyndelesmidpRt Wes psparedBom ethpl 2fdimedoxyaddersy TLC.

N A = Not appll L e, .= t ed. IP-co [ ive. T ries
of 2-carbo ny?%lﬂbggs@? _%i @8%8%%9“ %g%]ﬁteg%%selgé I?] ﬁalag{l féc{ r1§1 Qr%ﬁééglefﬁneséﬁn}d@%
20-2s) were smbigﬂw Zedh fof e6upding: dihR)dE-B¥drody BRIBIM ARides 2¢ Wdwbre Ushihgsikde
met'hods descri bed above. The synthesis of internmediate 6 that was devel oped
is 20 shown iftenSuidelee2-garbexyyilivrdondy Mt theanddle siaating/ mateanlsatyre commercially

g 4o S, 3 LGN 3 0 N (7, e, e 50 i 2
10,7, 0 OBl 6 0 L B B 0 B OGELOR %)
fluorophenyl amines (Aldrich). The inhibitors containing esters or carboxylic acids
on the amide side chain, 2n-q, were prepared from the corresponding amino
10 carboxylic acids (Aldrich). The side chain carboxylic acid was first protected as a
methyl ester (anh. MeOH pre-saturated with HCI, reflux, 1d), followed by PyBOP
coupling (as above), then saponification back to the carboxylic acid when desired.
The methyl ester 1a was prepared by refluxing a solution of the carboxylic
acid overnight in anhydrous methanol pre-saturated with HCI gas. The ethyl ester 1b
15  was prepared by BBr; deprotection of ethyl 5,6-dimethoxyindole-2-carboxylate as
above. All of the inhibitors listed in Table 7 were purified by silica gel
chromatography.
As in Marsilje 2000, the rank order activity of this series of pp60° inhibitors
was first determined at a constant inhibitor concentration (Table 7). The same
20  inhibitor concentration (100 uM) was used for the current indole series of inhibitors,
the previous naphthalene series of inhibitors, and five non-ATP competitive literature
PTK inhibitors (see preceding paper). This allowed an efficient rank order
comparison of 59 compounds in total under identical assay conditions.
The modeling studies predicted that a hydroxy group at carbon 5 of the indole
25  scaffold would be optimal. Comparison of the 5-hydroxy indole inhibitor 2k (74%)
with the analogous 6-hydroxy indole inhibitor 2u (56%) and 4-hydroxy indole
inhibitor 2x (60%) confirms this prediction, although the preference is not strong.
The prediction that a hydroxy group at carbon 5 will improve the activity (relative to
no hydroxy group) is confirmed by comparing the 5-hydroxy indole inhibitor 21
30  (54%) with the corresponding des-hydroxy inhibitor 2w (36%).



DIEA (I. | eq) MOMO 4 32% OH DVAP (5 mol %9 Anh. DMF 0OCto it, 4h 5 93%
OTBDMS Cog;r‘pound | d was synt hesi zed from 3-am no- 2- napht 1@ OCTOBERAI0D3 ch)
by reacti dhO%H2 TMVS- di azomet hane in DCM at room t enper at #cg/USQwogsond 2v
was 25 synt hesized from 6-hydroxy-2-naphthoic acid (A drich) using the

am dation nethod described by Froyen (FHjoyen, 1997). 10 OCTOBER 2003 WO
00/ 42213 -44 PCT/ US00/ 00803 Ki nase assay conditions have been shown to

i nfluence the neasured inhibitory activity (Lawence et al., 1998).

Consequent | y, inEszte@arnfgttﬁe ﬁ%%iﬁh&kt%rs%taﬁﬂ'&ﬂ@es%h@arbﬁl?%%bycﬁ/e@%b%ﬂ@% of the

newl y desi gned class of pp60 -Sr™ inhibitors, the inhibitory activity of

f our previ oasexpepigd bastdarponribnprRvious oapebdl¢neviehiBifecsi ot bxanopls, thevastal so 5
tested. Piceatannol, ST-638, and Tyrphostin A47 were chosen because they
are commer BYéorybengyl amige endods Yraivey 744l iphibiearsy | 0GRN wherereheesent at i ve
of the spectrum of kg wn ngn-ATP cog)()?iti.ve PTK i nhi bitors. Enodin

( Cal bi ochenf™3Qgouapptyfsist 12 igives qplyOxh bibiden & Y00 HMe Iptgresingld ki nase

p56i ~ ~' .z Preyi i 4Ty 0 ot ant. -

Compet 1 1] ve paadTigne S Bo Ak TP AN B T e G A AR 21

i m nochr ome(@%)lshowsshAtlic SMMMERACIUE pfegencd\(Rithed2bénd Hyldré¥gsateyfdoResi zed using
a novel route by converting 3-Am nophenol to the correspondi ng TBDVS et her

(1.1 eq. TBDWSems thelpotency enjpramest pashgd Prdyidediyrhe pthetyyise prefarteds . The
Loy 19 20 o e SRl ed. U Mg, 08 oL eratoncel e psel 11 oo,
am de wi th dureRQeri@fwiton3hisIAFRNY RIS SR S10hE Bk, 79%9%5@1 q{iﬁ%ave,abs'
' 10 good inhibition when a 6-hydroxy group was present alone (2u, 56%). Also, the
simultaneous presence of two hydroxy groups at carbons 5 & 6 seems well tolerated
in the absence of an amide side chain (1b vs. 1a & 2e). This data suggests that a
change in the binding orientation of the indole scaffold may have occurred due to the
presence of the second hydroxy group and that a different amide side chain may now
15  be preferred. The optimal combination of side chains at carbons 4-7 (including
functional group replacements for hydroxy groups (Lai et al., 1999)) and amide side
chains is currently under investigation.
In general, the indole scaffold structure-activity-relationships (“ SARs™)
revealed by the data in Table 7 parallels that reported in the preceding paper for the |
20  naphthalene scaffold. In both cases positioning a hydroxy group on the scaffold
analogous to the Tyr 1,162 OH, as identified by modeling studies, provided the
highest potency. Moving this hydroxy group to one of the adjacent carbons reduced
the potency, but not dramatically, in both cases.. Extending both scaffolds with aryl
amides at the position identified by the modeling studies to mimic the Tyr 1,162
25  peptide bond improved the potency. With both scaffolds, substitution of a methoxy
group for the hydroxy groups on the amide side chain usually reduced potency, and
did so to a greater extent with the longer benzylamide side chain (e.g. 2k, 74% vs. 2h,
7% compared to 2e, 30% vs. 2b, 21%). The major difference in the SARs for these
two scaffolds is that the 5-hydroxyindole scaffold prefers the longer m-hydroxybenzyl
30  amide side chain (2k, 74% vs. 2¢, 30%) whereas the analogoﬁs 3,6-

dihydroxynaphthalene scaffold prefers the shorter amide side chain derived from m-



EtOH 2 h, 60C) followed by deprotection (1.1 eq. TBAF, THF, 15 in, 43%
overall) gave imnochronene 9TA with satisfactory el enrgot@CTOBER209E and
"H NVR aWeIop/4Ri13 after purification by flash chromatogr ap?&"rﬁ}jsgd/@}]so

DCM MeOH). The inhibitory activities shown in Table 6 for conpounds 1a-d
and 2a-2v 20 were determ ned using puri fgped, full length, human reconbi nant
pp60""" Due to the nunber of conpounds t€sted, and the associ ated cost,
their rank order potencies were first determ ned at a constant inhibitor

anal oy Lo REoPRRH TS RLRRARENS sl an e skl Breoo gt | oni ng

t he napht hatiergsifige b0 h r : A in
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2b, 51 % & the lorgRohy dreryemi1zy ne dp siddichhinersighifitaraptaelhagfca thygeaxyl group
at napht hal ene car bchB m m cking the T}/]r 1,162 NH) would inprove potency
was al so  cBMFIREY Qerved§dil) s In g cagsofthe Bindihygroxymaphgiadaticseafbaid theat

extendi ng t@fp*l@ﬁé ?erer%e%.s an amde at the 2 position (m mcking the

pepti de bon cou urther inprove 30 potency was confirned as well (e.qg.

2f, 89%vs. 1b, Ad&fionMEGnhOREAZZHSdelA hliQGTBERRAGR 1 PRHNSHLOAR03 The

data provided in Table 6 denmpnstrate that noving the hydroxyl group from
" the opti mal PEferIsE foiohlonsen aneida didacbain wittpthehiadda ecatfatdofhE&mosesustivs in a
different. ésil{uretur. 'Eﬁti"ht% ﬁrofi le with regard to the optinmal .
concurrent FHLE 85?%& T 3 Hem the BrESIGHS TeRABLYES Yser s priemBlscdeposi Weick hai n
(e. g. 2f 1 29th\4§nal§élﬁ%‘i)1c;iol@"ix§f?bi9§r 20948 ﬂ’fh&l&'&o? & ma%?e%gﬁ%gto95ktv$le?e am de side
chai n hydroxyl group with a correspondi ng ne ia"loxy group 1 n~compounds

2i -2n. 10n t$vpenmpesed! Theehise phanithpatindside ¢Riin Zinctioh4lairbuRCihindplitialene
relative to. the correspondi ngg hydr oxy am des (2b-2c), was not reduced as

si gni fi cant IIPHET § AT GpRsKaEed to be theed-Rydreny groumrfifibend dinop and scceporR e 2s) .
This suggests that in the benzyl derivatives, the am de side chain
hydroxyl groups either 10 interact with the enzynme as hydrogen bond donors,
or the met heuemgsoups are too large to fit in the binding site. A nore
quantitative analysis of the selectivity, for positioning a hydroxyl group

on carbon 6 vs. B is provyided by conparih | C50' s of 2f 16 vs. 2b
(150 M, respectPvehy~Fhege results absqg cpnpidm t hat ad&o{%ﬁga
inhibition from '@ 90% to ca. Y gqeﬁ\ sent s Han or der of 2 gni t ude

difference in poezncy, as @ H ‘ H
H <:§
2k

3 H'O* 2e

Ox ﬂ O*

H H

hydrogen from the 3-hydroxy group (H-bond donor), and the side chain hydroxy
15 group (H-bond acceptor) based upon the rational design and SAR for both series of
inhibitors. This three point pharmacophore model is identified in both series by
asterisks in Scheme 3.
The “multifit”, energy minimization andv “fit atoms” facilities within

SYBYL™ (6.4, Tripos, St. Louis) were used in sequence to superimpose 2e and 2k

20 onto 3. This overall fitting process was carried out with spring constants (multifit)
and weights (fit atoms) chosen such that the highest emphasis was on optimally
superimposing the scaffold pharmacophore O’s and H’s ( 100), followed by the side
chain O’s (10) and then the intervening amide bond (1). The “multifit” process
adjusted the conformations for maximum pharmacophore fit, the subsequent

25  minimization produced the nearest local minimum energy conformations and finally

the “fit atoms” process produced the best pharmacophore superimposition of these



expected. Simlarly, a drop in %inhibition fromca. 50%to 10% woul d
represent another order of nmagnitude difference in pot ggc@CTOBERQ003
conpar i soWOfY4EHé nost potent inhibitor fromthis series, eemMdHhsoRf
with the five previously reported PTK i nhibitors shown in Table 6
denonstrates 20 that, under these assay. 31(:_onditi ons, 2f is nore potent by
one to two orders of magnitude. Interestingly, imnochronmene 9TA was
previously reported (Huang et al., 1995) to have an |1 C50 of 118 nM agai nst

