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TllERAMUTEIN MODULATORS 

BACKGROUND OF THE INVENTION 

[0001] The progrnssive development of drug rcsistancu in lt patient is the hallmark of 

chronic treatment with many classes of drugs, especially in tho therapeutic areas of cancer 

and infoct:ious diseases. Molecular mechanisms have been identified which mediate certain 

types of drug resistance phenomena, where~1s in other cases the mechanisms of acquired as 

well as de novo resistance remain unknown today. 

[0002] One modumism of induced (acquired) drug resistance originally thought: to be 

relcvm1t: in the area of cancer thcrnpy involvus increased expression of a protein known us 

P-glycoprotcin (P-gp). P-gp is located in the cdl membrane am! f:\mctions as a drug efflux 

pump. The protein is c<1pabk of pumping toxic chemical agents, including many classical 

anti-cunccr drugs, out oft:hc cell. ConS('<"[U01tly, upregulation of P-glycoprokin usm1lly 

results in resistance to nrnltiplc drugs. Upregulation of P-glycoprotein in ti1mor cells may 

represent a defense mcclwnism which has evolved in mammafom cells to prevent damage 

from toxic chelll'ical agents. Other related dn1g resistance proteins have now been identified 

with similar functions to l'-gp, including multidrug-resistance-associated protein family 

members such as MRl'l and ABCG2. In any event, with the advent of tho development of 

compounds that are specific for a given target prntein, and less toxic, the importance of 

p .. g)ycoprotein and related AT!' .. binding cassette (ABC) transporter proteins in clinically 

signiflcant di-ug r0sista11c0 l1as lt.l~sc11cd. 

[0003] Another possible mokcular mc:chanism of acquired drug resistm1ce is that 

alternative signal pathways arc responsible for continued survival and metabolism of cells, 

even though tho original drug is still effective against its target. Furthermore, alterations in 

intracellular metabolism of the drug can lead to loss of therapeutic cfilcacy as well. Jn 

aclclit:ion, changes in gene expression as well as gom1 amplification events can occur, resulting 

in increased or decreased expression of a given target protein, and frequently requiring 

increasing dosages of the drug to maintain the same effects. (Adcock and Lane, 2003) 

[0004] Mutation induced drng rnoistanco is u frequently occurring event in the 

infoctious disease <1rea. For example, several drngs hnvc been devolopcd that inhibit: either 

the viral reverse transcriptase or the viral protease encoded in the human imnrnnodcficicncy 

(HJV) viral genome. It is well established in the liten1ture that repeated treatment ofl-IIV­

infoctcd AIDS patients using, for exmnple, a rev(,l'SC transcriptasc jnhibitor 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 trnnscriptase that render the 

nrntant form of the enzyme less affected by the drug. 

f.0005] The appearance of drug rosdance dt1ring the coi.1rse of HIV treatment is not 

surprising considering the rate at which errors arc introduced into the .HIV genome. Tho l-IIV 

reverse transcriptasc enzyme is known to be particularly error prone, willi a forward mutation 

rate of about 3 .4 x l 0"5 mutations per base pair per replication cycle (Mansky et al., J. Viral. 

69:5087,94 (1995)). However, analogous mutation rates for endogenous genes encoded in 

nlm.nnmlian cells arc more than an order of magnitude low\'l" 

[0006] New evidence shows that drug resistance can also <irisc from a mutational 

event involving the gene encoding the drug target (Gorrc ct al., Science, 2001; 

PCT/US02/18729). ln this case, exposure of the patient to a specific therapeutic substance 

such as a given cancer drug that turgcts u specific p1·otd1H!fi11terest (POI, or "target" 

protein) may be followed by the outgnJwth of a grollp of cells harboring a mutation occurring 

in the gene encoding the protein that is the target ofthe thempeutic substance. Whether the 

outgrowth ofthis population ofcells results from a small percentage of pre-existing cells in 

the patient which already harbor a mutation which gives rise lo a drug··resistant POT, or 

wh(,t:Jl('r such mutations arise de novo during or following exposure of the animal m human 

boing to a tfa,rapcutic agent capabk of activating or inhibiting said POI, is presently 

unknown. In either case, such mutation events may result in a nmtntcd protein (defined 

below as a t!wra11111lei11) which is kss affo(Jtcd, or perhaps completely w1affected, by said 

therapeutic Sllbstance, 

1:0007] Chronic myclogcnous klikemia (CML) is clrnracterized by excess 

proliforation ofmyeloid progenitors that retain the capacity for differentiation during the 

stable or chronic phase of the disease. Multiple lines of evidence have cstabli~hed 

deregulation of the Abl tyrosine kinase as the causative oncogene in certain forms of CML 

The deregulation is commonly associated with a chromosomal trnnslocation known as the 

Philadelphia chromosome (Ph), which results in expression of a fi1sion protein comprised of 

the BCR gene product fused to the Abelson tyrosine kinase, thus forming p2 l 01
1"·Abl which 

has tyrosirn' kinase activity. A related fusion pro kin, termed pl 90Bct .. Abl, that arises from a 

different breakpoint in the BCR gene, and has been shown to occur in patients with 

Philadelphia chromosome positive (Ph+) Acnte Lymph(lblastic Leukemia (ALL) (Melo, 

J 994; Ravandi et al., 1999). ·rransforn1ation appears to result fron1 activation of multiple 

signal pathways including those involving RAS, MYC, and JUN. lmalinib mcsylate 
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("STI-571" or "Glcevec"¢") is a :>phcnylamino pyrimidine that targets the ATP binding site 

of the kinase domain of Ab! (Dniker ct al, NE.TM 2001, p. l 038). Subsequently it has also 

been found by other methods to he an inhibitor ofplatdet"dcrived growth factor (PDGF) fl 
recepl\lr, <llld the Kit tyrosine kirnsc, the !alter of which is involved in the development of 

gastrointestinal stromal tumors (see below). 

[0008] Until recently, it had not been observed that during the course of treatment 

with a specific inhibitor of a given endogenous cdlular protein that a nml<ition in its 

corresponding endogenous gene could lead to the expression of protein variants whose 

cellular fonctioning was resistant to the inhibitor. Work by Clwrlcs Sawyers and colleagues 

(Gorre ct al., Science 293 :876-80 (2001); PCT/US02/l 8729) demonstrated for the first time 

1 t f' . . 1 l l 1 f . 'I 'l . . l 2] 08"'•Abl t . 1 . t mt rnntment o . a patten! wit J a< nig ciipa' e o · m n ntmg t i.e p . . yrosme nnasc 

(i.e., STl-571) could be followed by the emergence of a clinically significant population of 

11 'tl . '<l t' 1 l . t t' . tl ]' (j 2J OJl"·-Abl cc::; s w1·1111 sa1 pa 1ent 1tu· JOr1ng a n1u ·a 1011 in · ie gene enco<. 1ng · 1c p . , ctn1cer 

causing target protein which contains the Abelson tyrosine kinase domain. Various such 

mutations gave ri8C to mutant forms ofp2l onci···Abl which were less responsive to G!e<JVCC 

treatment than was the 01:iginal cancer causing version. Notably, the m.11tntions that erncrged 

conferred upon the mutant protein a relative resistance to the effects of the protein kinase 

inhibitor drug, while maintaining a certain degree of tJ1c original S\lbstrate specificity of the 

mutant protein kin1o1se. Prior to Gorre et al. 's work, it was generally believed by those skilled 

in the art that the types of resistance that wo1ild be observed in patients exposed to a 

compound which inhibited the Abelson protein kinase, such as STT-571, would have res11lted 

from one or more of the other mechanisms of drug resistance listed above, or by som.e other 

as yet unknow111nechanisin, but th<tt in any event said resistance would involve a l:i1rget · 

(protein or otherwise) which wa' distinct from the drug's target POI. 

(0009] Accordingly, the ability to tm11: clinicully relevant resdant mutant fonm of 

prnteins that arc otherwise the targets of nn existing then\py would be extremely iiseful. Such 

mutated proteins (thcramutcins us defined below) arc beginning to be recognized and 

1mderntood to be important t<1rgets in recurring cancers, t\nd will become important in other 

diseases as well. The1·e exists u need for ther:rpcutic ogcnts that are active against such drug 

resistant vari<lllt forms of (odl11lar proteins that may nrisc bdorc, during or following nonnally 

cffoctivc drug therapies. A key purpOS(l of this invention is to provide compounds that may 

serve as potential therapeutic agents useful in overcoming nrntation-inducecl drug resistance 

in endogenously occurring proteins. 
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HJUlW SUMMARY OF THE INVENTION 

[0010] This invention relates to agents that are inhibitors or activators of variant 

forms of endogenous proteins and novel methods of identifying such variants. Of pmticular 

interest are inhibitors and activutors of endogenous protein variants, encoded by genes which 

have mutated, which variants often arise or are at least first i(kntificd as having arisen 

following exposure to n chemical agent which is known lo be an inhibitor or activator of the 

corresponding unnmtated endogenous protein. Such protein variants (mutant proteins) arc 

herein termed "thermm1teins," nrny occur either spontaneously in an organism (and be pre­

existing mutations in some cases), or said mutants may arise as a result of selective pressure 

which rn8tilts, when the organism is treated with a given chemical agent capable ofinhibiting 

the non-mutated form of said thernnn1tein (h\>rdn termed a "protothernmutoin"). It will be 

understood that in some cases a protothenunutein may he a "wild type" form of a POI (e.g., a 

protein that gives rise to a disease due to disregulntion). In other cases, the protothcrnnrn'tein 

will be a dis(:asc causing vmiant of a "wild type" protein, having already mutated lJnd thereby 

contributing to the dcvdopnrnnt of the diseased stale as l1 result of 8aid prior nrntution. One 

example of the lattci· type of prolothernmutein is the !'21 oBCR-ABL oncoprokin, mid a mutant 

form of this protein harboring a threonine (T) to isolcucinc (I) mutation at position 315 is 

termed P2lO''C"··Allf ... TJrii and is one example ofa thcranmtcin. As US(>cl herein, the 

desigmition "1'210 llCK·AHT. .. " is synonymous with the term "p21 o)l,w-Abl ", the "wild-type Bcr­

Ahl protein", and the like. 

[00 l lj Thcrnmutcins <ire a rnre dass of endogenous proteins that harbor mutations 

that render said proteins resistant to drugs that arc known to inhibit or activate in a 

therapeutically effective manner their non-mutated counterparts. The endogenous genes 

encoding a few such proteins arc presently known to exhibit sudi mutations under certain 

circumstances. This Invention is directed toward compositions that inhibit certain drug­

resistant mutants (thennnutcins) of the Abelson tyrosim> kinase protein, originally termed 

P2 l 0-Bcr-Abl in the literal<.ll'e, that is involved in the development of chronic myclogcnous 

leukemia. Th(e invention is also dircckd t.owanl gcm,rnl methods of identifying compound;; 

that inhibit or activate any thernnmtcin. 

[0012] The present mdhod is particularly directed toward the identification of 

specific inhibitors or specific activators of lheramuteins. Us0 of the term "specific" in the 

context of the terms "inhibitor" or "activator" (sec definitions below) means that said 

inhibitor or activator binds to the thcrai.nntein and inhibits or activates the cellular fonctioning 
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of the thenmnitcin without ulso binding to and activating or inhibiting a wick variety of other 

proteins or n<m"protein targets in the cell. Tho skilled investigator is well aware that there is 

a certain degree of variability in the medical literature with respect to the concept of a specific 

Inhibitor or a specific activator, and of the related concept of target protein "specificity" 

when discussing tli<' actions of inhibitors or activators of a protein, Accordingly, for the 

purposes of this Invention, a substm1ce is a specific inhibitor or a specific activator of a given 

therannitein if said substance is capable of inhibiting or activating said thermnutein at a given 

concentration siich that a corresponding phenoresponsc is modulated in the appropriate 

manner, without having an appreciable effect at the smnc given concentration upon the 

phonorcsponsc of n corresponding control cell that essentially docs not express either the 

thcrnmutein or its corresponding protothcramntein. 

