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THERAMUTEIN MODULATORS

BACKGROUND OF THE INVENTION

[0001]  The progressive development of drug resistance in a patient is the hallmark of
chronic treatment with many classes of drugs, especially in the therapeutic areas of cancer
and infectious diseases. Molecular mechanisims have been identified which mediate certain
types of drug resistance phenomena, whereas in other cases fhe mechanisms of acguired as
well ag de nove resistance remain unknown today.

[0002]  One mechanism of induced (acquired) drug resistance originally thought to be
relevant in the area of cancer therapy involves increased expression of a protein known as
P-glycoprotein (P-gp). P-gp is located in the cell membrane and functions as a drug efflux
pump. The protein is capable of pumping toxic chemical agents, including many classical
anti-cancer drugs, out of the cell. Consequently, upregulation of P-glycoprotein usually
resuits in resistance to multiple dmgs. Upregulation of P-glycoprotein in tumor cells may
represent a defense mechanism which has evolved in mammatian cells to prevent damage
from toxic chemical agents. Other related diug resistance proteins have now been identified
with similar functions to P-gp, including multidrug-resistance-associated protein family
mertbers such as MRYP1 and ABCG2, In any event, with the advent of the development of
compounds that are specific for a given target protein, and less toxic, the importance of
P-glycoprotein and related ATP-binding cassette (ABC) transporter proteins in clintcally
significant drug resistance has lessened.

[0003]  Another possible molecular moechanism of acquired drug resistance is that
alernative sipnal pathways are responsible for continued survival and metabolism of cells,
even though the original drug is still effective against its target. Furthermore, alterations in
intracellular metabolism of the drug can lead to loss of therapeutic ¢fficacy as well, In
addition, changes in gene expression as well az gene amplification events can oceur, resulting
in increased or decrgased expression of a given target protein, and frequently requiring
increasing dosages of the drug to maintaint the sane effects. (Adcock and Lane, 2003)

10004]  Mutation induced drug resistance s a frequently occurring event in the
infectious disease area. For example, several drugs have been developed that inhibit either
the viral reverse transcriptase or the viral protease encoded in the human immunodecficiency
(M1V) viral genome. It is well established in the literature that repeated treatment of HEV-

infected AIDS patients using, for example, a reverse franscriptase inhibitor eventually gives
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rise to mutant forms of the virus that have reduced sensitivity to the drug which resulted from
mutations that have occurred in the gene encoding reverse transcriptase thut render the
mutant form of the enzyme less affected by the drug.

[0005}  The appearance of drug resistance during the course of HIV treatment is not
surprising considering the rate at which errors are mtroduced into the HIV genome. 'The HIV
reverse transeriplase enzyme is known to be particularly crror prone, with a forward mutation
rate of about 3.4 % 10 mutations per base pair per replication eycle (Mansky et al., J. Virol.
69:5087-94 (1995)). However, analogous mutation rates for endogenous genes encoded in
mammalian cells are more than an order of magnitude lower,

{0006]  New evidence shows that drug resistance can also arise from a mutational
event invelving the gene encoding the drug target (Gorre ot al., Science, 2001,
PCT/US02/18729). In this case, exposure of the patient to a specific therapeutic substance
such as a given cancer drug that targets a specific profein-of-interest (POI, or "target”
protein) may be followed by the outgrowth of a group of cells harboring a mwtation ocewring
in the gene encoding the protein that is the tayget of the therapeutic substance. Whether the
outgrowth of this population of cells results from a small percentage of pre~existing cells in
the patient which ahready harbor a mutation which gives rise 1o a drug-resistant PO, or
whether such mutations arise de nove during or following exposure of the animal or human
being to a therapeutic agent capablc of activating or inhibiting said POI, is presently
unknown. In either case, such mutation cvents may result in a mutated protein (defined
below as a theramutein) which is less affected, or perhaps completely unaffected, by said
therapeutic substance,

[0007]  Chronic myclogenous leukemia (CML) is characterized by excess
proliferation of myeloid progenitors that retain the capacity for differentiation during the
stable or chronic phase of the discase. Multiple lines of evidenee have established
deregulution of the Abl tyrogine kinase as the cansative oncogene in certain forms of CML.
The deregulation is commeonly associated with a chromosomal translocation known as the
Philadelphia chromosome (Ph), which resul(s in expression of a fusion protein comprised of
the BCR sone product fused to the Abelson tyrogine kinase, thus forming p2 10" which
has tyrosine kinase activity. A related fusion protein, termed pl90P™ A that arises from a
different breakpoint in the BCR gene, and has been shown to oceur in patients with
Philadelphia chromosome positive (Pht+) Acute Lymphoblastic Leukemia (ALL) (Melo,
1994; Ravandi el al,, 1999). Transformation appears to result from activation of multiple

signal pathways including those involving RAS, MYC, and JUN. Imatinib mesylate
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(“STI-571" or “Cleevec™) is a 2-phenylamino pyrimidine that targets the ATP binding site
of the kinase domain of Abl (Druker et al, NEIM 2001, p. 1038), Subsequently it has also
been found by other methods to be an inhibitor of platclet-derived growth factor (PDGE) {3
receptor, and the Kit tyrosine kinase, the latter of which is involved in the development of
gastrointestinal stromal fumors (see below).

[0008]  Until recently, it had not been observed that during the cowrse of ireatment
with a specific inhibitor of a given endogenous celiular protein that 2 mutation in its
corresponding endogenous gene could lead to the expression of protein variants whose
cellular functioning was resistant to the inhibitor. Work by Charles Sawyers and colleagues

(CGlorre et al., Science 293:876-30 (2001); PC1/US02/18729) demonstrated for the first time
that treatment of a patient with a drug capable of inhibiting the p210%**! tyrosine kinase
(i.e., 3T1-571) could be followed by the emergence of a clinically significant population of
cells within said patient harboring a mutation in the gene encoding the p210° oAb eomeer
causing target protein which contains the Abelson tyrosine kinase domain. Various such
mutations gave rise Lo muotant forms of p2l 0PAY hich were less responsive to Gleevee
treatment than was the ofiginal cancer causing version, Notably, the mutations that emerged
conferred upon the mutant protein a relative resistance to the effects of the protein kinase
inhibiter drug, while maintaining a certain degree of the original substrate specificity of the
mudant protein kinase. Prior to Gorre et al.”s work, it was generally believed by those skilled
in the art that the types of resistance that would be observed in patients exposed 1o a
compound which inhibited the Abelson profein kinase, such as §17-571, would have resulted
from one or more of the other mechanisms of drug resistance listed above, or by some other
as yet unknown mechanism, but that in any event said resistance would involve a target -
(protein or otherwise) which was distinet from the drug’s target POL

(00091 Accordingly, the ability to treat clinically relevant resistant mutant forms of
proteins that are otherwise the targets of an existing therapy would be exiremely useful. Such
mutated proteing (theramuteins as defined below) are beginning to be recognized and
understood to be important targets in recurring cancers, and will become important in other
diseases as well. There exists a need for therapeutic agents that are active against such drug
resistant variant forms of cellular proteins that may arise before, during or following normally
cilective drug therapics. A key purpose of this invention is to provide compounds that may
serve as potential therapeutic agents useful in overcoming mutation-induced drug resistance

in endegenously occurting proteins.
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BRIEF SUMMARY OF THE INVENTION

[0010]  This invention relates Lo agents that are inhibitors or activators of variant
forms of endogenous proteins and novel methods of identifying such variants, Of particular
inferest are inhibitors and activators of endogenous protein variants, encoded by genes which
have mutated, which variants often arise or are at least first identified as having arigen
following exposure to a chemical agent which is known to be an inhibitor or activator of the
corresponding unmutated endogenous protein, Such protein variants (mutant proteins) are
herein termed "theramuteins,” may occour either gpontancously in an organism (and be pre-
existing mutations in some cases), or said mutants may arise as a result of selective pressure
which results, when the organism is treated with a given chemical agent capable of inhibiting
the non-mutated form of said theramutein (herein termed a “prototheramutein™). It will be
understood that in some cases a pmtdtlwr:-.umltein may be a “wild type" form ol a POl {e.2., 2
protein thal gives rise to a disease due to disregulation). In other cases, the prototheramutein
will be a discase causing varlant of a “wild type” protein, having already mutated and thereby
conlributing o the development of the discased state as a result of said prior mutation. One
example of the later type of prototheramutein is the P210% 4Pt gneoprotein, and a mutant
form of this protein harboring a threonine ('T) to isoleucine (I) mutation at position 315 is
termed P20 AR 0nd is one example of a theramutein. As used herein, the
designation “P210 PSP« e sunonymous with the term “p210%% ¢ the “wild-type Ber-
Abt protein”, and the like.

[0011]  Theranmuteins are a rare class of endogenous proteins that harbor mutations
that render said proteins resistant to drugs that are known to inhibit or activate in a
therapeutically effective manner their non-mutated counterparts. The endogenous genes
encoding a few such proteing are presently koows to exhibit such mutations under certain
siveumstances, This Invention is directed toward compositions that inhibit certain drug-
resistant mutants (theramuteing) of the Abelson tyrosine kinasc protein, originaily termed
P210-Ber-Abl in the literature, that is invelved in the development of chronic myelogenous
leukemia. The invention is also directed toward general methods of identifying compounds
that inhibit or activate any thoramutein.,

[0012]  The present method is pacticularly directed toward the identification of
specific inlibitors or speeific activators of theramuteins. Use of the term “specific” m the
context of the terms “inhibitor” or “activator” (see definilions below) means that said

inhibitor or activator binds to the theramutein and irhibits or activates the ccliular functioning
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of the theramuiein without also binding to and activating or inhibiting a wide variety of other
proteins or non-protein targets in fhe cell, The skilled investigator is well aware that there is
a certain degree of variabilily in the medical literature with respect to the concept of a specific
{nkibitor or a specific activator, and of the related concept of target protein “specificity”
when discussing the actions of inhibitors or activators of a protein,  Accordingly, for the
purposes of this Invention, a substance is a specific inhibitor or a specific activator of a given
theramutein if said substance is capable of inhibiling or activating said theramutein at a given
concentration such that a corresponding phenoresponse is modulated in the appropriate
manner, without having an appreciable effect at the same given concentration upon the
phenoresponse of a corresponding control cell that essentially does not express either the
theramutein or its corresponding prototheraniutein.

[0013]  In certain embodiments, a substance may be a modulator of the
prototheramutein as well as the theramutein, In other embodiments, in addition to being a
maodulator of the prototheramutein and theramutein, a substance way also modulate the
activities of proteins that have similar fonctions. As discossed above, in addition to inhibiting
the p2107 *! tyrosine kinase, imaiinib mesylalc is also capable of inhibiting the e-kit
onecogeite product {also a tyrosine kinase) which is overexpressed in certain gastrointestinal
stromal tumors, as well as the PDGF § receptor (also a tyrosine kinase), which is expressed in
certain chronic myclomonocytic leukemias (CMML). Such a compound is sometimes termed
a “moderately specific” inhibitor.

TO014]  The invention also provides a general method that can be used to identify
substances that will activate or inhibit a theramutein, to the same extent, and preferably {o an
even greater extent than a known drug substance 1s capable of inhibiting the corresponding
"wild type" form of that protein. (The skilled artisan is well aware, however, that said "wild
type" forms of such proteins may have already mutated in the course of giving rise to the
corresponding disease in which said protein participates.)

[0015]  Inapreferred embodiment, the present invention provides inhibitors of the

+ ABCIR-ABLT 151 . . -
P10 theramutein having the formuia |

(1
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wherein!
ting A is a 5=, 6-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;
X! is selected from N, N-R” or C-R"
X% 15 selected from N, N-R” or C-RY;
the dotted lines represent optional double bonds;
cach R' is independently selected from the group consisting of H, alkyl, cycloalicyl, alkenyl,
allcynyl, aralkyl, CN, CF, NOy, ORMN, «(CH2),C(O)(CHR) R, «(CH),COINR (R,
(CHa), C(OYO(CH,),RY ~(CH),NRMC(O)R, -(CH),NRH(RE), NRHSORY,
SOC(OINRRSY, -SONRZWR), halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or G-membered fused
ring which containg from O to 3 heteroatoms;
imis 0 to 6,
cach R is independently selected from H, alkyl, eycloalkyl, alkenyl, atkynyl, arallkyl,
aryl, and a heterocyelic ring;
cach R and B® are independently scleoted from 17, alkyl, cycloallyl, alkenyl,
alleynyl, aralkyl, aryl, and a heterocyelic ring; or R and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;
pisOtod;
gisOtod,
R? is selected from -CR? -, -NR%,-, and «(C=R™)-,
each R*' is independently selected from H, halo, “NHy, -N{II)(C ).z alkyl), -N(C 1.3 alkyl,
~O-(C 3 alkyD), OH and C,5 allyl
each R is independenily selected from H and Cy.j allyl;
R is selected from O, 8, N-R”, and N-OR’;
R* is selected from ~CR* | -NR¥, and «(C=R**)-;
each R*' group is selected from H, halo, -NHy, ~N(H)R?), -NR ), -O-R%, OH and Cy.
alkeyl;
cach ¥ group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CO.RY,
('3(0)1'{0, aryl, and a heterocyelic ring;
R* is selected from 0,8, N—RM, and N-OR";
R* is selected from F, NOa, CN, alkyl, eyeloalkyl, alkenyl, allynyl, arallkyl, aryl and a
heterocychic ring;
R* is selected from —~CRY -, -NR™s, «(C=R™)-, and -O-;

)
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each RY is selected from H, alleyl, cycloalkyl, alkenyl, alleynyl, CO.RY, C(O)RO, aralkyl,
aryl, and a heterocyelic ring;

each R* group is selected from I, alkyl, cycloalkyl, allcenyl, allkynyt, avalleyl, CO,RY,
COIR®, aryl, and a heterocyclic ring;

each R* is selected from 0, 8, N-R”, and N-ORY;

with the provisos that when RYis NRPand RY is ~NR* -, then R¥ is not —NR™,-; and that
both B and I{f1 are not simultaneously selected from -(C=R™)- and (C=R™)-, respectively;
R? is selected from -Y-R® and uZuRl];

Y is selected from a chemical bond, O, N‘R”,

R® is selected from alkyl, eycloalkyl, alkenyl, alkymyl, aralkyl, aryl, and a heterocyclic
ring;

Z iz a hydrocarbon c¢hain having fFom 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, cycloalkyl, alkenyl, alkynyl, arallyl, CO.RY, C(OIRY,
CLOMN(R®), CN, CFs, N(RY,, NOs, and ORY,

R’ is H or is selected from aryl and a heterocyelic ring;

cach R? is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic
ring;

ais )l or2;

bisQorl;

cis ] or2,

disOorl;

ets 1 or; and

fisOorl,

[0016]  The invention provides for a fundamentally new way of treating cancer and
other diseases where treatment with an existing drug compound, by whatever mechanism, is
followed by identifiable (clinically significant)} theramutein-mediated drug resistance, by
providing alternative drugs that can be administered as theramulteins arise and are identificd
as such (Walai et al,, 2004, reports an example wherein a theramutein may arise during the
course of an on-going treatment regimen), or preemptively before the outgrowth of climically
significant populations of theramutein expressing cells. Further, where a drug treatment for a
particular disease is less effective in a subset of individuals that express a certain theramutein

of a protein that the drug targets, the invention enables the {ailoring of trealments for those



subjects by providing alterative drug substances that will be effective against said
theramutein.

1. The invention provides a method of determining whether a chemical agent is
at least as effective a modulator of a theramutein in a cell as a known substance is a
modulator of a corresponding profotheramutein. One embodiment of the method involves
contacting a control cell that expresses the prototheramutein and is capable of exlubiting a
responsive phenotypic characteristic (linked to the functioning of the prototheramutein in the
cell) with the known modulator of the prototheramutein, contacting a test cell that expresses
the theramutein and is also capable of exhibiting the responsive phenolypic characteristic
(linked to the functioning of the theramutein in the cell) with the chemical agent, and
comparing the response of the treated test cell with the response of the treated control cell; to
determine that the chemical agent is at Icast as effective a modulator of the theramutein as the
known substance is a modulator of the protatheramutein. In certain other embodiments, one
type of control cell may not express the prototheramutein at all. In other embodiments, the
control cell may express about the same amount of the protothermmutein as the lest cell
expresses of the theramutein. In still other embodiments, the control cell may be capable of
exhibiting the responsive phenotypic characteristic to about the same exlent as the test cell
under certain conditions.

2. Theramuteins of the invention that are of particular interest are those involved
in regulatory function, such as enxymes, protein kinases, tyrosine kinases, receptor tyrosine
kinases, serine threoninin protein kinases, dual specificity protein kinases, proteases, mairix
metalloproteinases, phosphatases, cell cycle control proteins, docking proteins such as the
RS fumily members, cell-surface receptors, G-proteins, ion channels, DNA- and RNA-
binding proteins, polymerases, and the like. No limitation is intended on the type of
theramutein that may be used in the invention. At the present time, three theramuteins are
known: BCR-ABL, ¢-Kit, and BEGFR.

3. Any responsive phenotypic characteristic that can be Jinked to the presence ol
the theramutein (or prototheramulein) in the cell can be employed for use in the methaod,
including, for example, growth or culture properiies, the phosphorylation state (or other
modification) of a substrate of the theramutein, and any type of transient characteristic of the

cell, as will be defined and discussed in detail



DELECRIFTION OF THE FIGURIES
[0017]  Tigure 1 shows the cffect on growth and viability of different concentrations
of Compotnd 2 (C2) for non-transformed vector control Ba/F3 celis (which are IL-3

dependent) as well as Ba/F3 cells expressing the "wild type" p210™"™! (designated p210°

Avlty and Bal'3 cells expressing the p210% MO dryg rogistant mutant. Cell counts and
viability were detormined on an automated cell counter as discussed in detail In the
specification. Cell counts are shown by the solid color bars; cell viability is shown by the
hashed bars. Note that STI-571 potently inhibits growth of the P210 call ling (grey bar)
whereas il is unable to inhibit the growth of the T3151 cell line (white bar) even at 10 uM
concentration, 500 nM C2 shows the largest speeificity gap within this dose-response serics.
Compare 8TI-571 at 10 pM o C2 at 500 nM on the T3151 cell line (white barg).
Abbreviations: DMSO: dimethylsuifoxide (solvent used for drug dissolution).

[0018]  Tigure 2 shows the effect on growth and viability of different concentrations
of Compound 6 (C6) for non-transformed vector control Ba/F3 cells as well as Ba/F3 cells

Ber-AbEI3 qpa pesistant mutant. Al other details ave as per Fig. 1.

expressing the p210

{0019]  Figure 3 shows various determinations of the specificity gap by comparing the
effeets of various compounds identified m the screen in terms of their effects on the
prototheramutein- and theramutein-expressing cell limes. Compound 3 (C3) shows the best
example of the ability of the method to identify a compound that exerts an even greater effect
on the theyamutein than on its correspording profotheramutein, (Panel ). Panel A: control
DMSO treatmetits; B negative helerologous specificity pap; C: slightly positive heterologous
spoeificity zap; D: large positive humologous specificity gap; E: positive heterologeus
specificity gap. Sec texl for explanations.

{0020]  Figure 4 shows an autoradiograph of recombinant P210 Ber-Abl wild type and
T3151 mutant kinase domains assayed for antophosphorylation activity. 200 ng of protoin
were preincubated with test substances for 10 minutes under standard autophosphoryation
reaction conditions and then radiolabelled ATP was added and the reactions proceeded for 30
minutes al 30°C, after which the samples were separated by SDS-PAGE. The gels were
silverstained, dried down under vacuum and exposed to X-ray film, Note that whereas
10 uM STT 571 is cffeetive against wild type P210 Ber-Abl, it is virtually ineffective against

the T315] kinase domain, cven at coneentrations up to 100 pM. C2 and C6 are the best two
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componnds identified, followed by C5, €7 and C4. All of the compounds tested positively to
some éxtent. “P210 cell line” refers to cells expressing p210 B8 w3157 cell line”
rofers to cclls oxpressing p210 BRABLTISL

[CO021]  Figure 5 shows the chemical structures of representative compounds of the
present invention,

100221 Figure 6 shows the chemiecal structures of representative compounds of the
present invention,

[0023]  Figore 7 shows the chemical structures of representative compounds of the
present invention,

[0024]  Figure 8 shows the chemical structures of representative compounds of the
present invention,

[0025]  Figure 9 shows the chemical structures of representative compounds of the
present invention,

[0026]  Figure 10 shows the chemical structures of representative compounds of the
present invention. |

[0027]1  Figure 11 shows the chemical structures of representative compounds of the
present mvention.

[0028]  Figore 12 shows the chemical structures of representative compounds of the
present invention, . |

[0029]  Figure 13 shows the chemical structures of representalive compounds of the

present invention,

DETAILED DESCRIPTION OF THE INVENTION

j00307  The term “halo” or “halogen” ag used herein includes fluorine, chlorine,
bromine and iodine.

[0031]  The term “alkyl” as vsed herein contemplates substituted and unsubstituted,
straight and branched chain alkyl radicals having from 1 to 6 carbon atoms. Preferred alloyl
groups include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and the like.
Additionally, the allyl group may be optionally substituted with one or more substiteents
selected from halo, CN, CORR, C(OHR, CIOINR,, NRy, cyclic-umino, NOz, and OR.

[0032]  The term “‘cycloallcyl” as used hercin contemiplates substituted and
unsubstituted eyclie alkyl radicals.  Preferyed cycloalkyl groups are those with a single ring
containing 3 to 7 cambon atoms and includes cyclopropyl, cyclopentyl, cyclohexyl, and the

like. Other cycloalkyl groups may be selected from C; to Cjp bicyclic systems or from Gy to
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Ciq4 tricyelic systems. Additionally, the cycloallcyl group may be optionally substituted with
one or more substituents selected from helo, CN, COuR, CIOIR, C(OYNR2, NRs, cyclic-
aming, NQ,, and OR,

(00331 The term “alkenyl” as vsed berein contemplates substituted and unsubstituted,
straight and branched chain alkene radicals. Preferred alleenyl groups are those containing
{two to six carbon atoms. Additionally, the alkenyl group may be optionally substituted with
one or more substituents selected from halo, CN, CO.R, C{O)R, C(OINR;, NR, cyclic-
amino, NO,, and OR.

[0034]  The term “alkynyl” as used herein contemplates substituted and unsubstituted,
straight and branched chain alkyne radicals. Preferred alkynyl groups are those containing
two to six carbon atoms. Additionally, the allynyl group may be optionally substituted with
one or more gubstituents selected from hale, CN, CO:R, CEOIR, CIONR,, NR,, cyclic-
amino, N, and OR.