60", and g ] t ngn- i i d
PP Ribi tor . Hpirhios ERLmbRbEl ABRMCd O RIS RERICPUGRBERRBECof ) o

100 p. M was botiskrand®k stipesepoesuwldsslyr axdemmhagy agor( hWoRe§Rneing 2%r in,3 1998)
t he i nmportance of cor‘rBari ng ﬁrot ein kinase inhibitors under identical assay

condi ti ons. (@l y&hin f VSASSE Hewavasstbgaidetchaimmbarmacnphorseptsiad@e ppédk- sr c

i nhibitors i-ch . conmpete with ATP. Copsequently the % inhibition of
pp60- sr’ byvagflff erg%%g%fﬁgrﬁﬂy lggﬁ%‘f ﬁlfﬁenfrf‘ﬁ?ﬁ&of’é)ﬂ’ tE%ﬁ%@?f‘PP%%P% E)SO’ﬁiéN fPoni t or ed
as a funeti @nspRleeinBss 8838 JATRY 0w RO | 145 | {ELA vel .
Si nce the [ATIB] Cﬁad little efsf ect on thre %@89%%%%05@0%5% %16%é£3 -46
PCTI USOCO' 00 pb@&miachplizire sites, bebwdein 22¢ arelritipidbidas @ rafonaticatet fot the@ pordnici t or s

with respect to ATP. The % inhibition was neasured using ATP

concent r at i @iferoR byomly sderi of 2000Ch swks 1L veh d b giMigrespeetiveil). bi t or
concentration co ant. |f the inhibitor is directly conpeting wi.th ATP,
then this 5-fol d%sé(\%eé@wgltkf ﬁ’@l‘cg:aﬁé Ghai yrpsjothe C@ﬁiﬂ ?rgﬁg&)chd ACB¥Y ng t he
5 inhibitor gansentkadl odv.5- AQkifle b { %rhR LR EON-
Consequent | >(/ the % nhi bi f[)Si on 18%03?4&%(?}2%? atsoetnfggg%%%&gﬁ}g dg%ggllrn\% lsrion t he
| C50 doie- r ssponbensuy vgeat{yolstiatedahe wetivityZ09, MAERPRz f1G84 $4.2kof4%he set .

i nhi bi tor C% ntration used in this experinment if direct conpetition with
ATP is occu ﬁ@l.ngﬁ%? siflg, phapm hygrosy graypt(ingthe para pesitipng pogh adarbpxylaseop (+/ - 3)

d 50% (+/ 1) i-shide) t] o 10, 1 0 M.ATP tively,
has obt ai nedTRRGP, Wot o, S RGN 7238 2 B iute R AUAR b8 B cas
20% at 1, 00QogddpAdding metlhyl @6tbrsqQROPERL & D& Wﬁ,heﬁ%aimyﬁsho%g Wshialler loss

Simlarly, for inhibitor 2b (set at 300 an 84% (+/-1), 81%(+/-1) and
77% (+/ - 2) chRPENEY. dmpertapdio ranladagthyiidenchain IeHoy gbRp widspludrineel y, was

moni tor s P BRTAP BB ELREPoREct (G RET tndbi MAAERS4E: Hae Vel STBF he sams
purpose ( Saphsd@btly, the fluoro analog 2s has only one hydroxy group left for potential
Phase II metabolism (e.g. glucuronide formation), and this remaining hydroxy group
is a current target for replacement (Lai et al., 1998).
Using the same method as in the preceding example (Marsilje2000), the most
20  potent inhibitor from the current indole series (2k) was analyzed for ATP competition
by monitoring the % inhibition at increasing [ATP] while holding the inhibitor
concentration constant. Since the [ATP] had little effect on the % inhibition (The %
inhibition was 46% and 41% with 2k at 45 uM and [ATP] at 200 uM or 1,000 uM,
respectively.), 2k is non-competitive with respect to ATP under these assay
25  conditions.

In summary, an indole scaffold has been designed, and an initial SAR carried
out, for the development of non-ATP competitive pp60°*" inhibitors. The potency of
the best indole-based inhibitor from the current series was found to be close to that of
the best naphthalene-based inhibitor. The % inhibition was 46% and 41% with 2k at

30 45 uM and [ATP] at 200 uM or 1,000 uM, respectively.



et al., 1989; Burke et al., 1993; Davis et al., 1989; Davis et al., 1992
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2d-f, 2j-1 (Table 7), respectively, were selected based upon the increase
in pp60-S" inhibitor potency observed for the anal ogoul0n@ETOBERRHN3ased
hydr oxy pME®H22dAi des reported in the previous exanple. ThecEosigmeandi ng
nmet hyl ethers 2a-c,g-i,v 20 are precursors in the synthesis. The

addi tional -anal ogs shown in Table 7 wergsprepared to begin expanding the
range of side chains beyond the hydroxy/iethoxy groups that have now been
extensively probed with both the indole and naphthal ene scaffolds. The

i ndol e am des containing only hydroxy or nethoxy side chains were 25

synt hesi zed as illustrated: 10 OCTOBER 2003 WO 00/ 42213 -48 Schenme 2 CH30

(CH2), , - NH, —0- -N i (OH. OCH3)m ne0-2 ,0~'5 4 j (OH)1"

BBr3, anh. Iﬂgﬁy';%;_t"gﬁt'.g’_gﬁir??i‘fé’ﬁ"%gﬁbdosos HN-")-(OH QCH 3 in H The

2-i ndol ecarbyyved 3 30igd5-HedroxabiiM@oled 6oyt REXMR BN WIe@HI pi&satukatbd @dih

Al drich, Lancaster_or Fluka), and the coupling reagent PyBOP

(benzot ri aZaf! gas. Refluxed for 48 hours. Concentrated in vacuo and triturated with AcCN x3

| 5  toremove residual acid. Filtered through silica plug with EtOAc to remove baseline

contamination. Recovered 4.32 g (quant. yield) TLC R¢= .78 (EtOAc) 1H NMR
(DMSO-dg): 3.82 (s, 3H), 6.78 (d, J=8.8 Hz, 1H), 6.88 (s, 1H), 6.93 (s, 1H), 7.23 (d,

J=8.8 Hz, 1H), 8.90 (s, 1H) 11.62 (s, 1H) FAB(+) MS m/e 191.9 (M+1)

10 Methyl S-[(trifluoromethyl)sulfonyloxy}indole-2-carboxylate (2)
Added 150 ml anh. DCM to 3.24 g (17 mmol) methyl 5-hydroxy-2-indolecarboxylate
(1) and 6.67 g (18.7 mm) n-phenyl trifluoromethane sulfonamide at 0°C. Added 2.6
ml triethylamine dropwise at which point clear yellow solution formed. Stirred at 0°C
for 1 hour. Warmed to room temperature and stirred for 2 hours. Concentrated in

15 vacuo and purified through silica gel column (1/1 EtOAc/hexanes). Recovered 4.69 g
(86%). TLC R¢=.63 (1/1 EtOAc/hexanes). HPLC R¢=20.879 1H NMR (DMSO-de):
3.87 (s, 3H), 7.25 (s, 1H), 7.31 (d, J=9.2 Hz, 1H), 7.55 (d, J=9.2 Hz, 1H), 7.80 (s, 1H),
12.34 s, 1H) FAB(+) MS m/e 323.1 (M+1).

20  Methyl S-methylindole-2-carboxylate, 4,4,5,5-tetramethyl-1,3,2-
dioxaborolanemethyl (3) _
500 mg 1.55 mmol methyl 5-[(trifluoromethyl)sulfonyloxyJindole-2-carboxylate (2),
37.9 mg (.05 mmol) PACl; (dppf), 432 mg (1.7 mmol) bispinacolatodiboron, 454.8 mg
- ( 4.65 mmol) potassium aéetate, and 25.7 mg (.05 mmol) dppf were added to a flask
25 and vacuum dried at 40°C for 2 hours. Added 20 ml anh dioxane and heated to 80°C
overnight. Reaction turned black as Pd black precipitated out. Filtered off catalyst
and ran silica plug to remove baseline impurities. TLC Ry=.51 (1/4 EtOAc/Hexane)

Crude product was taken through to next reaction.

30 Methyl 5-boronyl indole-2-carboxylate (4)
391.2 mg (1.3 mmol) methyl 5-methylindole-2-carboxylate, 4,4,5,5-tetramethyl-1,3,2-

dioxaborolanemethyl (3) was dissolved in EtOAc. 0.25ml (2.6 mmol) diethanolamine



5 yloxy)tripyrrolidino-phosphoni um hexafl uorophosphate) (1 eq, Fluka) were
di ssolved in anhydrous DMF. The sol ution was cool ed to16©or|rdeE[amoa and
then diiveopoapy3 et hyl ami ne (DI EA, 3 eq) was added. The regg )U%{jb

stirred at OC for Imfollowed by 1 hour at roomtenperature. ter ‘workup
the residue was purified by silica gel _chromatography. 10 The net hyl
ethers were cleaved with boron tribron‘ié@-(l Min DCM Aldrich) when
desired. The indole am de nethyl et her was suspended in dry DCM and cool ed

to -78C under ar.gon. ui val ent BBr3 was added for, each heteroatom
in the st éYatSiaﬁ g‘ﬁ&[‘%% |ea€31°ag~aar§arr§ CLEOMLEMPG AN O VErRighty g@ﬁl"f SdPPYar k
red sol uti Qﬂ}]%iﬁ)rm% hfals e Ald ana%oﬁl%teégmwﬂqﬂdl hepe ?e(%uftf?l i rakure for

1-2 hours. e reaction was 15 quenche wat er nut e bef ore
wor kup. CH3MEred, d(smvémm\}vl‘e@lioeﬁch@@iwn‘aat@d #OvdoEzd OBEELR0EB36.P@Tg (JSCY.00803

Ra- 0 4 1 TG Rerg 301 Sk MSG-Uodt 53 ot e RorimeRb Ry T irorcH
N AN ANS A SDHHOHCEY GHANANIANTH, 2aQeHn RN RbHotbh QBB

Scheme 2

HO 3 methoxybenzylamine
N oH FPyBOP.DIEA = e ———
H }"j HN TEA, DCM
OCHg3

5

BBF3

N HN 7/~ Replace with F then
Replace with B(OH)2 then Inhibition of pp60c-src:

Inhibition of ppBOc-src: OH 57% at 100 uM
56% at 100 M

6

inhibition of pp60c¢-src:
74% at 100 uM

IC50 = 38 uM

(included in Manuscript)

10
(5-hydroxyindol-2-yl)-N-[(3-methoxyphenyl)methyljcarboxyamide (5)

Dissolved 2.00g (11.3 mmol) 5-hydroxin-indolecarboxylic acid, 1.6 ml (12.4
mmol) 3 methoxybenzylamine, and 5.87 g (11.3 mmol) PyBOP in 10 mi anh. DMF.
Cooled to 0°C and added 5.9 ml (33.9 mmol) DIEA. Stirred for 5 min at 0°C and