[0013] Jn certain embodiments, a substance may be a modulator of the 

protolheramutein as well as the thcrann1tcin. In other embodiments, in addition to \wing a 

modulator of the prototheramut:ein and thcrwnutdn, a substance may also modulate the 

activities ofprotei1rn that h>1vc similar fonctions. As discussed above, in addition to inhibiting 

the p2101
fo" Aul tyrosine kinase, imatinib im,sylatc is also capable of inhibiting the c,kit 

oncogene product (also a tyrosine kinase) which is ovcrcxpressed in certain gastwinte$tinal 

stromal twnors, as well as the PDGF fl receptor (also a tyrosine kinuse), which is expressed in 

certain chronic mydo1nonocylic leukemias (CMML). Such n compoiind is somdinrns knncd 

a "moderately specific" inhibitor. 

[0014] 'T'he invention also provides a general method that can be used to identify 

substances that will activate or inhibit a theramutoin, to the same extent, and preferably to an 

even greater extent than u known drug substance is 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.) 

f:OOl 5] In a prcforred cmbodinwnl, the present invention pnividcs inhibitors of the 

P2JOBCl\·Aill-'1'3i 5i thornmut:cin having the formula l 

(I) 
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wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-mcmbered J:i.rned bicyclic ring; 

X1 is selected from N, N-R0 or C-R 1; 

X2 is selected from N, N-R0 or C-R1
; 

the dotted lines represent optional double bonds; 

each R 1 is independently selected from the group consi,ting of .H, alkyl, cyc\oalkyl, alkcnyl, 

alkynyl, nralkyl, CN, CF3, NOz, OR11, -(CJ-t,),,C(O)(CH2)1R11
, -(Cl'h),.C(O)N(R12)(R13

), 

-(CH2)pC(O)O(Clh)qR II ,-(CJ'l,)pN(R 11 )C(O)R 11 , -(Cl-h)pN(R 12)(1{ 13), -N(R11 )S02R11 , 

-OC(O)N(R 12)(R 1\ -S02N(R 12)(R 1\ halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R1 groups on adjacent ring atoms fonn a .5- or 6-mcmbered fused 

ring which contains from 0 to 3 heteroatoms; 

n is 0 to 6, 

each R 11 is inclcpondently sdcctcd from H, alkyl, cyclo(1lkyl, alkenyl, alkynyl, aralkyl, 

aryl, and a hctcrocyclic ring; 

each RI? and R13 are independently selected from 1-l, (llkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a hetcrocyclic ring; or R 12 and R13 may be \:(\ken 

together with the nitrogen to which they arc att;icbod form a 5" to 7- membered 

ring which may optionally contain a forth er hctcroatom; 

pis0to4; 

q is 0 to 4: 

R2 is selected from -CR21
.,-, -NR22

b-, and -(C~R23)-; 

each R21 is independently selected from H, halo, -NI-h, -N(JJ)(C1 .. 3 alkyl), -N(C1"J alkylh, 

-O-(C,_3 alkyl), OH and C 1_3 alkyl; 

each R22 is independently sclcdccl from I-I and C1"3 alkyl; 

R23 is sdccted from 0, S, N-R0
, and N-OR0

; 

R3 is selected from ··CR31
.,-, -NR12

.i-, and-(C~R31)-; 

each R31 group is selected from H, halo, -NH2, -N(l-l)(R0
), -N(R0)i, -O-R0

, OH and C1.3 

alkyl; 

each R32 group is selected from 1-l, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, C02R0, 

C(O)R'\ aryl, and a helerocyclic ring; 

R13 is selected from 0, S, N-R3°, and N-OR0
; 

R1
'
1 is selected from H, N02, CN, alkyl, cyclmilkyl, alkenyl, alkynyl, <iralkyl, aryl and a 

hctcrocyclic ring; 

R4 is selected from --CR41 ,-, -NR'12
1 , -(C~R43)-, and -0-; 
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each R'11 is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, C02R0
, C(O)R0

, uralkyl, 

aryl, and a hctcrocydic ring; 

each R42 group is selected from H, alkyl, cycloalkyl, alkc11yl, alkynyl, aralkyl, C02R11
, 

C(O)R0
, aryl, and a hotcrocyclic ring; 

each R43 is selected from 0, S, N-R0, and N-cm0 ; 

with the provisos that when R2 is ···NR22v and R4 is ··NR42
1-, then R3 is not-NR:i2

,,-; and that 

both R3 and R: are not simultaneously selected from ·(C=R33
)· and -(C--·R43

)-, respectively; 

R5 is sdeded from -Y-R6 and ·Z-R7
; 

Y is selookd from a chemical bond, 0, NR0
, 

R6 is selected from alkyl, cydoalkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterncydic 

ring; 

Z is a hydrocarbon chain having 1:i:om 1 to 4 carbon atoms, and optionally substituted with 

one or more of halo, alkyl, cycloalkyl, alkenyl, alkynyl, (1ralkyl, C02R
0

, C(O)R0
, 

C(O)N(R0)2, CN, CF3, N(R0)z, N02, and OR0
; 

R 7 is H or is selected from aryl and a hctcrocydic ring; 

each R11 is independently selected from H, alkyl, cyolm1lkyl, arnlkyl, aryl and a hetcrooyclic 

rtng; 

er is l or 2; 

b is 0 or l; 

c is 1 or 2; 

disOorl; 

e is 1 or 2; and 

fis 0 or l. 

[00161 The invention provides f:or a fundamentally new way of treating cancer and 

other diseases where treatment with an existing drng compotmd, by whatever mechanism, is 

folkiwed by identifiable (clinically significant) theramutein"1nedialcd drug resistance, by 

providing alternative drugs that can be administered as thermnuleins arise and are identified 

as such (Wubii et uL, 2004, reports an cxa111plo wherein a thernmutoin may arise during the 

course of an on-going treatment regimen), or preemptively before the outgrowth of clinically 

significant populations of thernnrntein expressing cells. Further, where a drug treatment ·for a 

particular disease is hiss offccl:ivc in a subset of individn<ils that express a certain thcrm11utein 

of a protein that tl10 drng targ0ts, the invention enables the tailoring oftreatments for those 
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subjects by providing alternative drug 8ubstanccs that will be effective against said 

tr1':rnmutein. 

I. The invention provides a method of determining whether a chemical agent is 

at least as effective <I modulator of a thernmutein in a cell as a known substance is a 

modulator of a corresponding prototbermnutein. One embodiment of the method involves 

contacting a control cell that exprn8Se8 the protothcramutein and is capable of exhibiting a 

responsive phenotypic characteristic (linked to the flmctioning of the protothcrarnutein in the 

cell) with the known modulator of the protothcramutein, wntacting a test cell that expresses 

the thcrmnutein and is also capable of exhibiting the rosponsiw phenolypic characteristic 

(linked to the functioning of the theramutein in the cell) with the chemical agent, and 

comparing the rcsporn;c of the treated test cell with the response of the treated control cell; to 

ckknnine that the chemical agent is at least as etfoctivc a modulator of the theramutein as the 

known sqbstance is a modulator of the prototheramutein. Jn certain otl1er embodiments, one 

type of control cell may not express the prototheramutcin at all. In other embodiments, the 

control cdl rnay <'Xprcss about the same amount of:' the prnt:othoramutcin as the !<Jst coll 

expresses of the thera1nutein. ln still other embodiments, the control cell may be capable of 

exhibiting the responsive phenotypic characteristic to about the same extent as the test cell 

under certain conditions. 

2. ThcrnnH.1tcins of the invention that are of particular interest arc those involved 

in rcglilal.ory fi.mction, such as en~y1ncs, protein kinases, tyrosine kinuscs, receptor tyrosine 

kinascs, serine threoninin prot:dn kinases, dual specificity protein kinascs, proteases, matrix 

mctalloproteinascs, phosphatases, cell cycle control prol<:ins, docking prnteirn "ich as the 

IRS family rncrnbcrs, cdl .. surface receptors, CJ .. protcins, ion channels, DNA- and RNA­

binding proteins, polymernscs, and the; like. No limitation is intended on I.he type of 

thcrnnmtcin that may be used in the invenl:i(rn. At the present tinie, three theramutcins are 

known: BCR-ABL, c .. Kit, and RGFR. 

3. Any responsive phenotypic characteristic that can be Jinked to the presence of 

the thcmmutcin (or prototherarnutein) in the cell can be employed tbr use in the method, 

including, for example, growth or culture properties, the phosphorylation state (<Jr other 

modi l:icati.on) of a substrate of the lhcnmrntein, and any type or transient characteristic of the 

cell, as will be defined and discussed in detail 
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DESCRIPTION OF 'J'HE FIGURES 

[0017] FiguN 1 shows tho effoct on growth and viability of different concentrations 

of Compound 2 (C2) for non-traitsformed vector control Bo/FJ cells (which arc IL-3 

dependent) as well ao lh/F3 coll> expressing the "wild typo" p210""'"'1 (designated p2101l"'· 

Abl·w•), and Da/F3 cells expressing the p2IO""·A"'·"'"" drug resistant mutant. Cell counti and 

viability were determined on <in automated cell counter as discuss"d 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 cell line (grey bar) 

whereas ii is unable t<> inhibit t11c growth of the T315! cell line (white bar) even at 10 flM 

concentration. 500 nM CZ shows the largest specificity gap within this dose-response series. 

Compare STI-571at10 pM lo C2 "1 500 nM on the T315l cell line (white bars). 

Abbreviotions: DMSO: dimethylsulfoxidc (solvent used for d111g dissolution). 

[0018) Figure 2 shows the cffoct on growth and viability of different concentrations 

of Compound G (C6) for non-transformed vector control 13,,/F3 cells as well as B:i/F3 cells 

expressing the p2 l OUti'-Al:i!-'iJisi <l.rug resistant: 1nutnnt. A.II othct details are as per '.Pig. 1. 

(0019) Figme 3 shows various determinations of the specificity gap by comparing the 

cff"cts of various compounds identified in the scrnlln in terms of their effects on the 

protnthernmutein· and thcraim1tcin·expressing cell lines. Compound 3 (C3) shows the best 

example oftl1c ability of the method to identify a cornpound that exerts an even sreatcr effect 

on the thcran1utcin than on its co1Tesponding protolhcratnutcin. (Pa11cl E). Panel A: control 

DMSO treatments; B: negntive hctenJlogous specificity gap; C: slightly positive hc:terologous 

$pccific;;ity gap; D: large po:::itivc hou1ologous specificity gap; E: positive hctcrologous 

specificity gap. Sec text for explanations. 

[0020] Figure 4 showfl an autoradiogi:aph ofrecombimmt P2l0 Dcr .. Abl wild type and 

'!'3151 mutant kinase domairni assayed for aufophosphorylation activity. 200 ng of protein 

were preincubatcd with test substances for l 0 min.utcs under standard autophosphoryation 

reaction com!ilions and then radiolabcllcd ATP was added and the reactions proceeded for 30 

minutes (\l 30°C, al\cr whieh the samples were separated by SDS-PAGE. The gels wore 

silver···Stainc-~d) dried down under vacuun1 and cxpos~d to X···ray fihn. Noto that whereas 

l O f'M ST! 571 is effective against wild type P21 O Bcr--Ahl, it is virtui11ly ineffective ag<1inst 

the 1'3151 kinase domain, even at conccntnitions up lo 100 >rM. C:2 and C6 are the best two 

9 



WO 2005/l l 5'l'l2 PCT/US200S/O 18412 

con1p01mds identified, followed by CS, C7 and C4. All of the compounds tested positively to 

~ome extent. "P210 cell line" refers to cells expressing p210 llCR·AllJ,.w<. "T3 l 5 I cell line" 

refers to cells expressing p210 ncR .. AllL-T115'. 

[0021] Figure 5 shows the chemical structures ofreprescntativc compoiinds of the 

present invention. 

[0022] Figure 6 shows the chemical structures ofrepresentative compounds of the 

present invention. 

[0023] Figure 7 show8 tho chemicnl stnictures of representative compounds of the 

present invention. 