[0035]  'The term “aralkyl” as used herein contemplates an alkyl group which has as a
substituent an aromatic group, which aromatic group may be substituted and unsubstituted.
‘The aralkyl group may be optionally substituted on the aryl with one or more substituents
selected from halo, CN, CFj, NRg, cyclic-aming, NOa, OR, CFa, «(CH2) C(OYCH), R,
~(CTT2) CIONRHR"Y, ~(CHy)COYO(CH), R, ~(CH)NRHR), -NE)S R,
-O(CHDCIONRIR, -SONRWR"), «(CH)NR)-(CHa)-R,
(CHN(R)-C{OW(CH), R, -(CHpNR)-CLO)O-(CHa) R, «(CH)CIOW-N(R)-(CHa)y R,
~(CH2), CIOIN(RI-(CITnp-R, ~O-(CHa)-C(O)-NR)-(CHy),-R, suhstituted and unsubstituted
alieyl, substituted and unsubstituted cycloalkyl, substituted and wnsubstituted aralkyl,
substifuted and unsubstituted alkenyl, substituted and unsubstituted alkynyl, substituted and
unsubstituted aryl, and a substituted and wnsubstituted heterocyelic ring, wherein the
substituted allyl, substituted cyeloalloyl, substituted aralkyl, substituted alkenyl, substituted
alkynyl, substituted aryl, and substituted heterocyelic ring may be substituicd with one of
more hato, CN, Cl5, COoR, C(OR, C{OINRz, NRy, cyeliceaming, NO;, and OR,

[0036]  The term “heterocyclic group™ or "heterocyclic ring” as used herein
contemplates aromatic and non-aromatic cyclic radicals having at least one heteroatom as a
ring member, Preferred heterocyclic groups are those containing 5 or 6 ring atoms which
mcludes al least one hetero atom, and includes cyclic amines such as morpholino, piperidino,
pyrrolidino, and the like, and cyclic ethers, such as tetrahiydrofuran, tetrahydropyran, and the
like. Aromatic heterocyclic groups, also termed ‘;hc[m'oaryl” groups contemplates single-ring

hetero-aromatic groups that may include from one to three hetersatoms, for example, pyrrole,

1



WO 2005/115992 PUT/US2005/018412

furan, thiophene, imidazole, oxazole, thiazole, trinzole, pyrazole, pyridine, pyrazine,
pyridazine, pyrimidine, and the like, The term heteroaryl also includes polycyclic hetero-
aromatic systems having two or more rings in which two atoms are common to two adjoining
rings (the rings are "fused”) wherein at least one of the rings is a heteroaryl, e.g., the other
rings can be cycloalkyls, cycloalkenyls, aryl, heterocycles and/or heteroaryls. Examples of
polycyclic heteroaromatic systems include quinoline, isoguinoline, tetrahydroisoquinoline,
quinoxaline, quinaxoline, benzimidazole, benzofuran, purine, imidazopyridine, benzotriazole,
and the like. Additionally, the heterocyelic groups may be optionally substituted with halo,
CN, CFz, Ny, cyclic-amino, NQg, OR, CFs, ~«(CH; ) C{ONCHz),R, ~(CHo) COMNRIR"),
-(CH2 ) L(OMO(CH) R, <(CH)NIWR"), -N(R)SOaR, ~O(CH ) CEOMNRIR"),
~SON(RYR"), «(CHz) N(R)-(CHz),~R, ~(CHz) N(R}C{O)-(CHz )R,
S CHp)N(R)-CO)-O-(CH )R, «(CHa) - CIO»NRICH),-R, -(C1L),COINR)-(CHy),~R,
~O-(CH2 Y- C(O)-N(R)}-(CHz),~R, substitoted and unsubstituted alkyl, substituted and
unsubstituted cycloalkyl, substituted and unsubstituted arallyl, substituted and unsubstituted
atkenyl, substituted and unsubstituted alkynyl, substituted and unsubstituted aryl, and a
substituted and unsubstituted heterocyelic ring, wherein the substituted alkyl, substituted
eyeloalkyl, substituted aralley], substituted alleenyl, substituted alliynyl, substituted aryl, and
substituted heterocyclic ring may be substituted with one of more halo, CN, CTs, COzR,
[0037}1  The term “aryl” or “aromatic group” as used hercin contemplates single-ring
aromatic groups (for example, phenyl, pyridyl, pyrazole, cte.) and polycyelic ring systems
(naphthyl, quinoline, ete.). The polycyelic rings may have two or maore rings in which two
atoms are common 1o two adjoining rings (the rings are ™used") wherein at least one of the
rings s aromatic, @z, the other rings can be eycloallyls, eycloalkenyls, aryl, heterocycles
and/or heteroaryls. Additionally, the aryl groups may be optionally substituted with one or
more substiluents selected from halo, CN, CFi, NRs, cyclic-amino, NQs, OR, CFs,
“(CH) CIONCH) R, ~(CHa) COINEYWRY), -(CH,) C(O)O(CH LR, ~(CH)NRHER"),
SNR)SOZR, -O(CH ) CLOMNRKIR"), ~SONRYR"), ~(CHz)MN{R)-(CH2),-R,
-(CH) N(R)-C{OW(CH LR, (CHR)N{R)-CO)-O-(CHa)-R, ~(CH2)CO)-NR)-«(CHz),~R,
~(CHLCLOMN(R)-(CHR), R, ~O~(CII)-CO-N(R)-(ClEp),R, substituted and unsubstituted
alkyl, substituted and unsubstifuted eyctoalkyl, substituted and unsubstituted aralleyl,
substituted and unsubstituted alkenyl, substituted and unsubstituted allkynyl, substituted and
unsubstituted aryl, and a substituted and unsubstituted heterocyelic ring, wherein the
substituted allyl, substituted cycloalkyl, substituted aralkyl, substituted alkenyl, substituted

12
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alleynyl, substituted aryl, and substituted heterocyclic ring may be substituted with one of
more halo, CN, CFs, COmR, CIOIR, C(OINR,, NR;, eyclic-amino, NO,, and OR.

[0038)  The term "heteroatom", particularly as a ring heteroatom, refers to N, Q, and

{00397 Tach R is independenily selected from FI, substituted and unsubstituted alkyl,
substituted and unsubstituted cycioallyl, substituted and unsubstituted aralkyl, substituted
and unsubstituted aryl and a substituted and unsubstituted heterocyclic ring, wherein the
substituted alkyl, substituted cycloalkyl, substituted aralkyl, substituted aryl and substituted
heterocyelic ring may be substituted with one or more halo, CN, CF,, OH, COH, NO,,
Crgalleyl, —()—(Cl_(,allcyl),‘ -NHa, -NH(C galkyl) and —N(C)salleyl)s. Each R'and R" are
independently selected from H, or substituted and unsubstituted atkyl, substituted and
unsubstituted cycloalkyl, substituted and unsubstituted aralkyl, substituted and unsubstituted
aryl and a substituted and unsubstituted heterocyclic ring, wherein the substituted alkyl,
substituted cycloallyl, substituted aralkyl, substituted aryl and substituted heterocyclic ring
may be substitoted with one or more halo, CN, CFa, OH, COsH, NO., Cpeallkyl,
=O-(Cgalleyl), ~NHz, -NH(Cgalleyl) and —N(C).galkylz; or R' and R" may be taken together
with the nitrogen to which they are attached form a 5- to 7- membered ring which may
optionally contain up to three further heteroatoms. Each x and each y are independently

selected from O o 4,

(00407 In a preferred embodiment, the present invention provides inhibitors of the

vy 1 BOR-ABLA1S - : :
P B RABLI e mutein having the formula {

A HE
(RM—- i
QRZ

13 LR
&R“? R

®

wherein:

ritg A g a 8-, 0+, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;

! is sclected from N, N-R? or CuR';

X% is selected from N, N-R” or C-R':

the dotted lines represent optional double bonds;

each R' s independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl,
alkkynyl, aralkyl, CN, CFa, NO,, ORY, (CH;),CONCH) RY, (CHa), CIOINR )R,
(CH),C(O)O(CH) R HCHNRMCOIR'Y, «(CH),NR R, -NR ISR,

13
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SOCOMNRIZHERS, SONRR), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R’ groups on adjacent ring atoms form a 3- or 6-membered fused
ring which containg from O to 3 heteroatoms;
nis0to o,
cach R is independently selected from H, alkyl, cycloatkyl, alkenyt, atkynyl, arallyl,
aryi, and a heterocyelic ring;
cach R* and R* are independently selected from H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and & heterocyclic Hug; or R'? and R” may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a firther heteroatom;
pisOto 4
g 15 Q1o 4,
R? is scleeled from -CRY -, -NR¥ - and --(CERM)F;
each R is independently selected from 11, halo, -NHa, -N(H)(C alkyl), -N(C).3 alkyDs,
~O-(C.s alkyl), OH and Cy alkyl;
each R* is independently selected from H and C.5 alkyl,
R% is selected from O, 8§, N-R%, and N-ORY;
R? is selected from ~CR¥ -, NR*Z ., and «(C=R*")-;
each R group is selected from H, halo, -NHa, -N( I—I)(R.O), wN(R_O)g, —O—Rn, OH and C).a
alkyl;
each R*? group is selocted from H, alkyl, eycloalkyl, allienyl, alkynyl, aralkyl, CORY,
CIORC, aryl, and a hoterocyclic ring:
R* is sclected from O, 8, N-RM, and N-OR";
RM is sclocted from H, NOy, CN, alkyl, eycloalkyl, atkenyl, alkynyl, aralkyl, aryl and a
heterocyelic ring;
R* is selected from —CRM -, -NR*™., (C=R")-, and -O-;
sach R* is selected from H, alkyl, eyveloalkyl, alkenyl, alkynyl, GO, RY, C(OR?, aralkyl,
aryl, and a heterooyclic ring;
each R™ group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CO4RY,
C‘-(O)RO, avyl, und a heterocyclic ring;
each R* 1s sclected from O, §, N-R?, and N-ORY;
with the provisos that when 12 is -NR¥- and R* is -—vNR.“?}u, then R is not =NR¥,-; and that
both R? and R* ave not simultaneously selected from —((‘,3=‘l‘<‘.‘3 - and «(C=R™)-, respectively;

R? iy selected from ~V-R and -Z-R7:



Y is selected from a chemical bond, O, NR“,

RY is scleoted from allyl, eycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring;

7, is 4 hydrocarbon chain having from | to 4 carbon atoms, and optionally substituted with
one or move of hato, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, COZR®, C(OIRS,
COIN(RY,, CN, CF, N(R")z, NOy, and ORY;

R is H or is selected from ary! and a heterocyclic ring;

cach RO iy independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic

ring; !

ais lord;

bizODori;

cis 1l or2;

disOorl;

eis 1 or2; and

JisGorl.

[0041]  Animportant cotnponent and conceptual teaching of the Invention described
herein is that neither the R* nor the R positions of the compounds of this invention are
members of any aromatic or non-aromatic ring structure, We have discovered that
compounds having the R and/or the R? positions as members of any aromatic or non-
aromatic ring straciure do not effectively inhibit the T3151 theramutein, whereas the
compounds of the invention that lack such a ring component at these positions, in addition to
having other preferred chemical groups, are potent inhibitors of the 13151 theramutein,

[0042]  Inpreferred embadiments of the invention, ring A is an arematic ring,

[0043]  Inpreferred embodiments of the invention, X' or X% is N, In another preferred
embodiment, both X! and X* are N, In particularly preferred embodiments of the invention
Ring A is a pyridine ring or a pyrimidine ring, In still forther prefered embodiments, Ring A
is selected from the struclures provided helow:

el

5\:_ Moo \;?‘
) ()
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[0044]  In apreferred embodiment, if R or R* is selected to be CNRP- or —NRY
respeetively, then R is not selected from halo, -NFy, -N(HRD, N(RY,, -0-RY, ar OH.
[0045]  In afurther preferred embodiment, the present invention provides inhibitors of
the P210PCR-ABLTIS g vamutein having the formuta 1,
RY—" Tj -
W TV

"
Sl

(1)
wherein:
ring A 15 a 5=, 6-, or 7- membered ring or a 7- to 12-membered fused bicyelic ring;
%! s selected from N, N-R% or C-R[;
%2 is selecied from N, N-RY or Ci-R.l;
the dotted lines represent optional double bonds;
cach R s independently selected from the group consisting of H, atkyl, eycloalkyl, alkenyt,
atkynyl, aralkyl, CN, CF3, NOg, ORY, ~«(CH,),C(ONCH),R", -(CH),COMNR R,
{CH)C(O)O(CH), R A CH)L,NR YCORM, ((CIT),NR DR, -NRHSORY,
SOCIOMNERDRD), -SONR™YR, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered fused
ring which containg from 0 to 3 heteroatoms;
115 0 to 6,
cach R 15 independently selected from [, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyelic ring;
each R'? and RE are independently selected from H, alkyl, eycloalkyl, alkenyl,
alleynyl, aralkyl, arvl, and a heterocyclic ring; or R" and RP may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain z further heteroatorn;
pisto 4
g is O to 4
each R¥ is independently selected from H and C, 3 alkyl;
R? is selected from —CR*' - | -NR¥ -, and -(C=R*)-;
each R*' group is selected from H, halo, -NHy, -NEDHRY, -N®RY,, -0-R°, OH and Ci3
alleyl;

cach R*™ proup is sclected from M, alleyl, eyeloalkyl, alkenyl, alkynyl, aralkyl, CO:R,

16
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C(OIRY, avyl, and a heterocyelic ring;

1’¥ is selected from Q, 5, N-R.E", and N-ORG;

R* is selected from H, NOy, CN, alkyl, oveloalkyl, allkenyl, alkynyl, aralkyl, aryl and a
heteroeyclic ring;

R iy selected from ~CRY -, -NRY~, (C=R™)-, and -O-;

cuch R is selected from H, alkyl, eycloalkyl, alkenyl, alkyn":yl, COR%, CUMRY, aralkyl,
aryl, and a heterocyelic ring;

each R¥ group 18 selected from H, alkyl, eyeloalkyl, alkenyl, allcynyl, aralleyl, CORY,
C(D)'R“, aryl, and a heterocyelic ring;

each R* is selected from 0O, 5, N-RO, Al 'NmDRO;

with the provisos that when R* 1s -NR¥s, then R” is not -NR¥; and that both R? and R are
not simultancously selected from (C=R>)- and (C=R"¥)., respectively,
R is selected from ~Y-R® and -Z-R7:

Y is selected from a chemical bond, ©, N-RY,

R® is sclcoted from alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyclie
ring;

7 is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, allkyl, eyeloalkyl, alkenyl, alkynyl, aralkyl, CORY, CLOIRP,
CEONRD,, CN, CFs, NRY,, NO,, and ORY

R” is H or is selected from ary] and a heterocyelic ring;

each RY is independently selected from H, alkyl, cycloalkyl, aralkyl, aryt and a heterocyelic
ring;

ais b orl;

bisOorl;

cislor2;

disOorl;

e¢is 1 or2; and

fisOorl,

[0046]  Ina further prefemed embodiment, the present invention provides inhibitors of

the P2 10"CRARLTIS horamutein having the formula T,

17
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AN
}(A.
(R1)fi_€A :1\ D
g R
|

wne oMo aRE
(R R

(In)
wherein:
ring A is a 5-, 0=, or 7~ membered ring or a 7- to 12-membered fused bicyclic ring,
¥ is selected fFom N, N-R® or C-R;
X% is selected from N, N-R” ar CuR[;
the dotted lines represcnt optional double bonds;
cach R! is independently sclocted from the group consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, araliyl, CN, CF, NOg, OR, «(CH,),CO)(CHy),RY, -(CM), COINRA(R),
(CHR),CMO(CH) R A(CH)NRIHT(ORY, (CHLNER RS, -NRSOR,
SQCIONR R, -SONR YR, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R’ groups on adjacent ring atoms form a 5- or 6-membered fused
ring which con’tz-.lins from 0 to 3 heteroatoms;
nis 0 to 6,
sach R iy independently selected from H, allyl, cycloalkyl, alkenyl, allynyl, aralkyl,
aryl, and a heterocychc ring;
cach R and 1Y arc independently selected from H, alkyl, cycloallkyl, alkenyl,
alleynyl, aralleyl, aryl, and a heterocyelie ring;, or RY% and RV may be taken
together with the nitrogen to which they arc attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom,
pis0tod;
g 15 0 to 4,
cach R* is independently seleoted from H and Cy. alkyl;
cach R* group is selected from M, alkyl, eycloalkyl, alkenyl, alkynyt, aralkyl, COsR’,
GO, aryl, and a heterocyclic ring;
R* is selected from —CRY -, (C=R*™)-, and -0~
cach R" is sclected from H, atkyl, eycloalkyl, alkenyl, aliynyl, CO2R®, C(OR, aralkyl,
arvl, and a heterocyelic ring;
sach R* is selocted from O, =, N#RG, and 'NLC)RU;
R? 18 selected from -Y-R® and 217,
Y is selected from a chemical bond, O, N-RY,

R is selected from alkyl, cycloalkyl, alkenyl, alkynyd, aralkyl, aryl, and a heterocyelic

18
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ring;

Z 15 a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, atkyl, cycloatkyl, alkenyl, alkynyl, aralkyl, COR®, CORY,
CLOIN(R"), CN, Clia, N(R",, NO,, and OR%

R7is H or is selected from aryl and a heterocyclic ring;

each RC is independently selected from H, alkyl, cycloatkyl, aralkyl, aryl and a heterocyelic
ring;

als ] or?;

LisOorl:

cislor2;

disDorl;

eis 1 ord; and

fisOorl.

[0047]  In proforred embodiments of the invention, R*, R and R* of formula | are
selected to give the following ¢chemical groups:
NERN=C(RY)-
ANERIDN(RH)Y-C(=0)-
NER™-NEP-CRMDERMY-
NERP-CERMHIRI-CrRMRM)-
NRPH-CRMRI-CE0)-
“N=N-CRTYR-
SCR¥MY=C=C(R™-
CCRIM=CIRIN-C=0)-
CR=CRI-CRTYRY)-
SCRMYRY-CAY=cmrM)-

—Cl(‘RQ I )(Rz I }—-C‘(RN)(RH i)*C(R‘”)(]{H)-
CRMRM-NR™-C(=0)-
SCORMHRI-NERM-CEHR™-
NERAY-CE=0-CRMYRM.
NR*C=0)-NR)-
SN(R™)-C(=0)-0-
CRIYRIY-CEO-CRRM-
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CRMYRM-C=0)-NR™)-

NRP-CENRM-NERS-
C(=0)-NR-NR™),

Particularly preferred chemical groups for ®% R* and R include:
“N(RZ-N=C(R")-
NRP-NR)-C(=0)-
NERM-cPHRM-orMHRMY-
NERPYLCRYR-C(=0)-

CRPHRPY-CEO)-NRY)-
NER™-CENRM-NR Y-
C(=0)-NR™ )N,

{00481  In further preferved embodiment, R® or R is an arvl proup, which may be
optionally substituted. Particuarly preferred aryl groups include substituted or unsubstituted
pheny! and pyridyl. In additional or alternative entbodiments, it is preferred that the
substituents R?! and R* are independently selected from groups which have small storic bulk
and are preferably selected from H and CH4, and more preferably are H.

[.0049] In a furthor preferred embodiment, the present invention provides inhibitors of

the P2 10PRABLTUT g wraiuteln having the formula T1

(R 1)yl “ﬁ\ji
- r|\|1~| .
X
(H)

whesein
ring A is & 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;
X! is selected from N, N-R” or C-R';
X* is selected from N, N R or C-RY
the dotted lines represent optional double hands;
cach R' is independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl,

alkynyl, aralkyl, CN, CFa, NOy, ORY, «(CIH,),CONCH), R, -(CH),COMNR IR,

(CH),CONOCH,) R A CHANERDCORY, «(CH)NR DR, -NRMSORY,

COCOINRHRYY, 80N PR P, halo, aryl, and a heterocyelic ring, and additionally

or altematively, two R! grotps on adjacent ring atoms fornt 4 5- or 6-membered fused

20



WO 2005/115992 PCT/US2005/118412

ring which containg from 0 to 3 heteroatoms,
nis 010 6,
each R'! is independently selected From H, alkyl, eycloalkyl, alleenyl, alkynyl, aralkyl,
aryl, and a heterocyclic ring;
each R and R" are independently selected from H, alkyl, cycloalkyl, alkenyl,
alkynyl, aratkyl, aryl, and a heterocyelic ring; or R'% and R may be taken
together with the nitrogen to which they ave attached form a 5~ to 7- membered
ring which may optionally contain a further heteroatom;
pistod;
g is O to 4;
R? is selected from the group consisting of is selected from H, alkyl, cycloalkyl, alkenyl,
alleynyl, CO,RY, CCORY, aralky), aryl, and a heteroeyelic ving;
R is selected from Y-R® and ~Z---I{";

Y is selected from a cliemdeal bond, O, NFRU,

1Y is selected from alkyl, eycloalkyl, atkenyl, alk.ynyl', aralkyl, arvi, and a heterocyelic
ring;

7 is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, cycloatky!, alkenyl, alkynyl, aralkyl, COLRY, CoR’,
CEOINRY,, ON, CFa, N, NO,, and ORY;

R7 is It or is selected from aryl and a heterocyclic ring; and

cach RY is independently selected from H, alkyl, cycloalkyl, arallyl, aryl and a heterocyelic
ring,
[0050]  In a further preferred embodiment, the present invention provides inhibitors of

{he P21OBCEARLI o ramutein having the formula 17,

(1)
whetein
ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;

X! is selacted from N, N-R” or C-RY;
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X2 is selected from N, N-R" or C-RY,

the dotted lines represent optional doubie bonds;

each R' is independently selected from the group consisting of I, alkyl, cycloalkyl, alkenyl,
alkcynyl, aralkyl, CN, CFz, NOz, OR", -(CHa),C(O)(CHy), R, «(CHa), CONRHRD),
A CTH2), CONOCH)R Y A(CH)NRMDCORY, -(CH)NRZYRP), -NRMSOR,
SOCOINRDR™, -50NRWR'™), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two RY groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 {o 3 heteroatoms;

mis 0 1o 6, g

each R is independently selected from H, aikyl, eycloalkyl, alkenyl, allynyl, avalkyl,
aryl, and a heterocyclic ring;

emmlﬁzﬂndR”ewchuﬁpmxbnﬂysdeﬁedﬁmnrﬂ,mkyhcydoﬂkﬂ,ﬂkmq&
allkkynyl, arafkyl, aryl, and a heterocyclic ring; or R'* and R™ may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom,

pisOto4;

gisQtlod;

R% s sclected from the group consisting of 1s sclected from H, alkyl, cyeloalleyl, alkenyl,
alkyayl, CORY, (R, aralkyl, aryl, and a heterocyclic ring:

X is N, CH or C-RY;

each R™ is independently sclected from the group consisting of alkyl, cycloalkyl, alkenyl,
allynyl, aralliyl, ON, CFs, NOy, OR™, -(CHa)CIONCH, LR, -(CH), CIOINERTHR™),
~(CT), CLOYOCH)R A(CH), NRICIORT, «(CH),NEHR™), -NR*S0,R™,
SOCLOINR™R), -SON(R™(R™), halo, aryl, and a hieterocyelic ring, and additionally
or alternatively, two R* groups on adjacent ring atoms form a 3- or 6-membered fused
ring which contains from 0 to 3 hetaroatoms;

R is selected from H, alleyl, eycloalkyl, alkenyl, alleynyl, aratkyl, aryl, and a
heterocyelic ring;

R and R arc independently sclected from H, alkyl, cycloalkyl, alkenyl, alloynyl,
aralkyl, aryl, and a heterocyclic ring; or R™ and R® may be taken together with
the nitrogen to which they are attached form a 5- to 7- membered ring which may
opltionally contain a further heteroatom;

ris o4,

sis0to4;
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mis 0to 4; and
cach RY is independently selected from H, alkyl, cycloallyl, aralkyl, aryl and a heterocyclic

Titig,

[0051]  In a further preferred embodiment, the present invention provides inhibiters of

the PR1QPCRABLAIE i aramutein having the formula Il

wherein!

R’ is selecled from H and F;

R is selecled from the group consisting of is selected from H, alkyl, cycloalkyl, alkenyl,
alleynyl, CORR®, CAOYR?, arallyl, aryl, and a helerocyelic ring;

X* s N, CH or C-R™,

cuch R* is independently sclected from the group consisting of alkyl, eycloalkyl, allenyl,
alkynyl, aralkyl, CN, CF;, NQq, ORO, halo, aryl, and a heterocyelic ring;

R s sclected from aryl and a heterocyelic ring;

() is selected from a chemical bond or a group having the formula -O-, {(CHa)-,

H{CHC(ONCH) - «(CHa)-NRPY-(CHy)ry ~(CHa)CIOWNR)(CHy)-,

(CHCOYO(CH), «(CHANRP)C(O)-(CH ), {(CH2)OCOINRP)ACHy)-, and

-O-(CHZ)-CONR™-(CHo)-;

R™ is selected from aryl, and a heterocyclic ring;

ecach RY is independently sclected from H, alkyl, cycloallyl, arallkyl, aryl and a heterocyclic
ring;

hisOtod;

fi8 0 to 4; and

Jis0to 4
10052]  In preferred embodiments of compounds of the formula 1y, RY s sclected

from halo, CFs, and OH.
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Exemplary compounds of the formula I1, 13, or I, ncludes the following
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[00547 Tz a further preferred embodiment, the present invention provides inhibitors

of the P21 0P FABETS o amiutein having the formuola [11

1%1)}'“( /jl\NH

i0
R

(D)

wherein
ring A ig a 5-, 0+, or 7- mombered ring or a 7- to 12-membered fused bicyclic ring;

X' s selected from N, N-R% or R
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X% ig selected from N, N-R” or ('_‘.-R“;

the dotted lines represent optional double bonds;

cuch R is independently selected from the group consisting of H, alkyl, eycloalleyl, alkenyl,
alkynyl, aralkyl, CN, CFy, NO, OR', <(CH), CONCH2),R Y, -(CHy), CIOINR IR,
“(CH)COYO(CH), R A(CH)NR  DCORMY, S(CH) NR AR, -NERISOR,
SOCIOMRIZYRY, -SONRH(R™, halo, aryl, and a heterocyclic ring, and additionally
ot alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms;

nis0to o, |

cach RM is independently selected from IT, alkyl, cycloalkyl, alkenyl, alkkynyl, arallyl,
aryl, and a heterocyclic ring;

cach R* and R™ are independently selected from H, atleyl, cycloalkyl, alkeryl,
alkynyl, aralkyl, aryl, and a heterocyelic ring; or R gnd 1 may be taken
together with the nitrogen to which they are attached form a 5« to 7- membered
ring which may optionally contain a further heteroatom;

pisOtod;

q 15 O to 4;

R iy selected from -Y'-R ',

Y is selected from a chemical bond, 0, NR®-, and a hydrocarbon chain having from 1 to 4
carbon atomg, and optionally substituted with one or more of hale, elllcyl,l cycloallkyl,
alkenyl, allcynyt, araliyl, CORY, CAOIRY, CLOMNRN,, CN, Clfa, N(RY),, NO,, and ORY;

R™ iz sclected from the group consisting of H, alkyl, cycloatiyl, alleenyl, atleynyl, aralkyl,
CFs, aryl, and a heterocyelic ving; and

each RY is indopendently selected from H, alkyl, eycloalleyl, avalleyl, aryl and a heterocyclic
ring.