15  allowed to warm to room temperature for 1 hour. Recovered 2.83g (85% yield) TLC
R¢=.34 (1/1 EtOAc / hexanes) 1H NMR (DMSO-dg): 3.70 (s, 3H), 4.43 (d, J=
4.4Hz, 2H) 6.69 (d, J=8.8 Hz, 1H), 6.78 (d, J= 7.7 Hz, 1H), 6.83 (s, 1H), 6.86 (s, 1H),
6.94 (s, 1H), 7.20 (m, 3H), 8.92 (t, J=4.4 Hz, 1H), 11.36 (s, 1H) FAB(+) MS m/e
297.3 (M+1)

20



2CcHOHH- - HHOCH3  2dHOHH- - OHHH 2e HOHH- - HOHH  2f HOHH- - HHOH  2gHOHHCH, OCH3HH
2hHOHHCH, ] i HOHHCH, HHOCH3 2] HOHHCH, OHHH 2k HOHHCH, HOHDTCT OBERIQEDBHOH
2mMHOHHCH, CH, 2nHOHHCH, HHCO, H 20HOHHCH, HHCO2CH3  2pHOHH- PEIROISp@A0363
2qHOHH- - HHCH, CO, CH;  2r HOHH - HFH 2s HOHHCH, HFH 2t HOHOHCH, HOHH 2uHH014 CH, HOHH
2VHHHCH, HHOCH3  2WHHHCH, HHOH  2x OHHHCH, HOHEy 2y HOHHCH( CH3)  RHOHH 2z HOHHCH( CH3)
SHOHH % I nhi bition at 100 M (std. dev.) 40(+/-5) [at 500 M 28 (+/-3)
3(+/-1) 21 (+/-2) 39 (+/-9) 43(+/-]) 30 (+/-6)
(5-hydroxyindol-2-yl)-N-[(3-hydroxyphenyl)methyljcarboxyamide (6)

Added 20 ml anh. DCM to 200 mg (0.67 mmol) (5-hydroxyindol-2-y1)-N-[(3-
methoxyphenyl)methyljcarboxyamide(5) and cooled to -78°C under argon. Added
4.0 ml (4.0 mmol, 6 eq) BBr;. Held at -78°C for 5 min and warmed to rt. After 90

(¥4

min at rt, quenched with H,O and stirred for 10 min. Diluted rxn mix with EtOAc
and washed with NaHCOs and brine. Dried organic layer over MgSO, and
concentrated in vacuo. Ran through silica plug to remove baseline contamination.
Recovered X mg. (80% yield.) TLC R¢=0.21 (1/1 EtOAc/hexanes). 'H NMR
; (DMSO-dg): 4.38 (d, J= 4.8 Hz, 2H), 6.59 (d, J=8.8 Hz, 1H), 6.71 (m, 3H) 6.83 (d,

10 J=1.8 Hz, 1H), 6.94 (s, 1H), 7.08 (dd, J= 7.7 Hz, 1H), 7.19 (d, J=8.8 Hz, 1H), 8.84 (t,
J=59Hz), 11.28, (s, 1H). = FAB(+*) MS m/e 283.2 (M+1)

Scheme 3

HO (o} L-isoleucinamide HO
N oH PyBOP, DIEA, DMF N HN
@)
7

Inhibition of pp60c-src:
39% at 100 pM

15 N-(1-carbamoyl-2-methylbutyl)(5-hydroxyindol-2-yl)carboxyamide (7)

100 mg (0.56 mmol) 5-hydroxy-2-indolecarboxylic acid, 103.4 mg (0.62
mmol, 1.1 eq) L-isoleucinamide, and 291 mg (0.56 mmol, 1 eq) PyBOP were all
dissolved in 1 ml anh DMF. The solution was cooled to 0° C and 0.3 m! (1.68 mmol,
3 eq) DIEA was added. The reaction mixture was stirred for 1 min at 0° C and at

20 room temperature for 1 hour. The reaction was then diluted with EtOAc and washed
with 1 N HCI x3 and sat’d NaHCO3 x 3. The organic layer was dried over MgSO4,
and concentrated in vacuo to give 166.7 mg (91 % yield.) TLC R;=0.08 (1/1
EtOAc/hexanes). 'H NMR (DMSO-dg): 0.83 (m, 6H), 1.15 (m, 2H), 1.68 (m, 1H),
1.83 (m, 1H), 4.29 (t, J=8.8 Hz, 1H), 6.69 (d, J=8.5 Hz, 1H), 6.83 (s, 1H), 7.01, (s,



45(+/-3) 21 (+/-5) 7(+/-6) 18(+/-4) 24(+/-3) 74(+/-2) [ICS0 =38 M
54(+/-2) +/-7) not active 11(+/-4) 7(+/-6) 32(+HOI)CTE)HERZDX)3
57(+ -6) W %’@/42212) 56(+/-6) 4(+/-4) 36(+/ -4) 60 (+/-3)p 03%
13(+/-7) a All compounds were tested as described in the precedS I'ng paper.

5 b Al conpounds were characterized bysigg3 roton NVR, FAB(+) Ms and are - pure
by TLC. NN A = Not applicable. Using thi's®ynthetic route, the series of

5- hydr oxyi ndol e am de inhibitors 2a- 10 my,z were prepared from

5- hydr oxy- 2 a y T d in des (2x u,
respectivel I%Iﬁ\%gjr@gs{/}g )r?esg: c%?g%‘i E@ ?(y‘ffz &g{)h%gé?% ‘(%?(%IQQ@Z

00/ 42213 - HA), IPGT(JSBI)/ G&&(Q) Re9 mgormcp(Naexyl ate and net hyl

6- met hoxy- 2-i ndol ecar boxyl ate, respectively. The ,

Scheme 4

HO M -
~ i j\\ o} eOH Hq HO A 0 n-pheny! triflimide
N OH reflux N

N N OCH; TEA, DCM
1

(@)
F3CO,S0 N o} dibenzylphosphite S/OB”
BnO” o
N OCH,  DIEA PA(PPhy), AcCN

Iz /g

OCH;4
2 8

]

11 _OH

Pd-C, H Z
—_—z . HO~ Pm{o
MeOH N OCH,4
H
9

Inhibition of pp60c-src;
11% at 500 uM

Methyl S-dibenzylphosphorylindole-2-carboxylate 8)
200 mg (0.62 mmol) methyl 5-[(trifluoromethyl)sulfonyloxyJindole-2-
carboxylate (2), 195.8 mg (.74 mmol,1.2 eq) dibenzylphosphite, 0.14 mi (0.81 mmol,
10 1.3 eq) DIEA, and 35.7 mg (0.03 mmol, 5 mol %) Pd(PPhs)4 were all dissolved in anh
AcCN under argon. The reaction mix was heated to 80°C overnight. The solvent was
removed under reduced pressure, and the title compound was isolated by silica gel

chromatography. 130 mg (50% yield). TLC Ry=0.28 (1/1 EtOAc/hexanes) 'H NMR



5, 6-di hydr oxyi ndol e am de 2t was prepared from ethyl 5, 6-dinethoxyi ndol e-2-
carboxyl ate. Sonication of the esters in 1 N NaCH for 110 GQCTOBERI2008 '
cor r espontPAY4243r boxyl i ¢ acids for coupling. The des-hydrbp&y/UsomBEe ani des
2v,w were synthesized 5 fromindol e-2-carboxylic acid. Al of the indole
starting materials were comercially aygilable (Aldrich or Lancaster). The
fluoro inhibitors 2r,s were |ikew se prepared fromthe correspondi ng

fl uorophenyl am nes (Aldrich). The inhibitors containing esters or

carboxyl i c @mi98-d.pn388%s, aM)08054R GNAH),; 728:7932 WEMNA 1! BBU7ES (nf, M)t he
correspondi ng anmi no 10 carboxylic acids (Aldrich). The side chain

car boxyl i ¢ &t7 ¢, Vab4.6iHzs i Hpr Gt NeRe@MSOade) 2189 ~ ester (anh. MeOH
pre-saturated with HCl, reflux, 1 d), followed by PyBOP coupling (as
above), then saponification back to the carboxylic acid when desired. The

met hyl est egfelify1 WGShRpROASIRHIML2 BfBd¥IAE a sol ution of the carboxylic
aci d overnight i n ‘anhydrous net hanol pre-saturated wth HCO gas. The et hyl

ester |6 15 wadgindpadibendyyplBBr®rdepiobs-2caitonybate @) hhA5 mg) was dissolved

5, 6- di met hoxyi.nd -2-ca{ boxyl ate a ove, Al.l of the jnhibjtorsJisted in
vabi o 7 wor 2 MOTRPMECRT O SR G s ASa i T ae Byt R P Gh B Te 3000,
~the rank orgphraastdvéidiyhtofFikdtboFhtaBst Ald RERRed Solvemthinét RbScednas fir st

determ ned at a constant inhibitor concentration é_‘l’abl e 7). .The same 20
i nhi bi tor cerRsere r@btaised (200ns)73%esiclde T HOR: thasdine ieFtOARdE ¥MRr i es of

i nhibitors, .t evi,qus I i f J.nhihitors., fi
non- ATP con@évs&f(&‘ I’i%%?a’?ﬂfzwg}rﬁ%hﬁ%ﬂ? r@“’(%@e 8[tbﬂrle ez—ilrf?g%pieprff. Thi s
al | onedpan gf fi @i enAy 3|*1amIM}Qr(gMSQ_g ampappson of 59 conpounds in total under

i dentical assay conditions. The nodeling studies predicted that a hydroxy
group at carbon 5 of the indole 25 scaffold would be optinmal. Conparison

'ndol & 1 bi ton 5 eau ke HhirSap Sonid bt el AR B 0s” Cont 1 1

this predi cédn¥brtinglthhessgho tah amideadndl@rdaingsaddiitonal spedificity ERengntsedi ction

that a hydroxy group at carbon 5 will inprove the activity (relative to no
hydr oxy group) is confirnmed by conparing the 5-hydroxy indole inhibitor 21
30 (54%s Wi th the correspondi ng des-hydroxy inhibitor 2w (36% . WO 00/42213
-51 10 OCTOBER 2003 PCT/ US00/ 00803 Extendi ng the indole inhibitors as
aryl am desEsamphr4roS8yRthenisrof Facthen irdaly Derivative Protein Kinase Inhibitors

The synthesis of some further elaborated indole inhibitors is illustrated in
below. These syntheses should result in compounds with greater potency against
20 pp60c-src and other tyrosine kinases. The methyl ester group can be subsequently

converted into various amide derivatives to increase potency.



as expected based upon the previous naphthal ene inhibitors. For exanple,
the nmeta- hydroxybenzyl am de indole 2k gives 74% i nhi bHOIOCTOBER®20DE
wher eas tW® @natisgous nethyl ester la gives only 40% i nhi bigdoikedloosd0 M
Interestingly, 5 conparing the 5, 6-di hydroxy ethyl ester |Ib (28% to the
correspondi ng aryl amde 2t (26% shows that the sinultaneous presence of
the second hydroxy at carbon 6 prevents'6t0he pot ency enhancenent normal |y
provi ded by the otherwi se preferred nmeta-hydroxybenzyl am de side chain.
Thi s am de sg'c(ijlgm%t]ai n was the best of the -current series when the