[0024] Figure 8 shows the chemical structures ofrepresontativc compounds of the 

present inwntion. 

[0025] Figure 9 shows the chemical structures ofrcprescntativc compounds of the 

present invention. 

[00261 Fig11rc J 0 shows tho chemical structures ofrcprcscntativc co1npounds of the 

present invention. 

[0027] Figure l l shows the chemical struct1ires ofreprnsentative compounds of the 

present invention. 

[0028] Figure 12 shows the chemical structures of representative compounds of the 

present invention. 

[0029] Figmo 13 shows tho chemical structures ofrepresontalivo comp01mds of the 

prcs('/lt invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] The term "halo" or "halogen" as used heroin includes J:luorinc, chlorine, 

brornime and iodine. 

[OOYI] The term "alkyl" as used herein contemplates substituted and unsubstit11ted, 

straight and branched chain alkyl radicals having from 1 to 6 carbon atoms. Preferred alkyl 

groups include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, lert"lmtyl, and the like. 

Additionally, the alkyl group may be optionally substituted with one or more substitucnts 

s.dcctcd from halo, CN, C02R, C(O)R, C(O)NR2, NR2, cyclic-amino, N02, and OR. 

[00321 Tho term "cycloalkyl" as 11scd herein contemplates substituted and 
' 

unsubstituted cyclic alkyl radicals. Preferred cycl<mlkyl groups are those with a single ring 

containing 3 to 7 carbon atoms and iiwl\l(kls cyclopropyl, cyolopentyl, cyclohexyl, and the 

like. Other cycloalkyl groups may be selected from C7 to C1\1 bicyclic systcm.s or from C., to 
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C14 tricyclic systems. Additionally, the cycloalkyl group may be optionally sub8!ituted with 

one or Ill(!!'<: sl1bstituents selected J}onl lm\o, CN, C02R, C(O)R, C(O)NR2, NR2, cyclic, 

amino, N01,, and OR. 

[0033] The term "alkcnyl" as used herein contemplates substituted and unsubstituted, 

straight and branched chain alkone rntlkals. Prnforred alkenyl groups are those containing 

two to six carbon atoms. Additionally, the alkcnyl group may be optionally substituted with 

one or more stth8tituonts selected from halo, CN, C02R, C(O)R, C(O)NR2, NR,, cyclic­

amino, N02, and OR. 

[0034] The term "alkynyl" as used herein contemplates substituted and imsubstituted, 

straight and branch~xl chain alkync radicals. Preferred alkynyl groups arc those containing 

tw(1 to six carbon atoms. Additionally, the alkynyl group may be optionally substituted with 

one or more substituent:s selected from lwlo, CN, C01R, C(O)R, C(O)NR2, NR2, cyclic­

amino, NO,, nm! OR. 

[0035] The term "malkyl" <ls med herein conte1nplates an 11lkyl group which has as a 

substituonl an aromatic group, which aromatic group nrny be substit\1kd and unsubstituted. 

The aralkyl group may be optionally substit\1kd on the uryl with one or more substitucnts 

selected from halo, CN, CF3, NR2, cyclic-amino, N02, OR, CF3, -(Cl'l,),C(O)(Cl-!z)_,.R, 

-(Cl{z),C(O)N(R')(R"), -(Cl'h)xC(O)O(Cl-h)_,.R, -(CH2},N(R')(R"), -N(R)S02R, 

-O(Cl-!2),C(O)N(R')(R"), -S02N(R')(R"), -(CI-h},N(R)-(CH2),,-R, 

-(C.Hz)xN{R)-C(O)-(Clh)..,-R, -(Cih),N(R)-C(OJ.·0-(CI-lz)"'-R, -(Cl-lz).1-C(O)-N(R)-(Clh)y·R, 

-( CH1).i.~( O)N (R)-(Clh),-R., -0-(CI-!2).,-C(O)-N(R)-{CT:h},-R, subst:itukd and unsnbsti luted 

alkyl, s11bstih1ted nnd unsubstituted oycloalkyl, substituted and unsubstituted m:alkyl, 

substituted and unsubstit11l:cd alkcnyl, substituted and unsubstituted alkynyl, substituted and 

unsubstituted aryl, nnd a substituted and unsubstiti.1tcd heterocyclic ring, wherein the 

substituted nlkyl, substitukd cycloall(y!, substituted arnlkyl, substituted alkcnyl, substituted 

iilkynyl, s11bstit\1tcd aryl, and substituted hctcrocyclic ring may be substituted with one of 

more halo, CN, CF1, C02R, C(O)R, C(O)NR2 , NR2, cyclic-amino, N02, and OR. 

f0036] The term "hcterocyclic group" or "hctcrocyclic ring" as used herein 

contcmpla((lS aronrnt:ic and no1H1romatic cyclic radicals having at least one hcterm1tom as a 

ring member. Preferred hctcrocyclic groups am those containing 5 or 6 ring atoms which 

includes at least one hctero atom, nnd includes cyclic nmines such as morpholino, piperidino, 

pyrrolidino, and the like, and cyclic ethers, such as tetrnhydrofunm, tctrahydropyrnn, 11.nd the 

like. Aromatic heterocyclic groups, also termed "hcl.croaryl" groups contemplates single-ring 

het:ero-aromati.c groups that: may jncludc frorn one to three hcteroatoms, for example, pyrrok, 

11 
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furnn, thiophcnc, irnida:wlc, oxazole, thiazolc, triazole, pyrnzolo, pyridine, pyrazinc, 

pyridazinc, pyrimidine, and the like. The term hdcroaryl also includes polycyclic hctero· 

aromatic systems having two or more rings in which two atoms are common to two adjoining 

rings (tl\e rings arc "fused") wherein at least one of the rings is a het:eroaryl, e.g., the other 

rings can be cycloalkyls, cycloalkenyls, aryl, hcterocycles and/or heteroaryls. Examples of 

polycyclic heteronronrntic systems include quinoli1w, isoquinoline .• tetrnhydroisoqiiinoline, 

quinoxaline, quinaxoline, benzimidazolc, bcnzoforan, purine, imidazopyridine, bcnzotrinzo!e, 

and the like. Additionally, the heterocyclic groups may bo optionally substilukd with halo, 

CN, CF,, NR2, cyclic·amino, N02, OR, CFi, -(Cl'h)xC(O)(Cih)yR, -(CI-lz)xC(O)N(R')(R"), 

-(Cl'h},C(O)O(Cl'h),.R, -(CH2),N(R')(R"), -N(R)S02R, ·O(CH2),C(O)N(R')(R"), 

-S02N(R')(R"), ·(CH2),N(R)-(Cfh),,·R, ·(CH2),N(R)-C(O)-(CI:!z)y-R, 

·(Cl-h),,N(R)-C(O)-O-(CH2)y·R, ·(Cl'h),·C(O)·N(R)-(CH2),,,-R, -(CII2JsC(O)N(R)-(CI-{z)1.-R, 

-0-(Clh),-C(O)-N(R)-(CI-Iz)y-R, substituted and unsubstituted alkyl, substituted and 

unsubstituted cydoalkyl, s11bstitutcd and unsubstituted arnlkyl, s11bstitutcd and unsubstituted 

alkcnyl, substituted and unsubstituted alkynyl, subst:ih.rtcd and unsubstituted aryl, and a 

substituted and 1ms11bstituted hcterocyclic ring, wherein the s11bstituted alkyl, substituted 

cycloalkyl, s11bst:itutcd urnlkyl, subst:it11tcd ulkenyl, substituted alkynyl, substituted aryl, uncl 

s11bstitut:ed hetcrocyclic ring may be substituted with one of more halo, CN, CF3, C02R, 

C(O)R, C(O)NR2, NRz, cyclic-amino, N02, und OR. 

[0037] The term "aryl" or "aromatic group"'" usc:d herein contemplates single-ring 

aromatic groups (for cxamplo, phenyl, pyridyl, pyrazolo, etc.) and polycyclic ring systems 

(naphthyl, quinoline, etc.). The polycyclic rings may have 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 aromatic, e.g., the other rings can be cydoalkyls, cycloalkcnyls, aryl, hetorocyclcs 

and/or heteroaryls. Additionally, tho aryl groups may he optionally substituted with one or 

moro substiluents 'elected from halo, CN, CFJ, NR2, cyclic-amino, N02, OR, CF3, 

-(Cl-!2),C(O)(CI-h)yR, -(CI-h),C(O)N(R')(R"), -(Clh)xC(O)O(CI-h)yR, -(Clh)"N(R')(R"), 

·N(R)S02R, -O(Clh),C(O)N(R')(R"), ·S02N(R')(R"), ·(Cl-h),N(R}·(CH2)!,-R, 

-( Cl-lz).,N(R)-C( 0)-(C11,)y-R, -(Clh),N(R)-C(O )-0-( CJh)v· R, -(CI'h),-C( 0 )-N (R)·(CI-h)y· R, 

-(Cl-h),C(O)N(RJ.(CH 2),,,-R, ·O-(ClhkC(O)·N(RHCH2)_,,-R, substituted and unsubstituted 

alkyl, s11bstit:utcd and nnsuhstitt1tcd cycloalky1, stibst:itutcd and unsubstituted anilkyl, 

substittited nnd unsubstituted alkenyl, substituted and uns11hstituted alkynyl, substituted nnd 

unsubstituted aryl, and a substituted and unsubstituted hetcrocyclic ring, wherein the 

substituted alkyl, sub,titutcd cycloalkyl, sub,titutcd aralkyl, substituted alhmyl, substituted 
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alkynyl, substit<1ted aryl, and substituted hctcrocyclic ring may be substituted with one of 

more halo, CN, CFi, C02R, C(O)R, C(O)NR2, NR2, cyclic~nmino, N02, and OR. 

[0038] The !\Jrm "hctenn1tom", particularly as a ring hdcroatom, refern to N, 0, nnd 

s. 
[0039] Each R is independently selected from H, substituted and ims11bstitutcd alkyl, 

suhMituted and unsubstituted cycloalkyl, substituted and unsubstituted aralkyl, substituted 

and unsubstituted (1ryl mu! a substit<1tcd and unsubstituted heterocyclic ring, wherein the 

si1bstih1ted alkyl, substituted cycloalkyl, substituted arulkyl, substituted aryl and si1bstituted 

heterocyclic ring may be substituted with one or more halo, CN, CF3, OH, C02I-I, NOz, 

Ct-Galkyl, -O-(C1_c,alkyl), -NH2, -NH(C141lkyl) 1tncl _.:N(C1_6[llkyl)2. Each R' and R" <u·c 

independently selected from H, or substituted 'tnd unsubstituted alkyl, substituted and 

unsubstituted cycloalkyl, substituted and unsubstituted aralkyl, substituted and imsubstitutcd 

aryl and a substituted and unsubstituted hcterocyclic ring, wherein the substit11ted alkyl, 

substituted cycloalkyl, substituted aralkyl, substituted aryl and si1bstit1.1ted heterocyciic ring 

may hci substituted with one or more halo, CN, CF3, OH, C02H, NO;, C1.6alkyl, 

... o .. (C1 .. 6alkyl), .. NH2, ··NH(C 1 .. 6alkyl) and .. -N(C 1•6alkyl)2; or R' and R" may be taken together 

with the nitrogen to which they arc attached fonn a 5- to 7- n1cn1bered ring which may 

optionally contain tip to three further hctcroatoms. Each x and each y arc independently 

selected from 0 to 4. 