[O055]  Ina further preferred embodiment, the present invention provides inhibitors of

T 1t (BCR-ABL 3151 " o H e Eer T
the P210 theramutein having the formula 111,

T
A X!
(R*WQ A
x:-!"' rl‘“‘

HN\R

(111,

wherein:
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ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;

%! is selected from N, N-R% or et

X% is selected from N, N-RY or C-RrY

the dotted lines represent optional double bonds;

cach R is independently selected from the group consisting of I, alkyl, cycloalkyl, alkenyl,
alkynyl, aralleyl, CN, CF3, NOa, OR, <(CH2),C(O)(CHy) R, (CHy),CONR™IHRY),
~(CHL), COIO(CHR), R (CH), NRCOIRY, (CHNRD(R'), -NERHSORY,
SOCOINRIPHR™), -80N(RMWR™, halo, aryl, and a heteroeyelic ring, and additionally
or alternatively, two R! groups on adjacent ring atoms form a 5- or 6-membered fuscd
ring which contains from 0 to 3 heteroatoms;

nis 0 to 6,

cach R is independently selected from M, alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyelic ring,;

cach RY and RY are independently sefected from 1, alkyl, cycloalkyl, alkenyl,
allkynyl, aralkyl, aryl, and a heterocyelic ring; or R'? and R” may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionaily contain a further heteroatom,;

2is 0 to 4,

gisOtod

X is N, CH or C-RY,
each R* is independentiy selected from the group consisting of alleyl, cycloalkyl, allenyl,
alicynyl, aralleyl, ON, CFy, NOg, ORY, «(CHy), C(ONCH),R, «(CH), CONRTHR™),
H{CH), COO(CH) R «(CHNRIHCOR, (CI)NR IR, NR*YSOR,
LOCOINRH(RD), -SONR™(R™), halo, aryl, and a heterocyctic ring, and additionally
Cor alternatively, two R0 groups on adjacent ring atoms form a 5- or G-membered fused
ring which containg from 0 tol3 heteroatoms;

R s selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
lieteracyelic ring;

R* and R™ are independently selected from 1, alkyl, cycloalleyl, atkenyl, allcynyl,
aralleyl, avyl, and a heteroeyclic ring; or R and R¥ may be taken together with
the ni.trtﬁgen to which they are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom;

718 O do 4,

sis 0tod;



WO 2GR/ TEA002 PCT/US2005/018412

mris 0 to 47 and
each RY is independently selected from H, alleyl, cycloalleyl, aralleyl, aryl and a heterocycelic

ring.

[00536]  Exemptary compounds of the formula 11T or 111, includes the following

structures:

. - . N
NN el NTTN ; N
I H o}
0  OH 0O
H Br oR oH
‘\riw = ‘ |’L“““N M Ry fj
| I j\ LoH ([ sh N
N, s N Sy N. == N o
N N’N“‘I’Q“ o NT N N
' o on oxl ©

(0057 Ina further embodiment, the present invention provides inhibitors of the

P21 (FERABLS g oramutein having the formula IV

(IV)
wherein:
ring A is a 5-, 6-, or 7- membered ring ov a 7- to 12-membered fused bicyclic ring;

X! is selected from N, N-R" or C-R';
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%% is selected from N, N-R? or C-R:

the dotted |ines represent aptional double bonds;

each R' is independently selected from the group consisting of H, alkyl, eycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CF3, NOg, OR', -(C12),C(O)CHa),R Y, ~(CHa), CIONR (RS,
(L), C(QYO(CI) R A CH), NRMC(O)R, (CH)NRHR', NRHSORY,
~OCIINR PR, -SONRMRY, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R groups on adiacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms;

nis Q1o G,

each R is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyclic ring;

each R'? and RY are independently selected from 1, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and a heterocyclic ring; or RZang RV may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain & further heteroatam;

pis0iod;

g 18 0 to d;

R™ is scleoted from H and Cyy alkyl;

RM s sclected from H, NO,, CN, alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl, aryl and a
heterocyclic ring,;

R* is selocted from 11, alkyl, cycloalkyl, -(C=0R", alkenyl, allynyl, arallyl, aryl, and a
heterocyelic ring;

R™ is selected from -Y"-R':

Y is selected from a chemical bond, O, NR%, and a hydrocarben chain baving from 1 to 4
carbon atoms, and optionally substituied with one or mare of hato, alkyl, cycloalkyl,
allenyl, alkynyl, aralkyl, COR®, CIOIR®, CLOINRY,, CN, CFj, N(R");, NO,, and ORY;

R* is selected from the group consisting of H, alkyl, cycloaliyl, alkenyl, alleynyl, avalleyl,
CIEs, aryl, and a heterocyelic ring; and

each R” is independently selected from H, allkyl, cycloalleyl, avallkyl, aryl and a heterocyclic

ring.

[0038]  Exemplary compounds of the formula 1V include the following structures:
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I=

o . = et /I
= Mo NH o R M L.O I .
\I*“:-;J“‘N"”L‘ / ﬁ’J\jJ‘%] T_/\I; rfiaw) \L 2 jL ,HH ,j\lli .»nklij% i
o =g V |

[0059]  Ina further embodiment, the present invention provides inhibitors of the

ey (P BOR-ABL-T3SET -l H y
P21 RRARATI g ramutein having the formula ¥V

e

=3 A‘E\ix’)

(h )J?_'"' v 1L Ra*

X'!'}’ HN/ [t
=} NP "-N.‘f:"-'l "'\-RSG
(V)

wherei:
ring A 18 4 5-, 6=, or 7~ membercd ring or a 7- to 12-membered fused bicyelic ring;

X is selected from N, N-R® or C-R!;
X* is selected from N, N-RY or C-Rl;
the dotted lines represent optional double onds;
cach R! is independently sclected frony the group consisting of 1, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFa, NOj, OR, «(CH,),C(ONCH),R, -(CH),COMNR PR,
~(CH), COYCHR),R M (CH),NRCOIRY, -(CH), NRBR ™, -NrhsoR Y,
SQCOMNRPHR™), -SONR R, halo, aryl, and & heterocyclic ring, and additionally
or alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms;
ris 0to 6,
each R' is independently selected from H, alkyl, cycloalkyl, allienyl, alliynyl, aralleyl,
aryl, and a heterocyelic ring;
each ' and R are independently selected from IT, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and a heterocyelic ring; or R* and R* may be taken
together with the nitrogen to which they are attached form a 5+ to 7- membered
ring which muay optionally contain a further heteroatom,
pis0tod;
g is 0 to 4,

R** is selected from M and Cy.s alkyl;
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™ is selected from H, NOy, CN, alkyl, cycloalkyl, allkenyl, allynyl, aralkyl, ary! and a
heterocyclic ring;

R is selected from H, alkyl, cycloalleyl, alkenyl, allcynyl, aratkyl, aryl, and a beterocyclic
ring;

1% ig selected from -Y"-R'™:

Y i3 selected from a chemical bond, O, NR%, and a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituted with one or more of halo, alleyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, CO.R®, C(OIR®, CLOIN(RY)s, CN, CFa, N(R"), NO,, and OR";

RY s selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, alkynyl, aralleyl,
CFs, aryl, and a heteroeycelic ring; and

each RY i independently selected from T, alkyl, eycloalkyl, aratkyl, aryl and a heterocyclic

ring.

[0060]  In afurther embodiment, the present invention provides inhibitors of the

P21 QRCR-ABLTIST 6 amtein having the formula V,

—,
v K

(R*),f-w«Q i
KT g

e

R:z:s

N
RIx NPT T

X
KJ (R),
Zn,

(Vi)

wherein:

ring A is a 5=, G-, or 7- membered ring or a 7- to 12-membered fused hicyelie ring;

X! i selected from N, N-R® or C-R*:

%% is selected from N, N-R® or C-R1;

the dotted lines represent optional double bonds;

cach R is independently selected from the proup consisting of I, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CF3, NOy, OR, -(CHy),C(ONCH)R?, «(CHy), COMNRRP),
{(CH)COYO(CH) R {CH),NRMCO)RY, (CHR)NR DR, -NRHHSORY,
-C)C’:(C))'N('R’?')(R”), SSOMNRRMY, halo, aryt, and a heterocyelie ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or 6<membered fused
ring which contains from () to 3 heteroatoms,

nis0to 6,

cach RM i independenlly selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arallyl,
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aryl, and a heterocyelic ving;

each R and R™ are independently selected from H, alleyl, cycloalicyl, alkenyl,
allkkynyl, aralleyl, aryl, and a heterocyelic ring; or R'2 and 1P may be taken
together with the nitrogen o which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;

pisOiod;

qis0tod;

R is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arallyl, aryl, and a heterocyclic
ring;

X is N or C-R:

gach R™ is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
aliynyl, aralkyl, GN, CFs, NOy, OR®L <(CHy), CIONCTH),RY, «(CH) CIONR YRS,
(CH), COIO(CH), R A(CH)NRICOIR, (CHL),NRZHHR), NERHSO:RT,
AOCIOMNRMHR™Y, -SONER™NR™, halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R¥ groups on adjacent ring atoms form a 5- or 6-membered fused
ring which containg from 0 to 3 heteroatoms;

R is selected from H, alkyl, eycloalleyl, alkenyl, allcynyl, arally), aryl, and a
heterocyclie ring;

R* and R™ are independently setected from H, alkyl, cycloalkyl, alkenyl, allynyl,
aralkyl, aryl, and a heterocyclic ring; or R¥ and R™ may be taken together with
the nitrogen to which they are altached form a 5- to 7- membered ving which may
optionally contain a further heteroaton;

ris 0 to 4

sis 0 to 4;

mis 0 to 4; and -
cach RY is independently selected from H, alkyl, cycloallyl, aralkyl, aryl and a heterocyclic

tinge,

[0061]  Exemplary compounds of the formula V or V,, include the following

structures.
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[0062]  In a further embodiment, the present invention provides inhibitors of the

: RABLTIIS . ‘ 3
P 1 QPCRABLTI gy opanyutein having the formula VI

(R, @ N
P X"JYD RAs

Ra;afN“w\r;::l\ RE6
(Vi)

wherein:

ring A is a 5-, G-, or 7- membered ring or a 7- to 1 2-membered fused bicyclic ring;

X! s selected from N, N-R” or C-RY

37 s selected from N, N-R” or G-RY;

the dotted lines represent optional double bonds;

cach R 15 independently selected from the group consisting of T, alkyl, cycloalkyl, alkenyl,
alleynyl, aralkyl, CN, CF3, NO,, OR, -(CHy), CIONCH) R Y, (CHR)CONRYRY),
o(ClE), CONOCH),R T (CHR),NE GO, (CH),NR IR, NRMSOR',
COCIOINERMR™Y, -80,NR™MR'Y™), halo, aryl, and a heterocyelie ring, and additionally
or alternatively, two R* groups on ad] acent ring atoms form a 5~ or G-membered fused
ring whicli contains from 0 to 3 heteroatoms;

nls (0 to 6,

cach R is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
1 Y Y
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aryl, and a heterocyelic ring;

cach R and R are independently selected from 1, alkyl, cycloalleyl, alkenyl,
allynyl, aralkyl, aryl, and a heterocyelic ring; or R'* and R™ may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a finther heteroatom,

pisGtod

gis Otod;

R is selected from H, alkyl, cycloalkyd, alkenyl, allkynyl, aralleyl, aryl, and a heterocyclic
ring;

R is selected from -Y"-R';

Y is selected from a chemical bond, O, NR'-, and a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituted with one or more of halo, alkyl, cyclealkyl,
alkenyl, alkynyl, aralicyl, COuR”, CIOIR®, CLOIN(R), CN, CFy, NRY), NOg, and ORY;

RY¥ {3 selected from the group consisting of H, alkyl, cycloallyl, allkenyl, alkyny), aralkyl,
CFj, aryl, and a heterocyelic ring; and

each 1Y is independently selected from H, alkyl, cycloalleyl, aratkyl, aryl and a heterocyelic

1ing.

(00631 Ina further cmbodiment, the present invention provides inhibitors of the

BCR-ABL-T315I - al o e 4 .
P10 " theramutein having the formula V1,

o
xwk O

M., .X"
T2

)
\jﬂ— (R5),
(VL)

wherein:

ting A s a 5-, 6=, or 7« membered ring or a 7- o 12-membered fused bicyelic ring,

X' is sclected from N, N-R” or C-R';

X% is selocted from N, N-R” or C-R;

the dotted lines represent optional double bonds;

each R iy independently selected from the group consisting of 11, alkyl, cycloallky!, alkenyl,
allcynyl, aralleyl, CN, CFs, NOy, ORY, ~(CH),CIONCH )R, -(CHa),COMNR YR,
~(CH), COYCH) R H(CH)NRMCOIRY, (CH),NR PR, -NRDSORY,
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»(L)Ci(())l\l(llm)(llm), -SO;N(R”‘)(R”), halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R’ groups on adjacent ring atoms form a 5- or G-membered fased
ring which contains from 0 (o 3 heteroatoms;

wis 010 6,

cach RY is independently selected from I, alkyl, cycloalkyl, alleenyl, allkynyl, aralkyl,
aryl, and a heterocyclic ring;

cach R'? and R'? are independently selected from H, alkyl, cycloalkyl, alkenyl,
allynyl, aralkyl, aryl, and a heterocyclic ring; or R and R™ may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatem;

pistod;

g is 0 to 4

R is selected from H, alkyl, eveloalkyl, allkenyl, alkynyl, aralkyl, aryl, and a heterooyclic
ring;

X*is N or R

each R is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
alleynyl, azalkyl, GN, CFa, NOy, OR®L -(CH), CIONCH),RY, «(CHo), CCOMNRTFHR™),
H(CH), COYHCHD)R T (CH)NERIYCOR, «(CH)NRPHRT), -NR*HS0R,
SOCEOINR™H(IR™), -SONR™HE, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two 13" groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from Q to 3 heteroatoms;

R is selected from 11, alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring,;

1% and R* are independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyelic ring; or ¥ and RY may be taken together with
the nitrogen to which they are aitached form a 5- to 7- membered ring which may
optionally conlain a forther heteroatom;

Fis 0 to 4

s 15 0 to 4,

mis Qto 4, and
cach R? is independently selected trom 1, alkyl, cycloatkyl, arallkyl, aryl and a hoterocyclic

ring.
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[0064]  Exemplary compounds of the formula V1 or VI, include the following

structures:
Br Q
o l j I3y
M., ,HN{:‘, o,
b h \rgH A o e
F ;]\‘,’ LNj » H oH
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o]

" Er Br

o o
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[0065]  As uscd hercin, the definition of each expression, ¢.g. alkyl, m, n, R, R' cle.,
when it occurs more than once in any structure, is intended to be independent of its definition
elsewhere in the same strocture.

[0066]  For each of the above descriptions of compounds of the siructures 1, Ty, Ty, 1,
I, Thy, ITL, 173, IV, IV, V, Vo, VI, and VI, each recitation of the terms hale, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, heterocyclic group or heterocyclic ring, are independently
selected from the definitions of these lerms as provided in the beginning of this section.

[G067] Tt will be undersiood that chemical sttuctures provided herein include the
implicit proviso that substitution is in accordance with permitted valence of the substituted
atom and the substituent(s), and that the subsiitution results in a stable compound, e.g., which
does not spontansously undergo transformation such as by rearrangement, cyclization,
climination, ete.

[O068] When one or more chiral centers are present in the compounds of the present
invention, the individual isomers and mixtures thereof (e,g., racemates, ete.) are intended to
be encomipassed by the formulae depicted herein.

[0069]  When one or more double bonds are present in the compounds of the present
invention, both the cig- and trans- isomers are intended to be encompassed by the formulae
depicted herein, Althouph chemical structures (such as, for examyple, structures 11 1., YV, Vi,
VI, and V1) are depicted herein in either cis of trang configuration, both configurations are
meant 1o be encompassed by the cach of the formulae,

[0070]  In certain embodiments, compounds of the invention may exist in several
tautomeric forms, Accordingly, the chemical structures depicted herein encompass atl
possible tavtomeric forms of the illustrated compounds.

[00711  The compounds of the invention may generally be prepared from
commercially available starting materials and known chemical techniques. Embodiments of

the invention may be synthesized as follows. One of gkill in the art of medicinal or synthetic
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chemistry would be readity familiar with the procedures and techniques neeessary to
accomplish the synthetic approaches given below.

[0072]  Embodiments wherein R? = NH, R* = N, R’ = CH, and BEm aryl may be
prepared by reaction of an appropriate hydrazine compound, such as A, and an appropriate
aldehyde, such as B, under conditions similar to those described on p. 562 of Gineinah, ef al,

(Arch. Pharm. Med. Chem. 2002, 335, 5356-562).

(o]
Ring A MNH Fi s,
ng A N2 *)L\ ,. R A“Nf'NvM]
&} b Ayl H
A ] ]

For example, heating A with 1.1 equivalents of B for 1 {0 24 hours in a protic solvent such as
a Cy to Cg alcohol, followed by cooling and collection of the precipitate, would afford
Alternatively, product C may be isolated by cvaporation of the solvent and punfication by
chromatography using silica gel, alumina, or G4 to Cyy reverse phase medium.  Similar
methodology would be applicable in the cases where “Aryl” s replaced by other groups
defined under R,

[0073]  Embodiments wherein R? = Nif, R* = NR¥, R" = (0, and R =3
heterocyclic ring may be prepared by reaction of an appropriate hydrazine compound, such as
D, and an activated carboxylic acid sueh as E, wherein L{31s 8 leaving group such as halo, I-
oxybenziriazole, pentaflueropbenoxy, p-nittophenoxy, or the like, or Compound J may also
be a symmetrical carboxylic acid anhydride, whereby conditions similar to those described

on p. 408 of Nair and Mehta (Indian I. Chem. 1967 5, 403-408) may be used.

o R
|
Riagg A h.t W T #ing A M. Heterocycln
SNTUR® Y 6~ Hetarayelo " S
H H
e E F

For example, treatment of 1 with an active cster such as Heteroeyele-C{O)-OCFs in an inert
goivent such as dichloromethane, 1,2-dichloroethane, or N N-dimethytformamide, optionally
in the prescnce of a base such as pyridine or another tertfary amine, and optionally in the

presence of & catalyst stich as AN, N-dimethylasyinopyridine, at an appropriale temperaiure
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ranging from 0° C to the boiling point of the: solvent, would afford £, which may be isolated
bry evaporation of the solvent followed by chromatography using silica gel, alumina, or Cy 1o
(15 teverse phase medium. The above active ester example of £ would be reachly prepared
from the corresponding catboxylic acid and pentafluorophenol using a carbodiimide such as
dicyclolexylcarbodiimide as u condensing agent. Similar methodology would be applicable

in the cases where “Heterocyele™ is replaced by other groups defined under RP,

[0074])  Precursors such as A and 2 may be prepared by reaction of an appropriate
micleophile, for cxample, 4 hydrazine derivative, with a heteroaromatic compound bearing a
halo substituent at a position adjacent to a nitrogen atom.  For example, using methods
analogous to those deseribed by W, ef al. (J. Heterocyelie Chens. 1990, 27, 1559-1563),
Breshears, ef al. (7. Am. Chem, Soc. 1959, 81, 3789-3792), or Gineinah, ¢f al. (Arch. Pharm.
Med. Chent. 2002, 335, 556-562), examples of compounds 4 and I may be prepared starting
from, for example, a 2,4-dibalopyrimidine derivative, many of which are commerciaily
available or are ofherwise readily prepared by one skilled in the art. Thus, trestment of an
appropriate 2,4-dihalopyrimidine derivative G with an amine or other nucleophile (Z),
oplionally in the presence of an added base, seleclively displaces the 4-halo substituent on the
pyrimidine ring. Subscquent treatment of the produet with a second nucleophitic reagent
guch as hydrazine or a hydrazine dertvative, optionally in a solvent such as a Gy to ¢ ulcohiol
and optionally in the presence of an added base, displaces the 2-halo substituent on the

pyrimiding ring, to afford compounds that are examples of structures A4 and 2 above.

UM (=Y,
/E\ﬁ“‘ N 1) f N
4 i ——————
el ‘*N/km 2) NHNHR*? Cl Nf”l\‘ ”—mﬂar
c

[0075]  PBmbodiments wherein R? is -NR™ and R? is -C(=R™) can be synthesived by
methods such as the following, or straightforward modifieations thereof. The synthesis may
be conducted starting from an appropriate ring A derivative J that bears a leaving group (LG)
adjacent to the requisite ring mirogen. Structure & above and the product of reaction of
structure G with nucleophile 7, as illnstrated sbove, are examples of such appropriate Ring A

derivatives JJ, Suilable LG groups are halo, alkylthio, alkylsulfonyl, alkylsulfonate or
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arylsulfonate, Treatment of J with an amine R'NI1, effects displacement of 1.6 to afford
intermediates K, An example of this chemical transformation wherein R' is H and LG’ is
CHaS30y- 15 reported by Capps, el al. J. Agric. Food Chem, 1993, 41, 2411-2415, and an
example wherein R is ¥ and LG’ 1s Clis reported in Marshall, et ol J, Chem. Soc. 1951,

1004-1015.

Ring A Ring A =
94, .t REELNHy 8y
LG |

H
4 K

[0076]  Intermediates of structure K are transformed to compounds of the invention

: . . . . . oy 5 "
by simultancous or sequential introduction of the elements, of RYRY, and R®. For example,

convert compounds of structure X to compounds of structure M are well known to those

. . N 3, . . - " . .
skilled in the art, wherein IV together with a leaving group (for example p-nitrophenoxy or
chlore) is first introduced, followed by subsequent displacement of the leaving group by, for

example, an amine R7-NHz, to introduce 12% and R®.

[0077]  Alternatively, treatiment of intermediates of structure X with a reagent such as
cyanammide (NFp-CN), typically under conditions of heating and optionally in the presence of
acid int a solvent such as ethyl acetate or dioxane, affords intermediates V. Alternatives to
cyanamide are nitroguanidine or amidinosulfonic acid (NFlo-C(=NH)-803H).  An example of
such a transformation using cyanamide is reported by Fatham ef al,, 1. Org, Chem. 1950, 15,
884, An example using nitroguaniding is reported by Davis, Proc. Natl. Acad, Sci. USA
1925, 11, 72. Use of amidinosulfonic acid was reported by Shearer, ef ol Bioorg. Med.
Chem. Lett. 1997, 7, 1763,
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[0078]  In analogy to the conversion of intermediates 4 or D to embodiments
represented by Cor £, intermediates K are converted, respectively, to compounds

represented by P or @, which are further embodiments of the invention.

NH
Ring A, N)L N;:f""'“ At

K + B
Lo

NH O
) #® + B . Ring A, N)I\ NfJL*l-letemnyc:lo
b
@
[0079]  Treatment of 4 or I with a ketone 8, wherein R is ag defined above, in place
of an aldehyde B iﬂ the schemes above, affords compounds of structure T or U, respectively,

which are further embodiments of the invention.

a .
Ring A Ayl
I O gy Mo A

Aryl H F

5 i

r\lli-t 2

Ring A . -
K + 3 g i ““N’J NET T Ayl

}{22
u

[0080]  The non-guanidine carbon-nitrogen double bond of U can be selectively
reduced by an appropriate reducing agent such as a metal (boron, aluminum, silicon, etc.)

hydride reagents, preferably one with basic propertics, to afford compounds V of the

invention,
MH
)I"\lllvl T\ Ring A~ ’JL&N ’JA !
Ring A""‘-\-\.,_ St P —— ‘N ) l‘y
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[0081]  Embodiments of the invention wherein R? = CO, R = -NR¥ R N-, and .RS
= 7R’ , wherein Z is a hydrocarbon chain and R is as defined above, may be prepared as
follows. When R = H, 4 Ring A-derived cat.rboxylié acid W is activated by conversion to
the corresponding acid chloride, or alternatively to an active ester, or lo an analogous
activated derivative, many of which are well known in the art. Treatment of the activated
carboxylic acid with hydrazine affords the corresponding hydrazide Y. Treatment of Y with
an aldehyde or ketone (under conditions of heating and/or mild acid catalysis if necessary)

affords the desired final product 2.