5- hydroxyl group’i's present alone (2k, 74% and still gave 10 good

i nhi bi tion when a &- hydroxy,group was pregent alone (2u, 56% . Also, the
si mul t aneous pB.e\s/eJh of +we—hydr oxy g«nguﬁs t carbons 5 & 6 .seens wel |l
tolerated in the a%?@hce NsCHadfwani de si de CHAi n (1b vs. la & 2e). This
data suggests that a 'change in the binding orientation of the indole

scaf fol d may have occurred due to the presence of the second hydroxy group
and that a different amide sigde chain may now 15 be preferred. The opti mal
conbi nati on of side ohai nsyat licar bons 4-7 (includin funct iy@apal group
repl acenments fee @o' OXy groupsoai . et alf’y d, am-de—si-de chains

is currently under Jnvesti . I n general heNgndoI% sc%f'¥ol d
struct ur e- act,tul YT el at iNGHYRMESH.(8C SARS®FO reveal ed by the data in Table 7
‘parallels that reported in the preceding paper for the 20 naphthal ene
scaffold. In both cases positioning a hydroxy group on the scaffold

anal ogous to the Tyr 1,162 OH, as identified by nodeling studies, provided
t he highest potency. Mving tg;ﬁfhyqb groupxt o one of the adjacent

car bons reducéts he—pot ency, BoB, dianat i |y, in both, cas@sthanolamine
Ext endi ng both s olasi with © aRides at tie p Nony/i deatit

the nodel i ngh$Pudies Yo M i ¢ t he d¥hopd; 162 25 peptiee~goncoduypt Bled t he
potency. Wth both scaffolds, suRshd butbon of a net hoxyH group for the

hydr oxy groups on the am de side chain usually reduced potency, and did so
to a greater extent with the |onger benzylam de side chain (e.g. 2k, 74%
vs. 2h, 7% conpared to 2e, 30%vs. 2b, 21 %9. The major difference in the
SARs for these two scaffolds is that the 5-hydroxyindole scaffold prefers
t he | onger m hydpoxybenzyl 30 ami de side chajon (2k, 74%vs. 2e, 30%

wher eas the anal ego 3, 6 di hydr ®Bygnapht hagg 3s affol @ prefers the shorter
ami de side chal om MAE-667-4221 ER 2003
PCT/ US00/ 00803H,co N OCH;, HO N OCHs



hydr oxyani | i ne. The 5-hydroxyi ndol e scaffol d showed essentially no
preference for the position of the hydroxyl group on thg st hee

si de chai WQ #2233 whereas with the |onger hydroxybenzy?gaﬁrnggggagggﬂain a
significant preference for the meta position was observed (2j-1). In the
case of the 3, 6-di hydroxynaphthal ene scaffold the 5 opposite was observed.
Addi ti onal nol ecul ar nodeling studies were carried out to further probe the
preference for a |longer am de side chain with the indole scaffold. The nopst

active naphghalene inhibitor 3 fromthe previous report was used as a
tenpl at e upon Ich the anal ogous indole inhihitor 2e andy he honol ogated
i ndol e i nhibitor 2k {efe 10 superi nposegl,, Th ree nost ihpgttant ssi de

chain functional gr irn HeapheBal ene F% oH 3 are don¥i déred to be

t he 6-hydroxy gro bond—donor—and ¥ 3 N. HQ* v
2e H H hydrogef*d% om t he §9H969%%ngr03%5 H bond donor), -,ertheﬁéghﬁmgﬂain
hydroxy 15 group (H-bond acceptor) based upon the Fational design and SAR
for both series of inhibitors. This three point pharmacophore nodel is
identified in both series by asterisks in Scheme 3. The "nmultifit", energy
m ni m zation and "féé at ons" fagilities Wi thin SYBYLTM (6.4, Tripos, St.
Loui s) were used inyseguence tojysuperinpose 2e &nhd 2 20 ont Thi s
‘overall fitting§ fMﬁSran%hﬁﬂhOUt Wi t Br i gtantsﬁ&ﬁ%ﬂiint)
and weights (fit ) chosen—such that the est,. enp ‘asi sefas on
optimal [y sup&FPnposi ng t heoreakbsl-gic phara@ophore O's and H's (100),
followed by the side chain Os (10) and then the intervening am de bond
(1). The "™ multifit" process adjusted the conformations for maxi mum

phar macophore fit OH he subsequ 25 glpkm zati pr guced t he nearest
| ocal mi ni mum ®rergyconpor nati-qhs miad {inal the Tfit atons! dphovesse
produced t he besﬂlj apmécophor e stfper Paposi ti on©o 00/42213—-53
HaCO N OCH, —_— ocH. 2-HC
H PdCly(dppf), H3CO™ N 3
KOAG, DMSO H
HO  OH
Ho B o
A\
HsCO N OCHjs
H
Scheme 3:
OH 'w O OH

> CO, PdX,(PPh3),

Ho, RsN




10 OCTOBER 2003 PCT/ US00/ 00803 mi ni m zed conformations. As expected, the
scaffol d pharmacophore Os and Hs of both 2e and 2k sypy¢TOBERI2003s€e! Y
and sim | &9 90/42pBn the corresponding atons in 3 (all w thipc©eswdeed A
However, the side chain pharmacophore Os of 2e and 2k differed
significantly in their superinposition og the corresponding O of 3, with 5
di spl acenents of 1.8 Avs. only 0.08 Ar %becti vely. This close fit of the
three key pharmacophore sites between 2k and 3 provides a rationalization

for their p i &feri S..a factor of 2.4 (1C50's 38 Mvs. 16 M
%gﬂéﬁlte S Tl‘o?c*tﬂ%f RY.c ﬁié“l%ltgrg

respectivel endin e am Sl chai n by another carbon atom
reduced the activity (2m 21 %vs. 21, 549 . Adding a nethyl group to the
benzylic carbon of 2k, in either 10 stereochem %t ry glrleatl uced the

activity (2y, 1598%gress copsuieiable TQR?ntﬁthreF?@ﬁP%i?Fg‘aﬁ’gﬁ %PH@%SJI% %) #AIr oxy
rou int it i : I 9 ) , 54%
and 2o, 796 VR B B A e O e e R
methyl est er exafidie, nirhébs&halispdR%enharsd G wekytpr BiEveghaingnad dverexposs  of
pot ency. | nportantl repl aci ng t he side. chain hydro %rgugbvm th a
fluorine 15 theirelatss 22%%6%13 qrh]éavﬁcFPQﬁES}m(ei)é actevpdgd QI a9 enpangEd HUNST - 2104
vs. 2e, 30%:; - -
“group left for asggétﬁg%? :{gﬁfblnl%%naés@f FA %g%é;%egﬁ?i&%&?sgérg %}3 Fﬁgél})r/%%:égres Q}Sgﬂ?tggi%’l on),
and thi s renaidiengsdsytte aaysfgmedophenstyae (Kameettalt, APg®t If srknowplthatenrent ( Lai
et al., 1998). Usi t he me et hod as in_ the precedi ng exanpl
(Marsi 1] ezoo%*aqonpﬂgvg#ﬁwef 5 %ffgmlﬂ?wrmse‘%neﬂff&ﬁf f%%rog‘.iﬁ“raé‘%cﬁ?ﬁ%‘?'e
series (gk) M?%é?ﬁ@x{tféﬁgorf Q‘Tﬁe}#ﬁfe&%ﬁ% :c%dsgﬁ' b%ltﬂye PRMEROEIRG g Hatrix

.OFhi
i nhi bition at creasing [ ATP] ing the inhibitor concentration

const ant. Si sigealingeldva®B]|Srhadivitytin thee BAK&Tt pathwaleinds ¢aondibated dash{onhwitly,

i nhibition was 46% and 41 % w.th.2k.at 45 jtM and TP] at .200 or 1,000
M respecti PEI§EHC sigpaling. Ao !h(?betk?ﬁg’t‘?“ttk?%ab\?ﬁtﬂ“? %{3@6’[‘;@ &hAébwﬁﬁfISer t hese
assay 25 congbiiaf0havé BechlHERRAKd. @engegdsﬂt@ B&RISrelighibigion e ainsasilgnrg, and
an initial SAR cafried out, for the developnment of non-ATP conpetitive

pp60° " 5f i nhirsiutcaneptobtsebasanseriby/apsiptotichiredhenismi whish evdydd bave nimglly or from
(e urT B RECHES A BEOFRARE SRR, b2 s bl e e, o
30 45 pM and(fi®difd]et at., 2830 MAAditibnIPY rdduct® VBT MRl X exi¥es§10h 4728 hdted 54
upon Sre inhibition and tumors derived from these Src-inhibited cell lines showed
reduced angiogenic development (Ellis et al., 1998).
The issue of potential toxicity of Src inhibition has been addressed with very
20  promising results. For example, a knock-out of the Src gene in mice led 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 defec‘tive Src gene (Schwartzberg et al., 1997). This suggested
- that Src kinase activity ¢an be inhibited in vive without triggering the only known
25  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.
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, in addition
30  those noted above (Levitzki, 1996). The potential benefits of Src inhibition for cancer
therapy appear to be four-fold based upon the cited, and additional, literature. They
are: 1) Inhibition of uncontrolled cell growth caused by autocrine growth factor loop

effects, etc. 2) Inhibition of metastasis due to triggering apoptosis upon breaking free



10 OCTOBER 2003 PCT/US00/ 00803 Exanple 3 - Synthesis of |ndole Derivative
Protein Kinase Inhibitors The follow ng results show t hgoyOTOEER 2009
testing oVOP#BAE derived protein kinase inhibitors. FourpcEasioomgosschenes
are provided and separately followed by 5 experinental details for the
preparation of the final product of eachjof these reaction schenmes. These
final products are exanples of indol e-base tyrosine kinase inhibitors

wherein the synthesis with preferred R groups is illustrated (boronic acid.
Scheme |-, fr6HthScdIEmBr:. gnn}abllnah@mﬁn@mﬁﬁ)geﬁé&waqwuc&m RBvednd a
phosphoni ¢ acid Schene 4). 110 Schene | n" - HC HO n-phenyl

triflinmde NIOWieftilx N OCH3 TEA, DCM H H 1 F3COZSO 2 di et hanol ani ne” O q
EEGS(:S: (C:) Pd gzg/(f %ﬁg%n%q%pﬁﬁ%i égﬂ\{égor% hyveHzgso ghown Very encodrggr}hg I tion of
results in four different series of cell culture assays. 1) In the NIH 60-tumor cell
5  panel assay, broad activity (as one would expect for a Src inhibitor) was seen against
the tumor cell lines, including the prostate lines. For example, three of the inhibitors
gave the following growth inhibition ICs¢’s against the NIH prostate cancer cell lines:
TOM 2-32 (PC-3, 15 pM; DU-145, 38 uM), TOM 2-47 (PC-3, 19 uM), KLM 2-31
‘ (PC-3, 39 uM; DU-145,> 100 uM). 2) In the v-Src transformed normal rat kidney
10 cell line (LA25) TOM 2-47 & TOM 2-32 specifically blocked the v-Src induced cell
growth without inhibiting the normal growth of the parent non-transformed cells.
This result showed that the inhibitors do not affect normal cells but are effective in
blocking Src induced cell transformation. 3) The Src inhibitors to the cancer drugs
etoposide, taxol, doxorubicin and cisplatin in ovarian tumors from three different
15  patients and an abdominal carcinoma from another patient. In all cases, the Src
inhibitors were at least as effective, and typically more effective, than the known
cancer drugs, with full efficacy seen at the lowest dose tested (3 uM). Asa
representative example, a comparison of taxol and doxorubicin (they were more
effective than etoposide & cisplatin in this particular tumor cell culture) with the three
20 Src inhibitors mentioned above utilizing ovarian tumor cells from tumor NO15 is
shown in Figure 15A. 4) The Src inhibitors were also tested for inhibition of normal
human fibroblast cell growth and found no inhibition of normal cell growth (both
subconfluent and confluent; some enhanced growth was observed instead), md1cat1ng
that these inhibitors are not toxic to normal cells-even at a 10-fold higher
25  concentration. An example of his data is given in Figure 15B.