[0040] ln a preferred emboclinient, the present inv011tion provides inhibitors oftlw 
BCR-ABL-'1'31 ~! · · · P21 () · · therunmtem having the fornmla l 

(I) 

wherein: 

ring A is a 5-, Ci-, or 7- membered ring or a 7- to 12 .. mcmhcred fused bicyclic ring; 

X 1 is selected from N, N .. R0 or C-R1
; 

~x· 2 is sdected from N N-R0 or C-R1
• , . ' 

the dotted lines represent optional double bondB; 

each R 1 is independently selected from the group consisting of!-!, alkyl, cycloulkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF3, N02, OR' 1, -(Cllz),,C(O)(Cl-l2),y 11
, -(Crh)/.:(O)N(R 12)(R13

), 

-(CIJ2Jr,C( 0)0( Cl·h)qR I I,-( CJ:Jz)pN(l{ 1I)C(O)R 11
, ··(CHi,)pN (R 12)(R 13), .. N (R l l )SOi,R 11

' 
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-OC(O)N(R12)(R13), -S02N(R 12)(R1:1), lml<.1, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5- or 6-memhcred fused 

ring which contains from 0 to 3 heten>atomB; 

n is 0 to 6, 

each R11 is independently selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

my!, and a heterocyclic ring; 

each R12 and Rn are independently selected from I-I, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyJ, aryl, and a heterocyclic ting; or R 12 and R 11 may be taken 

together with the nitrogen to which they are att:ached J:onn a 5- to 7- membered 

ring whioh may optionally contain a further hcteroatom; 

pis 0 to 4; 

q is 0 to 4; 

R2 is selected from -CR",,-, -NR'\-, and --(C=R23
)-; 

c<tch R21 is independently selected from U, halo, -Nlb, -N(l-l)(C1_3 alkyl), -N(C1--1 ulkyl)2, 

-O-(C1.3 alkyl), OH and C1.3 alkyl; 

each R22 is independently selected from 11 and C1-1 alkyl; 

R23 is selected from O, S, N-H", and N-OR0
; 

R3 is selected from .... (]~_31 ,,-, -NR32d-, and -(C>,R33)-; 

each R31 group is selected from H, halo, --Nl-lz, -N(l-l)(R0
), -N(R"h, -0-R'\ OI-1 and C1 .. 3 

alkyl; 

each R32 group is selected from H, alkyl, cycloalkyl, alkenyl, ulkynyl, aralkyl, COiR0
, 

C(O)R0
, aryl, and a hctcrocyclic ring; 

R33 is selected from 0, S, N-R3'1, and N--OR11; 

R34 is selected frorn H, N02, CN, alkyl, cycloalkyl, alkenyl, ulkynyl, arnlkyl, aryl and a 

heterocyclic ring; 

R4 is selected from -CE41 e·, -NR4:j.., -(C=·R43
)-, and -0-; 

each R41 is solcctcd from H, alkyl, cycloalkyl, alkenyl, alkynyl, C02R0
, C(O)R0

, aralkyl, 

aryl, and a hctcrocyclic ring; 

each R~2 group is sokctod fron1 I-I, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, C02R0, 

C(O)R0
, aryl, and a heterocydic ring; 

each R41 is selected from 0, S, N·R0
, and N-OR0

; 

with the provisos that when R2 is --NR22
i- and R4 is ·-·NR42j, then R1 is not--'NR32

d-; and that 

both R3 and R'1 are not simultaneously selected from -(C=R33
)- and ·((>"R ~ 3 )-, respectively; 

R5 is selected fr·om ··Y-R6 and -Z-R7
; 

l4 



Y is selected from n chemical bond, 0, NR0, 

R" is selected from alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, aryl, and a hctcrocyclic 

Jing; 

Z is a hydrocarbon chain having from l to 4 carbon atoms, and optionally substituted with 

one or more oflml!J, alkyl, <:ycloalkyl, alkenyl, alkynyl, aralkyl, CO,R0
, C(O)R0

, 

C(O)N(Ro)i, CN, CFi, N(R0h, NO,, and OR'; 

R.1 is H or is selected from aryl and a hetcrncyclic ring; 

each R0 is independently selected from H, alkyl, cycloalkyl, arnlkyl, aryl and a hcterocyclic 

rnlg; 

a is 1 or 2; 

bisOorl; 

c is I or 2; 

dis O or I; 

c is 1 or 2; and 

/is 0 or l. 

[0041] An important component and conccptu<1l teaching of the I:nwntion dcscribcd 

herein is that neither the R' nor the R' positions of the compounds of this invention "re 

n1cn1bcrs of any :.lrornatic or non~aron1atic ril1g strut:turc. We have discovered that 

compound~ having the lt~ and/or the R.:l pO$itions as mcn1bcrs of any aromatic or non" 

aro111atic ring $lructl1rc do not 1;-;ffcctivcly inhibit the '1'3151 thcrulnutcin, whereas the 

corr1p0Ltn<ls of the invention that lacl<: such a ring con1poncnt at these positions, in addition to 

having other preferred chemic;d groups, (U'C potent inhibitors of the T3 l 5l thcmmutcin. 

[0042] In prcf~rred e1r1hodii11cnts of the invention 1 ring A is an arornatic ring. 

[0043] In pretC1Tcd embodiments of the invention, xi 01' X2 is N. In another prcfe1TCd 

embodiment, both X 1 and x1 "re N. In particularly prdcrrcu ~•nbodiments of the inventkm 

Ring A is" pyridin~ rjng or a pyrimidine ring. ln still further preferred embodintcll!s, Ring A 

is selected from the stnrntures pmvided below: 
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[0044] In a preferred embodiment, ifR2 or R4 is ~elected to be ·NR22
1>- or-NR4

\ 

respectively, then R31 is not selected from halo, -NH2, -N(H)(R0
), -N(R11h, -O-R0

, or OH. 

[0045] In a turthcr preferred mnbodiment, the present invention provides inhibitors of 

the P'.21 olJCl<-ABJ,'IJtSI thcramutein having the formula I, 

(!,,) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-nwmbcrcd foscd bi cyclic ring; 

X1 is selected from N, N-R0 or C-R 1
; 

X2 is selected from N, N-R11 or C-R1
; 

the dotted lines represent optional double bonds; 

each R1 is imfopcndently selected from the group consisting of H, alkyl, cycloalkyl, a]kt,nyl, 

alkynyl, aralkyl, CN, CF3, N02, OR", -(CH2),,C(O)(CH2)1R", -(Cl-I,)/:(O)N(R12)(R 13
), 

··(Cl'h)pC(O)O(CH1)yR11 ,-(CH2)pN(Rl 1)C(O)R 11
, -(Clh),,N(R12)(R'3), -N(R11 )SOi.R11

, 

-OC(O)N (R 12)(R ''), -S02N (R 12)(R 13
), halo, uryl, mid a helerocyclic ring, and additionally 

or altermitively, two R 1 groups on adjacent ring atoms form a 5- or 6 .. mcmbered fused 

ring which contains from 0 to 3 hderoatom8; 

n is 0 to 6, 

each R 11 is independently selected from I-I, alkyl, cycloalkyl, nlkonyl, alkynyl, aralkyl, 

aryl, and a heterncyclic ring; 

each R12 and R13 are independently selected from H, alkyl, cycloalkyl, ulkcnyl, 

alkynyl, aralkyl, aryl, and a heterocyclic ring; or R 12 and R 1·1 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 hcteroatom; 

pis 0 to 4; 

q is 0 to 4; 

each R22 is independently Relected from Hand C 1_3 alkyl; 
:I • 3( ' '' '\2 , . 3·1, 

R JS selected frot11 -CR c-, -NR- d-, and -(C=R -J-; 
each R31 group is selected from H, halo, -NH2, -N(I-J)(R"), -N(R0h, -O-R0

, OH and Ct-3 

alkyl; 

each R02 group is selected from .H, alkyl, cydoalkyl, alkcnyl, alkynyl, aralkyl, C02R0
, 

l(i 
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C(O)R0
, aryl, and a hctcrocyclic ring; 

R33 is selected from 0, S, N-R3
", and N-OR0

; 

R34 is selected from H, N02, CN, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl and a 

heterocyclic ring; 

R" is selected from CR 41
"-, -NR42r-, -(C~If13h and -0-; 

each R41 is selected fron1 H, alkyl, cycloalkyl, alkcnyl, alkynyl, COi.R'\ C(O)R0
, arnlkyl, 

' 
aryl, and a heterocyclic ring; 

each R42 group is selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, an1lkyl, C02R0
, 

C(O)R'\ aryl, and a heterocyclic ring; 

each R43 is selected from 0, S, N-R0
, and N-OR0

; 

with the provisos that when R4 is ····NR'12
1., then R3 is not: -NR:iz"-; and that both R3 and R4 are 

not simultaneously selected from -(C=R")- and -(C=R43J.., reBpectively; 

R5 is selected from -Y-R6 and -Z-R7
; 

Y is selected from a chemical bond, 0, N-R'\ 

R6 is selected from alkyl, cydoalkyl, nlkenyl, alkynyl, aralkyl, aryl, and a het:emcydic 

ring; 

Z is u hydrocarbon chain having from l to 4 c<irl)(ln <tl\ims, and optionally substituted with 

one or more of halo, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, C02R0
, C(O)R0

, 

C(O)N(R0)z, CN, er:,, N(R11
):,, N02, and OR0

; 

R'' is Hor is selected from aryl and a hct:crocyciic ring; 

each R0 is independently selected from. H, alkyl, cycloalkyl, :oralkyl, aryl and a hd:erocyclic 

ring; 

a is 1 or 2; 

b is 0 or l; 

c is J or 2; 

c/isOorl; 

e js 1 or 2; and 

fisOorl. 

1"00461 Jn a further preforred embodiment, the present: invention provides inhibitors of 

H<"'R-AH.L-'1'1 l $1 • • the 1'210 ·· · · then111n1tem havmg the formula 11> 
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wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-membered fosed bicyclic ring; 

X 1 is selected from N, N-·R0 or C-R1
; 

X2 is selected from N N-R0 or C-R1
• , , 

the dotted lines represent optional double bonds; 

each R1 is independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, 

alkynyl, arnlkyl, CN, CF3, N02, OR11
, -(CH2)pC(O)(Cl'li.)yR11 , -(Cl'.l2)i,C(O)N(R12)(R13

), 

-(Clh)pC(O)O(Cfl2)0R 11 ,-(Clh)1N(R11)C(O)R11
, -(CI-!?,)pN(R12)(R13), -N(R 11 )S02R11

, 

-OC(O)N(R 12)(R ''), -S02N(R 12)(R13
), halo, aryl, and a hctcrocyclic ring, and ttdditionally 

or alternatively, two R 1 grollps on adjacent ring atonis form a 5- or 6-mcmbered fused 

ring which contains from 0 to 3 heteroatoms; 

n is 0 to 6, 

each R 11 is independently selected from H, alkyl, cydoalkyl, alkcnyl, alkynyl, arnlkyl, 

aryli anJ a heterocyclic ring; 

each R1 ~ and 1{13 arc independently selected from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a hctcrocydic ring; or R12 and R13 may be taken 

together with the nitrogen to which they arc attached form a 5- to 7- rncmbcrcd 

ring which rnay optionally contain a further hctcroatom; 

pis 0 to 4; 

q i.s 0 to 4; 

each R22 is independently selected from Hand C1~J alkyl; 

each R32 group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, C02R0
, 

C(O)R'>, aryl, mid a hdcrocyclic ring; 

R4 is selected from-CR'11
,,-, -(C>R43

)-, and -0-; 

each R'11 is selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, C02R
11, C(O)R0, arnlkyl, 

aryl, and a hetorocyclic ring; 

each R43 is selected from 0, S, N-R0
, nnd N"OR0

; 

R5 is selected from -Y-R6 and -Z-R7
; 

Y is selected from a chernical bond, 0, N-R0, 

R" is selcctccl from alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl, and a hctcrocydic 

l8 
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ring; 

Z is a hydrocarbon chain lmving from 1 to 4 carbon atoms, and optionally substituted with 

one or rnore of halo, alkyl, cydoalkyl, alkenyl, alkynyl, aralkyl, C02R0
, C(O)R0

, 

C(O)N(R0h, CN, Ch, N(R0
) 2, N02, and OR0

; 

R7 is H or is selected from aryl and a heterocydic ring; 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic 

ring; 

<I is l or 2; 

bisOorl; 

c is 1 or 2; 

dis 0 or l; 

e is l or 2; and 

/is 0 or 1. 