Hvals G - aldehyde H {or hydrocarhon chain)
Ring An, O 1. Activate carbaxyl group Ring A- H‘ or kotorie . - 0
‘H A 1 ““-ﬂ/" N, . Ring Aw N,N. R
0 0O ’ l/
2, NN, Q
W i 7

[0082]  Ifnot commercially available, Ring A-derived carboxylic acids W may be
prepared by (reatment of starting material J above with cyanide jon, optionally with heating
or transition melal calalysis, to replace the leaving group 14 with a cyano residue.  Basic or
geidic hydrolysig of the eyvano group affords the desived carboxylic acid intermoediate W,

[0083]  When R* is not H, then a protected form of monosubstituted hydrazine may
be used in the above scheme in place of hydrazine,. Thus, treatment of the activaied
carboxylic acid from W with R¥NHNH-PG, where PG is a nitrogen protecting group such as
benzyloxycarbonyl or t-butyloxyearbonyl, followed by deprotection and treatment with an

appropriate aldehyde or ketone ag above affords 77, a further embodiment of the invention,

plq’-*" H (or hydrocarbon chain)

Ring A 1 P
ARG “mn/ N R

O
Z'I

[0084] It will be appavent to a practitioner skilled in the art of organic molecule

synthesis that the reaction processes Hlustrated above are representative of a broader set of

methods that are logical extensions of the illustrated processes, Thus, additional
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embodiments of the invention that incorporate additional variants in R* R, ‘R"t, and RY
claimed by this invention are prepared by obvious modifications of the above processes.
100351 As would be recognized by a person of ordinary skill, it may be advantageous
to employ a temporary proteciing group in achieving the final product. The phrase
"protecting group” as used herein means temporary modifications of a potentially reactive
functional group which protect it from undesired chemical transformations, Examples of such
protecting groups include csters of carboxylic acids, silyl ethers of atcohols, and acetals and
ketals of aldehydes and ketones, respectively. The field of protecting group chemistry has
heen reviewed (Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, 2%

ed.; Wiley: New Yorlk, 1991),

[O08G] A “mutein” is & protein having an amine acid sequence that is altered as a
result of a mutation that has occurred in its corresponding gene (Weigel et al, 1989). Such
mutations may result in changes in one or more of the characteristics of the encoded protein.
For example, an enzgyme variant that has modified catalytic activity resulting from a change
in one or more amino acids is a mutein.

[0087]  This invention is concerned with proteins harboring an alteration of at least
ofie amino acid residue (the terms "amino acid sequence change™ or "amino acid sequence
alteration” mclude changes, defetions, or additions, of at least one amino acid residue, or any
combination of deletions, additions, changes) such that the resulting mwfcin has become (as a
result of the mutation) resistant to a known therapeutic agent relative to the sensitivity of the
non-mutated version of said protein to the therapeutic agent. This specialized class of
muteins is hereinafter veferred to as a theramutein, and the corrcsponding protein lacking the
mutation is referred to herein as a prototheramautein.

[CO88]  Asused herein, "prototheramutein®” refers to an endogenously occurring
protein in a cell that is susceptible to mutation that confers relative insensitivity (i.e.
resistance) to a therapeutic compound which otherwise inhibits or activates the protein.
Accordingly, "theramutein” refers to an endogenousty oceurring protein or portion of a
protein in a cell that contains at least one amino acid sequence alteration relative to an
endogenous forn. of the protein, wherein the amino acid sequence change is or was identified
or becomes identifiable, and is or has been shown {0 be clinically significant for the
development or progression of a given disease, following exposure of al least one human

being to a substance that is known to inhibit or activate the protatheranauiein. Solely for the
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purpeses of defining the preceding sentence, a substance need not be limited to a chemical
agent for the purposes of first defining the existence of a theramutein, Thus, by definition, o
theramutein is a protein which harbors a mutation in its corresponding endogenous genc,
wherein said nutation is associated with the development of clinical resistance in a putient to
a drug that is normally able to activate or inhibit the non-mutated protein. With respect to a
given theramutcin, the term “corresponding prototheramuiein” refers to the prototheramnutein
whicly, through mutation, gives rise to said theramutein. Similarly, with respect fo a given
prototheramutein, the “corresponding theramutein” refers to the theramutein which has drisen
by mutation from said prototherantuicin,

[0089]  Accordingly, it is apparent W a gkilled artisan that, as the gones which encode
theramuteins are limited to endogenously occurring genes, the definition of a theramutein
excludes proteins encoded by discase-causing infections agents such as viruses and bacteria.
As used herein, the term "endogenous gone” refers to a gene that has been present in the
chromosomes of the organism. af least in its unmutated form, since nception. The teem “cell™
as used herein refers to a living eukaryotic cell whether in an organism or maintained under
appropriate laboratory lissue or organ eulture conditions outside ol an organisin,

[0090]  In one aspect of the invention, a theramutein is a protein that is altered for the
first time with respeet Lo a commonly ocourting “wild type” form of the prolein (L.e. the
prototheramutein). Tn another aspect of the invention, a theramutein is a variant of a profein
(profotheramutein) that is, itself, already a mutein, In still another embodiment, a
theramutein may be further mutated as compared to a previously existing theramutein. In
such instances, the first thevamutein (such as the T3151 mutant of p210 BCR-ABL (see
below), may be thought of as a "primary” theramutein, whereag subsequent mutations of the
(alteady mutated) T315) variant may be termed a sccondary theramutein, terfiary
theramutein, etc. As exemplified below, a mutein of the invention is a variant of Ber-Abl
tyrosine kinase that cscapes inhibition by an inhibitor of the “wild type” Ber-Abl. Such a
Bor-All mutein is altered with respect to a more common or “wild type” form ol Ter-Abl
(which is also a mutein as well) in such a way that a property of the protein is altered.

[00917 Tt will be understood that a mutein of primary interest is a theramutein that
may have the samie, increased, or decreased specific activity relative to its prototheramutein,
and that it is not {uhibited or is poorly inhibited by an agent that is capable of inhibiting the

prototheramutein. Likewise, another therumutein of primary interest is one that has the same,
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increased or decreased specific activity (relative (o its prototheramutein) and that is not
activated or is poorly activated by an agent that is capable of activating the prototheramutein.
Other variations arc obvious to the skilled artisan. It will he further appreciated that
theramuteins can include naturally oceurring or commonly observed variunts of a protein, for
example, variants that are expressed from different alleles of a particular gene, In some cascs
such variants may be unremarkable witl respect to their normal cellular function, with
functional differences becoming apparent only in the presence of agents that differentially
inhibit or activate the cellular function of the varlants, For example, naturally occuring
variants ol a particular enzyme may have activity profiles that are not substantiaily different,
but a therapeutic agent that modulates one may be ineffective in modulating the other.

[0092] It will be appreciated that, whereas one aspect of the invention is the
identification of an agent that is active against a theramutein ﬂmt ariscs or becomes dominant
(by any mechanism) during the course of a treatment for a given disease, another aspect is the
identification of an agent that is active against a mutein that ig common within a population
of unafflicted individuals, but wherein said mulein 13 less susceptible to modulation by an
approved drag, and where the variation in the aclivity profile of the mutein becomes
important (and is thercfore first identified as being a theramutein) in a disease state such as
where it Is overexpressed or participates in a signaling process which has otherwise become
abnormally regulated. For example, a neoplastic disease may be cansed by abnorral
regulation of a cellular component other than the theramutein or its prototheramutein, and
still be treatable with an inhibitor of the prototheramutein, whereas the same treatment would
be less effective or ineffective where the theramutein was present, This can be an issue
where it 18 observed that the response of a particular tumor type 1o an anticancer agent varies
among individuals that express different variants of an enzyme against which the anticancer
agent is directed (Lynch et al,, 2004), Here, the variants would not have arisen or become
predominant during the course of treatmient of the disease, but are precxisting in the healihy
population and are detected only by their altered responsiveness to a particular course of
established therapeutic treatment.

100931  Asused herein, the terms “agonist™ and “activator” of a protein arc used
interchangeably. An activator (agonist) is limited to a substance that binds to and activates
the functiotung of’a given protein, Unless explicitly stated otherwise, an "activator", an

"agonist", and an "activator of a protein" are identical in meaning. The activation by an
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activator may be partial or complete. Likewise, as used herein, the terms “antagonist” and
“inhibitor” of a protein are used interchangeably. An inhibitor (antagonist) is limited to a
shbstance that binds to and inhibits the functioning of a given protein. To state that a
substance “iphibit(s)” a protein means the substance binds to the protein and reduce(s) the
protein’s activity in the cell without materially reducing the amount of the protein in the cell,
Similarly, to state that a substance “aclivate(s)” 2 protein, such as 4 prototherarmutein or
{heramutein, is to state that the substance increased the defined function of the protein in the
cell without substantially altering the lzavel of the protein in the cell. Unless explicitly stated
olherwise, an "inhibiter”, an "antagonist” and an "inhibitor of a protein” are also synonymous.
The inhibition by an inhibitor may be partial or complete. A modulator is an activator or an
inhibitor. By way of example, an "activator of PKCp" should be constined to mean a
OBcr-Ahl,.

substance that binds lo and activates PEKCy. Similarly, an “inbibitor of p21 isa

Bor-Abl - rrn giate that a substance

substance that binds to and inhibits the Munetioning of p210
"inhibits a protein” requires that the substance bind to the protein in order to exert its
inhibitory effect. Similarly, to stute that a substance "activates protein X" is to state that the
substance binds to and activates protein X. The torms “bind(s),” “binding,” and “binds to”
have their ordinary meanings in the feld of biochemistry in terms of desﬁribing, the
interaction between two substances (e.g., enzyme-substrate, protein-DNA, receptor-ligand,
etc.). As uscd herein, the term *“binds to” is synonymous with “interacts with™ in the confext
of diseussing the relationship between a substance and its corresponding target protein. As
used herein, to state that a substance “acts on™ a protein, “affects” a protein, “exerts its effect
on™ a protein, ete., and all such related terms uniformaly mean (ss the skilled investigator i3
well aware) that said substance activates or inhibits said protein.

[0094]  The concept of inhibition or activation of a mutated form of an endogenous
protein to & greater extent than the comresponding non-mutated coutterparl prolein is defined
for the lirst time and referred to horein as a positive "specificity gap." In gencral temms, and
using an inhibitor case as an example, \he specificity pap refers to the difference between the
ability of a given substance, under comparable conditions to inhibit the theramutein in 4 cell-
hased assay system as comparcd to either:

&) the ability of the same substance onder comparable conditions to inhibit the

prototheramutetn, or
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B) the ability of # second substance (usually a known inhibitor of the
- prototheranmutein to inhibit the theramutein under comparable conditions, or

¢) the ability of the second substance to inhibit the prototheramutein under
comparable condifions,

{0095]  When the comparison is inade between the effects of two distinct substances
(tested individually) on the theramutein alene, the result is termed a hemologous specificiny
gap delermination,

[0096]  Alternatively, when a comparison is made between the effects of two distinet
substances (generally, but not always), one of which is tested on the theramutein and the
othier on the prototheramutein, respectively, the resulf is termed 8 feterologous specificity
gap (8G) determination. Thus, (2) and () as given above are examples of heterologous
specificity gap (SG) determinations (although (a) uses the same substance in both instances),
whergas () is an example of a homologous specificity gap determination.

[0100}  Reference to Figure 3 15 informative in understanding and elucidating these
soncepts,

{0101]  Analogous issues apply when the casc concerns an activator, It will be
immediately obvious to the skilled artisan that the term “comparable conditions” includes
testing two different compounds, for example, at the same concentration (such as comparing
twa closely related compounds to determine relative poteney), or by comparing the elfeets of
two different compounds tested at their respective ICsy values on the comresponding
prototheramutein and theramutein. The skilled investigator will easily recognize other nseful
variations and comparable conditions.

[0102]  Thus, in one embodiment of the application of this approach, substances that
ave more effective against a theramutein have a “positive specificity gap. A “zero, null or
na" specificity gap indicates that there 1s no significant measurable differcnee between the
effect of 4 substange on the (heramutein ag compared to its effect on the prototheramutein
(hawever such compounds may be quite useful in their ability to inhibit or activate both a
theramutein and its corresponding prototheramutein), and a4 "negative specificity gap”
indicates a substance that #t a given concentration is less effective apainst the given
theramutein than against a form of the corresponding prototheramutein or other comparative
farm of the theramutein (such as one that may harber a different mutation), The latter

category is generally of lesser interest than the former categories of compounds, cxcept in the
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case where the compound is so potent that its relatively lesser effect on the theramutein is of
no real concarn fron the perspective of therapeutic cfficacy. The skilled investigator can
eusily recognize a variety of approaches to quantifying the specilicity gap assessment in a
manner tailored to his or her needs.

[0103]  The invention also provides a means for identifying compounds that exhibit
desired specificity gap. Such compounds can be identified and their ability to inhibit or
activate the theramutein determined using an i vitre ccll-based assay system where the effect
of a substance on the cellular functioning of the mutated endogenous form of the protein is
compared to the effect of the same drug on the cellular functioning of a non-mutated
endogenous form of the protein.

[01043  Thus, the system enables the discovery of conipounds capable of binding to a
theramutein and exerting a greater modulatory effect on the cellular functioning of said
theramutein than on its corresponding prototheramutein. lurther, the system cnables the
discovery of compounds capable of binding to a theramutein and exerting at least as great or
greater modulatory effect on the celtular functioning of a theramutein than previously known
compounds are able to exert &111 the corresponding prototheramutein, In a particular
embodirnent of the invention, & compound may be screened for and identified that 1) is at
least as effective against the theramutein as the original drug is against the prototheramutein,
and/or 2) 1s simnilarly cffective against the prototheramutein as against the theramutein (i.e.,
displays a small or cssentially zero specificity gap).

[(105] In an embodiment of the invention, cells that overexpress a theramutein of.
interest are used to identify chemical agents that are inhibitors or activators of (i.¢., that bind
to and inhibit or that bind to and aclivate) at least the selected theramutein. The chemical
agents may also be inhibitors ov activators of the prototheramutein or even other theramuteins
of the sanic prototherannriein, As used herein, the terms "chemical agent” and "compound”
are used interchangealbly, and both terms refer exclusively to substances that have a
molecular weight up io, but not including, 2000 atomic mass units (Daltons). Such
substances arc sometimes referred to as “small molecules,” Unless otherwise stated herein,
the term substance as used herein refers exclusively to chemical agents/compounds, and does
not refer to biological agents. As used herein, "biological agents," are molecules which
include proteins, polypeptides, and nucleic acids, and have molecular weights equal to or

greater tha 2000 atomic mass wits (Daltons).
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[0106]  According to the invention, a theramutein is selected and used in a cell-based
assay system desipned to identity agents that are inhiibitors or activators of the theramutei
Where two or more distinet theramuteins originating [rom the same prototheramutein are
knawn, i 1s preferable to select the most resistant theramutein available for use in the assay
systent. In general, the degree of resistance of a theramutein to a given chemical agent is
determined relative to its non~-mutated counterpart (prototheramutein) using the drug that was
first administered and known to inhibit or activate the prototheramutein and against which the
theramutein "arose." The methods of determining the degree of such resistance, for example
by analysis of ICs or ACsy values, are well known and standard in the art and will not be
reiterated herein, However, no cansal relationship is necessary or should be inferred between
the treatment of the patient with a given therapeutic agent per se and the subsequent
appearance of a theramutein., Rather, what is required in order to practice the invention is
that a truc theramutein be properly selected according to the teachings herein.

[0107]  Thus, for example, randomly generated site directed mutants of known
profeins that are created in the laboratory but that have net been shown to be clinically
relevant are not appropriate muitcing for use within the scope of this invention, Such muteins
would not, of course, be properly clagsified ag theramuieing,

10108} For example, in an effort to obtain potential inhibitors of mutants of
p210%72% Paron et al. (2003) used a recombinant c-abl preparation and screencd a series of
compounds known to inhibit c-sre tyrosine kinase activity, The authors performed c-abl
kinase assays on thelr compounds and tdentified the most potent compound as an 8 nM
inhibitor against c-abl, When this compound (P1X166326) was tested against various
1)210]“"””] theramuteins, however, it showed activity against some of the mutants such as
p2 108 -ARMEEKE iy the p2 1 0P ATI g aeanmutein was found to remain 10 fold more
resistant (Huron et al. 2003, Table 3). Furthermore, in cach case the compound was still
Ol.icra}\bl

muarkedly less effective on the p21 theramuteins than it was against the wild-type

p210%* When the compound was tested against p210% 2 mutant activity, it was
unable to inhibit the activity to any appreciable extent (p. 1270, left hand colunm, second
paragraph; see also Fig. 4.). Thus, the disclosed compound was able to inhibit a theramutein
that is partiatly resistant to $11-571, but had no activity againgt the 73151 mutant of Ber-Abl,

which was already known at that time to be the theramutein that exhibited the most resistance
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to STI-571. Hence purcly and simply, the Huron methodology failed to identify an effective

Hor- " .
p210PATI e mutein.

inhibitor of the
[0109]  Indeed, prior to the disclosure of this invention, including both the detaiied
methodology deseribed for the first time herein as well as the compositions provided herein,
no one anywhere in the world has been successful in identifying a chemical agent, let alone
a methodology that is capable of identifying a chomical agent thal effectively inhibits the
p210HTATE theramutein to an equal or greater extent than STL-571 is able to do with

Ha-AP) proiein. (Sce Shah et al, Science, July, 2004; O'Hare et

respect to the wild type p210
al., Blood, 2004; Tipping et al.,, Leukemia, 2004; Weisborg ¢t al., Leukemia, 2004).

[0110] It cannot be aversmphasized that such compounds would be immensely
nseful, because at the present time there is no altemative for patients who progress to p2l B
ABRTILS] o eramtein-mediated imatinib mesylatc-resistant status. Once patients develop such
resistance, there is no ather ¢ffeciive alternative treatment availuble, and death is certain,
The method described herain provides the first veporied approach to identify,
pharmacologically characterize and chemically synthesize effective inhibitors of the p2EOer
MRS eramutein, Moreover, the skilled investigator will immediately recognize the
applicability and generalizability of this approach to any highly drug»rcwé‘x!ant theramutcin,

[0111]  In the prosent invention, a test cell 1= used that displays a carefully selected
phenotypie charactoristic (as defined below) which is linked to the presence and functional
activity of the particular theramutein-of-intorest (TOL) in the cell under appropriate
conditions. This should be qualitatively the same as the phenotypic characteristic displayed
by a cell that expresses the prototheramutein. A phenotypic characteristic (f.e. a non-
genotypic characteristic of the cell) 1s a property which is observed (measured}, selected
and/or defined for subsequent use in an assay method as deseribed hercin, Expression of the
phenotypic characteristic is esponsive to the total activity of the theramutein in the cell, and
is a result of the absolute amount of the theramutein and its specific activity, Ofien, the
phenotypic characteristic is observable as a result of elevated levels of theramutein activity
and is not apparent in cells that express low amounts of the theramutein or low amounts of its
corresponding prototheramutein, Furlher, it can often be demonstrated that the phenotypic
characteristic is modulaled by modulating the specific activity of the theramutein with an
inhibitor or activator of the theramutein , although this is not always the case since an

inhibitor or activator of the TOI may not always be available at the time the skilled
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investigator undertakes such a project. Thus, for the purpose of defining the phenotypie
characterisiic to be subsequently used with a given test cell for assay purposes, the skilled
investigator may also use a substance capable of increa-\siﬁg or decreasing the expression of
the theragene, which will in turn lead to increases or decreases of the level of the
corresponding theramutein. This allows the skilled investigator to simulate the cffcets of
certain types of activators or inhibitors of the theramutein (such as a suicide inhibitor of the
theramutein, which is a class of chemical agent which binds jrreversibly and covatently
moedifies the TOI, rendering it permanently inactive), withoul actually having access to such a
compound, for the purposes of refining the appropriate phenotypic characteristic for
subsequently establishing a usefl cellular assay system. Examples known o one of ordinary
skill that would be helpful for such purposes include the use of anti-sense DNA
oligonucleotides, small interfering RNAS, other RNA inferference-based methodologies, and
vector constructs containing inducible promoter systems. In this manner, the selected
phenotypic characteristic is linked to the activity of the theramutein in the test cell. Notably
for theramuteins, the selected phenotypic characteristic is usually also displayed by a cell that
overexpresses the prototheramutein and in which the phenotypic characteristic is modulated
by known inhibitors or activators of the prototheramutein.

T0112] A phenotypic chavacteristic 1s simply a characteristic of a cell other than a
genotypic characteristic of the cell. Except for the specific requirements of a properly
defined phenotypic characteristic as disclosed herein for the purposes of creating useful
cellular assay systems according to the teachings of certain of the embodiments of the
invention, no other limitation of the term phenotypic chatacteristic of any kind or nature is
intended or appropriate in order to properly and effectively practice the invention. Indeed,
the skilled artisan must be able to sclect any characteristic of the cell that maximizes the
utility of establishing the proper cell-based assay for his or her needs, The phenotypic
characteristic can be quantitative or qualitative and be observable or measurable directly
{e.g., observable with the naked cye or with a microscope), but most commonly the
characteristic is measured indirectly using standard automated laboratory equipment and
assay procediures which are known to those of skill in the art, ‘The term "ohservable” means
that a characteristic may be measured or is otherwise detectable under appropriate conditions
by any means whatsoever, including the use of any type of laboratory instrumentation

available. The term "deteetable” is not the same as "detected”. A characteristic may be
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detectable to a skilled artisan without being detected at any given time, depending upon how
the investigator chooses to design the assay system, For example, in searching for activators
of a prototheramutein (or theramutein), it may be desirable to have the relevant phenotypic
characteristic detected only after the addition of a known activator or test substance capable
of activating the POIL. This provides the ability lo maximize the intensity of the signal that 1s
generated by the test cell in the assay.

[0113]  Phenotypic characteristios include but are not limited to growth characteristics,
transformation state, differentiation state, substrate phosphorylation state, catalytic activity,
ion flux across the cell membrane {calcium, sodium, chloride, potassiwm, hydrogen ions,
cte.), pH changes, fluctuations of second messenger molecules or other intracellular chemical
species such as cAMYP, phosphoinesitides, eyclic nucleotides, modulations of gene
expression, and the like. The characteristic of the cell may be observable or measurable
continvously (e.g., growth rate of a cell), or after a period of time (e.g., terminal density of' a
cell culture), or transiently (e.g., modulation of a mutein causes & transicni change in
phosphorylation of a substrate of the mutein, or a transient flux in ion flow across the
membrane, or elevations or reductions in infracellvlar cAMP levels). In certain
embaodiments, a selected phenoiypic characteristic may be detected only in the presence of a
modulator of the prototheramutein or the theramwtein, No limitations are intended with
respect to a characteristic that may be selected for measurement. As used hercin, the terms
“characteristic of a cell” and “phenotypic characteristic™, and simply “characteristic”, when
used to vefer to the particular measurable property of the intact cell or a subeellular fraction of
the cell following the treatment of & test cell with a substance, are identical. For example, a
phenotypic characteristic can be focus formation that becomes observable when a cell that
over expresses a sclected protein is eultured in the presence of an activalor of the protein, or it
may be a trangient increase or decrcase in the level of an infraceliular metabolite or ion, such
as cAMDP, calcium, sodivm, chlovide, potassivm, lithium, phogphatidylinositol, ¢cGMP,
bicarbonate, ete. It is obvious to one of ordinary skill in the art that after a cell is exposed to
a test substance, the characteristic so measured (assayed) may be determined on a sub-cellular
fraction of the cell. However, the initial treatment of the cell with a substance, which thereby
causes the substance to come into contact with the cell, must be performed on the intact cell,

not a sub-cellular fraction,
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[0114]  The charactenistic selected for meusurcment within the cell must not be an
intrinsic physical or chemical property of the theramutein or prototheramutein itself (such as
the mere amount (mass) of the protein inside the cell), but rather must be a characteristic thal
results from the activity of the theramutcin ingide the cell, thus affecting a characteristic of
the cell which is distinet from the theramutedn itself, as discussed in detail above. For
gxample, where the theramutein 1s a protein kinase that is capable of undergoing
autophosphorylation, a process whereby the enzyme is capable of catalyzing the
phosphorylation of itsell by transferring & terminal phosphate group from ATP onto itself, it
would NOT be appropriate to select the phosphorylation state of the TOT as an appropriate
phenotypic characteristic of the cell for measurement. This is bocavse such a characteristic
does not reflect the activity of the TOT on other cellular components, As the skilled
investigator knows, autophosphorylation is not necessuily reflective of the activity of a
protein kinase in a cell, since mutants of protein kinases are known that retain enzymatic
activity sufficient to undergo autophosphorylation, yet have lost the capability to engage in
signal transduction events within the cell. The classic paper by White ¢t al. (1988) is both
cducational and noteworthy in this respect.