Overall, the cell data obtained thus far shows what one might expect for Src
inhibitors, i.e. broad activity against many cancer cell lines with little or no normal
cell toxicity.

The preliminary Src inhibitors are lead structures from which it is possible to

30  design more potent and selective inhibitors. In addition to utilizing the tyrosine
kinase crystal structures, molecular modeling studies can be carried out with the

natural product tyrosine kinase inhibitor damnacanthal (Faltynek et al., 1995) to



10 OCTOBER 2003 PCTI US00/ 00803 Met hyl 5-hydroxy-2-indol ecarboxyl ate (1)
Di ssol ved 3.50 g 5-hydroxy-2-indol ecarboxylic acid in aR. OW@BERZO%

presat ur awedomezid HC gas. Refluxed for 48 hours. Concentr%tr b/§ ¥] cuo
and triturated with ACCN x3 5 to renove residual acid. Filltereq ot ugh
silica plug wth EtCAc to renove baseline contam nation. Recovered 4.32 ¢
(quant. vyield) TLCRf =.78 (EtOAc) | HM¥R (DVMBO-d6): 3.82 (s, 3H), 6.78

(d, J=8.8 Hz, 688(s 1H), 693(5 1H), 7.23 (d, J88Hz 114),
8.90 (s, 111 11 62 ( él 1) FAB(+). MB mie 191.9 (M1) 10 Meth
5-[ (trifluoPShtEAtH I}Sslaﬂpfl WPIBR?}‘?%P@H@%%%J%gfiﬁea%@lt(ozyal maé@alglss@ﬂlﬁq anh.

DOM t0_3. 24y chidbfe 8L adiphivhna: slty<2: il ecarhonvhats, (1) and 6.67

g (18.7 mm) n-phenyl triflUoronet onam 2.6 n
t ri ethyl am mndacqphowelamemmuamnadahﬂmﬂ exarmcyﬂbdmwdsmdouh& mew iniiieds. Stirred

at 0C for hour e nd stirred for 2 hours.
Concentrat e eilﬁsyi’gmxfﬁ%%?g ‘{%‘F‘Qf @QP &‘ﬁ iﬂﬁj@ﬁd grqfﬁﬁalgg@me%mﬁﬁe% 1/1

Et CAc/ hgxan@sarsiliRe00Us red 4.69 g (86% . TLC Rf= .63 (1/1 Et OAc/ hexanes).
HPLC Rf—20 879 1H NVR (DMBO-d6): 3.87 (s, 3H), 7, 25 (s, 1H), 7.31 (d,

J=9.2 Hz, 7ABBoigh prafegred erbodibknts Fia\&(be(:ﬁ deflitbed and #2scBibedin ddtdi) FAB( +)

M5 323 Mt 0 Meth - met - b | at

4,4, 565 t eth 5%‘}% ‘%Lfﬂl cgppare |t8>%l?§ge QH& ‘%Vg‘g ¥ %/f‘%ﬂgﬂs 55 mmol net hyl
5-[(trifl | 05
rnm[Dl( ! r 'p flu gh(@%ﬁgggt;{éass Hﬁdlﬁ%%( %lltmgk ed&a ggflrrlllgégé?ﬁat Orgacg;%hou% égﬁargﬁ%é

4.65 nmol ) fpenaksspirit af:@tm\@ntlamdnéﬁle?emgt}éar%remis)demdpb besvithimdaed to a
fl ask and vagc m.dried at .40C f.or, 2 hours d 20 anh di oxane and
heat ed%tao goPe %ﬁZ‘Fﬁ? lf’n%g%t?rlegﬁntﬂ%ﬁﬂ@’&nso‘f’]é‘é’ﬁ%gﬁo"ﬁ’d bl ack precipitated
out. Filtered off catalyst and ran silica plug to renove baseline
inpurities. TLC Rf =.51 (1/4 Et OAc/ Hexane) Crude product was taken through
to next reaction. 30 Methyl 5-boronyl indole-2-carboxylate (4) 391.2 ny
(1.3 mmol ) met hyl 5-nethylindol e-2-carboxylate, 4,4,5. 5-tetranethyl -1, 3, 2-
di oxabor ol anenet hyl (3) was dissolved in EtOAc. 0.25nl (2.6 mmmol)

di et hanol am ne WD 00/ 42213 -56 10 OCTOBER 2003 PCT/ US00/ 00803



was added, and the reaction was stirred at roomtenperature overnight. The
white ppt  which formed was filtered and sonicated in | 1) d€roBER 2003

resul ti ngV@WPBEPpt was filtered, dissolved in MeOH and eomwsodooadzed i n
vacuo. Recovered 36.6 ng (13 %9. HPLC Rf= 13.912, IH NVR (DVMSO-d6): 3.85
(s, 3H, 7.15 s, (IH), 7.36 (d, J=8.4 5 Hz, 1H), 7.67 (d, J= 8.4 Hz, 111),

7.87 (s, 1H), 8.14 (s, 1H), 11.91 (s, 111). Scheme 2 HO 3
nmet hoxybenzyl am ne OH PyBOP, DIEA, DM HOi m n-p eny to e TEA, DCM OCH3

5 BBr3 DCM HO Repl ace with B(OH) 2 tihaprrAaii®t Oregpef pp60c-src:  56% at
100 pM 6 Inhibition of pp60c-src: 74%at 100 M1 C50 = 38 M (Included in

Manuscript) 10 O hI ;fl ;d Replace with F then Inhibition of pp60c-src:
OH 57% at 100 pM

(5- hydr oxyi ndol - 21§ f9UaVIPE ZeEenaes YRIGR MAYS AEGARASIR A H BRS BRI FEREFEHPE s ol ved
2.00g (11. 3 ¢mRhde pudMel Splivdddndol ecarboxylic acid, 1.6 m (12.4
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mmol ) 3 met hoxybenzyl am ne, and 5.87 g (11.3 mol) PyBOP in 10 ml anh. DW.
Cooled to OC and added 5.9 m (33.9 mml) DI EA Stirredq1pcTOBER ogc and
15 al | owedvomoMzimn t o room tenperature for 1 hour. Recover egC%/dg o 5%
yield) TLC Rf=.34 (1/1 EtOAc / hexanes) 1H NWR (DWVSO d6):
4.43 (d, J= 4.4Hz, 2H) 6.69 (d, J= 8.8 Hz, 1 H), 6.78 (d, J=7.7 Hz,
6.83 (s, 1 H, 6.86 (s, 1 H, 6.94 (s, 15§l) 7.20 (m 3H),8.92(t,J44
Hz, I H), 11.36 (s, 1H FAB(+) Ms me 297.3 (M+:l) 20 WD 00/42213 -57 10
OCTOBER 2003 PCTIUOg)’%?803

N

(5- hydr oxyl nEBPg‘zay uas- hyd PSRV Harioney igdole ting mengddita@oprs) Added 20

m anh. {9467 ) ? hydr oxyi ndol - 2-yl ) - N-[ ( 3-
met hoxyphenyl matﬁ 'F?car box??r??léel(gé “and cooled to -78C under argon. Added
4.0 mM (4.0 mol, 6 eq) BBr3. Held at -78C for 5 mn and warned to rt.

After 90 5 nat nched wi th H20 and stirred for 10 mn. Diluted rxn
mx with Et &orga dh/va@ df\ﬁmNi'{PK‘%Daﬁ(f %grq)rf’ém’ﬁ‘qw}ﬁﬁ”@%ﬁltéol ayér over

MySO4 ands  CRRAEHIsHIEE I BiNREY 04 Bam4klr ough silica plug to renove
basel i ne contam natr?on © Relcog/gr ed X ng.” (80%vyield.) TLC Rf=0.21 (1/1

EtOAc/hexanes) "H NMR (DVBO- d6): 438(d J= 4.8 Hz, 6.59 (d, J=8.8

52 k) TR Bedbhug T: fohangsopyt Norganakiord i EP( "gl‘ﬁ?ﬂ Sk (s

. I
H . FAB(+) M@xl Eg\sz%l\g%tge h%&»aﬁgg%@c%n new&bz&s bR zﬁpézgnamcgmu@ N OH Y

, NHN P BOP 7 1 nhi bi Oc-src: 9A)at

N- ( 1- car banoythg@anbpreghous. ﬂa)lcﬁ-lhﬂgsdﬁm@ﬂ&d@lwz yl ) carboxyam de (7) 100 ny
(0.56 ) 5-hydroxy-2-indol ecarboxylic acid, 103.4 ng (0.62 mol, 1.1
eq) L-isol eucinam de, and 291 ng (0.56 mml, | eq) PyBOP were all
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di ssolved in 1 mM anh DMF. The solution was cooled to O Cand 0.3 m (1.68
%DI EA was added. The reaction m xture was stHoredTOBER 20083 at O
C and at P06B1% enperature for 1 hour. The reaction was theamgdpbesoged Wit h
Et OAc and washed with 1 N HC x3 and sat'd NaHCO3 x 3. The organic | ayer
was dried over MgSO™4, and concentrated ',5’! vacuo to give 166.7 ng (91 %
yield.) TLC Rf =0.08 (1/1 EtOAc/hexaneé& “"H NWR (DVMBO-d6): O. 83 (m 6H),
1.15 (m 2H), 1.68 (m 1H), 1.83 (m 1 H) ,429(tJ88Hz ,669

d, J=8.5 7 0

(2003 ooy °§SD8‘33 12%“([59 %‘éll‘;% M: ﬁ”p{“;’ 1@0(]%9{33’55 ﬁ?&%%@&

(s, 1 H, 8. mwme,ﬁa Y2 (H-I995)ZITyl~'})hos8n 716}‘](75[(3 SLH)-terkbui@l-445dr ddbenzpliBud)- VB
me 290.1 ( qz{) %(i % %/E HO reflux H OCH3 TEA, DCM 1. F3CO2SO
di benzy| phodPHPE& s/ BRAIDEY € m?)WAh émmwg@m@owérm Czangerl ReFEHERi ¥ of
pp60c-src: 2Hb%Aigg500 M BnO n-phenyl triflimde 11 013n 'P 8
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Met hyl 5-di benzyl phosphoryl i ndol e-2-car boxylate (8) 200 ng (0.62 mmol)

met hyl S-[(trifluoronethyl)sulfonyl oxy]indol e-2- carboxyhad€¢TOBER 28038 nu
(.74 mol wo @/4zi3 di benzyl phosphite, 0.14 m (0.81 nmmol, %JJ/US%O}B b3 D EA,
[

and 35.7 ng (0.03 mol, 5 mol 9% Pd(PPh3)4 were all dissolved in anh AcCN
under argon. The reaction m x was heated to 80C overnight. The sol vent was
renoved under reduced pressure, and the ®§tle conpound was isol ated by
silica gel chromatography. 130 ng (50%yield). TLC Rf =0.28 (1/1

ol MRS, el i e,
(m 2H), 8@&?11&(?61@?199@ D#wn-;*é?ulc%gd?qtWs&mﬁ@e?iaﬁg‘o@% FARE Y b