[0047] In preferred embodiments of the invention, R2
, R3 and R4 ofi:ornrnla :rare 

sdcdtil to give the following chemical groups: 

-N(R:oi')-N~C(R41 )-

-N(R 21.)_N(R32)-C(=O)-

·N(R'")-N(R32}·C(R'11)(R4 I)­

-N(Rn)-C(R J 1 )(l~J 1)-C(R41 )(R'11 )­

·N(R 22)-C(R i1)(R 11)-C( O)­

-N-·N-C(lz"11)(R41 )-

·C(R21 )=C=C(R41 )-

·C(R 21)=C(R ' 1)"C(=O)­

-C(R 21 )=C(R1 i)-C(R<11)(R41 )· 

-C(R21 )(R21 )-C(R' ')=C(R 41 )-

"C(R21 )(R21 )-C(R' I )(R3 l )-C( ~O)­

·C(R2 I )(R 21 )-C(R' I )(R' I )·C(R4 I )(R" l )­

·C(R2l)(R'1)-N(R 12)-C(=O)· 

-C(R 21 )(R21 )-N(R ")-C(R'11 )(R41 
)· 

-N (ll.n)-C(=O)-C(R'11 )(R'11
}· 

-N(R22)-C(=O}·N(R41
)-

-N(R 22)-C( ~0)-0-

·C(R 21 )(R21 )-C( ='O)-C(R" 1)(R41 )· 
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-C(R21)(K21)-C("O)-N(R'12)­

·N(R22)-C(•~NR:1')-N(R42)-

-C(' {))-N(R32)-N (R'12), 

Particularly preferred chemical groups for R2
, R' and R4 inchidc; 

-N(R22)-N=C(R"1
)­

·N(R22)-N(R 32)-C(=O)-

-N(R 22)-C(R31 )(R3 I )-C(R41 )(R41 )-

-N(R 22)-C(RJ I )(R 31 )-C(c'() )· 

-C(R21)(R21)-C(=O)-C(R41)(R" 1)-

·C(R 11 )(R2 I )-C(oo())-N (R 42)­

-N(R21)-C(=NR 34)-N (lz42)-

-C("'0)-N (R 32)-N(R42
). 

PCT/llS200S/O 18~ 12 

fOO+S'I Jn fu1thcr preferred embodiment, R6 or R7 is an aryl grm1p, which may be 

optionally substituted. Purticularly preferred aryl groups include substituted or unsubstitlltcd 

phenyl and pyridyl. ln additional or alternative embodiments, it is prcforrcd that the 

s11bstituent~ R21 and R.22 are independently selected from groups which have small stcric bulk 

and are preferably selected from Hand CH1, and more prefornbly are H. 

[0049] In a forthcr preferred crnbod.imcnt:, tlw present invention provides inhibitors of 

the 1'21 ollCR-AlJJ.. . .'f3ISI theramutcin having the frmnula II 

(II) 

wherein 

ring A is a 5-, G", or 7- membered ring or a 7- to 12-membcrcd fused bicyolic ring; 

X1 is sdcctcd from N, N-R" or C-R1
; 

X2 is selected from N, N-R0 or C·R 1
; 

the dotted lines represent optional double bonds; 

each R 1 is independently selected from the group consisting ofl-I, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, CN, CF3, N01,, OR 11
, .. (Cl!?,\,C(O)(Cll;>)1R 11

, -(Clch)pC(O)N(R 12)(R 13
), 

-(Cl'h)pC(O)O(Cl'h)qR1I,-(Clh)pN(R 11 )C(O)R 11 , -(Cll,,)pN(R12)(R 13
), -N(R 11 )S02R11 , 

·OC(O)N(R12)(R 13), -S02N(R 12)(R 13
), halo, aryl, and a hctcrocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms fonn a 5- or 6-mo1nbered fused 
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ring which contains from 0 to 3 heteroatoms; 

n is 0 to 6, 

PCT/US200:\/U l S-112 

\'ach R11 is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, 

aryl, and a heterocyclic ring; 

each R12 and R1
·
1 are independently selected from H, alkyl, cycloalkyl, alkcnyl, 

ulkynyl, un1Jkyl, llryl, and a heterocyclic ring; or R12 and R13 1nay be taken 

together with the nitrogen to which they are attached form a 5- to 7- membered 

ring which may optionally contain a further hetcroatom; 

pis.Oto 4; 

q is 0 to 4; 

R8 is selected from the group consisting of is selected from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, C02R0
, C(O)R0

, aralkyl, aryl, and a hctcrocyclic ring; 

R 9 is sdected from -Y-R 6 and -Z···R7
; 

Y is selected from a chemical bond, CJ, N-R0
, 

R6 is sdected from alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl, and a heterocyclic 

ring; 

Z is a hydrocarbon chain having from J to 4 cnrbon atoms, and optionally substituted with 

one or more of halo, alkyl, cydoalkyl, nlkenyl, alkynyl, aralkyl, C02R0
, C(O)R0

, 

C(O)N(R0Ji., CN, CF,, N(R0)2, N02, and OR0
; 

H 7 is H. or is selected from aryl and a hctorocyclic ring; and 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a hcterocyclic 

nng. 

10050] In a fmiher preferred embocliment:, tlrn present: invention provides inhibitors of 

the 1'21 ollCR-AlllrT.1l.5ltheramutoin having the formula II:i 

I" 
(JI,.) 

wherein 

ring A is a 5-, 6-, or 7- membered ring oi· a 7- to 12-mcmbcred fused bicyclic ring; 

X 1 is selected from N, N-R0 or C-R 1; 
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:X2 is selected from N, N-R0 or C-R'; 

the dott<;d lines represent optional do\lble boncb; 

each R' is independently sckct:cd from the grol!p consisting ofl-1, alkyl, cycloalkyl, alkenyl, 

:1lkynyl, aralkyl, CN, CFJ, N02, OR", -(Clh)pC(O)(CH2),1R
11 , -(CH2)pC(O)N(R12)(R13), 

-(ClI2)/\0)0(CH2)qR 11 ,-(Cl-h)pN(R 11 )C(O)R 11
, -(Cl-lz)pN(R 12)(R1

"), -N(R 11 )S02R 11
, 

-OC(O)N(R12)(R 13
), --S02N(R 12)(R 11

), halo, aryl, and a hetorocyclic ring, and additionally 

or alternatively, two R1 groups on adja.~cnt ring atoms form a 5- or 6-membered fosed 

ring which contains fron1 0 to 3 hctcroatoms; 

nis0~6, 1 

each R' 1 is independently sekcted from H, alkyl, cydoalkyl, alkenyl, alkynyl, arnlkyl, 

aryl, and a hctcrocyclic ring; 

each R12 and R11 arc ind~pcndcntly selected from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, araJkyl, atyl, and aheterocyclic ring; or .R 12 and R 11 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 to 4; 

q is 0 to 4; 

R3 is sckct:cd from tile group consisting of is selected from H, alkyl., cyc!oalkyl, alkenyl, 

alkynyl, C02R0
, C(O)R0

, aralkyl, aryl, and a hctcrocyclic ring; 

X3 is N, CH or C-R50
; 

cad1 R50 is independently selected from the group consisting of alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF3, NO>., OR51
, -(CH2),.C(O)(Cflz),R51

, -(Clh),.C(O)N(R52)(R"\ 

-(CIIi,),.C(O)O(ClI,J,R51 ,-(Clh),.N(R:11 )C(O)R51
, -(Clh),N(R52)(R5

\ -N{R51 )S02R'', 

-OC(O)N(R 52)(R 5
'), -SOzN(R52)(R5-'), halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R50 groups on adjacent ring atoms f(Jrm u 5- or 6-membered fosed 

ring which contains from 0 to 3 hdcmatoms; 

R01 is selected from H, alkyl, cydoalkyl, alkcnyl, alkynyl, arnlkyl, aryl, and a 

hctorocydi c ring; 

R52 and R·13 arc independently selected from H, alkyl, cyoloalkyl, alkenyl, alkynyl, 

aralkyl, aryl, and a heterocyclic ring; or R si. and R53 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 hetcroalom; 

r is () to 4; 

s is 0 to 4; 
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m is 0 to 4; and 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and n heterocyclic 

ring. 

[0051] ln a further preferred embodiment, the present invention provides inhibitorn of 

the P21 oUCR·AHl./J'JJ jf t:heramutcin having the formula lib 

'vherei11: 

R 14 is soleded from Hand F; 

R8 is seleckd frorn tho group consisting of is selected from II, alkyl, cycloalkyl, alkenyl, 

alkynyl, C02R
0

, C(O)R0
, aralkyl, my!, and a hclcrocyclic ring; 

X3 is N, CH or C-R60
; 

each R 60 is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl, 

alkynyl, arnlkyl, CN, Ch, N02, OR0
, halo, aryl, nnd a heterocyclic ring; 

R(;i is selected from aryl and a hetcrocyclic ring; 

Q is selected from a chemical bond or a group lmving the formula -0-, -(CH2);-, 

-(CH1);C( 0)( Clh)r, -(CI-h);-N (R61
}-( CHi);-, -( Cl-J,,)1C( 0)-N(R 62

)-( CHz)r, 

-(CH2)1C(O)O(Cl-h);-, -(CH2),N(R61)C(O).(Cl-1 2);-, -(CH2);0C(O)N(R''2)"(Cl'lz)r, and 

-O-(Cll,);-C(O)N(R6i.) .. (Clh)r; 

R62 is selected from aryl, and a hctcrocyclic ring; 

\'ach Ro is independently sckctcd from H, alkyl, cycloalkyl, aralkyl, aryl and a hctcmcyclic 

rmg; 

his Oto 4; 

i is () to 4; and 

j is 0 to 4. 

(0052:1 In preferred embodiments of compounds of the formula U1,, R
60 is sckct:cd 

fi'()[n halo, CF3, nnd OH. 
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[0053] Exemplary compound8 of the formula II, Jl" OI' llb includcB the following 

structures: 

Br 

Cl 
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F---(')--~.N,,~fJ. HJ;Ly:-F >- / ·N IT 

(') HO Cl - F 

0--

)' •'\ )"•·-·-~ 
F ··-·- ;,>-··--N -·--

. N - f ~ B1 

( ...... > 1·10,-- ···.•~ Cl 

Cl -·-··s O· 1 '\ 
CH.j -;:=--
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[0054] ln a further prcforrcd embodiment, the present invention provides inhibitorn 

I'(\ 1'2lOBC'l\.ArH·T31<1(·] . I . ti j' I 11··1· O': · l.G .. , . · · · ·' • · .1era111ute1n 1av1ng : 1e :orn1u .a .. 

(lll) 

wherein 

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

X 1 is selected from N, N-R0 or C>RI; 
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X2 is selected from N, N-R0 or C-RI; 

the dotted lines represent optional double bonds; 

each R 1 is independently sdected from the gnmp consisting ofH, alkyl, cycloalkyI, alkenyl, 

alkynyl, aralkyl, CN, CF1, NO,, OR' 1, -(Clh)pC(O)(CH2)9R11
, -(CI·h)/;(O)N(R12)(R 13

), 

-(Cl'b)pC(O)O(Cl-l2)qR 11 ,-(CH2)pN(R 11 )C(O)R 11
, -( Cl-h)vN(R 12)(R 13

), -N(R11 )S02R 11
, 

-OC(O)N(R12)(R 13), -S02N(R 12)(R'-1), halo, aryl, and a hetorocyclic ring, 1md additionally 

or altcmatively, two R 1 groups on adjacent ring atoms form a 5- or 6-membered fosed 

ring which contains from 0 to 3 heteroatoms; 

n is 0 to 6, 

each R 11 is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, 

aryli and a heturocyclic ring; 

each R 12 and R 13 am independently selected from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, aryl, and a hctorocyclic ring; or R "- nnd R13 may be taken 

together with the nitrogen to which they are attached form a 5- to 7- membered 

ring which may optionally contain a fluiher heternatom; 

p is () to 4; 

q is 0 to 4; 

R 10 is sdected from -Y'-R IH; 

Y' is selected from a chemical bond, 0, NR0
-, and a hydrocarbon chain having from 1 to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkcnyl, alkynyl, aralkyl, CXhR'\ C(O)R'\ C(O)N(Roh, CN, CFJ, N(R0h, N02, and OR0
; 

R 18 is selected from the group consisting ofH, alkyl, cyc!cmlkyl, nlkenyl, alkynyl, aralkyl, 

CF3, myl, and a hctcrucyclic ring; and 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a hetcrocyclic 

ring. 