[0115]  The term "responsive phenotypic characteristic” means a characteristic of the
cell which is responsive (o inhibitors or activators of a given protein (prototheramutein or
theramutein), The term "known therapewtic agent” is defined as any agent that has been
administered to a human being for the treatment of a disease tn a country of the world.

f0116] A vseful phenotypic characteristic, as c:xemj_)li!ﬁed herein in agsociation with
p2105A and theramuteins thereof, 1s disregulation of ecll growth and proliferation. [t is
noted that the same or similar assay may be appropriate for vse with many differcnt proteins
of interest, For example, disregulations of growth, proliferation, and/or differentiation are
common phenotypic characteristics that may result from overexpression of a variely of
different cellular proteins. Ttis an important teaching of this invention that by overexpressing
a sefected protein in order to cause the appearance of such a phenotypic characteristie, the
characteristic becomes linked to the presence, amount, and specific activity of that selected
protein under suitable conditions, and this linkage allows the skilled investigator to identify
inhibitors or aclivators of a theramutein of interest (TOI) as desired. Accordingly, the

phenotypic characteristic s respomsive (o changes in the level and/or specific activity of the



selected protein. Such a responsive phenotypic characteristic is referred to herein as
“phenoresponse.”

[0117]  Though not always necessary, it will ofien be advantageous to employ cells
that express high levels of the theramutein, and to select a phenotypic characteristic that
results from overexpression of the theramutein, This is because phenotypic characteristics
linked to the functioning of the theramutein gencrally become more distinguishable (easicr to
measure) as a theramutein is overexpressed to a greater extent, Further, plienoresponses that
are observed in response to modulators of the theramutein are often amplified as the
functional level of the thermmutein is increascd. Expressed another way, the selected
phenoresponse observed in cells that overexpress the therarnutein is particalarly sensitive to
modulators of the theramutein,

[0118]  Preferably, the theramulein is stably expressed in a test cell. Stable expression
resuits in o fevel of the theramutein in the el that remains relatively unchanged during the
course of an assay. For example, stimulation or activation of a component of a signaling
pathway may be followed by a refractory period during which signaling is inhibited due to
down-regulation of the component. For theramuteins of the invention, such down-regulation
is usually sofficiently overcome by artificially overexpressing the theramutein. Expressed
another way, the expression is sufficiently maintained that changes in a phenotypic
characteristic that are observed during the course of an assay are due primariiy (o imhibition
or activation of the theramutein, rather than a change in its level, even if down-modulation of
the theramutein subscquently occurs, For these reasons, althouph stable expression of the
theramutein is preforred, transfection followed by transient expression of the theranein
may be employed provided that the selected phenotypic characteristic is measurable and the
duration of the assay system is short relative (o the propressive decling in the levels of the
transiently expressed theramutcin which is (o be expected in such systems over time. For
these reasons, stably expressing cell lines ave preferred (U8, Patent Wo. 4,980,2581).

[O119] A preferred diug screening method of the present invention involves the
following:

[0120] 1) Identification of a theramutein for which a novel inhibitor or activator is
desired. Identification of an appropriate thermmutein may be performed using standard
techniques (See, Gorre et al, Sclence, 2001, see also PCT/US02/18729). Briefly, patients

that have beon given a course of o therapeutically effective treatment using an activator or
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inhibiter of a known or suspected protothersmutein and have subsequently showit clinical
signs and symptoms consistent with discase relapse are identificd, and cells or tissue samples
derived from such patients are obtained. Using standard laboratory techniques such as
RT-PCR, the sequence of the prototheramutein is determined and compared to the previcusly
determined nueleie acid sequence of the known prototheramutein gene or cDNA sequence.
Mutations, if present, arc identificd and are correlated with functional resistance of the
prototheramutein's function either in cell-based or, more commeonly, cell-free assay systems,
again vsing standard methodology. Onee resistance-inducing muiations are confirmed, then
said one or more confirmed mutants comptise a defined theramutein which may be used in
the subsequent methods as described herein.

[0121]  2) Provision of a tesi cell that expresses a theramutein of interest and displays
an observable (measurable) phenotypic characteristic which has been previously shown to be
responsive (o inhibitors or activators of the theramutein or, more commonly, the
corresponding prototheramutein. Said specific phenotypic characteristic that has been
previously shown to be responsive to inhibitors or activators of the theramulein-of~interest
(TOD), and/or the prototheramutein-of-interest (pTOT) is defined herein for the fivst time as a
“ohenorcaponse.” One embodiment of this invenlion is the definitive use of the
phenoresponsge for the purpose of identifying compounds that are likely to be inhilitors or
activators of the TOL This may be accomplished through the use of a high-throughput sereen
using a cell line overproducing a given TOT1 and for which an appropriate phenoresponsec has
been tdentified and characterized. Alternatively, one may utilize a high-throughput primary
sereen using a more generic phenotypic characteristic of a cell line (that does not qualify as ¢
phenoresponse according to the teachings herein) and then utitize a secondary screen
according to the leachings herein to diatinguish between compounds that are true positive
“hits”, i.c. inhibitors or activators of tlic theramutein of interest, from false positive
compounds that are not inhibitors or activators of the therumutein of interest. In one
embodiment, a cell 13 selected that naturally expresses the theramutein such that a responsive
phenotypic characteristic is present under suitable culture conditions which are obvious to
one of ordinary skill in the art. In other embodiments, the theramutein is overexpressed, in
some instances in a host cell that does not otherwise express the theramutein at alt. This
usually involves construction of an expression vector from which the theramutein can be

introduced into a suitable host cell and overexpressed using standard vector systems and
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methadology. (Gome et al., 2001; Housey et al, 1988). In one embodiment, overcxpression
ceslts in o level of the theramutein that is at Teast about 3 times the amount of the protein
usually presont in a cell. Alternativedy, e amnount is at least about 10 times the amount
usually present in a cell. In mother embodiment, he amount is at least about 20 limes or
mere proferably at least about 50 times the amount usually present in a cell.

{0122] 3 Provision of a control cell that expresses the prototheramutein
corresponding to the theramutein of inferest. As some of the muteins that are deseribed
herein are also enzymes, they usually retain catalytic activily, and therefore the control gell
usually displays substantially the same phenotypic characteristic as the test cell. Tha
phenotypic characteristic necd not be quantitatively alike in both cells, however. For
examnple, a mutation that leads to reactivation of the prototheraniutein may also increase,
decrease, or otherwise affeet its specific aclivity with respeet 10 one or more of its substrates
in the cell. As a resull, it may exhibit the selected phenotypic characteristic to a greater or
lesser extent. Aceordingly, it may be desirable in some cases to adjust expression of either or
both of the prototheramutein and the theramutein such that test and control cells exhibit the
phenotypic characleristic to approximalcly the same degree. This may be done, for example,
hy expressing (he proteins from promaters wiose activity can be adjusted by adjusting the
arnount of indueer present, all using standard methodology (see, for example, Sambrook of al.
1989 & 2001).

[0123] It will be obvious ta one of ordinary gkill in the art that a properly defined
phenoresponse may be guantitatively different between the prototheramutein- and the
thermmutein-expressing cell lines as a result of differences in the specitic activity (if any)
belween the theramutein and its corresponding prototheramutein, Theramutein-inducing
pntations may increase or decrease the specific activity of said theramutein relative to the
sorresponding prototheramutein. When coraparing a theramutein expressing cell e with a
prototheramutein expressing cell ling, it iz preferable that the selected phenorcsponsc ie
gualitatively the same in hoth cel] types. Thus, the skilied investigator may choose (0
narmalize the activity of the theramutein-cxpressing cell line to that of the prototheramutein-
expressing celd line, or vice versa. Such normalization methods are standard in the art. See,
for example, Bolstad et al. (2003},

[0124]  Alternatively, the skilled investigator may alsa wigh to use unimodified host

cells or host cells harboring the expression veotor only as control cclls for certain
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experimental procedurcs, (The host cells are the cells into which an expression vector
encoding the theramutein was iutr;:)duccd in order to gonerate the test cells.) This may be the
.agc where the investipator is only interested in identifyiny a specific inhihitor or activator of
the theramutein of inlerest, irrespective of whether or not gaid compound is also active
effective the prototheramutein of interest (pTOI).

10125]  4) The test und control celis are then Thaintained or propagated (although not
neeessarily st the same fime) in growth media (or even in intact animals) under suitable '
conditions such that the phenoresponse may be expressed and assayed. Control cells that are
expressing the prototheramutein may be treated with a known modulator of the
profotheramutein, or with a test substance, and test cells are treated with test compounds 10
determine whether they are active againgt the theramutein, as measured by the ability of said
substances to modulate the phenoresponse in the cxpected manner. Alternatively, control
cells not cxpressing the prototheramutein may also be substituted, depending upon the
particular phenoréspmsa that the skilled investipator has chosen for study. Substances may
{hen be assayed on the test cells nnd, optionally, on the control cells at the same timne, or at
another time, and the results compared,

[0126]  In onc embodiment of the invention, substances that are active with regard to
{he test cells can be rapidly identified by their ability to modulato the phenoregponse of the
test cells in the same manner as, for example, the known modulator of the protatheramulein
ajters the phenoresponse ol prototheramutein-expressing control cells. In another
ombodiment, active substances may be identificd by their ability to modulate the activity of
the theramutein in the test cells white having little or no effect on the unmodified
(prototheramutein and/or theramutein non-expressing) control celts. The skilled investigator
will readily appreciate the many variations of this approach that may be utilized to identify,
for example, modulators that are more cffective against the theramutein, ar that are squally
effective against both the prototheramutein and enc or more corresponding specific
theramuteins.

(0127} Other phenoresponses can be observed and/or measurad and include, for
example, detection of substrates of the prototheramutein, and defection of gene cxpression
changes that are regulated by the activity of the theramutein, In the simplest terms, any
characterstic of the call that the skilled investigator has previously correlated with the

functional activity of the theramulein nay be suitable for use with such methods, However,
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characteristic fulfills the criteria of being a phenoresponse according the teachings as given in
detail herein. The skilled investigator may also wish to normalize the phenoresponse with the
theramutein expressing cells to that of the prototheramutein expressing cells,

[0128]  Characteristics suitable for detection may be measired by a variety of methods
very well known ta these of skill in the art. Such metheds include, but are not Himited to,
detection of fluorescence of suitably labeled proteins (FACS), immunohistochenustry (IHC)
for detection of protein expression, competitive radioligand binding assays, solid matrix
blotting techniques, such as Northern, Southern, and Western blots of cell extracts, reverse
transeriptase polymerase chain reaction (RT-PCR), enzyme linked immunosorbent assays
(ELISA), phosphorylation assays, pel retardation assays, membrane potential perturbations,
and the like, The relevant phenotypic characteristic may be detected either on the intact cell
after treatment with a test substance or, alternatively, on a subcellular fraction of the cell after
treatment of the intact cell with a test substance.

[0129]  Once compounds are identified that have the desired effect on the theramutein
expressing test cells, it may be desirable (but not necessary) to independently verify that the
compounds identified are exerting their effects on the theramutein through a direct binding
mechanism, i.e. that the compounds fulfill the eriteria of being inhibitors or activators (s
desired) of the theramutein according to the teachings of the invention (the reader is referred
to the definitions of the terms "activator” and "inhibitor" as given above). This may be
accomplished with numerous stendard binding assays that are known to one of ordinary skill
in the art, involving either purified protein samples or intact cetlular binding assays using
cells transfected with the appropriate prototheramutein or theramutein together with
appropriate controls as dictated by sound scientific methods, Since such methods are well
gstablished in the arl they will not be reiterated here. Numerous refercnee texts
comprehensively discuss such technigues (see, for example, Foreman and Johansen, 2002;
BEnna 8.1, et al. (1991) Cwrrent Protocols in Pharmacology, Wiley & Sons, Incorporated;
Ronifacing, 1.3, et al, (1999) Current Protocols in Cell Biology, Wiley & Sons, lncorporated).
See also Housey, G.M. 1988, Chapter 4, and references therein; see also Horowitz et al.,
1981,

[0130] 1o a particular embodiment of the invention, the method is vsed to identify

Bar-AB-T3150
210 '

substances that are inhibitors of the p2 thoramutcin, The prototheramutein and

theramutein are each expressed in Ba/F3 (murine) cells using standard methodology and the
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phenoresponses that are observed are growth characteristics (terminal cell density for a
carefully defined cell culture, and growih in the absence of Interleukin-3 (1L-3). Unmeodified
host cells, or host cells containing the expression vector only or both, may optionally alse be
used. In still another embodiment, the test cells alone may be used with or without reference
to a known inhibitor or activator,

[0131}  Another useful assay is the determination of the state of phogphorylation of a
direct substrate of p2 107+ One such substrate is Crkl (Gorre et al., Science 293:876-
80 (2001)), an adapter protein which mediates the connection between Ber-Abl and Ras. The
phosphorylation state of CRKL is representative of the signaling activity of p210%4 i 5
cell. Another downstream substrate is p62DOR. Any such substrate would suffice for these
purposes, provided of course that phosphorylation of said substrate has been shown to oceur
inside the cell, and is not simply an autophosphorylation event of the TOT or PTO! as
discussed above. Other signal transduction cascade components may also be monitored,
including sre family kinases, STATS, P13 Kinase, raf kinase, RAS, MERK, FRK] and ERIK2,
INIKE, 2 and 3, MLKT, 2 and 3, MEKI4, MICK7, AKT, mTOR, HSPOO, and others.

[(0132]  As exemplified herein, inhibitors of the T3151 theramutein have been
identified. Furthermore, these inhibitors are also active to differing extents against the wild
type prototheramutein p210P 4w,

[0133]  According to the present invention, a therapeutically effective amovnt of one
ar more compounds that modulate the functional activity of a p210™™* theramulein is
administered to a mammal in need thereof. The term “administering™ as used herein means
delivering the compounds of the present invention to amanunal by any method that may
achieve the result sought. They may be administered, Tor example, orally, parenterally
(intravenously or intramuscularly), topically, transdermally or by inhalation. The term
“mammal™ as used herein is intended to include, but is not Himited to, humans, laboratory
animals, domestic pets and farm animals. “Therapeoutically effective amount” means an
amount of a compound that, when administered to a mammal, iz effective in producing the
desired therapeutic effect, such as inhibiting kinase activity, inhibiting cancer cell growth and
division, etc.

[0134]  The invention provides a method of treating disease in a manmial by
administering to the mammal an effective amount of a modulator of a theramutein. Suitable

discases to be treated according to the present invention include, bul are not limited to,
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relapsing neoplastic or other proliferative disorders that have bocome resistant to previously
administered drugs. The method is also wseful for overcoming variation among individuals
with respect 10 susceptibility to drug treatrent that results from allelic differences among
therapy targets, For example, the role of p21 Qs tyrosing kinase sipnaling in CML has
been extensively demonstrated, as has the role of theramuteins of p210%-** in drug resistant
recurrence of CML. Further, different muteins of p210P™ " exhibit varying sensitivity to
inhibitors of p2 1074 Although some theramuieins arise during drug therapy, others may
preexist in the population. These latier examples will not be recognized as theramuteins until
such time as the discase state ensucs and is followed by treatment with a known class of
therapeutic agents. Only after said treatment will such preexisting theramuteins reveal
themselves as being clinically significant in terms of relative non-responsiveness leading to
the progression of the disease in the patient harboring the theramutein.

[0135]  Inan embodiment of the invention, theramutein modulators are administered
in combination with one or more other anti-ncoplastic agents. Any suitable anti-neoplastic
agent can be used, such as a chemotherapeutic agent, radiation or combinations thereof. The
anti-neoplastic agent can be an alkylaltin;g agent or an anti-metabolite. FExamples of allkylating
agents include, but are not timited to, cisplatin, cyclophosphamide, melphalan, and
dacarbazine. Bxamples of anti-metabolites include, but not limited to, doxorubicin,
davnorubicin, and paclitaxel, gemcitabine, and topoisomerase inhibitors irinotecan (CP1-11),
aminocamplothecin, camptothecin, DX-8951f, topolcean (flopoisomerase 1 inhibitor), and
etoposide (VIP-16; topoisomerase 11 inhibitor) and teniposide (VM-26; topoisomerase 11
inhibitor). When the mti-neoplastic agent is radiation, the source of the radiation can be
cithor external (external beam radiation therapy — EBRT) or internat (brachytherapy — BT) to
the patient being treated. The dose of anti-neoplastic agent administered depends on
numecrous factors, including, for example, the type of agent, the type and severity of the
tumor bedng, treated and the route of administration of the agent. 1t should be emphasized,
howaver, that the present invention is not limited to any particular dose, route of
administration, or combination of chemotherapeutic agents or other therapeutic regimens that
are combincd with the administration of theramutein modulators.

[0136]  Anti-neoplastic agents which are presently known in the art or being evaluated
can be grouped into a variety of classes including, for example, mitotic inhibitors, alkylating

agents, anti-metabolites, intercalating antibiotics, growth factor inhibitors, cell cycle
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inhibitors, enzymes, topoisomerase inhibitors, antl survival agents, biological response
modifiers, anti-hormones, and anti-angiogenesis agents, all of which can be administered
with inhibitors or activators of theramuoteins,

(01377 A modulator of a theramutein can be administered with antibodies that
neutralize other receptors involved in tumor growth. Further, a modulatoy of a theramutein
can bo administered with a compound that otherwise modulales a component of a signal
transduction pathway, preferably a component of the signa! transduction pathway in which
the thermmutein is active and which is common to one or more other signal transcuction
pathways. In an embodiment of the invention, a theramutein modulator is used in
combination with a receptor antagonist that binds specifically to the Epidermat Growth
Tiactor Receptor (BGIR). Particularly preferred are antigen-binding proteins that bind to the
extraceliular domain of EGFR and block binding of one or more of its Higands and/or
neutralize ligand-induced activation of EGFR. An EGFR antagonist can be an antibody that
binds to BEGIR or a ligand of BGFR and inhibits binding of BEGFR to its ligand. Ligands for
EGFR include, for example, BGI, TG -w, amphiregulin, heparin-binding BEGF (HB-EGF)
and betacellulin, BGF and TGF-a are thought to be the main endogenons ligands that result
in BGFR-mediated stimulation, although T'GF-0 has been shown to be more potent in
promoting angiogenesis, 1 should be appreciated that the BGFR antagonist can bind
externally to the extracellular portion of FGIR, which can or can not inhibit binding of the
ligand, or internally to the lyrosine kinase domain in the case of chemical agents. Examples
of BGFR antagonists that bind EGFR include, without limitation, biological agents such as
antibodies (and functional equivalents thereof) specific for EGFR, and chemical agents (small
molecules), such as synthetic kinase inhibitors that act directly on the cytoplasmic domain of
BGER.

[0138]  Other examples of growth factor receptors involved in nnorigenesis arc the
receptors Tor vascular endothelial growth factor (VDGFR-1 and VEGFR-2), platelet-derived
growth factor (PDGFR), nerve growth factor (NGFR), fibroblast growth factor (FGFR), and
others,

[0139]  Ina combination therapy, the theramutein inhibitor is administered before,
during, or afler cormmencing therapy with another agent, as well as any combination theveof,
7.e., before and during, before and after, during and after, or before, during and after

commencing the anti-ncoplastic agent therapy. For example, the theramutein inhibitor can be
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commeneing the anti-neoplasiic agent therapy. For example, the theramutein inhibitor can be
administered between 1 and 30 days, preferably 3 and 20 days, more preferably between §
and 12 days before commencing radiation therapy. In # preforred embodiment of the
invention, chemotherapy is administered prior to, concuirently with or, more preferably,
subsequent to antibody therapy.,

[0140]  Inthe present invention, any suitable muethod or route can be used to
administer theramutein inhibitors of the invention, and optionally, to co-administer anti-
neoplastic agents and/or antagonists of other receptors. The anti-neoplastic agent regimens
utilized according to the invention, inchade any rogimen believed to be optimally suitable for
the freatment of the patient's neoplastic condition. Different malignancies can require wee of
specific anti-tumer antibodies and specifie anti-neoplastic agents, which will be determined
on & patient to patient basis. Rowtes of administration include, for example, oral, intravenous,
intraperitoneal, subcutaneous, or intramuscular administration, The dose of antagonist
administered depends on numerous factors, including, for example, the type of antagonists,
the type and severity of the tumor being treated and the route of administration of the
antagonists. It should be emphasized, however, that the present ‘irwemion is not limited to
any particular methed or ronte of admintstration,

[0141]  Suitable carriers include, for example, one or more of watet, saline, phogphate
buifered saline, dextrose, glycerol, ethanol and the like, 4y well a3 combinations thereof,
Carriers can further comprise minor amounts of avxiliary substances, sueh ag wetting or
ciulsifying agents, preservatives or buffers, which enhance the shelf life or effectiveness of
the theramutein modulator as the active ingredient, The compuositions can, as is well known
in the art, be formulated 0 o5 Lo provide quick, sustained or delayed release of the active
ingredient afler adminigtration to the mammal,

[0142)  The compeosttions of Mis invention can be in a variety of forms. These
imclhide, for cxample, solid, senii-solid and liguid dosage forms, such as tablets, pills,
powders, liquid solutions, dispersions or suspensions, liposomes, suppositories, injectable and
infosible solutions, The preferred form depends on the intended mode of adiministration and
therapeutic application,

[0143]  Such compositions of the present invention are prepared in a manner well
known in the pharmacentical art, Jn making the composition the active ingredient will

usually be mixed with a carricr, or diluted by a carricr and/or enclosed within a carrier which
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carrier serves as a diluent, it can be a solid, semi-solid, or liquid material, which acts as a

vehicle, excipient or medium for the active ingredient. Thus, the composition can be in the

|

form of tablets, lozenges, sachets, cachets, elixirs, suspensions, aerosols (a8 a solid orin a

Hauid medium), ointments containing, for example, up to 10% by weight of the active

compound, soft and hard gelatin capsules, suppositories, injection solutions, suspensions,

sterile packaged powders and as a topical patch,

[0144F Tt should be appreciated that the methods and ccmxpositio.ns of the present
invention can be administered to any suitable mammal, such as a rabbit, rat, or mousc, More
preferably, the mammal is a human,

[0145]  The compounds according {o the invention may also be present as salts. In the
context of the invention, preference is given to phannaceutically acceptable salts.
Pharmaceutically acceptable salts refers to an acid addition salt or a basic addition salt of'a
compound of the invention in which the resulting counter jon is understood in the art to be
_ generally acceptable for pharmaceutical uses. Pharmaceutically acceptable salts can be salts
of the compounds according to the invention with inorganic or organic acids. Preference is
piven to galts with inorganic acids, such as, for example, hydrochloric acid, hydrobrontic
acid, phosphoric acid or sulfuric acid, or (o sulls with organic carboxylic or sulfonic acids,
such as, for example, acetic acid, maleic acid, fomaric acid, malic acid, citric acid, tartaric
acid, lactic acid, benzoic acid, or methanesulfonic acid, elhanesulionie acid, phenylsulfonic
acid, toluenesulfonic acid or mlphtlmlmmciis:;u.l‘f:‘onic acid. Pharmaceutically acceptable salts
can alse be metal or ammonium salts of the compounds according to the invention, Particular
preference is given to, for example, sodium, potassium, magnesium or calcium salts, and also
to ammonium salts which are derived from ammonia or organic amines, such as, lor example,
ethylamine, di- or triethylamine, di- or triethanolantine, dicyclohexylamine, |
dimethylaminecthanol, arginine, Tysine, ethylencdianine or 2-phenylethylamine. (see, Berge
et al. J. Pharm. Sci. 1977, 66, 1-19).

1. Throughout this application, various publications, reference texts, textbooks,
technical manuals, patents, and patent applications have been referred to. The teachings
and disclosures of these publications, patents, patent applications and other documents in
their entireties are hereby incorporated by reference into this application to more fully

describe the state of the art to which the present invention pertains.

67



WO 2008/115942 POT/USIOO5/018412

2. It is to be understood and expected that variations in the principles of
mvention herein disclosed may be made by one skilled in the arl and it s inlended that
such modifications are to be included within the scope of the present invention,

3. The following examples further illustrate the invention, but should not be
construed to limit the scope of the invention in any way. Detailed descriptions of
conventional methods, such as those employed in the construction of veators and
plasmids, the insertion of genes encoding polypeptides into such vectors and plasmids,
the introduction of plasmids into host celfs, and the expression and determination thereof
of genes and gene products can be obtained from numerous publications, including
Sambrook, Fetal., (1989) Molecular Cloning: A Laboratory Manual, 2" ed., Cold Spring
ITarbor Laboratory Press; Coligan, J. et al. (1994) Current Protocols in Immunology,
Wiley & Song, Incorporated; Iinna, 8.1, et al. {1991) Current Protocols in Pharmacology,
Wiley & Song, Bonifacino, L5, of al. {(1999) Current Protocols in Cell Biology, Wiley &
Song, and U8, Patent 4,980,281, All references mentioned herein are incorporated in
their cntirety.