5- phosphonol i ndol e- 2-car boxyl ate 5 Me ‘
5- di benzyl| phowphcelphicatthen@ cdhltibosghst@ed @)th h2mtisgise vasediasecioed in 10

apparat s odRHIGRL < Poerate PP iesies R T B fent under

reduced spressure. Obtained 72.5 ng (73%yield). TLC R F = baseline in
EtOAc. 1 HNW (DMSO-d6): 3.84 (s, 3H), 7.24 (s, 1H). 7.44-7.49 (m 2H),
8.01 (d, J=Ezqaema,].1Pydragnl, 12, Lames C.1Bpri@&bRa NMRPrEVBO: G6icia-Martd2 MThe

.ester compoyn in th e I ould be increased,in t enc

“converting ;Ah’cejé%%ztagz i‘yaqgg&@%éfﬁﬁ’fe&ge’g M ge %@%stcfﬁgr: }s]'péﬁp'{('ci ty

el enents. 15,A%aN0d Bidbles sRY PR POISardmakil hiieds: SR SaPelilayighi. Ve ORg ot ei n

Ki nase Inhibitors The synthesi's of sone further el aborated indole

i nhi bi t.ors Chein,|6]ls68Q4-2813.n  bel ow. These syntheses should result in
corrpoungé Wi th greater potency against 20 pp60c-src and ot her tyrosine

ki nases. The nethyl ester group can be subsequently converted into various
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10 OCTOBER 2003 PCT/ US0O0/ 00803 There is considerable recent literature
support for targeting pp60" (Src) as a broadly useful cer

t her apy WYOH8#221Besulting in serious toxicity. For 5 exg@mqgﬁeﬂgmge?hat

di spl ay enhanced EGF receptor PTK signaling, or overexpress the related
Her -2/ neu receptor, have constitutively gctivated Src and enhanced tunor

i nvasi veness. Inhibition of Src in these cells induces growh arrest,
triggers apoptosis, and reverses the transforned phenotype (Karni et al.,
1999) . 1t | KaklDW), JovaR . abuiead Ly (P& ahimeliish o phsdclrk Yodleb OB ¢ T anst or med
cells to grow in an anchorage- 10 independent fashion. This is apparently
caused by t B@reséan endevaxesae sahyoamedvyetenoixpe of cpialovergxelessing ES ISR

activity in S [ at hwavy,o 11 0 i nated fashion with mtogenic
si gnal i ng, g%%e% Eégrlélggoﬁbcfnggﬁgneé?(é%}og?%'?@mchani sm whi ch would normally
have been activated. Consequently FAK/ Src inhibition in tunor cells may

i nduce apoptosi s because the apoptotic nmechani sm which would have normal ly
15 ‘become akelloHi GaJ.ulyoh J ok e Siceleg Vi Eed-ubetoR AhdBantr GeBl.) QloavellnhitA.i x woul d

be i nduced j | .. ;1997). Additionally, reduced VEG- nRNA

expr essi on ﬁ?ghigggé%ﬁ%{)ﬁw ‘r/fgsz)nﬁelc&"%rg’ﬁosé’ﬁ%l}‘%ﬁffd 1OHES PHP'$H G t hese
_Src-i nhi bi t ethcerlbherdpresnahvue Canke0Bsiaem A0 Besth s keaVE PARRAN, GELL 1S et
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combining the 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, wherein said combining comprises substituting the at least one
second module for the peptide scaffold; and

selecting combinations of the first and second modules which inhibit

protein kinase activity.

2. The method according to claim 1, wherein the at least one first
module comprises a functional group selected from the group consisting of boronic acid,

a hydroxyl group, phosphonic acid, sulfamic acid, a guanidino group, carboxylic acid,

an aldehyde, an amide, and hydtoxymethylphosphonic acid.

3. The method according to claim 2, wherein the at least one first

module comprises two or more functional groups.

4. The method according to claim 2, wherein the at least one first

module comprises a boronic acid group.
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9. The method according to claim 8, wherein the second module

comprises an indole.

10. The method according to claim 8, wherein the second module
comprises naphthalene.
11. The method according to claim 1, wherein more than one first

module is bound to the second module.

12. The method according to claim 1, wherein the at least one first
module further comprises a linear chain comprising between one and three carbon

atoms which links the at least one first module to the at least one second module.

13. The method according to claim 12, wherein one of the carbon

atoms in the linear chain is substituted with a nitrogen, oxygen or sulfur atom.
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18. The method according to claim 17, wherein the protein serine
kinase is selected from the group consisting of MAP kinase, protein kinase C, and CDK
kinase.

19. The method according to claim 1, further comprising:

adding one or more specificity side chain elements to the one or more

combinations of the first and second modules.

20. A method for identifying improved protein kinase inhibitors,
comprising:
providing a first inhibitor produced according to the method of claim 1,

modifying the first module, specificity side chains, or a combination
thereof of the first inhibitor; and

identifying modified inhibitors which have an increased ability to inhibit

protein kinase activity when compared to the unmodified first inhibitor.
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23. A method of inhibiting a protein kinase comprising:

contacting the protein kinase with a compound comprising a first
~module having a functionality for binding to catalytic residues of the protein kinase
attached to a second module which provides a non-peptide scaffold, wherein the
combination of the first and second modules inhibits the protein kinase’s activity and
wherein the second module comprises a group selected from the group consisting of

indole, biphenyl, benzofuran, and benzothiophene.

24. The mqthod according to claim 23, wherein the first module
comprises a functional group selected from the group consisting of boronic acid,
hydroxy, phosphonic acid, 'sulfamic acid, a guanidino group, carboxylic acid, an

aldehyde, an amide, and hydroxymethylphosphonic acid.

25. The method according to claim 24, wherein the first module

comprises a boronic acid group.

26. The method according to claim 24, wherein the first module

comprises a hydroxyl group.
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31. The method according to claim 23, wherein the protein kinase

is a protein tyrosine kinase.

32. The method according to claim 31, wherein the protein tyrosine
kinase is selected from the group consisting of pp60°™, p56'*, ZAP kinase, platelet
derived growth factor receptor tyrosine kinase, Ber-Abl, VEGF receptor tyrosine

kinase, and epidermal growth factor receptor tyrosine kinase and epidermal growth
factor receptor-like tyrosine kinases.

33. The method according to claim 31, wherein the protein tyrosine
Oc-src'. )

kinase is pp6
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301-308. 10 OCTOBER 2003 81 Claims: Th&0listing of clainms belowis i nt ended
to replace all prior listings of the clainms in the present application. 1.
A met hod for identifying inhibi of .protein kinase conprising rovi di ng
at |east one first modul e HEURFHRO ‘[)ﬁ‘é:OHJr’B%rH? glamy 34+ Whersin @Pégmouﬁcbﬁasbl ndi ng -
to cat al ytthé fdlRWislRemeafa; t he protein ki nase, wherein said providing
conprises attaching the at least one first nodule to a peptide scaffold
and identifying one or nore functional groups on the first nodul e which
preferentially bind to catalytic residues of the protein kinase; conbining
the at |east one first nodul & with at |east one second nodul e which
provides a non-peptide scaffoNd, to formone or nore cqupbinations of the

first and second nodul es, whegrerh, sai d comdi ni ngeQ I ses substituti ng
the at | east one second rpedy] the peptide cﬁl d; and sel ecting
S/

i bi t protei n ki nase
e at | east one

first rmdul e conprises a furcti onal—g&oup sel ect ed\ fromthe group

consi sting of boronic acid, a hydr oxyl\gr oup, phosphonic acid, sulfamc
aci d, a guanidino group, carboxylic acid® an al dehyde, an anmi de, and
hydt oxynet hyl phosphoni ¢ acid. 3. The nmethod according to claim2, wherein
the at |least one first nodule conprises two or nore functional groups.

wherein R1 is H or OH, R2 is H or OH, R3 is OH or H, R4 is CH,,
CH(CH3)R, or CH(CH3)S, R5 is OCHs, H, or OH, R6 is OCHj;, F, H, or OH, and R7 is
OCH3, H OH COzH COzCH3, CH2C02H or CHzCOzCH3

35. The method according to claim 31, wherein the compound has a

specificity group which is an aliphatic amide.

36. The method according to claim 35, wherein the compound has
the following structure:

OH

Tz

37. The method according to claim 23, wherein the protein kinase

is a protein serine kinase.



4. The nmethod according to claim?2, wherein the at |east one first nodule
conprises a boronic acid group. 10 OCTOBER 2003 82 5. T di ng
to claim?2, wherein the at | east one first nodule conptllasdégﬁ-%‘g?oéggl
group. 6. The nethod according to claim2, wherein the at |east one first
nodul e conprises an am de group. 7. The nethod according to claim®é,
wherein the amde group is a vicinal tricarbonyl am de. 8. The nethod
according to claim1, wherein the secoffid nodule conprises a group sel ected
fromthe group consisting of indole, naphthal ene, biphenyl, isoquinoline,
benzof uran, and benzgt hi ophene. 9. The nethod according to claim8, wherein
t he second nodul e é%]'rpri Jdds methodygesoading do clpiim 37e wheteimdheoprateiny serinec| ai m

8, wh i ki i | 11,.Th t.h
accord ng i Bee SRR (R Mo B RL|SHER oFRRLY RPR Brotd K bECTRUTO ¢ e

second nodamase. 12. The net hod according to claim1, wherein the at |east

one first nodule fujJ'ther oggrtihs&s a | inear chain conprising between one
and three carbon atons wHi PibAk saceprding t9 slaim Shewhereisy thepeempound t he at
| east one fEARGNEo e i [ epein one
of the carbon, a_trgpngéézsno?eﬁzﬂlIijﬁggeagst}:?ggﬁa%g&;gtﬁ%?i %18 g%gvm%g%d ﬁ?tﬁ‘ggen,
.oxygen or cegibingtionpbthe firet a0d FEBER nRGMBs83 14. The met hod according to claim
"1, wherein the protein kinase is a protein tyrosine kinase. 15. The net hod
according to claim 14, wherein the protein tyrosine kinase is selected
fromthe group consi4eti ngA0fhof ideShl 5 [For=" i el
derived growth factor recept or@t@gtr ofm(ge% %ggéél?e ﬁ*%ﬁ@@%ﬁl‘lﬁgeﬁeor
tyrosi ne If?‘i‘i%lg%i, and epidermal growth factor receptor tyrosine kinase, and
epidermal growth factor receptor-like tyrosine kinases. 16. The net hod
according to claim15, wherein the protein tyrosine

R,

Rs

wherein R1 is H or OH, R2 is H or OH, R3 is OH or H, R4 is CH,,
CH(CH;)R, or CH(CH3)S, RS is OCHs, H, or OH, R6 is OCH;s, F, H, or OH, and R7 is
OCH;, H, OH, CO,H, CO,CH;, CH,CO,H, or CH,CO,CHs. |

41. The non-peptide protein tyrosine kinase inhibitor according to
claim 40, wherein the non-peptide protein tyrosine-kinase inhibitor inhibits the activity
of pp60°** tyrosine kinase.