[0055] ln a f:i.uther prcforrcd en1bodin1cnt, the prcsc:nt invention provides inhibitors of 

ti 1'2'J0BCR-AH!,.'r3J5ltJ , 1 , J f' 1 11'1' 10 • · - · ierannitcm mv1 ng t Jc ·onnu a " 

wherein: 
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ring A is a 5·, 6·, or 7. membered ring or a 7- to 12-mcmbernd ti.1sed bicyclic ring; 

X1 is selected fron1 N, N-R0 or C>R1
; 

X2 is selected from N, N-R0 or C>R1
; 

the dotted lines represent optional doi1ble bonds; 

each R1 is independently selected from the group consisting ofll, alkyl, cycloalkyl, a.lkcnyl, 

<iikynyl, aralkyl, CN, CF3, N02, OR 11
, ·(Cl-h)pC(O)(CH2)qR11

, ·(CI-h)pC(O)N(R12)(R13
), 

-((;l-h)11C(O)O(Cl-J 2)1R 11 ,·(Cl-h)pN(R 11 )C(O)R11
, ·(CI-h)pN(R12)(R13

), .,N(R11)S02R
11

, 

·OC(O)N(R12)(R13
), -S02N(R 12)(R1

\ halo, aryl, and a hderocyclic ring, and additionally 

or alternatively, two R 1 grnups on adjacent ring atoms form a 5 .. or 6-mcmbcred foscd 

ring which contains from 0 to 3 hctcroatoms; 

n is 0 to 6, 

each R11 is independently selected fronJ H, alkyl, cycloalkyl, alkenyl, alkynyl, '1ralkyl, 

aryl, and a heterocyclic ring; 

each Ru and R13 are independently selected from lJ, alkyl, cycloalkyl, alkcnyl, 

alkynyl, ara!kyl, aryl, and a hctcrocyclic ring; or R12 and R13 maybe taken 

together with the nitrogen to which they lire attached form a 5· to 7- membered 

ring which may optionally contain a forther lwteroatom; 

pis 0 to 4; 

q is 0 to 4; 

X3 . .N c···i· ·1· c·· l' so .... 1s ) ··' ·· or .,- ..... ; 

each R511 is independently selected from the group consisting of alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF1, N02, OR51
, .. (Cl]z),C(O)(CI-[z).,R51

, ,(Cl-l,),.C(O)N(R52)(R1
\ 

·(Cl'l,),.C(O)O(CH2),R51 ,·(CH2),N(R51 )C(O)R 51
, .. (CIJz),N(R52)(R5

\ "N(R 51 )S02R51
, 

·OC(O)N(R52)(R5-1), -S02N(R52)(R53
), halo, aryl, and a hcterocyclie ring, and additionally 

. or altcrnl\livcly, two R511 groups on adjacent ring atoms form a 5" or 6-mernbered fused 

ring which contains from 0 to 3 hderoatoms; 

R51 
;, selected from!--!, alkyl, cycloalkyl, alkcnyl, alkynyl, arulky1, nryl, and a 

heterocydic ring; 

R02 and R53 are independently selected from 1-l, aJJ(y), cycloalkyl, nlkenyl, alkynyl, 

arnlkyl, nryl, and a heterocydic ring; or R5z and R53 may be taken together with 

the nitrogen to which they are attached form a 5- to 7 .. rnembcred ring which may 

optionally contuin a further hetenmlom; 

I' is 0 to 4; 

sis 0 to 4; 
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m is 0 to 4; and 

each R0 is independently selected from H, alkyl, cyoloalkyl, nralkyl, aryl and a hetcrocyclic 

nng. 

[0056] Exemplary compounds of tho formula Tll or Ill,, includes the fi)llowing 

structures: 

[00571 .In a further einbodimcnt, the present invention provi(ks inhibitors of tho 

P2 l OBCR-ADV•'3•5• theranml:ein having the fornrnfo IV 

(IV) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-nwmbered fosccl bi cyclic ring; 

X 1 i~ 'cloded from N, N-R0 or C-R1
; 
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X2 is selected from N, N·R" or C-R1; 

the dotted Jines represent optional double bonds; 

each R 1 is independently sckokcl from the group consisting of H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF3, N02, ClR11
, -(CI]z)pC(O)(Cl'h)qR 11 , -(CI:h)pC(O)N(R12)(R1

'), 

-(Clli)pC(O)O(Cih)qR1I,-(CI-h)pN(R 11)C(O)R 11 , -(CI-h),,N(R 12)(R"), -N(R 11)S02R 11
, 

-OC(O)N{R12)(R1
·
1
), -S02N(R12)(R13

), halo, aryl, and a hekrocyclic ring, and additionally 

or altenrntivoly, two R1 groups on adjacent ring atoms form a 5- or 6-membcred fused 

ring which contains from 0 to 3 hctcrontoms; 

11 is 0 to 6, 

each R 11 is independently selected from I-1, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, and a betcrocyclic ring; 

each R 12 and R 13 nrc independently selected from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a helerocydic ring; or R12 and R13 may be taken 

together with the nitrogen to which they are attached form a 5- to 7- mernbcred 

ring which rnay optionally contain a forlher hotcroatom; 

pis 0 to 4; 

q is 0 to 4; 

Rn is selected from Hand C 1"3 alkyl; 

R"1 is selected from I!, N01,, CN, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl and a 

hctcrocyclic ring; 

R'1 ~ is sele<,kd from U, alkyl, cycloalkyl, ··(C=O)R0
, alhmyl, nlkynyl, aralkyl, aryl, and a 

hctcrocyclic ring; 

R'.I is sclech1d from "Y""R19
; 

Y" is selected from a chemical bond, 0, NR0
-, and a hydrocarbon chain having from 1 to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkcnyl, alkynyl, aralkyl, COJl.0, C(O)R0
, C(O)N(R0)2, CN, CF3, N(R0)i., N02, and OP.0 ; 

R19 is sde(lled from the group consisting ofH, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, 

CF3, aryl, and a hcterocyclic ring; and 

each R0 is indcpendontly selected from H, alkyl, cycloalkyl., aralkyl, aryl and a heterocydic 

ring. 

[0058] Exemplary compounds of the f(Jrmub JV inciude the following strnclures: 
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[0059] ln a forther embodi111011t, the preselnt invention provides inhibitors of the 

P210BCR-AHl/\'Jl5l thcrnmutcin having tho formula V 

(V) 

wherein: 

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

X 1 is selected from N, N-R0 or C>R 1; 

X2 is selected from N, N-R0 or C-R 1; 

the dotted lines represent optional double bonds; 

each R 1 is indcpcn.ckntly selected from th(> group consisting of H, alkyl, cyclonlkyl, alkenyl, 

alkynyl, arnlkyl, CN, CF3, N01,, ogll, ·-(CH2)"C(O)(CI-h)qR 11
, -(Cih)pC(O)N(R12)(R13

), 

-(CH1),.C(O)O(CI-h)yR 11 ,,(CH2),.N(R 11 )C(O)R11
, -(CH1) 1,N(R12)(R'3), -N(R11 )S02R 11

, 

-OC(O)N(R 12)(R ''), -SOi.N(R 12)(R 13
), halo, nryl, and a hctcrocydic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5- or 6-rncrnbcrcd fused 

ring which contains from 0 to 3 hctero<itoms; 

n is 0 to 6, 

each R 11 is independently selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, and a heterocyclic ring; 

each R 12 and R 13 are independently selected from !I, nlkyl, cydoalkyl, nlkcnyl, 

alkynyl, aralkyl., aryl, and a heterocyclic ring; or R12 and R 13 maybe taken 

together with the nitrogen to which they arc al:t:iched form a 5- to 7- membcrcd 

ring which may optionally contain a further hctenintom; 

pis 0 to 4; 

q is 0 to 4; 

R22 is sel0cted from H and C\1 alkyl; 
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R 34 is selected from l-l, N02, CN, alkyl, cycloalkyl, allrnnyl, alkynyl, aralkyl, aryl and a 

hctcrocyclic ring; 

R55 is selected from H, alkyl, cyclonlkyl, alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic 

nng; 

R56 is selected from -Y"-R19
; 

Y" is selected from. a chemical bond, 0, NR'\ and a hydrocarbon chain having from l to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkcnyl, alkynyl, aralkyl, C02R0
, C(O)R0

, C(O)N(R0)2, CN, Ch, N(R0
)2, N02, and OR'\ 

R 19 is selected from lhc group consisting ofH, alkyl, cydoalkyl, nlkenyl, alkynyl, arnlkyl, 

CF1, aryl, and a hdcrocyclic ring; and 

each R0 is independently sdected from H, alkyl, <;ydoalkyl, aralkyl, aryl and a heterocyclic 

nng. 

!0060] Jn ll further embodiment, the present invention provides inhibi!<)rs ofthc 

P210nCR-AllL-nisi theranmtein having the formula V, 

(V:.) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-mcmbcrcd fosccl bicyclic ring; 

X1 is selected from N, N-R0 or C-R1; 

X2 is selected from N, N-R0 <,,. C-R 1
; 

the dotted lines represent optional double bonds; 

each R 1 is independently selected from the group consisting ofH, alkyl, 11yclonlkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF3, N02, OR11,-(CI-h)pC(O)(CH2)qR 11 , -(Clh),,C(O)N(R1i.)(R 13
), 

-(Cl'fo)/\O)O(Cl-l2)qR 11 ,-(Cl'h)pN(R 11 )C(O)R 11
, -(Cl'lz),,N(R12)(R 13

), -N(R 11 )S02R11
, 

-OC(O)N(R 12)(R13
), -S02N(R 12)(R13

), halo, aryl, and a hctcrocyclic ring, and additionally 

or alternatively, two R1 groups on adjacent ring atoms form a 5- or 6-1110mbered Jirned 

ring which contains from 0 to 3 hetcroal:oms; 

n is 0 to 6, 

each R11 is independently sokctccl from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, 
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aryl, and a hctcrocyclic ring; 

each R 12 andR 13 are independently selected from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a hctcrocyclic ring; or R12 and Rll may be taken 

together with the nitrogen to which they are attached form a 5- to 7- membered 

ring which may optiom11ly contain a further hderoatom; 

pis 0 to 4; 

q is 0 lo 4; 

R" is selected from .H, alkyl, cycloalkyl, alkenyl .. alkynyl, aralkyl, aryl, and a heterocyclic 

ring; 

X3 is Nor C-R50
; 

each R50 is independently selected from the group consisting of alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF3, N02, OR51
, -(CI-{z),C(O)(CI-12),,R51 , -(CH2),.C(O)N(R52)(R51

), 

-(CH2),.C(O)O(CH2).,R51 ,-(Cl-h),N(R51 )C(O)R51
, -(CII,),N(R52)(R53

), -N(R51 )S02R51
, 

-OC(O)N(R52)(R53
), -S02N(R5")(R51), halo, aryl, and u heterocyc!ic ring, and additionally 

or altcrnativdy, two R50 groups on adjacent: ring atmns form a 5· or 6·-mcmbcred J:i.1secl 

ring which contains fn!m 0 to 3 hctoroatoms; 

R51 is selected from H, ulkyl, cyuloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a 

hekrocycJic ring; 

R 52 and R 51 are independently selected from H, alkyl, cycloalkyl, nlkenyl, alkynyl, 

aralkyl, aryl, and a heterocyclic ring; or R51 and R53 may be taken togellm: with 

the nitrogen to which they are attached form a 5- to 7- membered ring which may 

optionally contain a fr11ther hctcroatom; 

r is 0 to 4; 

s is 0 to 4; 

mis 0 to 4; and 

each R0 is independently sdccted from I-I, alkyl, cyclonlkyl, aralkyl, nryl and a hcterooyc!ic 

ring. 