EXAMPLES

[014G]  p210%MET e g theramutein of the p210Ber-Ab] protein (p210AY) that is

resistant to inhibition by imatinib mesylate (Gleevee, 8T1-571). The mutation at postiion 315

converts a threonine to an isoleucine residue and is one of several mutations that are observed

among resistant or relapsed patients. This particular mutant, however, 13 the most resistant
guch theramutein yet identified.

(01471 A phenoresponge was determined for a Ba/F3 cell line engincered to
Qler-AbLT3 151

overexpress the p21 theramutein. The phenoresponse was determined relative to

non-transformed Ba/R3 cells and Ba/F3 eells that express the p21 (52" prototheramutein.
The phenoresponse was the ability of the T3 151 mutants to grow to a higher cell saturation
density under analogous culture conditions ag compared to the control non-transformed
Ba/F3 ccll line, and to grow in the absence ol interleukin 3 (1L-3), which is required for
maintenance of the control non-trangformed Ba/F3 cell line. The phenoresponse was defined
and characterized according to the teachings given above,

[01487  The detection systom utilized was a high speed cell imaging and counting

gystem in which 3 i sample volumes of cells were sequentially injecied through a 5 pl
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optical microceli, digitally imaged and el"ectromcally stored, scanned, and then counted, all
under & microcomputer-based control system. The system has the capacity to perform direct
cell counts on samples from cultures as small as 500 wl and provides statistically significant
total cell counts from culture samples containing as few as 12,500 cells. All of the figures
displaying cell count and viability assays utilized this system for data acquisition and
analysis. Simultaneously with the cell count performed, the system is also capable of
determining overall cell viability by distinguishing counted, imaged cells that have excluded
trypan blue (counted as "viable" cells) from cells which have taken up the trypan blue dye
(counted as "non-viable" cells). Injection of trypan blue into the cell sample oceurs
immediately prior to the sample being sequentially injected into the microcell for
simultancous cell counting and imaging. |

[0149]  The system may be integrated into the workflow of high-throughput screening
devices to provide a sensitive and precise cell counting and ecll viability assay system that is
more reliable and less prone to confounding effects of metabolic viability-based cellular
assuys such as XTT or Alamar blue,

[0150]  Initially, approximately 113,000 compounds were screened at coneentrations
generally ranging from 10 o 20pM to identify a subset that was capable of affecting growth

of Ba/B3 cells (Ba/F3 T3151 cells) overexpressing the p21eAUHTH!

{heramutein by any
means.

[O151] A total of approximately 11,760 compounds showed preater than 50% prowth
inhibition, which were thought to cortespond to approximately 4500 distinet chemical
classes. Relesting of these compounds with the same cell line yielded a database of
compound responsiveness which was then sorted and rank ordered according to those
compounds exhibiting the highest overall growth inhibition. From this rank ordered
database, the highest scoring 130 compounds (based upon the preatest degree of growth
inhibition observed at the lowest concenfrations that compounds were tested) were then
rescreened in o defined cell-based assay system using Ba/F3 T3151 as test cells and wild type
Ba/F3 as control cells according o the methods of the present invention, Compowmls of
interest were those that differentially inhibited prowth of Ba/F3 cells exprossing the p210%"
APFTSES! theramutein relative to non-transformed wild type Ba/k3 cells. $ix compounds were
tdentified that fulfilled the desired criteria, and some of these compounds were analyzed in

further detail using the Ba/F3 p2 10PAYY calig line (Ra/F3 P210 cells) as well. Onc

6l



WO 2005/115992 PCT/US2005/TR412

compound was unavailable for further testing due to Iack of availability of additional material
from the chemical supplicr. The remaining five compounds were independently evaluated in
additional cell-based assays vsing the aforementioned cell lines as well as in a cell-free
purified protein kinase assay using human recombinantly produced 120 Kd kinase domain
fragments isolated from both wild type P210 Ber-Abl as well as P210 T315] mutant kinasc
domain.

[0152]  All five compounds inhibited p210"-AHTT 190 10 d activity as measured by
inhibition of autophosphorylation aciivily, as shown in Figure 4, Thus, of the ¢ highest
scoring compounds oul of more than 113,000 compounds screcned, at least 5 of the six

71 OBC}‘~Abl’1‘3 L51

direetly inhibited the p2 mutant directly. It is noteworthy that Compound 5

appears Lo spread the recombinant protein band out on the 8DS page gel. This was also
evidenl on the silver-stained gel (data not shown). i is possible that this compound may
actually be a "suicide" inhibitor that is able to covalently cross-link the POI in order to
permanently inhibit its activity, but this will require further study,

[0153]  Taken together, the teachings and the results deseribed herein provide
conclusive proof that the system is capable of identifying inhibitors or activators of the
selected theramutein, and the skilled investigator will immediately recognize that such a
system may be casily applied to any other theramutein with only obvious, minor
modifications.

[0154] Represeantative examples of the cell-based assay results demonstrating
selective inhibition of growth of the Ba/F3 T3157 cell Hne relative to the wild type non-
t1'ar:si"c>1‘11mc't Ba/F3 cells are shown in Figures 1 and 2. 'the compounds inhibited growth and
reduced the viability of cells expressing the T3151 thernmutein at concentrations under which
the growth and viability of the wild type Ba/F3 non-transformed cells (not expressing either
P2IOETAREA 00 ) RO ANETIIy were yelatively unalfooted, whereas cells expressing both the
profotheramutein as well ag the theramutein were substantially inhibited. In some instances,
the T315T expressing cells were inhibited to an even gréuter extent than the P210
prototheramutein expressing cells. (See, for example, Figure 3, right hand side, Compound 3
results against P210 and T315] cells.

[0155]  Tnsummary, (he methods presented herein provide a fimdamental advance in
the form of a generalizable approach for creating or idenitfying modulators of any given

theramutein. The results demonstrate conclusively the power of the method to identify
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critically needed compounds to overcome a specific type of acquired drug resistance that is
uniformly fatal in certain patient populations and is presently untreatable. Furthermore, it is
evident to one of skill in this art that the techniques and methods described herein may, using
obvious modifications, be straighforwardly generalized to any potential theramutein of
clinical significance.

[0156}  Ttis remarkable that out of a primary scrcen of more than 100,000 compounds
where approximately 10,000 compounds exhibited some depree of growth inhibition, when
the most potent growth inhibitory substances were rescreened using the Method described in
detail herein, 6 distinet compounds were identified and all of the compounds that were
subsequently tested exhibited inhibitory activity in a cell-free purificd protein kinase assay
using the 13151 mutant (one compound was unavailable for further testing). Based upon
such remarkable results, it becomes immedintely clear to the skilled artisan that the method

may be effectively applicd toward the identification of inhibitors or activators of any

the {eachings in the sections given above and the documents incorporated by reference herein.

For example, with knowledge of the Toregoing, one of ordinary skill in the art could easily
desipn an assay system to identify inhikitors of theramuteins derived from other
prototheramuteins known to exhibit mutations that confer dimg resistance such as the ¢-kit
zene product or the Epidermal Growlh Factor (BGEF) Receptor (EGFR), or the Platelet
Dertved Growth Factor (PIIGF) Receptor oo and B, No limitation should be inferred upon the
utility of the method with respect to its ability to be utilized with any given theramutein
expressed in any mammalian cell type for which a corresponding phenoresponse is
detectable,

101577 All references to any publication, patent, or other citation are hereby

incorporated by reforence.
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CLAIMS
What is clatmed is:

1. A method of treating a neoplastic disease or a proliferative disorder in a human

comprising administering a therapentically effective amount of a compound having the

(RYy (
K?)H‘H Rr‘
“R

formula I

it Re

iy
wherein:
ping A 1s a 5+, 6=, or 7- membered ring or a 7- o 12-membered fused bicyelic ring;
X' is selected from N, N-R or C-R';
X2 is selected from N, N-R or C-R';
the dotted lines represent optional double bonds;
cach R is independently selected from the group consisting of H, alkyl, cyeloalkyl, alkenyl,
alkynyl, aralkyl, CN, CEy, NOg, OR'!, {(CH), C(ONCHoGR, «(CH),COMNRFRY),
(G, CLOYO(CH R (CHR),NR HORY, «(CILYNR (R, -NR™SORY,
SOCOINRDRD, -SONERMRM), halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered Tused
ring whicl contains from 0 to 3 heteroatoms;
nis 0 to 6,
cach R' is independently selected from H, alkyl, cycloallyl, alkenyl, alkynyl, avalkyl,
aryl, and a heterocyclic ring;
each R'? and R" are independently selected from H, alkyl, eycloalkyl, alkenyl,
alleynyl, aralleyl, aryl, and a heterocyclic ring; or R' and R" may be taken
together with the nitrogen to which they arc attached form a 3- to 7- membered
ring which may optionally contain a further heteroatomn;
pis 0to 4,
g is 0 to 4
R? s selected from -CR*-, NR¥, and (C=R™)-;
sach R™' is independently selected from 1, hala, -NHy, SN(HNCy s alkyl), -N(Ci_s atkyl),
“O~(C alkyD), OF and Crp alleyl;
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each R% is independently selected from H and Cis alloyl;
R% js selected from O, 8, N-R", and N-OR";
R’ is selected from ~CR™ .~ | “NR* . and --(CSR”)n;

each R group is selected from 19, halo, -NH,, “NHNRY, -NERY,, -0-R° OH and Ci.
alkyl;

each R* group is selected from H, alkyl, cycloallyl, alkenyl, alkynyl, aralkyl, CO:R’,
CORY, aryl, and a heterocyclic ring;

R* is selected from Q, 8, N--Rg", and 'N-ORU;

R™ is selected from H, NOy, CN, atkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl and a

heterocyelic ring;

cach R is selected from 1, allyl, cycloalkyl, alkenyl, alkynyl, COR?, C,‘(Q)R”i aralkyl,
aryl, and a heterocyclic ring;

cach R™ group is selected from 11, atkyl, oycloalicyl, alkenyl, allynyl, aralikyl, CORY,
C(OYIRY, aryl, and a heterocyelic ring;

cach R* is selected from O, 8, N-R", and N-OR":

with the provisos that when R? is -NR*- and R" is - NR"~, then R? is not -NR™; and that
both R* and R? are not slmullanecusly selected from ~(Cﬁm1{3 3)~ and «((_‘.ml{“)-, reapeatively;
R7 is selected from ~Y-R® and 2R

Y 15 selected from a chemical bond, O, NRO,

k" is selected from alkyl, eyeloalkyl, alkenyl, alkynyl, aralkyl, arvl, and a heterocyelic
ring;

Z 13 a hydrocarbon chain having from 1 (o 4 carbon atoms, and optionally substituted with
one or more of halo, alleyl, eycloalleyl, alkenyl, alkynyl, aralkyl, CO,R", C?(('.))RO,
CLOMNRY,, ON, Clfa, N(RD), NO,, and OR%

R is 1 or is selected from aryl and a heterocyolic ring,

cach R? is independently selected from H, alkyl, eycloalkyl, aralkyl, aryl and a heterocyelic
ring;

aislor?;

hisOorl;

cis | orZ;

disOorl;

eis ] or2; and

JisOorl,
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The method of claim 1 wherein X' is N.

bz

3. The method of claim 2 wherein X% is N.

4, The method of claim I, comprising administering a therapeutically effective amount of a
compound baving the formula I,

A H‘X”

(R ! )n“é J .
'/‘LH N (R*E),

“'-ux‘l!z
I

" 1
R,{, ‘f,'F'\

)
wheretn;
ring A is a 5-, 6=, or 7- membered ring or a 7- (o 1 2-membered fused bicyclic ring,
X! is selected from N, N-R” or -1,
%2 is selected from N, N-R or C-RY;
the dotted fines represent optional double bonds;
each R is independently selected from the proup consisting of H, alkyl, eycloatkyl, alkenyl,
alkynyl, aralkyl, CN, CFs, NOy, ORY, <(CHy),CIONCH) R, ~(CH),COINR R,
H(CH), C{OIOCH) R A CHNR DO, (CH),NRDHR™), -NRMSORY,
SODCONRMR, -80,NER R, halo, aryl, and a heterocyclic ring, and additionaliy
ot alternatively, two R! groups on adjacent sing atoms form a 5- or 6-membered fused
ring which contains from O to 3 heteroatoms;
nis 0to 6,
each R is independently sclected from H, alkyl, eycloallkyl, alkenyl, alkynyl, arallkyl,
aryl, and a heterocyelic ring;
cach R'™ and RY are independently sclected from H, alkyl, eycloalkyl, alkenyl,
allynyl, aralkyl, aryl, and a heterocyclic ring: or R'? and R™ may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;
pisOtod;
o 18 0ty
cach R is independently sclocted from H and € alkyl;

R? is selected from ~CRY o | “NR¥Z - and -(C=R¥)-;
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each R*' group is selected from H, halo, ~NHz, -NGI(R"), -NR%q, -0-RY, O and €1
alleyl;

each R™ group is selected from 1, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, €O.RY,
(T(O)RO, aryl, and a heterocyelic ring;

R™ js selected from ©, 8, N-R*, and N-ORY;

R* is selected from H, NOs, CN, alkyl, cycloalkyl, allcenyl, alkynyl, aralkyl, aryl and a
heterocyelic ring;

R* is selected from —CR* -, NR"p, (C=R™)-, and -O-;

each R* is selected from H, alkyl, cycloalloyl, alkenyl, a[kynyl, CORY, COR, aralkyl,
aryl, and a heterocyclic ﬁng;

cach R¥ group is selected from H, allkyl, eyeloalkyl, alkenyl, alkynyl, aralkyl, CORY,
C(OIRY, aryl, and a heterocyclic ring;

each R is selected from O, 8, N-R?, and N-OR":

with the provisos that when R* is -NR*-, then R? is not -NR™,-; and that both R? and R* are

R¥is selected from ~Y-RY and -Z-R7;

Y is selected from a chemical bond, O, N-R”,

R iy seteeted from alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl, sryl, and a heterocyelic
ring;

Z is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, evcloallyl, alkenyl, alkynyl, aralkyt, CO.R", (.‘3({))1{“,
CLOMNRY, CN, CFs, NR"),, NO,, and ORY;

R"is 11 or is selected from aryl and a heterocyelic ring;

cach RY is independently selected from H, alkyl, eycloatkyl, aralleyl, aryl and a heterocyclic
ring;

aislorl;

FisOorl;

cislor?;

disQori;

e is 1 or 2; and

SisDor k.

S. The melhod of claim 4 wherein X7 is N.
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6. The method of claim 5 whercin X2 is N,

7. The method of claim 1, comprising administering a therapeutically effective amount of'a
compound having the formula 1,
i AN
N
x,;; N_f{ Y
I

N*-w.. ,-:;Rs
{R¥y ™ TRY

Ly

(In)
wherein:
ring A I8 a 5+, G, or 7= membered ring or a 7- to 12-membered fused bicyelic ring;
X iy selected from N, N-R" or R
X s gelected from N, N-R” or C-R';
the dotted lines represent optional double bonds;
cach R’ is independently selected from the group consisting of M, alkyl, cycloalkyl, alkenyl,
allynyl, aralkyl, CN, CFy, NOs, ORY, «(CHz), CONCHZ,R ", «(CH)CONRDR'),
{CH)COYOCH) R HCH)NRMCOR, (CH)NER ™R, NERMSORY,
SOC(OIN(RHAR™), -SONERZR ™Y, halo, aryl, and a heterocyclic ring, and additionalty
or alternatively, two R! groups on adjacent ring atoms form a 5- or G-membered {used
ring which containg from 0 to 3 heteroatoms,
nis oo, '
cach R is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a haterogyche ring;
cach ' and R* are independently selected from H, alkyi, cycloaliyl, allenyl,
allynyl, aralkyl, aryl, and a heterocyclic ring; or R'* and 1P may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain o further heteroaton;
pis0to 4,
g is 0 to <
cach R* is independently selected from 11 and C,.3 alkyl;
each R group is sclected from B, alkyl, cycloatkyl, alkenyl, alkynyl, arallyl, COR",
(Z':(O)‘RO, aryl, and a heterocyclic ring;
RY is selected from ----‘C‘.Rmf_w, {(_‘)—.-:—.R’”)..p and ~O-;
cach R" is selected from H, alkyl, cycloalkyl, alkenyl, allynyl, CORY, (.3(())}.{0 , aralkyd,

aryl, and a heterocyclic ring;
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cach R i« selected from 0, 5, 'NuRo, arl N~OR0;
R> is selected from ~Y-R® and -Z-R7,

Y 1s selected from a chemical bond, Q, N-R,

RY §s selected from alkyl, cycloalkyl, alkenyl, alkynyl, araliyl, aryl, and a heterocyelic
ring;

Z is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, eycloalkyl, alkenyl, allynyl, aralloyl, COLRY, C(ORY,
CLOIN(RY, CN, CF3, N(RY), NO,, and ORY,

R"is H or is selected from aryl and a heterocyclic ring;

each RY ig independently selected from H, alkyl, cyclnu.llcyl, aralkyl, aryl and a heterocyclic
ring;

aislor2:

hisQorl;

cislor?;

disQort;

eis 1 orl; and

fisOor L.

8, The method of claim 7 wherein X! is N.
o : T

0, The method of claim § wherein X° is N.

10. The method of ctaim 1, comprising administering a therapeutically offective amount of a

compound baving the formula 11

‘—"--.,\ .
(R 1 )n_é:\ j)j(\
K'i'.; rl\”_!

Re

(1)
wherein
ring A s a 5-, 6=, or 7- membered ving or a 7- to 1 2-membered fusced bigyclic ring;

X! ig selected from N, N-R” or C-R1:
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%7 is selected from N, N-R" or C-R';

the dotted lines represent optional double bonds;

cach R iy independently selected from the group consisting of H, alkyl, cycloalkyl, alkeny!,
alleynyl, aralieyl, CN, CFy, NOy, OR', «(CHa), CIOWCH) R, (CHa)CIOMNR PR,
~(CH2),C(OYO(CHD,R T -(CH), NI YCOIR, -(CHa), NRD(R), -NR!HSO,R,

SOCIOINRIZYRY, -SONRHR™, halo, aryl, and a heterocyelic ring, and additionally

or alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered fused

ring which contains from 0 {o 3 heteroatoms,
risOto 6,
each R is independently selected from H, alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, und a heterocyclic ring;
cach R and R are independently sclected Fom H, alkyl, cycloallkyl, aikenyl,
alleynyl, aralleyl, aryl, and a heteroeyelic ring: or R'* and RY may be taken
together with the nitrogen to which they ave attached form a 5« to 7- membered
ring which may optionally contain a further heteroatom:
pia Otod;
qis 0 lod;
R” is selected from the group consisting of is selected from H, alkyl, cycloalicyl, alkenyl,
alkynyl, COaRY, CIOMRY, aralkyl, aryl, and a heterocyclic ring;
RY is selected from -Y-R? and ~Z—I{7;

Y is selected from a chemical bond, O, N-RY,

R® is selected from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyelic
ring;

Z i a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, eycloalleyl, alkenyl, allkynyl, avallyl, CORY, C(ORS,
CIOMNRY,, CON, Cly, N(RN,, NOa, and OR™:

R is H or is selected from aryl and a heterocyelic ring, and

sach RY is independently selected from H, alkyl, oycloalkyl, aralkyl, aryl and a heterocyelic

ring.
11. The method of claim 10 wherein X' is N.

. . q o . 2
12, The method of elaim 11 wherein X° is N,
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13. The method of claim 1, comprising administering a therapeutically effective amount of a

NH S .
} I b il (N"D)n
T Fs’/

RU

compound having the formula II,
N
A N
(R1)n—€ J\
X

(11,)
wherein
g A is a 3-, O-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;
X! s selected from N, N-R° or C-R';
X? js selected from N, N-R® or C-R'
the dotied lines represent optional double bonds;
cach R} is independently sclected from the group consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, aratkyl, CN, CFy, NOo, OR' ) (CHR),CONCH),R Y, <(CH),CIOINR (R,
(CHpCOYNCE) R H(CH)NRCOMRY, (CH,NER PR, -NRHSO,RY,
-OCOINRHR™), -SOMNR YR, halo, aryl, and a heterocyckic ring, and additionally
or alternatively, two R groups on adjacent ring atoms fovn a 5- or G-memberad fused
ring which contains from 0 to 3 heteroatoms;
nis 0 to 0,
each R is independently selected froin H, alleyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heleroeyclic ring,
each R'? and R™ are independently selected from H, alleyl, cycloalkeyl, alkenyl,
allynyl, aralkyl, aryi, and a heterocyelic ring; or R'™ and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom,
pis 0 tod;
g is 0 to 4;
R% s salected from the proup consisting of is selected from H, alkyl, eycloalkyl, allkenyl,
alleynyl, CORY, CUOIRY, aralkyl, aryl, and a heterocyelic ring;
X is N, CH or C-RY
each R™ is independently selected from the group consisting of alkyl, eyeloaikyl, alkenyl,
alkynyl, aratieyl, CN, CFs, NOQy, OR®, o(CH), CIONCH)R, -(CH), CIONERYR),
~(CH), C{O)O(CH), R -(CHL), N(RTY (R, ~(CH), NIRRT, -NER™MS0,R,
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-OC{OIN(R™URT, -SONRFYR®Y, halo, arvt, and a heterocyclic ring, and additionally
or alternatively, two R* groups on adjacent ting atoms form a 5- or 6-membered fused
ving which containg Fom 0 {0 3 heteroatoms;
R* is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyelic ring;
k¥ and R* are independently sclected from H, alkyl, eycloalkyl, alkenyl, alkynyl,
aralleyl, aryl, and 2 heterocyelic ring; or R and R may be taken together with
the nitrogen to which they are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom;
ris O to 4
sis0tod,
i is 0 to dy and
cach RY is independently selocted from H, alkyl, eycloalkyl, aralkyl, ary! and a heterocyclic

ring.
14, The method of claim 13 wherein X' is N,
15, The method of claim 14 wherein X% is N,

16. The methed of claim 1, comprising admimnistering a therapeutically effective amount of a

compound having the formula 11,

R1'l‘-..\_‘_/“|/..-‘\

HSD
/"""‘uN HN..:-" NH
b J ~O-R

wherein:

R is selected fom H and F;

R is seleoted from the group consisting of is selected from H, alkyl, eycloalkyl, alkenyl,
alliynyl, C(')-ERO, C(())RO, aralkyl, aryl, and a heterocyclic ring,

X s N, CH or C-R™,

gach RY is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
alkynyl, aralleyl, CN, Clfa, NOg, ORY, halo, aryl, and a heteroeyelic ring;

R s selected from arvl and a hoterocyclic ring:
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() is selected from a chemical bond or group having the formula -O-, -(CHy)-,

A{CHCONCH)m, (CHz)-NR P CI Y-, -(CH)C(O-NR Y -(CHa)p-,

{(CH)CUNOCH), (CHINRDCO)ACH)y, -(CH2IOC(OMN(RD)-(CH,)-, and

~O-(CHR)-CLOMN(RP)-(CHL)j-;

R% is selected from aryl, and a heterocyclic ring;

each R” is independently selected from H, ulkyl, cycloalkyl, aralkyl, aryl and a heterocyclic
ring;

fis 0to 4;

iis ) to 4; and

JisOto4

17. The method of claim 1, comprising administering a therapeutically effective amount of &

contpound having the formula 117

~
A
(R k )rr""‘< }
XE’/J\ NH

|
RN, R

(1L
wherein
ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicychie ring;
! iy selected from N, N-RY or -1
X2 is selected from N, N-R% or C-R;
the dotted lines represent opltional double bonds;
each R' is independently selected from the group consisting of H, alkyl, cyeloalkyl, alkenyl,
allynyl, aralkyl, CN, CFs, NOy, OR'!, «(CH,),CIONCH,),R ", -(CHz), COMNR PR,
(CH),COYO(CH) R ~(CHa)NR DGO, -(CH),NR R, -NRS0.R',
LOCOIN(R YR, -SON(RM(R MY, halo, aryl, and a heterocyelic ring, and additionaily
or alternatively, two R’ groups on adjacent ring atoms form a 5- or é-membered fused
ring which confaing from 0 to 3 heteroatoms;
mis 0o 6,
cach R'! is independently selected from H, alkyl, eycloalleyl, alicenyl, alkynyl, aralkyl,
aryl, and a heterocyelic ring;
cach ' and " are independently selected from H, alkyl, cycloalleyl, alkenyl,

allsynyd, aralkyl, aryl, and a heterocyclic ring;, or R and RY may be taken
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together with the nitrogen to which they are attached form & 5- to 7- membered
ring which may optionally contain a further heteroatom;

s G tod;

qis 0tod;

R is selected from ~Y-R'¥,

Y'is sclected from a chemical bond, O, NR®-, and a hydrocarbon chain having from 1 to 4
carbon atoms, and oplionally substituted with one or more of halo, alkyl, cycloalkyl,
alkenyl, alkynyl, arallyl, COsR?, COIRY, CLOINMRYY,, CN, CT, N(RD)z, NOy, and ORY,;

1'% i selected from the group conststing of 1, alkyl, eycloalkyl, allenyl, allkynyl, aralkyl,
CF4, aryl, and a heterocyelic ring; and

each R" is independently sclected from H, alkyl, cycloaltkyl, arallyl, aryl and 2 heterocyelie

ring.
18, The method of claim 17 wherein X' ig N,
19. The compound of elaim 18 wherein X is N,

20. The method of elaim 1, comprising administering a therapeutically effcetive amount of 2

compound having the formula 111,

(R1 },,—(
,(.FJ\NH

(11

wherein!