ki nase i s pp60-8C0 17. The nethod according to claim1l1l, wherein the protein
kinase is a protein serine kinase. 18. The nethod accon¢iOCTOBER30D317,
wherein the protein serine kinase is selected fromthe group consisting of
MAP ki nase, protein kinase C, and CDK kinase. 19. The nethod according to
claim1, further conprising: adding one or nore specificity side chain

el ements to the one or nore conbinations of the first and second nodul es.
20. A nethod for identifying inproved g¥otein kinase inhibitors,

conprising: providing a first inhibitor produced according to the method of
claim1, nDdlfylng‘kﬁe first nDd ecificity side chains, or a

conmbi nation thereof t Ke ToRrRept fl‘htﬂr%tfe’cnoltyro%lﬂ?i Kinpspt inhipitar hewiier thed

i nhi bi t or Somkulgh have an increased ability to inhibit protein kinase
activity when conpared to the unnodified first inhibitor. 10 OCTOBER 2003
84 21. The nethod according to claim1, wherein the protein kinase
inhibitor inhibits protein kinase activity but does ngt inhibit ATP bindi ng
to the protein kinase. 22. A nethod for t gsting congpundssfor an ability
to inhibit protein kinase activity conprising p~-v dRjg a protein kinase
i nhi bitor according to the nmethod of cIa|n11
the protein kinase in the preseyEe o
“tenperature, pH, ionic strength
concentration as found in arce h exprgsses the protein kinase; and
conparing the level of protein ki/hase~agahtVity to the |evel of activity
fromthe protein kinase without g} he presence of the inhibitor. 23. A nethod
of inhibiting a protein kinase conprising: contacting the protein kinase

wi th a conpound conprising a first nodule having a functionality for

bi nding to catal ytic residues of the protein kinase attached to a second

The firet and socond Kb radt Eahpbft, RE3 O RFiSo N ardl REGBREY. on”

R5 is OH, OMe, or H, R6 is OH, OMe, or H, R7 is OH, OMe, or H, and X is O or 1.

43. The non-peptide protein tyrosine kinase inhibitor according to
claim 42, wherein R1 is OH, R2 is OH, R3 is H, R4 is H,R5is OMe, R6is H,R7 is H
and X is 1.

>

44, The non-peptide protein tyrosine kinase inhibitor according to
claim 42, wherein the non-peptide protein tyrosine kinase inhibitor inhibits the activity

OC-S!'C

of pp6 tyrosine kinase.

45. A non-peptide protein tyrosine kinase inhibitor having the

N
H
NH,
0

formula:



wherein the second nodul e conprises a group selected fromthe group

consi sting of indole, biphenyl, benzofuran, and benzot RigaPOTOBER%008he
nmet hod according to claim23, wherein the first nodule conprises a
functional group selected fromthe group consisting of boronic acid,

hydr oxy, phosphonic acid, "sulfamc acid, a guanidino group, carboxylic
acid, an al dehyde, an am de, and hydroxynet hyl phosphoni ¢ acid. 25. The

met hod according to claim?24, wherein 8fe first module conprises a boronic
acid group. 26. The nethod according to claim 24, wherein the first nodul e
conprises a hydroxyl,group, 1 8C¥CBER 2003 85 27. The method according to
clai m 23, wherein tht-secdhBehodntdrealings Fordidomn fesparmyesto axmotelhkingss: hod
accor di ng ihRibRbAIAR gﬁeny\@@ﬁﬁiigﬁigmre t han one first nodule is bound to the
second modul e. 29. The method according to claim 23, wherein a linear chain
conpri si ng between cdeinisringaeeffectiveatvsabtaproteinkidndsh éntibit@tto Aostikat t o t he
second nqglm 0. The, nmet hod..according tao.claim?29, wherein one of the
carbon at onéglflrtlh%ei Proteint kingse ?tﬂr PRy §1aiﬁr§&r§%‘£n‘b\? ﬁ?‘]"”&g afunchgeality éogygen or
sul fur - at dindidd to TetylTe reiRtliod of Aclprtkid QirabeblcRel] 10'HSEBA thORIPHAIE !
kinase is a protein tyrosine kinase. 32. The nmethod according to claim 31,
Jnher ei n t HEOYIflen i npnrRaptide rseaffdiln sdbereins the lcombidtion of thedirgr ang seami st i ng

- of pp60cC- . ki.nase, ..pl.atelet. derjved ow h factor receptor
tyr osi ne %@é%ée%,l Ec Irft 5 »&%@?m\k‘@%rag 1§1|5¥ 8?‘5 YRR foe S??Pﬂ‘ggé’,du?nﬂmé&ﬁsﬁérarml

growt h faraup rseleepd ofroiny tiges ighsupk icomsi@ingn df cipi6le! BatheRyIOBehzohidh! Ohnd
receptor-like tyrosine kinases. 33. The nethod according to claim 31,
wher ei n t PEAFRRIORASTS v osine kinase is pp60"S c. 10 OCTOBER 2003 86 34. The
nmet hod according to claim 31, wherein the conpound has the follow ng
f or mul a:

47. The method according to claim 46, wherein the condition is

selected from the group consisting of cancer, psoriasis, arthrosclerosis, or immune

system activity.

48. The method according to claim 46, wherein the first module
comprises a functional group selected from the group consisting of boronic acid,
hydroxy, phosphonic acid, sulfamic acid, a guanidino group, carboxylic acid, an

aldehyde, an amide, and hydroxymethylphosphonic acid.

49. The method according to claim 48, wherein the first module

comprises a boronic acid group.

50. The method according to claim 48, wherein the first module
comprises a hydroxyl group y
51. The method according to claim 46, wherein the second module -

comprises indole.



wherein Rl is Hor OH R2is Hor OH R3is OHor H R4 is CH2, CH(CH3)R
or CH(CH3)S, R5 is OCH3, H or OH R6 is OCH3, F, H or {00CTOBER 2003
OCH3, H, OH, CO2H, CO2CH3, CH2CO2H, or CH2CO2CH3. 35. The nethod accordi ng
to claim31l, wherein the conpound has a specificity group which is an

al i phatic am de. 36. The nethod according to claim35, wherein the conpound
has the follow ng structure: 37. The nethod according to claim 23, wherein
the protein kinase is a protein serin@0kinase. 10 OCTOBER 2003 87 38. The
nmet hod according to claim 37, wherein the protein serine Kkinase is
selected fromthe grgup ¢ i P ki nase, protein kinase C, and CDK

sisting of
ki nase. 39. The net htd acg@}edp?fbo‘?ﬁccﬂ gt daimyAG, whefeinreore shapornedirst ur t her

conpri ses moduleis bounhd t¢RGeédndinioduld. de chain el ements attached to the
conmbi nation of the first and second nodul es. 40. A non-peptide protein
tyrosi ne kinase inhibitor having the fornula: R7 H wherein RL is H or OH,

R2is Hor OH R3 is OorwH, s CH2, CH(CH3)R or CH(CH3)S, R5 is
OCH3, H, or OH, R6 issﬁgﬂ-l?:l:heFI,ne ,"do‘?"CEizﬂlmgaﬁ‘a C%g 46, whersin p lilgar cbaipH

CCoaH3,  CHOB(ERIsing ot CHSRIHL thide cabish AORRARIKHE R At {oVHESkARK! Nase
i nhi bi tor ac(ﬁgrdl ng to claim40, wherein the non-peptide protein

tyrosine' -R¥HESe inhibitor inhibits the activity of pp6Qc-s' tyrosine
“kinase. 10 OCTOBER 2003 88 42. A non-peptide protein tyrosine kinase

i nhibitor having the formula: N (CH2 \H wherein Rl is OHor H R2 is OH or
H R3 is OHor H RA4s OThermdthod according to claim 53, wherein one of the carbon

atoms in the linear chain is substituted with a nitrogen, oxygen or sulfur atom.

55. The method according to claim 46, wherein the protein kinase
is a protein tyrosine kinase.-

56. The method according to claim 55, wherein the protein tyrosine
kinase is selected from the group consisting of pp60°®, P56, ZAP kinase, platelet
derived growth factor receptor tyrosine kinase, Ber-Abl, VEGF receptor tyrosine

kinase, and epidermal growth factor receptor tyrosine kinase, and epidermal growth
factor receptor-like tyrosine kinases.

57. The method according to claim 56, wherein the protein tyrosine
kinase is pp60°*™.



R5is OH Ow, or H R6is OH Ow, or H R7is OH Ow, or H and Xis 0 or
1. 43. The non-peptide protein tyrosine kinase inhibitoroaeeTOBER 2003
claim42, wherein Rl is OH R2is OH R3is H RAis H RSis OB, Rois H
R7 is H and Xis 1. 44. The non-peptide protein tyrosine kinase inhibitor
according to claim 42, wherein the non-peptide protein tyrosine kinase
inhibitor inhibits the activity of pp60"ri tyrosine kinase. 45. A

non- peptide protein tyrosine kinase inBibitor having the formula: OH 10
OCTOBER 2003 89 46. A nmethod of treati ng a condition, responsive to a
protein kinase inhiljtor,_.in a t| ent, conpri sing: adm ni stering an
effective dose of a %rot e%emlﬁ a?qqmlﬁgf%ﬁla%ﬂ phererihe comppeidhhashe
protein Kithasflowid firfn@fa; CONPri ses a first nmodule having a functionality
for binding to catalytic residues of the protein kinase attached to a
second nodul e which provides a non-peptide scaffold, wherein the

conbi nation of the first and 8cond nodules inhibits protein kinase
activity and wherein the second_nodul e conpmises a growp selected fromthe
group consi sting of indole, bi 3 benzot hi ophene. 47.
The net hod according to clra r? is selected from
the group consisting of cancer, gri asng, -2 i's, or immne

- system activity. 48. The nethod acoprdi ng td Dai nr46, swirerein the first
nmodul e conprises a functionaks groupssekected from the group. consisting of
boroni c acid, hydroxy, phosphonic acid, \sul fam c ackd, a guanidino group,
carboxylic aci d, an al dehyde, an am de, fand hydr oxymet hyl phosphoni ¢ aci d.
49. The net hod according to claim48, wherein the first nodule conprises a
boronic acid group. 50. The nethod accordi ng to claima48, wherein the first

nodul e conprises a_hydr.o 1 rret hod according to claim46,
wherei n the second ﬁ‘?‘é)iylcﬁ%rqr Q'g Rﬂdﬁ or OH, R3 is OH or H, R4 is CHy,

CH(CH3)R, or CH(CH3)S, R5 is OCHs, H, or OH, R6 is OCH;, F, H, or OH, and R7 is
OCHs, H, OH, CO,H, CO,CH3, CH,CO,H, or CH,CO,CHj.

59. The method according to claim 57, wherein the compound has

OH \ o
N
H
NH,
‘ (0]

the following formula:

60. The method according to claim 46, wherein the protein kinase

is a protein serine kinase.

61. The method according to claim 60, wherein the protein serine

kinase is selected from the group consisting of MAP kinase, protein kinase C, and CDK
kinase.