[0061] Ex.emplary compounds of the formula V or V,, include the following 

structnres: 
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[0062] In a forther embodiment, the present invention provides inhibitors of tho 

1'21 ollCR·Afll, TJ 
151 thcrnmutein having the formula v I 

(VI) 

wherein: 

ring A is a 5-, 6", or 7- imlmbered ring or a 7- to 12-momberccl fused bicydk ring; 

X 1 is selected from N, N-R 0 or C-R I; 

X2 is selected from N, N-R0 or C>RI; 

the dotted lines represent optionul double bonds; 

each R 1 is imkpendeotly solected from the group consfrting of II, nlkyl, cycll>alkyl, alkenyl, 

alkynyl, aralkyl, CN, CF.1, NOi., ORI I, -(Cl'l,)11C(O)(Cl-I2)qR 11
, -(Clli.)pC(O)N(R 1")(lZ13

), 

-(CH2)/.'(0)0(Cl!,),/(I 1,-(CHi.)pN(RI 1)C(O)R 11
, -(CH2),,N(R 12)(R Il), -N(R 11 )S02R 11

, 

-OC(O)N(Rn)(RI 1
), -S02N(RI 2)(RI 1), lmlo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two g 1 groups on adjacent ring utom.s form a 5 .. or G·membered fu~cd 

ring which contains from 0 to 3 hctcroatoms; 

11 is 0 to 6, 

each RI 1 is independently selected from I-l, alkyl, cydoalkyl, alkcnyl, alkynyl, arnlkyl, 

37 



WO 200511 I:\992 PCT/US21111:i/O I 8~ I 2 

aryl., and a heterocyclic ring; 

each R12 and R13 arc independently selected from H, alkyl, cydoalkyl, alkenyl, 

alkynyl, nrnlkyl, aryl, and u heterocyclic ring; or R"' and R13 may be t'1ken 

together with the nitrogen to which they are attached form a 5- lo 7- membered 

ring which may optionally contain a forther hcteroatom; 

pis 0 to 4; 

q is 0 to 4; 

R 55 is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, aryl, and a hetcrocydic 

nng; 

R56 is selected fro!ll -Y"-R 19
; 

Y" is selected from a chemical bond, 0, NH0 -, and a hydrocarbon chain having from 1 to 4 

carbon atoms, and optionally siibstituted with one or more of halo, alkyl, cydoalkyl, 

alkenyl, nlkynyl, m:alkyl, C02R'\ C(O)R0
, C(O)N(R0h, CN, CF:i, N(R0)2, N02, and OR0

; 

R19 is selected from the group <:onsisting ofH, alkyl., cycklalkyl, alkenyl, alkynyl, aralkyl, 

CF3, aryl, nnci a hcterocyclic ring; and 

each R" is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a hctorocyciic 

ring. 

[0063] In a fort.her embodiment, the present invention provides inhibitors of the 

P2JO"cR-ABL-T_lll< i:heranmtein having the fonnula VJ,, 

(Via) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7" lo 12-rnembered fused bicydic ring; 

X1 is selected from N, N-R0 or C-R'; 

X2 is selected from N, N-R0 or C-R1
; 

the dotted lines represent optional double bonds; 

each R1 is independently selected from the groi1p consisting ofH, alkyl, cycloalkyl, n1kenyl, 

alkynyl, nralkyl, CN, CF3, N02, OR 1
', -(CBi)/:~(O)(Cl-Ii\1R 11 , -(CH1)pC(O)N(R 12)(R13

), 

-(CH2)pC(O)O(CH2)qR11 ,-(Cl-h),,N(R11 )C(O)R11
, "(Cih)pN(Riz)(R13), -N(R11 )S02R11

, 
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-OC(O)N(R12)(R 13
), -S02N(R 17·)(R13

), halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5- \JI 6-mcmbered fused 

ring which contains from 0 to 3 hetcroatoms; 

n is 0 to 6, 

each R. 11 is indep<:mdently selected from IJ., alkyl, cycl\lalkyl, alkcnyl, alkynyl, nrnlkyl, 

aryl, and a heterocyclic ring; 

each R12 <ind R13 are independently selected from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, arulkyl, aryl, and a hokrocyclic ring; or R1i. and R 13 may he taken 

together with the nitrogen to which they are attached form a 5- to 7- membered 

ring which may optionally contain a further hetcroatom; 

pis 0 to 4; 

q is 0 to 4; 

J<.°5 is seleded from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, aryl, and a hcterooyclic 

ring; 

X3 is Nor C-R50
; 

each R 50 is indcpcmdently selected from the group consisting of alkyl, cyclonlkyl, alkenyl, 

alkynyl, aralkyl, CN, CF3, NO~, OR51
, .. (CHi.),.C(O)(Cl-l 2).,R51

, -(Clh),.C(O)N(R52)(R53
), 

-( CH2),.C(O)O( Clh),R 51
,-( CHi),N(R51 )C(O}R 51

, -( Cl'I,),N(R 52)(R51
), -N(R 51 )SO,,R51

, 

-OC(O)N(R52)(l~"), -S02N(R52)(R53
), halo, 'lryl, and a hoterocydic ring, and additionally 

or alternatively, two R50 groups on udjacent ring atoms form a 5- or 6-m•Jmbcred fused 

ring which contains from 0 to 3 hcteronhmrn; 

R51 is selected from Il, alkyl, cyclonlkyl, alkenyl, alkynyl, aralkyl, aryl, and a 

heterocyclic ring; 
n " . . R and R arc mdq.i(onclently selected from 1-1, alkyl, cycloalkyl, alkcnyl, nlkynyl, 

aralkyl, nryl, and a hctcrocyclic ring; 01· R 52 and R5J may be taken togdher with 

the nitrogen to which they are attached form a 5- (() 7- membered ring which may 

optionally contain a further hctoroatom; 

r is O to 4; 

sis0to4; 

m is 0 to 4; and 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a ltcterocyclic 

nng. 
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1:0064] Exen1plary compounds of the formula VI or VI,, include the following 

stnwtun:s: 
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[0065] As used herein, the definition of each expression, e.g. alkyl, m, n, R, R' etc., 

when it occurs more than once in any structure, ·is intended to he independent of its definition 

elsewhere ii1 tl10 sa1ne structure. 

[0066) For each of the above descriptions of compounds of the structures l, la, r,,, II, 

II,., Ub, III, HI,., IV, IV,,, V, V,, VI, and VJ,, <!ach recitati<m of the terms halo, alkyl, cycloalkyl, 

alkcnyl, alkynyl, aralkyl, aryl, hctcrocydic group or heterocyclic ring, arc independently 

selected from the definitions of these terms as provided in the beginning of this section. 

[0067] It will be understood that d1emkal 8lrudurn' provided herein indude the 

implicit proviso that substitution is in accordance with permitted vaknco of the substituted 

:itom and the substituent(s), and that the substitution results in a stahlc compo1md, e.g., which 

does not spontaneoiisly undergo trnnsfonnation such as by rcarrnngcmcnt, cyclization, 

c!i1ni11ation, etc. 

[0068] When one or more cbirnl centers are present in the compounds of the present 

invention, the individual isomers and mixtures thereof(e,g., racematcs, etc.) are intended to 

be encompassed by the formulae depicted herein. 

[0069] When one or more double bonds are present in the compounds of the present 

invention, both the cis" and trans" isomers are intended to be encompassed by the fornmlne 

depicted ]J(\l'cin. All:hough clwn1ical stru.ctures (such as, 1<.:ir exmnple, structures II, U,,., V, V", 

VI, and VI,,) arc depicted herein in either cis of trans configurntion, both configurations me 

meant to be encompassed by the each of the formulae. 

[0070] In certain embodiments, compounds ofthe invention may exist in several 

tautomcric torms. Accordingly, the chemical structures depicted hordn encompass all 

possible tautomcric tbrms of the illustrated compounds. 

(0071] The compounds of the invention may generally be prepared from 

commercially available starting materia\8 n11d known chomim1l techniques. Embodiments of 

tho invention may be synthesized as follows. One of skill in the art of medicinal or synthetic 
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chcrnishy would be readily fantllinr with tho proce<lures and techniques necessary to 

accomplish the synthetic approaches given bdow. 

[0072] Embodiments wherein R 2 =NH, R' •• N, R4 =CH, and R' ~ -a1·yl may be 

prepared by reaction Of an appropriate hydrazine compound, such as A, and an appropriate 

aldehyde, such as B, under conditions sirr1ilar to those described on p. 562 ofGineiO~lh, et al. 

(Arch. l'ham1. Med. Chem. 2002, 335, 556-562). 

Niflg A....._ N.,...- Nl·t? 

11 

A 

+ 

0 

,)l.A,yl __ ,.. Ring A""N"'' N.:~ Aryl 

H 

c 

F'or cxaJ'.nplc, he::iting A with 1.1 equivalents <_)f ll for 1 to 24 hours in a protic solvent such as 

a C1 to C6 alcohol, followed by cooling and collection of the precipitate, would afford C. 

Alternatively, product C may be isolated by cvi•poration of the solvent and purification by 

chron:i:rtog1·aphy using silicn gel, alumina, or C4 to C1i:; reverse phase tncdiuin_ Sin1ihu· 

methodology wouhl be applicable in the cases where "A1·yl" is replaced by other groups 

defined under R'. 

[0073) Embodiments wherein R 2 ~NH, R3 ~ NR32
, R' ~ C(O), um! R5 ~a 

hctcrocyclic rir1g rnay be prep"rcd by reaction (Jf an apprclpriatc hydrazine co1npoundi such ~1s 

D, and n.i1 nctivatcd cnrboxylic acid such an/!,\ \vherein I.,(J is a leaving group such as halo, I" 

oxybcn7,:tria.z.olc, pentntluorophenoxy, /J .. nitropheJ1oxy, or the likc1 oi· Cornpound J.~ lnii.y also 

be a symmetrical carboxylic acid whydridc, whereby conditions similar to those described 

on p. 408 of Nair (l!ld Mehta (.Indian J. Chern. l967 5, 403·408) may be used. 

0 

+ ...... u ....... 
LG Hl':lorcytlo 

.. -P-

D 

For example, treatment of]) with an active ester such as lfotcrocyclc-C(O)-OC,;F s in an inmi 

solvent snc~h aB dichloron1cthu.ne, l,2~dichlorocthanc~ or N,N·~di1.nct:hylfot1nan1ide, option~tlly 

in the presence of a basG such ns pyridine or <:i.nothcl."" tcrtia1·y arninct and optionally in the 

pre8cnc:c of a catalyst such tis 4~N;N-·dirncthylarni11cpyridine) at an appropriate te1nperalure 
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mnging from 0° C to the boiling point of the solvent, would afford F, which may be isolated 

by evaporation of the solvent followed by chromatography using silica gel, alumir1a, '" C, to 

Cis reverse phase medium. The above active ester example of E would be rcudi!y prepared 

from the corresponding carboxylic acid and pcntafluorophcnol using a carbodiimidc such as 

dicyclohexylcarbodiimide U$ a condensing agent. Similar mo!hodology would be applicable 

in the cases where "Hctcrocycle" is replaced by other group• defined under R5
. 

[0074) Ptccursors such as A and D 1nay be prepared by reaction of an appropriate 

nucleophilc1 for cxan1plc, tt hydrazine derivative, with a hctcroaro1natic compound be;;ui.ng a 

halo subslitucnt at a position adjacent to 11 nitrogen a.tnrrL l~'or ex::1n1plc, using ntetbods 

:malogous to those described by Wu, e/ al. (J. Hctcrocyclic Chern. 1990, 27, 1559-1563), 

Breshears, ct al. (J. Arn. Chem. S"c. 1959, 81, 3789·3792), or Gincinah, ct 1rl. (Arch. Phann. 