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bieyclic ring;

X! s selected from N, N-R” or C-R":

X is selected from N, N-RY or ¢-R):

the dotted lines represent optional double borgds;

gach R' is independently selected from the group consisting of H, alkyl, eycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFi, NOg, OR', «(CHy), CONCH), R, ~(CHa) CONRH(R',
“(CH2),C{OYO(CH) R ( CH), NR IO, (CHANERD®RM?, -NERDso,RY,
SOCHONRMYR, -SONRZYR'Y, halo, aryt, and a heteroeyelic ring, and additionally

or alternatively, two R groups on adjacent ring atoms form a 5- or 6-membered fused
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ring which contains from 0 to 3 heteroatoms;
ris ) to 6,

each R'" is independenily selected from H, alkyl, cycloalkyl, allenyl, alkynyl, aralkyl,
aryl, and a heterocyelic ring;

each R'? and RM are independently selected from T1, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and a heterocyelic ving; or R'* and R™ may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroaton,

Jris )} tod;

g is 0 to 4;

X s N, CH or C-R™,

each R¥ iy independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
atkynyl, aralkyl, CN, CFy, NOg, OR®', «(CHa), CIONCHa)R Y, (CH), CCOINR™HR™),
(CHL), CIOYO(CH), R (CH), NRTYCIONRY, «(CHa), NIHR™), -NRTYSOR™,
COCIOMNR(RP), -SONERZNR™, halo, aryl, and a heterocyelic ring, and additionally
or alternatively, Lwo R7? groups on adjacent ring atorns form a 5« or 6-membered fused
ring which containg from 0 to 3 heteroatoms;

R* is selected from I, alkyl, eycloalkyl, alkenyl, alkynyl, arallyl, aryl, and a
heterocyelic ring;

R™ and R are independently selected from M, atkyl, cycloalkyl, alkenyl, alkynyl,
aratkyl, acryl, and a beterocyclic ring; or R*? and R* may be taken together with
the nitrogen to which they are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom;

ris 0 o 4

sis0tod;

mis o 4; and
each R” is independently selected fram 11, alkyl, cyeloallyl, aralkyl, aryl and a heterocyclic

ring.
21. The metliod of claim 20 wherein X' is N.

i vy . b R
22, The method of claim 21 wherein X is N.
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23. The method of claim 1, comprising administering a thevapeutically effective amount of a

compound having the formula [V
.
21 ALK
ol E
mxi-:.? Nl

(1V)
wherein:
ring A is ot 5+, 6+, or 7- membered ring ot a 7- to 12-membered fused bicyclic ring;
X! is selected from N, N«RY or C-R1;
X? iz selected from N, N-R® or C-R!;
the dodted lines represent oplional double bonds;
cach R’ is independently selected from the group conaisting of 17, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFs, NO3, OR"!, «(CH,),CONCHRR", -(CH), CONR MHR™),
H{CH2),C(O)YO(CH), R A CH) NRDYCIOR, -(Cll), N(RPHiM, -NRMsoRrY,
SOC(OMINR DR, -SONRPRSY, halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R’ groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms,
i is () to 6§,
each ' is independently selected from H, allyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyelic ring
“cach R and B are independently selected from H, alkyl, cycloalkyl, atkenyl,
allevnyl, aralkyl, aryl, and a heterocyelic ring; or R' and R may be taken
together with the nitrogen to which they are attached form a 5« to 7- membered
ring which may optionally contain a further hoteroatom;
s O to 4
g is 0 to 4,
R* is selected from H and Cy.4 alkyl;
R* is selected from ¥, NOg, CN, alkyl, cycloatieyl, alkenyl, alkynyl, aralkyl, aryl and a
heterocyelic ring;
RM ig scleeted from H, alleyd, eycloalkyl, w(.(.?r-f())R_“., alkenyl, alleynyl, avallyl, aryl, and a

helerocyclic ring;



R is sclected from -Y "R}

Y is selecied fromt a chernical bond, O, NR”-, and a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituied with one or more of hala, atkyl, gycloalkyl,
alkenyl, alkynyl, aralkyl, CO;R, C{O)R’, CLOMN(R");, CN, CF3, N(R%;, NOg, and OR%;

R'? js selocted from the group consisting of H, alkyl, cycloalkyl, alkenyl, atkynyl, aratkyl,
CI%, aryl, and a heterocyelic ring; and

each R” is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heteracyelic

ring.
24, The method of ¢laim 23 wherein X'is N,
25, The method of claim 24 wherein X* is N.

26. The method of claim 1, comprising administering a therapoutically effeetive amount of a

compound having the formula V

S
A
(& ‘)n{ |
R
XT;L N 105

NB-‘anN’;;L"‘-NARSI!
V)
wheretn:
ring A is a 5-, G-, or 7- mombered ring or a 7- to 12-membered fused bicychic ring;
%' is selected from N, N-R®or C-R';
X" is selected from N, N--Ro or C-R;
the dotted Hnes represent optional double bonds;
each R is independently selected from the group consisting of F, alkyl, cyclonikyl, alkenyl,
atkyny!, aralkyl, CN, CFs, NOa, OR!, (CHz),CONCHZ)R", «(CHR), CIOMNR IR,
(O, CIOYHCH) R A(CH), N HCOR", «(CH DNERDER'S), NER™MSOR',
SOC{OYN(R PR, -SONRPR™), halo, aryl, and & heterocyelic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a $- ov G-membered fused
ring which contains from 0 to 3 heteroatoms;
nis (oo,
each R'! is independently selected from H, alkeyl, cycloalkyl, atkenyl, alleynyl, aralkyl,
aryl, and a heterocyclic ring;
cach R'? and R are independently sclected from H, alkyl, eycloalleyl, alkenyl,

alkynyl, aralkyl, aryl, and o heteroeyelic ring; or R' and " may be taken
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together with the nittogen to which they are attached form 2 5- 1o 7- membered

ring which may optionally contain a further heteroatom;
pisOtod;

qis0to 4,

722 i5 selected from H and .y alkyl;

7 is selected from H, NOs, CN, alkyl, cycloalkyl, alkenyl, alicynyl, aralkyl, aryl and a
heteroeyelic ring;

R is sclected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyt, aryl, and a heterocyclic
ring;

R* is selected from -Y"-R'%;

¥ is selected from o chemical bond, O, NRY, and a hydrocarbon chain having from 110 4
carben atoms, and optionally substituted with enc or more of halo, alkyl, cycloatkyl,
alkenyl, alkynyl, aralkyl, CO:R®, COO)RY, CLOIN(R®), CN, CFy, N(R”);, NO», and OR’;

R is selected from the group consisting of 1, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
CF3, aryl, and a heteroeyelie ring; and

gach RY is indcpemdeml:r selected from H, atkyl, cyeloalkyl, aralkyl, aryl and a heterocyelic

ring.

27. The method of claim 26 wherein xis N
28, The method of elaim 27 wherein X% is M.

29, The methed of ¢laim 1, comprising administenng a therapeatically effective amount of a

compound having the formula V,

{(Va}
wherein:
ring A is a §-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyelic ring,

®! is selected from N, N-RY or C-R';
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X* is sclected from N, N-R” or C-RY;

the dotted lines represent optional double honds;

each R} is independently selected from the group ccmsistiﬂg of H, allkkyl, cycloalkyl, allkenyl,
alleynyl, aralkyl, CN, CFs, NOy, OR, -(CH,),C(ONCHL), R, (CH),CIOMNRBER™,
~(CHR), CEOYOCH) R - (CH) NR ICOIRY, (CH),NRH(R), -N@RMSORY,
SOCOWNRHRY, -SONR™ (R, hato, aryl, and a heterocyelic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5« or Gsmembered fused
ting which containg from 0 to 3 heleroatoms;

nisOio 6,

cach R is independently selected from H, allkyl, eyclealkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyclic ring;

cach R and RY are independently selected from I3, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and a heterocyelic ving, or R' and R” may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;

Pis0tod,

g iz Qo 4;

R is selected from H, alkyl, eycloalkyl, alkenyl, alkynyl, aralliyl, aryl, and a heterocyelic
ring;

X is N or C-R™

cach R* is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
atkynyl, aralkyl, N, CFs, NOy, ORY, ((CH,), COOKCH),RT, -(CHa), CIOINR™Y (RS,
«(CH), COYN TR A(CHD NIRRT, (CH), NRTR™), -NRTHS0.RE,
COCOMNRIHR™, -SONRFR™), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R* groups on adjacent ring atoms form a 5- or 6-membered fused
ring which containg from 0 to 3 hetercatoms;

R is selected from H, alkyl, eycloaliyl, alkenyl, alkynyl, aralkyl, aryl, and a
helorocycelic ring;

R and R are independently selected from 4, allyl, evetoalkyl, allenyl, atkynyl,
aralkyl, aryl, and a heterocyelic ring: or R™ and R™ may be taken together with
the nitrogen to which they are attached form a 5- to 7- membered ring which may
optionally contain a forther heleroatom;

#is 0o 4;

180104
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m1is 0 to 4 and
cach R” is independently selected from I, alkyl, eycloalleyl, aralkyl, aryl and a heterocyclic

TN
30. The method of claim 29 wherein X! is N.
31. 'The method of claim 30 wherein X= is N,

32. The method of claim 1, comprising administering a therapentically effective amount of a

compound having the onoula VI

A e

3 i
(R . }.}\fo y
R3'f‘-f"M“N—"//L\I”{5“
(V1)
wherein;
ring A is a 5-, 6, or 7- membered ring or & 7- to 12-membered fused bicyclic ring;
X' s selected from N, N-IRY or C-RY
X* is selected from N, N-R” or (_'I-R.l;
the dotted lines represent optional double bonds;
cach R s independently sclected from the group consisting of 11, alkyl, cycloalkyl, alkenyl,
allkynyl, aralkyl, CN, CFy, NOy, QR +(CH), CONCH)R, «(CHa), CIOINRHHR ™),
(T O(OYOCH) R -(CTR)NRMCOR, (CH),NR ™R, N HSO,R",
SOC(OM(R DR, -SOMNR R, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or 6-membered fused
ring which containg from 0 to 3 heteroatoms,
113 0to 6,
cach R is independeontly sclected from H, alkyl, cycloaliyl, alkenyl, alkynyl, aralleyl,
aryl, and a heterocyclic ring,
cach R and R7 are independently sclected from H, alkyi, eycloalkyl, alkenyl,
alkynyl, aralkyl, aryt, and a heterocyclic ring; or R' and R"? may be taken
together with the nitrogen to which they are attached form a 5« to 7- membered
ring which may opitonally contain a further heteroatom;

pis 0o 4;
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g 18 0 1o 4;

R™ is sclocted from H, alkyl, cycloalkyl, alkenyl, alkynyl, arallkyl, aryl, and a heterocyclic

©oring

R is selected from ~Y"-R'%;

Y" is selected from a chemieal bond, O, N R”-, and a hydrocarbon chain having from 1 to 4
carbom atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl,
alleenyl, alkynyl, aralkyt, CORY, CIOIRY, CCONMRY), CN, CFs, N(R"),, NOy, and ORY;

R is selected from the group consisting of H, atkyl, cycloallkyl, alkenyl, allynyl, aralkyl,
CFy, aryl, and a heterocyclic ring; and

each RY is independently selected from H, allyt, eycloalkyl, aralkyl, aryl and a heterocyclic

ring,
33, The method of claim 32 wherein X' is N,
34, The method of ¢laim 33 wherein X* is N,

35. The method of claim 1, comprising administering a therapeutically effective amount of a

compound having the formula Vi,

=
A XA

{R")H_é ﬂ O
il "“Hr/f‘" RES

:"N""-\-\. ;_.-"J\ _,::‘_.xa
H N : t‘ﬂ (R0,

p

(V1)

wherein:

ring A s a 5-, 6-, or 7- membered ring ora 7- to 12-membered fused bicyclic ring;

%! is selected from N, N-R" or C-R;

X* is selected from N, N-RY or C-RY;

the dotted lines represent optional double bonds;

each R' is independently selected from the group consisting of H, alkyl, eycloalkyl, alkenyl,
allynyl, aralleyl, ON, CFs, NOg, ORM ~(CHZ),COONCH,) R, (CH),C(OINR PR,
(CH) SOOI, R Y A CHL), N(RYC(OIR Y, -(CHa), NR PR, -NRTISORY,
SOCOMNRMIRY, -SONR¥PYR™), halo, arvl, and a heterocyclic ring, and additionally

or alternatively, two R' groups on adjacent ring atoms form a 5+ or G-membered fused
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ring which contains from 0 to 3 heteroatoms;
nis (o 6,

each R'' is independently selected from I, alkyl, cyeloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocycelic ring;

each R™ and R arc independently selected from 1, alkyl, eycloatkyl, alkenyl,
alkynyl, avalleyl, aryl, and a heterocyetie ring; or R'? and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;

pis 0o 4,

g is 0 to 4;

R™ is selected from H, alkyl, cycloalkyl, alkenyl, alleynyl, aralkyl, aryl, and a heterocyclic
Ting;

XY s N oor C-R™,

cach R is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
alleynyl, aralkyl, CN, CTia, NOp, OR™, (CH,), CLONCHRY, «(CH) CIONRT (R,
~(CHa), C(OYCHL)R -(CH), NRPICOIRY | -(CH),NRPY 1™, -NR*HSO,R,
OCIOIN(RHR™), ~SONR™IR™), halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R groups vn adjacent ring atoms form a 5- or G-membered Tused
ring which contains from 0 to 3 heteroatoms:

R s selected from H, alkyl, eycloatkyl, alkenyl, alkynyl, avalkyl, aryl, and a
heterocyelic ring;

R and R™ are independently selected from H, alkyl, cycloalleyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyelic ving; or R™ and 13 may be taken together with
the nitrogen to which they are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom;

ris 0104,

sis0to 4,

mis O to 4 and
each RY is independently seleeted from H, atkyl, cycloalkyl, aralkyl, aryl and a heteroeyelic

ring.
36, The compound of claim 35 wherein X! is N.
37. The compound of claim 36 wherein X% is N,
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38. A method of inhibiting 221 0PFABTI theramutein comprising administering to a
human a compound having the formula 1
. &
~

A
(R 1)k
x‘l‘)l\ RH

i (l)

wherein:
ring A is a 5-, 0-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;
X! is selected fiom N, N-R% or C-RY,
3 is selected from N, N-R® or C-1':
(he dotted lines represent optional double bonds;
each R' is independently selected from the group consisting of H, alkyl, eveloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFz, NOy, OR, o(CHR), COONCH R, «(CHa),COINR PR,
H(CHRLCIOOCH),R Y A CH) NRCORY, (CHy) NR R, -NR1SORY,
SOCIOINERAIY, -SONRPR'), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two k! proups on adjacent ring atoms form a 8- or G-membered fused
ring which containg from 0 1o 3 heteroatoms;
nis O to 6,
each R' is independently selected from H, alkyl, cycloallyl, alkenyl, allkynyl, aralkyl,
aryl, and a heterocyelic ring;
each R'™ and R are independently selected [rom H, alkyl, cycloalkyl, alkenyl,
allkeynyl, aralleyl, aryl, and a beterocyclic ring; or R and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a furlher heteroatom;
18 0 to 4,
¢ is 0 to 4;
R*is selected from ~CRY - -NR™ -, and «(C=R™)-;
cach R*! is independently selected from H, halo, ~NHa, “N(FY(C).3 alkyl), -N(C .1 alkyll,
~O0-(Cy 3 alleyl), O and Cy.a alloyd;
cach R* is independently selected from H and C; alleyl,
R is selected from 0,85, NuRO, and N‘uOI{O;
R* is selected from —CRY o , NR®-, and «(C=R*%)-;
each R* group is selected from H, halo, -NHy, -NEDRY, -NERY,, <0-R", O and €.
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allkyl;

each R* group is selected from H, alkyl, eyeloalkyl, alkenyt, alkynyl, aralkyl, CO.R”,
C(ORY, aryl, and a heterocyelic ring;

R is selected from O, 8, N-R*, and N-ORY;

R* is selected from H, NO,, CN, alkyl, eycloallyl, alkenyl, alkynyl, aralkyl, aryl and a
heterocyelic ring,

R* is selected from ~CRM ), NR ¥, -(C=R*)-, and -0~

each R*' is selected from F, alkyl, cycloalkyl, alkenyl, allynyl, CO.RY, C(OIR, aralkyl,
aryl, and a heterocyelic ring; ’

each R* group is selected from H, alkyl, eycloalkyl, allenyl, alkynyl, avalkyl, COLRY,
CORY, aryl, and a heterocyelic ting;

each R® is selected from O, 8, N-R”, and N-ORY;

with the provisos that when R* is -NR™;- and R is -NR ™4, then 1 is not -NR* - and that
both R and R* are not simultaneousty selected from -(C=R™)- and «(C=R")-, respectively;
R is selected from ~Y-R® and -Z-R’:

Y is seleoted from a chemical bond, O, NRY,

RE is selected from alkyl, eycloalkyl, slkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring;

7 is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, cyclcm'l‘l{yl,.alkcn.y]., alkynyl, aralkyl, CORY, C.T(O)RQ,
CLOINRY,, CN, CFy, N(RY),, NO;, and OR%;

R’ is H or is selected from ary) and a heterocyclic ving;

sach RY 1y independently sclected from 11, alleyl, eycloalkyl, araliyl, aryl and a heterocyclic
| ringr;

aistor2;

BisOorl;

cislor?;

disorl;

ais 1 or2; and

JisQor 1.

39, The method of claim 38 comprising administering a compound having the fornmla Iy
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{F{1} A \‘\.X:?
" ,...JL R,
"-X - '\-\.N
it
3 T
SN |
(1)
whotein;
ring A is 8 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;

X! is selected from N, N-R or C-R':
X7 is selected from N, N-R” or C-R';
the dott‘ed lines represent optional double honds,
cach B! is independently selected from the group consisting of H, alkyl, cycloatkyl, alkenyl,
alkynyl, aralkyl, CN, CF3, NOg, ORY, (CH),CONCH,R T, (CH2), CONRMR'™),
~(CH)CIONOCH) R (CHL) NRTC(OR, -(CHa),NERPRP), -NR!MSO,RY,
SOCIONR IR DY, -SONR PR, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 3+ or G-membered fused
ring which contains from 0 to 3 heleroatons;
nis 0o 6,
cach R' is independently selected from H, alkyl, oycloalkyl, alkenyl, allkynyl, aralkyl,
aryl, and a heterocyelic ring;
cach R™ and R ave independently selected from 11, alkyl, eycloalkyl, alkenyl,
alkynyl, aralleyl, aryl, and a heterocyclic ring; or R and RY may be talken
tc)gﬂtl‘lﬂr with the mitrogen to which they are attached form a 5« to 7- mambered
ring which may optionally contain a further heteroatom;
pisQlod,
gis0tod;
cach R iy independently selected from H and Cr3 afkyl;
R? s selected from ~CRY - | -NR¥ -, and (C=R™)-;
cach R*! group is selected from H, halo, NIy, -N(HYR), -N(R%),, -O-R°, O and .3
atkyl;
cach R aroup is selected from F, alkyl, cycloalkyl, alkenyl, alicynyl, aralkyl, CORY,
C((.'))]'{O, aryl, and a heterocyelic ring;
R* iy selected from O, 8, N-R* and N-OR";
R iy selected from H, NO,, CN, alkyl, cycloalkyl, allkenyl, allkynyl, aralkyl, aryl and a

heterocyelic ring,

97



WO 200:5/115992 PUT/US2005/018412

R’ is selected from ~CR™M -, NR%p, (C=R¥-, and -O-;

each R* is selected from H, alkyl, cycloaliyl, alkenyl, atkynyl, CO:R", CIORY, arallyl,
aryl, und & heterocyelic ring,

sach R* group is selected from H, allyl, cycloalkyl, alkenyl, alkynyl, aralkyl, COsR®,
(,'.‘.(D)Rﬂ, aryl, and a heterocyclic ring;

each RY is selected from 0, 8, N-R" and N&C)RO;

with the provisos that when R" is -NR%x, then R? is not ~-NR*4-; and that both R? and R wre
not simultaneously selected from ~(C=R>)- and -(C=R*¥)-, respectively,
R® is selected from -Y-R® and -Z-R”;

Y is selected from a chemical bond, O, N-RO,

R® is selected from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyelic
ring;

7, is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alleyl, cycloalkyl, alkeenyl, allkynyl, avalleyl, CO.RY, C(())RO,
CEOIN(RY),, CN, CF, N(RY), NO2, and ORY;

R7 is 1 or is selected from aryl and a heteroeyelic ring:

each RY is independently selected from H, allevl, eycloalkyl, aralleyl, aryl and a beterocyclic

ring;

aisl or2;

bisOorl;

oislor?;

e is Qo

¢ 18 1 ord; and

Jis0orl.

40. The method of ¢laim 38 comprising administering a compound having the formuola I,

| A H\Ix'.!’

{R )y i s
BT (R*)a

I
My, ko
(R TR |
(-h?)
wherein:
ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyelie ring;

X! is sclceted from N, N-RY or C1~Rl;
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X2 is selected from N, N-R” or C-RY;
the dotted lines represent optional double bonds;
cach R} is independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl,
alleynyl, aralkyl, CN, CFs, NOy, OR", «(CHa)pCONCHa) R, «(CH,),COMNRHIR'),
{CH),C(OYO(CH), R A CH),NR HCOIR!, «(CHR),NERDRP), -NEHSORY,
COCIONER PR, -SONRHRM), halo, aryl, and @ heterocyelic ring, and additionally
or alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from  to 3 heteroatoms;
i is 0 lo 6,
each R' is independently selected from H, alkyl, cyeloaliyl, alkenyl, alkkynyl, aralkyl,
aryl, and a heterocyelie ring;
cach R'? and R'? are independently selected from F, alleyl, cycloalkyl, alkenyl,
alkynyl, aralleyl, aryl, and a heterocyelic ring; or R ang RV may be taken
together with the nitrogen to which they are attached forms a 5- to 7- membered
ring which may optionally contain a further heteroatom,;
pis0io 4
g is O to 4
cach R is independently selected from H and Cy.y alkyl;
cach R* group is selected from H, atkyl, eycloalkyl, alkenyl, alkynyl, aralkyl, CGOLRY
CIORY, aryl, and a heterocyelic ving;
R is selected from ~CR -, «(C=R®)-, and -O-;
cach R" is selected from H, alkyl, cycloalkyl, atkenyl, alkynyl, CORY, CLORY, aralkyl,
aryl, and a heterocyelic ring;
each R™ is selected from ©Q, 8, N-RY, and N—C)R.‘);
1 is selected from -Y-R® and -Z-R7;
Y is selected from a chemical bond, Q, N-RY,
RY is selected from atkyl, cycloalleyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring;
7,15 a hydrocarbon chain having from 1 to 4 carbon atoms, and optionalfy substituted with
| one or more of halo, alkyl, cycloalloyl, alkenyl, allkynyl, aralkyl, CO,RY, CIORY,
CONRY,, CN, CHy, N(RY, NOy, and ORY;
R7 is H or is selected from aryl and a heterocyelic ring;

cach I is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyelic
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ring;
aisdori;
hisQorli,;
gis lor2;
disQorl;
eis 1 ar2; and
fisOorl.