10 OCTOBER 2003 90 52. The nethod according to claim46, wherein nore than
one first nodule is bound to the second nodul e. 53. Thqo®ChoBER2M0O3 N9
to claim46, wherein a linear chain conprising between one and three
carbon atons |links the first nodule to the second nodule. 54. The net hod
according to claim53, wherein one of the carbon atons in the linear chain
is substituted with a nitrogen, oxygen or sulfur atom 55. The nethod
according to claim46, wherein the pro?%ln kinase is a protein tyrosine

ki nase. 56. The nethod according to claim55, wherein the protein tyrosine

ki nase is selected fgomt gro consi sting pp60" . p561ok, ZAP ki nase,
platel et derived gr(’r St h ﬁi’&@?%ﬂ&éﬁ? 9ing ¢ & “ﬁe2£ Wh%rém ther comppoundeGE

receptor tiyfthal BémphdcRasfe RNFhofPsPedifiEity ge'id?:v‘”cﬂal.&aelteﬁxren{se&% & tByﬁl(%S' ne
ki nase, and epidermal growth factor receptor- e tyrosine kinases.

The et hodoubeEwtian afthedirst andsegmd mgdlasi n t he protein tyrosine Ki nase is
pp60"" 10 OCTOBER 2003 91 58. The nethod according to claim57, wherein the
conpound has the following fornula: wherein Rl is Hor OH R2 is H or C]—I,
RS s Crlor HRe 30, CHUSHaMRoddbr QGRS nifbinds d i

is OCH3, F, H_or OH and R7 is SIS P ot ks
CH2CORCH3.COBYTISHEe et hod accor di ng to cI al m 57, wher ei n the corrpound has
”thefollovvingforrm Qrding to claim.46,, wherein the
protein kinase is gi‘o\?gf[ﬁ' ?glegge%?lﬁe %}Pl%giélgecﬁaé’ing SRR Spetiendl geups t o

cl ai m 60, fohlgnding td ba&alpnotmdmesefﬂhaprotéﬁntk&&ee iveheBéth 84ill @EovidiaEcoh ggsoup

consi stin ase, ot ei n ki nase and CDK _kinase. 10
5003 %ttachmg e at east onepfrlrst mogule toa peptlde scaffold and identifying one or more

functional groups on the first module which preferentially bind to catalytic residues of
the protein kinase;

combining the at least one first module with at least one second module
which provides a non-peptide scaffold, wherein the at least one second module
comprises an indole, to form one or more combinations of the first and second modules,
wherein said combining comprises substituting the at least one second module for the
peptide scaffold; and ‘

selecting combinations of the first and second modules which inhibit

_protein kinase activity.

64. The method according to claim 63, wherein the at least one first
module comprises a functional group selected from the group consisting of boronic acid,
a hydroxyl group, phosphonic acid, sulfamic acid, a guanidino group, carboxylic acid,
an aldehyde, an amide, and hydroxymethylphosphonic acid.

65. The method according to claim 64, wherein the at least one first

module comprises two or more functional groups.

66. The method according to claim 64, wherein the at least one first

module comprises a boronic acid group.



92 62. The method according to claim46, wherein the conmpound further
conprises one or nore specificity side chain elenents atfgaOCTORBERI2003
conbi nation of the first and second nodules. 63. A nethod for identifying

i nhibitors of protein kinases conprising: providing at |east one first

nodul e havi ng one or nore functional groups for binding to catalytic.

resi dues of the protein kinase, wherein said providing conprises attaching
the at least one first nodule to a pepP3de scaffold and identifying one or
nmore functional groups on the first nodul e which preferentially bind to
catal ytic residues g the protein kinase; conbining the at |east one first
modul e with at |east®’one J&€adhofrrgreingfuicksimbdowheesin thembleagtapeifuls

scaffol d, Mﬂ@&d}nﬂrmsghﬁ]@%@t%&}?hsecond modul e conprises an indole, to

formone or nore conbi na e first and second nodul es, wherein
sai d conbi ni ng conprises substituting the at | east one second nodul e for

the peptide scaffold; ang_ sel ectjng conbi nations of the first and second
modul es whi ch i nhi bi%®  pr dbemethdaccerdmg: tpwiaig 646 wherpirethewt least ome fisstdi ng t o

cl aim 63, meeédmﬁrﬁgsﬁ{mhﬁﬁ%o e first nodule conprises a functional
group selected fromthe group consisting of boronic acid, a hydroxyl

group, phosphonic acid, sulfamc acid, a guanidino group, carboxylic acid,
“an al dehyde, an ami ¢g, and,hydroxynet hyl phosphonj c aci.d. 65. The nethod
according to claim gﬁ \Ahg?l‘é%’??ﬂﬂﬂ%ac& r%@t‘igﬁ’é i Whsgein thegnide s isses t wo
or nore funddihalBéarBBURmide66. The net hod according to claim64, wherein

the at least one first nodule conprises a boronic acid group. 10 OCTOBER
2003 93 67. The nethod according to claim®64, wherein the at |east one

first nodule conprimges a | grqup.. 68. e thod according to claim
64, wherein the at Pg'ast gﬁ% |rstacgor{§{?%ltgcgb'ﬂ;§3?g’g§m [ﬂﬁmlﬁéstﬁf"% t 69,
The met hoshaslateofitthey compribaai anlinGar st eompiifing BEWARNISRURNd Shred cXibGh Nal

tricarbon am de. ..
)éloms Whlgh links the at least one first module to the at least one second module.

71. The method according to claim 70, wherein one of the carbon

atoms in the linear chain is substituted with a nitrogen, oxygen or sulfur atom.

72. The method according to claim 63, wherein the protein kinase

is a protein tyrosine kinase.

73. The method according to claim 72, wherein the protein tyrosine
kinase is selected from the group consisting of pp60°*™°, p56'X; ZAP kinase, platelet
derived growth factor receptor tyrosine kinase, Ber-Abl, VEGF receptor tyrosine kinase,

and epidermal growth factor receptor tyrosine kinase, and epidermal growth factor

receptor-like tyrosine kinases.

74. The method according to claim 73, wherein the protein tyrosine
kinase is pp60°*".
75. The method according to claim 63, wherein the protein kinase

is a protein serine kinase.



70. The nethod according to claim63, wherein the at | east one first

nmodul e further conprises a linear chain conprising bet wggoeTOBER Z0d3ee
carbon atons which links the at |east one first nodule to the at |east one
second nodul e. 71. The nethod according to claim70, wherein one of the
carbon atons in the linear chain is substituted with a nitrogen, oxygen or
sul fur atom 72. The nethod according to claim63, wherein the protein
kinase is a protein tyrosine kinase. 98. The nethod according to claim72,
wherein the protein .tyrosi ne ki nase is selected fromthe group consisting
of pp60'-s', p56 77BAP k| pI atelet derived growth factor receptor
tyrosi ne ki nase, Ber (g:e thad aprosding e elaime’ Sk iwheesin theapmwapsdmennl

growt h f aqtifdse i€eERIAQA Rﬁﬂf owt h.f act
receptor-|i Ke tyrosi nerc{?{nas%%p ééf{g&ﬁi %0? gfngsgc@‘r"&?l AL
wher ei n t Hangseotein tyrosine kinase is pp60"S 0. 75. The method accor di ng

to claim®63, wherel t he otel inase is_a protein serine kinase. 10
OCTOBER 2003 94 76. ?he weending toslam3afurther ograprsing:t he prot ei n

serine kinase is S%H@ﬁ%qglefcfr%xte%eﬁﬁﬁ*g%’sﬁgr}ﬁbjgtélg n% tq'vﬁ‘x% rﬁkﬂggp%srﬁ?f protein

kinase C, and CDK ki nase accor di ng Pt her
,,»corrprl Si n@oné?mlﬂngﬁibeﬁrstmdeecspémoﬂukesty si de chain eI enments to the one
“or nore conbinations of the first and second nodules. 78. A nethod for

i dentifying inprove gpr ot J itars, rising: prqviding a
first inhibitor pr oguced 2?: F’b".%ﬁg" ige ’{qﬂgnﬁe‘f%&@egr?rﬁe&} H”G&e ntghjtnrs,yi ng
t he first coogikiag: speci fici ty side chains, or a conbination thereof of the

first inhibitor; and identif %@n’odlfl ed i nhibitors which have an
i ncreased ability t ®TAHPBAL lfStr} bé?rrPerméécmdmgmt}ﬂethdnfqunm to the

unnmodi fied first inidg 9 t ord io claim Wwher ein
the protein kinase | nhfyg{% the ﬁrsghl@d;ﬁge gggﬁl ﬁ' nﬁc?ﬁ 9|°t°§}“ 1%80es not
i nhi bit ATIFCrmfNJ(ﬂﬂwgﬁrsunhi’mﬁoprandel n ki nase.

identifying modified inhibitors which have an increased ability to inhibit

protein kinase activity when compared to the unmodified first inhibitor.

79. The method according to claim 63, wherein the protein kinase
inhibitor inhibits protein kinase activity but does not inhibit ATP binding to the protein
kinase.

80. A method for testing compounds for an ability to inhibit protein

kinase activity comprising:
providing a protein kinase inhibitor aécording to the method of claim 63,
measuring the activity of the protein kinase in the presence of the
inhibitor at the same temperature, pH, ionic strength, osmolarity, and free magnesium
concentration as found in a cell which expresses the protein kinase; and

comparing the level of protein kinase activity to the level of activity

from the protein kinase without the presence of the inhibitor.



80. A nethod for testing conpounds for an ability to inhibit protein

Kinase activity conprising: providing a protein kinase ighoeTOBER2®3dI Ng
to the method of claim®63, neasuring the activity of the protein kinase in
the presence of the inhibitor at the sane tenperature, pH, ionic strength,
osnolarity, and free magnesium concentration as found in a cell which
expresses the protein kinase; and conparing the | evel of protein kinase
activity to the level of activity fro@bthe protein kinase w thout the
presence of the inhibitor. 10 OCTOBER 2003 95 81. A nethod of inhibiting a
protein kinase conprising: contacting the protein kinase with a conpound
havi ng the fol | owi nl or m4 methqd of dkitingia phaeinikinat cormp@ihgr H, R2 is OH

or H R3 is OHor H, i: 1 RS is OH QOWe, r. H, is. OH Ow, or
H R7 is OH Ow, or’ ,C%I?%I% ﬁtgot%'n(}?naf? ércoé?ﬂ‘?&flgil@ﬁg‘g%gf’fég?m to

i nhi bit tHermpulet ei n ki nase. 82. A nethod of treating a condition
responsive to a protein kinase inhibitor, in a patient conprising:

adnmi nistering an effective dose of a protein kinase inhibitor to a patient,
wherein protein kinase inhibitor has the followng kornula: N (CH2)~ H
wherein Rl is OHor H R2is OHor H R3is OHor H| R4 s OCHor H R5 is
JOH OWe, or H R6is OH OWw, or H R7 fs\CGHQE and Xis 0 or 1.
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wherein R1 is OH or H, R2 is OH or H, R3 is OH or H, R4 is OH or H, R5 is OH, OMe,
or H, R6 is OH, OMe, or H, R7 is OH, OMe, or H, and X is 0 or 1, under conditions
effective to inhibit the protein kinase.

82. A method of treating a condition, responsive to a protein kinase
inhibitor, in a patient comprising:
administering an effective dose of a protein kinase inhibitor to a patient,

wherein protein kinase inhibitor has the following formula:

wherein R1 is OH or H, R2 is OH or H, R3 is OH or H, R4 is OH or H, R5 is OH, OMe,
or H, R6 is OH, OMe, or H, R7 is OH, OMe, or H, and X is 0 or 1.