41, The method of claim 38 comprising administering a compound having the formula I

N

. A
(RYy—l— /;l\\
K

(n
whoerein
ring A i8 a 5=, 6=, or 7- membered ring or a 7- 1o 1 2-membered fused bicyclic ring;
X! is selected from N, N-RY or C-R:
X7 is selected fram N, N-RY or C-RY;
the dotted lines represent optional double bonds;
each R’ is independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl,
alicynyl, aralkyl, CN, €, NO,, OR', <(CHp),C(O)CH),R, ~(CHa),CIOIMNERPYR',
HCH)CONOCH) R CH)NR COIR, (CH),NR R, -NERMSOR,
SOCOINERHRSY, ~SO,NIRH(RP), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, twao It groups on adjacent ring atoms form a 5- or 6-membered fused
ring which containg from 0 to 3 heleroatoms;
i is ) to 6,
each R is independently selected from H, alkyl, cycloalleyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterccyclic ring;
each R'? and RY are independently selected from H, alkyl, cycloalleyl, alkenyl,
alleynyl, aralkyl, aryl, and a heterocyelic ring; or R'? and R" may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may ophionally contain a further heteroatom;
pisg0tod;
gia{tod;
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R is solected from fhe group consisting of is selected from H, alkyl, cycloalkyl, alkenyl,
alkynyl, COR®, C(OIRY, aralkyl, aryl, and a heterocyclic ring;
R? is sclected from -Y-R® and -Z-R”;

Y is selected from a chemical bond, O, N-R?,

RO is selected from alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyetic
ring;

7 is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with
one or more of halo, alkyl, cycloalkyl, alkenyl, alkynyl, arallyl, CORY, C(())RO,
CLOWNRY), CN, CFs, N(R"), NO,, and ORY,

R7 43 11 or 1s selected from aryl and a heterocyelic ring; and

each R” is independenily selected from, H, .nlkyl, cycloalkyl, aralleyl, aryl and a heterocyelic

ring,

42, The method of claim 38 comprising administering a compound having the formula 11,

.,
S G

(RW{)‘{A “\
~XH N =
Fz\l | ﬁ_(Hm)n
=% rs

[=4 i)

(L)

wherein

ring A is a 5+, 6+, or 7- membered ring or a 7- to 12-membered fuged bieyelic ring;

%! is selected from N, N-RY or C-R';

X" is selected from N, N-R” or (-R';

the dotted lines represent optional double bonds,

each ' is independently selected from the group consisting of F, alkyl, eycloalkyl, alkenyl,
alkynyl, avallcyl, CN, Gy, NOz, ORY, o(CH),CLONCH)RY, A(CH)CONR AR,
(CH2),C(0YO(CH),R H(CHNRMCOIRY, -(CEL),NR )R B, NRMSORM,
SOCOWRMDRT), -SONRH(R™, halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or G-membered fused
ring which containg from 0 to 3 heteroatoms;

iz Olo 6,

cach R ig independently selected from H, alkyl, cycloalkyl, alicenyl, allkeynyl, avalkyl,

aryl, and a hetevocyelic ring;
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each R'? and R¥ are independently seleeted from H, alkyl, cycloaltkyl, alkenyl,
alleynyl, arallyl, aryl, and a helerocyclic ring; or R and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ving which may optionally contain a further heteroatom;
pisOtod;
g is 0 tod;
R? is selected from the proup consisting of is selected from H, alkyl, cycloallcyl, alkenyl,
atkynyl, CORY, C(ONRY, aralkyl, aryl, and & helerocycelic ring;
X% is N, CH or C-R™, ‘
cach R™ is independently selected from the group consisting of alkyl, cycloatkyl, alkenyl,
alleynyl, aralkyl, CN, Cls, NOy, ORY «(CH), CONCH )R, (CH) CONIRHR™),
W(CHD COXCHDRY S(CH), NERPHYCOR™, «(CH)NR™PHR™), -NRHSOR,
OC(OINR*MUR™, SONERR™, halo, aryl, and a heterocyelic ring, and additionally
ar alternatively, two R*? groups on adjacent ring atoms form a 5« or G-membered fused
ring which contains from 0 to 3 heteroatoms;
R is selected from H, alkyl, cycloalkyl, alkenyt, allk.yny], aralkyl, aryl, and a
heterocyelic ring;
1™ and R™ are independently selected from H, alkyl, cycloailyl, alkenyl, alkynyl,
aratkyl, aryt, and a heterocyclic ring; or R% and RY may be taken together with
the nitrogen to which they are attached form a 3- to 7- membered ring which may
optionally contain a further heteroatom;
ris (o4,
s1dtod,
mis 0 to 4; and
each RY is independently selected from H, atleyl, eycloalkyl, aralicyl, aryl and a heterocyclic

ring.

43, The method of clahm 38 comprising administering a compound having the fornwla Hy
R4

Z N (R,

H
=
_QD

whersin:
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&M is selected from H and I

R¥ s sclected from the group consisting of s selected from H, alkyl, cycloalkyl, allenyl,
alkynyl, CO.RY, C(ORY, aralkyl, aryl, and a heterocyclic ring;

XY e N, CH or C-R®:

ciach R is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
allcynyl, aralkyl, CN, CFs, NOa, ORY, halo, aryl, and a heterocychic ring;

R® is selected from aryl and a heterocyelic ring;

Q) is sclected from. a chamical bond or a group having the formula -O-, (CHa)-,

{(CH)C(ONCH) ~(CHE)rNR™)-(CHa),-, (CH)C(O)-NRZ)-(CH,)-,

(CH2) CLOYO(CH,)-, ~(CHa)N(R™)C(O)(CHa)y-, -(CH) OC(ONR 2)-(CH)», and

“Q-(CH)C(OYN(R™)-(CHa)

R™ is selected from aryl, and a heterocyelic ring;

each RY is independently selected from F, alkyl, cycloalkyl, avalleyl, aryl and a heterocyclic
ring;

fis O to 4,

iis ) to 4; and

Jis0to 4,

44, ‘The method of claim 38 comprising administering a compound having the formula 11

ot A

NH
N R10

\l( (11)

wherein

ring A is a 5-, 0-, or 7- membered f‘ing ot a 7- to 12-membered fused bicyclic ring;

X! s selected from N, N-R” or (R

X% is selected from N, N-R” or C-R';

the dotted lines represent optional double bonds;

each R is independently selected from the group consisting of 1, alkyl, cycloalkyl, alikenyl,
allkynyl, aralkyl, ON, Clis, NO, ORL «(CHz),CLONCHR),RY, ~(CH,), CIOMNRHHRP),
NCHDCO)O(CH), R -(CHR),NRC(OIR Y, ((CH)NRHR?), -NRSORY,
QCIOWNER MR, ~SONRPYRM), hala, aryl, and a heterocyelic ring, and additionally

or alternatively, two R' groups on adjacent ring atoms form a 5- or 6-membered (used
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ring which contains from 0 to 3 heteroatoms;
nis0to 6,

cach RM is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyi, arallkyl,
aryl, and a heterocyelic ring:

cach R'* and R™ are independently selecled from H, allkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and a helerocyclic ting; or R* and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionatly contain a further heteroatom;

is O to 4,

gis 0tod;

R is selected from ~YWR'%;

V' is selected from a chemical bond, O, NR%-, and a hydrocarbon chain having from 1 to 4
carbon atoms, and optionaily substituted with one or more of halo, alkyl, cycloalkyi,
alkenyl, alkynyl, aratlyl, CO2R®, CLOIRY, CIOINR )2, CN, CFy, N(R), NOy, and OR’;

R™ is selocted from the group consisting of H, alkyl, eycloalkyl, alkenyl, alkynyl, aratkyl,
CFy, aryl, and a heterocyelic ring; and

cach R is independently selected from H, alkyl, cycloatkyl, aralkyl, ary} and a heterocyelic

ring.

45, The method of claim 38 comyprising administering a compound having the formula Hl,

-
Y
XN

i
"'3‘“ {Rﬁo)n
e

(11L)
wherein:
ring A 18 a 5+, G-, or 7- membered ring or a 7- to 12-membered fused bieyelic ring;
%! is selected from N, N-R” or C-R';
K2 is selected from N, N-R” or (fﬁ—Rl_;
the dotted lines represent optional double bonds;
each R' is independently selected from the group consisting of B, alkyl, cycloalleyl, alkenyl,
alleynyl, arallyl, CN, CFs, NO3, OR, -(CHy),CONCH),R", <(CHo), CIOINRHR),

y 1

AU, COYOCH) R (CH,NR GO, (CH),NR R, NRHSOR,
v 3 it £
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-C_)(I:(O)I\]‘(l?\12)(1{13), -SOaN(R MR, halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms;

nisOto 6,

each R is independently selected from H, alkyl, eycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyclic ring;

each RY and R are independently selected from H, alkyl, cycloalkyl, alkenyl,
alleynyl, aralkyl, aryl, and a heteroeyelic ring; or R' and R may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionafly contain a further heteroatom;

pisOtody

gis(tod;

X% is N, CH or C-R*; j

each R* is independently selected from the group consisting of atkyl, cyeloalleyl, alkenyl,
alleynyl, arallyl, ON, CFs, NOs, OR®, -(CH), CIONCH)LRY, {(CH) CIONRPIR™,
S(CH), CLONOCH)RY A(CH)NRPHCOIRY, «(CHy), NR (I, -NRHSOR™,
OCONERPHRY, -SONR(R™), halo, aryl, and a heterocyelic ring, and additionally
or altematively, two R groups on adjacent ring atoms form a 5+ or 6-membered fused
ring which containg from 0 to 3 heteroatoms;

R is selected from H, alkyl, eycloallkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyelic ring;

R and R® are indopendently selected from 11, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterogyelic ring; or R and R¥ may be talen together with
the nitrogen to which they are 'attachcd form a 5= to 7- membered ring which may
optionally contain a further heteroatom;

rig Oto 4,

gis Otod;

mig 0 to 4; and
cach RY is independently selected from H, alkyl, eycloalkyl, arallkeyl, aryl and a heterocyelic

ring.

46, The method of claim 38 comprising administering a comipound having the formula [V
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—
R
A Xa.

(R? )n""““‘é i o
b ‘foR"

[Tl "‘NN-’R

Jdd

15

(1V)
wherein:
ring A 18 a 5-, 6-, or 7- membered ring or a 7- to 12-membered fused bicyclic ring;
%! is scleeted from N, N-RY or (.“.—Rl;
X" is selocted from N, N-RY or C-RY
the dotted lines 1'c:‘prc:$t.mt optional double bonds;
cach R' is independently selected from the group consisting of H, atkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFs, NOy, OR*!, «(CHz),C(ONCH)R, ~(CHa), CLOMNR PR,
(CHR), C(OYO(CH) R A CH)NR HOOR, (CHa), NERPR™), NRMSOR",
SQCOINRHR™), -SONERHHR'™), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R groups on adjacent ving atons form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms; |
ipis 0 fo 6,
gach R is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyelic ring;
cach ™ and R" are independently selected from. H, alkyl, eycloalkyl, alkenyl,
alkynyl, aralkyl, aryl, and a heierovyelic ring; or 1'% and R” may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;
is Otlo 4y
g g O tod;
R* i selected from H and Co alkyl;
R is selected from H, NOa, CN, alkyl, cyclozlllk.yl, alleenyl, alloynyl, aralkyl, aryl and a
heterocyelic ring,
R* is selected from M, alkyl, cycloallyl, (C=ORP, aikenyl, alkynyl, aralkyl, ary!, and a
heterocyclic ring,
R% is selected from -Y"R",
Y is selected from a chemical bond, O, NR®-, and a hydrocarbon chain having from 1 to 4

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloatkyl,
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alkenyl, allkeynyl, aralkyl, CO.R®, CIOIR®, CLONRY,, ON, CFa, N(RY),, NO,, and ORY;
RY is selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, alloynyl, aralkyl,
CF3, aryl, and a heterocyelic ring; and
cach R” is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic

ring.

47. The method of claim 38 comprizsing administeting a compound having the formula V

(R4 L

-\_x1-..-“'

& ”‘—N/L““' NE R

(V)
wherein:
ring A is a 5-, 6-, or 7- membered ring or a 7- (o 12-membered fused bicyelic ring;
X! is selected from N, N-R® or C-R';
X is selected from N, N-R® or C-R';
the dotted lines represent optional double bonds;
each R’ is independently selected from the group consisting of 1, alkyl, cycloalkyl, alkenyl,
allynyl, araikyl, CN, CF3, NOz, OR"", (CH),CONCH,), R, «(CH2),CIONER PR,
“(CH ) CLOYOC), R - (CH), NGO, (Cl), NRIDHR P, -NRsoRrY,
-AC)C(D)N(I.{I?‘)(R‘3), ‘SOQN.(I{IZ)(I{I:S), hialo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or 6«membered fused
ring which containg from 0 to 3 heteroatoms,
wis 010 6,
cach R is independently selected from I, allyl, cycloalleyl, alkenyl, alkynyl, aralkyl,
aryl, and a heterocyclic ring;
cach R' and R are independently sclected from H, alkyl, cycloalkyl, alkenyl,
alikynyl, aratkyl, aryl, and a heterocyelic ring: or R'? and R™ may be taken
together with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom;
pis0to 4
g is 0 to 4;

R% s selected from H and Cr.g alkyl;
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r* is scleeted from H, NOy, CN, alkyl, eycloalkyl, alkenyl, alkyiyl, aralkyl, axyl and a
heterocyelic ring;

R is selected from H, alkyl, eycloalkyl, alkenyl, alkynyl, aralleyl, aryl, and a heterocyclic
ring;

R is sclected from -y R

Y is sclected from a chemical bond, O, NR'-, and a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl,
alleenyl, allynyl, aralkyl, COzR’, CLOIRY, CIOINR ), CN, CFs, N(R®)z, NOy, and OR;

R js sclected from the group consisting of H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
CFs, aryl, and a heterocyclie ring; and

each RY is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic

ring.

4%, The method of claim 38 comprising administering a compound having the formula V,
B 2

A X

RIMW—-
! --x1"’/ji\NH

HfoL e fo”;“

RGE

XE
\r: || 150,
e V)

wherein:

ring A is & 5+, 6=, or 7« membered ring or a 7- to 12-membered fused hicyehic ring;

% s selected from N, N-R" or C-RY

%2 s selected from N, N-R” or C-R';

the dotled lines represent optional double bonds;

each B! is independentty sclected from the proup consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, G, NO;, OR', ~(CJI}]TQ),,C1(O)(C]E-I:¢)qRI L -(C':}i--I:a)pCi(O)N(]f{m)(]l”),
(CH),COYO(CH )R A CHR), NGO, (CH),NR %R, “NRYS0,RY,
COCOMNRAERM, -SONEH(RM), halo, aryl, and a heterocyelic ring, and additionally
or alternatively, two R groups on adjacent ring atoms form a 5- or 6-membered fused
ring which contains from 0 to 3 heteroatoms;

nis0to 6, F

cach ' is independently selected from M, alkyl, cycloalkyl, allenyl, allkynyl, aralkyl,

aryl, and a heterocyclic ring;
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each R'? and R are independently selected from I, alleyl, cycloalkyl, alkenyl,
alleynyl, arallcyi, m‘lyl, and a heterocyclic ring; or R™ and RY may be talen
together with the nitrogen to which they arce attached form a 5- to 7- membered
ring which may optionally contain a further heteroatorn;

frisOto 4,

qis 0 to 4

R is selected from 14, alkyl, cycloalkyl, alleenyl, alkynyl, avallyl, aryl, and a heterocyclic
ring;

X% is N or C-R*:

each R™ is independently selected from the group consisting of alkyl, eycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFz, NOg, ORY | (CH),CONOHL) R, «(CHL), COWNR™ YR,
H(CH), COYOCH), R -(CH), NI HC(OIR, (CH),NR™HR), -NRDHSO;R,
SOCIOMNRPR, SSORN(RYR™), halo, aryl, and a heterocyclic ring, and additionalty
or ulternativety, two R groups on adjacent ring atoms form a 5- or 6~-membered fused
ring which contains from O to 3 heteroatoms,

R¥ is selected from H, alkyl, cycloalkyl, alkenyl, allynyl, aralkyl, aryl, and a
heterocyelic ring;

R¥ au{i R are independently seleeted from H, alkyl, eycloalkyt, alkenyl, alkynyl,
aralleyt, aryl, and a heteroeyelic ring; or R and R™ may be taken together with
the nitrogen to which they are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom;

ris (o 4;

sisOto 4,

m is 0 to 4 and
each R? is independently selected from T, alkyl, cycloallyl, aratkyl, aryl and a heterocyclic

ring,
49, 'The method of claim 38 comprising adminisiering a compound having the formuta Vi

o
. A X"
(r! )u_< i o
){r 2 RSE
N N»-4J\ R0

R:!Eﬂ’ T

(VD)
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wheretin:
ting A 18 @ §-, 6-, or 7- membered ring or a 7- to 1 2-membered fused bicyclic ring;
¥ is selected from N, N-R" or C-RL
%7 is selected from N, N-RY or ('IwR.“;
the dotted lines represent optionat double bonds:
each R is independently selected from the group consisting of M, alkyl, cycloalkyl, alkenyl,
alleynyl, aralkyl, CN, CIf, NOy, ORY <(CH),CONCTIR", -(CH)CONR HHR ™),
{(CH,), CCOIO(CH), R ACHR),NRYCOR", (CH,NR BRS), -NRTISOR ",
COCONER MR, -SONRHR'™), halo, aryl, and a heterocyelic ring, and additionally
or allernatively, two R' groups on adjacent ring atoms form a 5- ov G-membered fused
ring witich containg from 0 to 3 heteroatoms;
nis 0t 6,
each R is independently selected from H, alleyl, eycloalkyl, alkenyl, alkynyl, aralkyl,
aryt, and a heterocyelic ring;
each R'? and 11'? are independontly selected from H, allyl, cycloalkyl, alkenyl,
alkymyl, aralkyl, aryl, and a heterocyclic ring; or R and R may be taken
together with the nitrogen to which they are atlached form u 3- to 7- membored
ring which may optionally contain a further heteroator,
pisOlod
g is Gio 4;
R¥ is selected from H, alkyl, evoloalleyl, alkenyl, alleynyl, aralkyl, aryl, and a heterocyelic
ring,;
1R g selected from ~Y "R,
¥ iy selected from a chemical bond, O, NR™, and a hydrocarbon chain having fiom 1 to 4
carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloallyl,
atkenyt, alleynyl, aratleyl, COR, COYRY, CCOINR™,, ON, CFz, NR"), NOy, and OR’;
R'? is selected from the group consisting of F, alkyl, cycloalkyl, alkenyl, allynyl, aralkyl,
CIt, aryl, and a heterocyalic ring; and
oach R" is independently seleeted from I, alkyt, cycloalkyl, arallkyl, aryl and a heterocyelic

ring.
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50. The method of elaim 38 comprising administering a compound having the fopnula Vi,
(R} (
H-x‘l'r"

wherein;
ring A is a 5-, G-, or 7- membered ring or a 7- to 12-membered fused bicychic ring;
X! is selected from N, N-R” or C-R};
X* is selected from N, N-R® or C-RY:
the dotted lines represent optional double bonds;
each R is independently selected from the group consisting of H, atkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CFa, NOz, OR, «(CH3), CONCTT) R, «(CH2), CIOMNER R,
(CHDLCOIO(CH )R +(CH),NRHCOR, (CH)NRMR'Y, -NRSOR",
OC(ONR YR, -80NRHRS), halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R' groups on adjacent ring atoms form a 5~ or 6G-membered fused
ring which contains from 0 to 3 heteroatoms;
nis0to o,
each R is independently selected from H, alkyl, cycloalkyl, alkenyl, atkynyl, aralkyl,
aryl, and a heterocyclic ring;
cach R1? and R’ are independently selected from H, alkyt, eycloalkyl, alkenyl,
alleynyl, aralkyl, aryl, and a heferocyclic ving; or 1'% und R" may be taken
togother with the nitrogen to which they are attached form a 5- to 7- membered
ring which may optionally contain a further heteroatom,
pisOtod;
g is 0 tod;
R™ is selected from. H, alkyl, cycloalkyl, alkenyl, alliynyl, aralkyl, aryl, and a heterocyclic
ring;
X i Nor C-RY,
each R¥ is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, N, CEy, NOy, OR®, -(CHy), CONCH )R, -(CH2), COINRPHR™),
{(CH), COIO(CH) R -(CH), NIHCO)RY, «(CH)NRD(RP), NRHSOR,
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SOCIONRHR™), ~SONRZR™), halo, aryl, and a heterocyclic ring, and additionally
or alternatively, two R¥ groups on adjacent ring atoms form & 5- or 6=membered fused
ring which contains from 0 to 3 heteroatoms;

R iy selected from H, alkyl, eycloalkyl, allkenyl, atkynyl, araikyl, aryl, and a
heterocyelic ring;

R* and R¥ wre independently selected from H, allyl, eycloalkyl, alkenyl, alkynyl,
arallesd, aryl, and a heterocyelic ring; or R*™ and R™ may be taken logether with
the nitrogen to which they are attached form a 5- to 7- membered ring which may

- optionally contain a further heteroatom;
is O to d;
l si80to 4,
mis 0o d; and
each RY is indopendently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyelic

ring.

51. The compound having the formula 1,

414
NN N :
\) l | — Qs 281
’\%( ™ XC:F:

A

wherein;

R is selected from H and ¥

R® is selected from the group consisting of is selected from M, alkyl, cycloalkyl, alkenyl,
alleynyl, CORRY, CIOIRE, aralkyl, aryl, and a heterocyelic ring;

x* is N, CH or C-R%,

each R ig independently selected [rom the proup consisting of alkyl, cycloalkyl, alkenyl,
alleynyl, aralloyl, CN, Clj, NO, ORY halo, aryl, and a heterocyclic ring;

R’ s selected from aryl and a heterocyclic ring;

() 15 selected from a chemical bond or a group having the formula -O-, -(CHz ),

A(CH)C(ONCH)m, ~(CT)-NRE(CHy ), ~(CHo)C(O)-NR ) CHa)p,

(CHR)CLOYO(CH ), -(CHa)NRP)C(O)-(CHa)-, -(CH) OC{OMNRD)-(CH )+, and

~O-(CH) - CIOYN(R)-(CHR) -

N % . . .
R% is selected from aryl, and a hetaroeyelic ring;
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each RO is independently selected from H, alleyl, cycloalkyl, aralkyl, aryl and a heterocyelic
ring, ’

his Gto 4

iis O to 4; und

Jie0to 4.

57. A method for determining whether 2 substance i3 an inhibitor or an activator of o
theramutein which is capable of cliciting a delectable phenoresponse, which comprises:

a) incubating & first cell which expresses the theramutein at a substantially
constant level with the substance;

b) incubating a seccond cell which expresses a corresponding prototheramutein
at a substantially constant fevel with a known inhibitor or activator of the
prototheramutein;

¢} comparing a phenoresponse of the second cell to the known inhibitor or
activator of the prototberamutein to the phenoresponse of the first cell to the
sithstance; and

d) determining that the phenoresponse of the first coll 1s inhilvited or activated
to af least the same depree as the phenorcsponse of the second cell is inhibited or
activated by the known inhibilor or activator of the prototheranmuein, thereby

identifying the substanco ag an inbibitor or an activater ol the theramutein,

53, The method of Claim 52, wherein the phenoresponse of the cell expressing the
theramutein to the substance is greater than the phenorcsponse of the cell exprossing the

prototheramutein to the known inhibitor or activator of the theramutein.

54, A method for determining whether 2 substance is a specific inhibitor or specific activator
of a theramutein, which comprises:
a) providing a test cell which expresscs the theramutein and which gives rise
10 a1 detectable phenoresponse,
b)Y treating the test cell with the substance;
¢} examining the treated cell to determine whether the phenaresponse is

modulated by treatment with the substance.

55, The method of Claim 52 or 54, wherein the theramutein or prototheramutein is a

component of u signal trmsduction cascade,
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46, The method of Claim 52 or 54, wherein the theramutein or pmtothemml_ttein is an

SREYInG.

57 The method of Claim 52 or 54, wherein the theramutein or protothoramatein is a protein

kinage.

58. The method of Claim 52 or 54, wherein the theramulein or prototheramutein is a tyrosine
kinase.

49, The method of Claim 52 ot §4, wherein the theramutein or prolotheramutein js a receptor
tyrosine kinase.

60. The method of Claim 52 or 54, wherein the or prototheramutein is p210°,

61. The method of Claim 52 or 54, wherein the or prototheramutein is the T3151 mutant of

p21 OBI:MJ\H

62. The method of Claim 52 or 54, wherein the phenoresponse is a change in  cultural,

morphological, or transient characteristic of the cell.

63. The method of Claim 52 or 54, wherein the plicnoresponse includes pliosplmrylatiun of

an intracellular substrate of the theramutein,

G4. The rethod of Claim 52 or 54, wherein the phenoresponse is detected on 2 subcetlular

fraction of the cell,
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