Med. Chem. 2002, 335, 556·562), examples of comp<>un<ls A and D may be prepared starting 

fi·on1 1 fbr cxa1nple1 a 2"4··<lihalopyrirnidine derivative, :i:nany of,vhich are com.mcrcially 

~ivailable or are othcr-,,1ise readily prcp;:i.rcd by one skilled iu the art. 'l'hus) treatn1ent of an 

appropriate 2,4·dihalopyrimidine dcriv:itivc G with an amine or other nuckophile (Z), 

opt.ionally i.n the presence of a.n added baset S(}fcct.ively displaces the 4-halo substituent on the 

pyri111idinc ring. Subt;cqucnl trcat1nc:nt c:>fthe product with a second nuCh:ophiliG reagent 

such as hydr:lzinc or a hydn1zin<.:i derivative, optior1ally in a solvent such as a c, t1;1 C6 ~tlcohol 

and optionally in the prcsoncc of an nddod bn.<e, displaces the 2 .. Jrnlo substitucnt on the 

pyri1nidi11c ring, to afford co111pounds tlu1t arc r;xan1plcs ofs1111clu1"1;}8 A 11nd D above. 

1)2: 
~--·-·--• ... 

2) NHNHR~:=! 

G 

[0075] fanbodimcnts wherein R2 is-NR" tlnd R3 is ,qc•R") can be synthcsi>:.cd by 

mcth(lds such as the following, or straightforward modifications thereof. The synthesis may 

be ~~onduct{:~d starting fi·oln nn appropriate ring A derivative 1· that be~1rs a leaving group (LG) 

adjacent to the requisite ring nitro3on. Structure G above and the product of reaction c:if 

structure(} with nl.1clcophilc Z, as illustrated above; are exainplcs of such approprhi.t~ IUng A 

dcrivaliv~s ./. Suitnhle l,G' groups iiI'C halo, alkylthio1 alkyl$ultbnylt al.kylsulfr)nalc or 
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arylsulfonatc. Treatment of.lwith an amine R12Nlh etfocts displacement of LG' to atford 

intermediates/(. An exaniplc of this chemical tra11sformati011whereinR 12 is I-I nnd LG' is 

CH1S02- is reported by Capps, el al. J. Agric. Food Chem. 1993, 41, 2411-2415, and an 

c;xmnpk whcrdn R 12 is H aml LG' is Cl is reported in Marshall, el al. J. Chem. Soc. 1951, 

1004"1015. 

R!ng A R22 
~w 

Ii 
J /( 

[0076] Intermediates of structure Kare transformed to compoimds of tho invention 

by simultaneous or sequential introduction of the clements, ofR\ R4
, and R5

• For example, 

trcallmmt of intenncdiatcs of strncture K with individual iso(1yr1nates H6-N=C=O affords in a 

singk stqJ compounds of structure .~I, which are compounds ofthe invention wherein R2 ~ 

-NR1\ R3 "~ ,c;. () .. , R' ••"NH", and R' ~··chemical bond-R''. Alternativ•' methods to 

convert compot1nds of stmcttll'e J( to compounds of structure i\I are well known to those 

skilled in the mt, wherein R 3 together with 1.1 leaving gwup (fi.Jr oxmnplc p-nitrophenoxy or 

chloro) is first introduced, followed by st1bsequent di,placornent of the k•wing group by, for 

l . 1' 6 . . I i· 5 11· 6 cxmnp c, an ammo ·' "NUi, to mlro\ uce z· am Z . 

[0077] 

K 

0 

Ring A....,NAN""~r:~Y 
f~:!~ !!l 

M 

Alternatively, treatment of intcnncdiatcs of slrudure K with a reagent such as 

cyanamidc (NH.2"CN), typically under conditions oflwr11:ing and optionally in the presence of 

acid in a solvent such as ethyl acctat:c or dioxanc, affords intermediates N. Altcmntives to 

cyanamidc an' nitroguanidine or amidinosulfonio acid (Nfl2"C(=NH}·S03H). An cxmnplo of 

such a transf(n·rnat:ion using cyanamidc is reported by Latham et al., J. Org. Chem. 1950, 15, 

884. An (lXmnplc using nitroguanidine is reported by Davis, Proc. Natl. Acad. Sci. USA 

1925, 11, 72. Usco of amidinosulfonic acid was reported by Shearer, et al. Bioorg. Med. 

Chern. Lett. 1997, 7, 1763. 

/( __ ,.. 
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[0078] In amtlogy to the wnversion of intennccliatcs A or J) to embodiments 

represented by C or F, intermediates K arc converted, respectively, to compo1mds 

represented by P or Q, which arc further embodiments of the invention. 

[0079] 

J<. + B 

/( + 

NH 

Ring A,N)lNY'-Acyl 

~,, 
p 

NH 0 

HlngA ll Jl -....,N""" N.,.... Haterocydo 

~'' ~ 
Qi 

Tn;atmcnt ofA or .Kwith "ketone S, wherein R is as defined above, in place 

of an aldehyde B in the schemes above, affords compounds of structure Tor U, respectively, 

which me forthcr embodiments of the invention. 

A + 

K l· 

0 

~Nyl 
s 

s ,,., .. ,.-~ 

T 

NH R 

Ring A ...... f\l'J1._ ..... N)-..... Aryl 

h22 
u 

1:0080] The non-guanidino carbon--nitrogcn double bond ofU can be sekctivcly 

rcdi1ced by an appropri<rte reducing agent such as a metal (boron, aluminum, silicon, etc.) 

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

invention, 

Nl·I R 
Ring A.....,_ ,)._ .,L 

N 'N' 'Aryl ' ,, R·'-

u v 
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I 00811 Embodi1ncnt' ofthc invention wherein R2 ""CO, R1 = -NRn., R" = N-, and R5 

= ZR7
, wherein Z is a hydrocarbon chain and R7 is as defined above, may bel prqiared as 

Jollows. Wh<'n H32 
•··• H, a Ring A-derived carboxylic acid Wis activated by conversion to 

the corresponding acid chloride, or all:ematively to an active ester, or lo an analogous 

activated derivative, nrnny of which are well known in the art. Treatment of the activated 

carboxylic acid with hydra~inc affords the corresponding hydrnzide 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 Z. 

i:;:frl!'.] A-...j(()I·! 

() 

w 

[0082] 

1. Activ:,itl.:J r::arboxy! group 
Hing A··.., ... ~~ 

j( NH, 
() 

y 

aldet1yd8 
or kotont:J --

If not c\immercially availuhk, Ring A"dcrived carboxylic acids W may be 

prepared by lrnalnwnl of starling material .l above with cyanide ion, optionally with heating 

or transition metal calaly,is, to replace the leaving group LG'with a cyano rcsiduc. Basic or 

acidic hydrolysis of the cyano group afl:ords tho (ksirod carboxylic acid intermediate V\'. 

When R12 is not H, then a protected J:orrn ofmonosubstitutcd hydrazine may 

be \18ed in the above scheme in place of hydrazine,. Thus, treatment of the activated 

cadioxylic acid from W with R'"NHNH-PG, where PG is a nitrogen protecting group such as 

bonzyloxycarbonyl or 1:-butyloxycarbonyl, followed by deprotection and troat1mmt with an 

appropriate aldehyde or ketone as above affords Z', a forllwr embodiment ofthc invention, 

I 00841 

R"" H (or hydrocarbon chain) 

Hing A-.-.. ( N ., J, R' 
I N 
0 

Z' 

It will be apparent to a practitioner skilled in the art of organic molecule 

synthesis that the reaction processes illustrated above are representative of r1 broad or sot of 

methods that are logical extensions of the illustratcxl processes. Thus, additional 
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embodiments of the invention that incorporate <tdditional variants in R2, R\ R4
, and R5 

claimed hy this 'invention are prepared by obvious modificatiorw of the above processes. 

[0085] As would be recognized by a person of ordinary skill, it may be advantageous 

to employ a temporary protecting group in achieving the final product. The phrase 

"protecting group" as used herein means temporary modifications of a potentially rcudive 

functional group which protect it from undesired chemical transfornrntions. Examples of such 

protecting groups include esters of carboxylic <lcids, silyl ethers of alcohols, and acetals and 

ket<lls of aldehydcs and kctoncs, rMpectively. The field of protecting group chemistry has 

been reviewed (Greene, T W.; Wuts, P. G. M. Protective Groups in Organic S)mthesis, 2"d 

ed.; Wiley; New Yod<, 1991). 

[0086] A "mutoin" is a protein having an amino acid scqi;1oncc that is altered as a 

result of n mutation that has occurred in its corresponding gene (Weigel et al, 1989). Such 

mutations may result in changes in one or more of'the chan1cteristics of the encoded protein. 

For example, an enzyme variant that has modified catalytic activity resulting th1m a change 

in one or nJ.Ol'(': an1ino acids is a it1utein. 

100871 This invention is concerned with proteins harboring an alteration of at least 

0110 an1ino ncid residue~ (the tcrn1s na1nin.o at.id sequence change~~ or 11 an1i110 acid sequeJ1c~e 

alteration" inc)i;1dc changes, deletions, or additions, of at least one amino acid residue, or m1y 

combination of deletinno., additions, olrnngcs) such that the resulting nrntcin has become (as a 

result of tho mutation) resistant ton known thcrnpcutic agent relative to the sensitivity oftlrn 

1101M1rntated version of said protein to the therapeutic agent, 'fhis specialized class of 

mutcins is hereinafter referred tons n tl1<1r1111111tei11., and the corresponding protein lacking the 

mutation is referred to herein as uprolotlwmmutein. 

[0088] As i;iscd herein, "protothcrnmutdn" refers to an endogenously occurring 

protein in a cell that is s\lsceptible to mutation that confers relative insensitivity (i.e. 

resistance) to a therapeutic con1pound which otherwise inhibits or activates the protein. 

Accordingly, "thcrmnutcin" rcfors to an endogeno1dy occurring protein (ff portion of a 

protein in a cell that contains at least one amino acid sequence alteration relative to an 

endogenous form of the protein, wherein the amino acid sequence change is or was identified 

or becomes identifiable, and is or has been shown to be clinically significnnt: for the 

developrnent or progression of n giv~n diseasc,,fo/!otvin~~ exposute oj'at least one hinnan 

being to a substance that is known to inhibit or aclivate the prototheramutein. Solely for the 
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puqioscs of defining the preceding sentence, a substunce need not be limited to a chemical 

agent for the )Jlll]J\Jses of first defining the existence of a theramutein. Thus, by defbiit/011, a 

theramutcin is a protein which harbors a mutation in its corresponding cndogencms gene, 

wherein said mutation is a88ociated with the devclopnu,nt of clinical resistmH'C .in a patient to 

a drug that is normally alile to activate or inhibit the non-mutated protein. With respect to a 

given thcrnnrnt:cin, the krm "corresponding protot11era111utcin" refers to the protothermm1tcin 

which, through nmtation, gives rise to said thcrnmutein. Similarly, with reSJl('Ct l:o a given 

protothcramutcin, the "corresponding t:heramutcin" refers to the thcrrnnutoin which has driscn 

by mutation from said protothermnutcin. 

[0089] Accordingly, it is apparent to a skilled artisan that, as the genes which encode 

thermnutcins arc limited to endogenously occllrring genes, the definition of a theramutcin 

excludes proteins encoded by disease-cm.wing infectious agents such as viruses und bacteria. 

As used herein, the term "endogenous gene" refers to a gene that has been present in tlN 

chromosomes of the organism. at knst in its unmutated form, since inception. 'J'llc term "cell" 

as used herein refers to a living oulrnryotic cull whuther in an organism or maintained under 

appropriate laboratory li"8uC or orgnn culture condition~ outside of an organism. 

[0090] ln one aspect of the invention, a thernrnut:e.in is a protein that is altered for the 

first time with rnsped lo a connnouly occmTing "wild type" form of the protein (i.e. the 

prnt:otheramutein). ln another uspect of the invention, a theranrntdn is a variant of a protdn 

(protothcrmnutein) that is, itself, already a mutcin. ln still another cmbodinwnt:, a 

thernnrntcin may be further nnitatod as compai'\xl t:o a previously existing thcra1m1tein. In 

such instances, the first: thornrnutein (such as the T315.l mutant ofp21013CR-Al3L (sec 

below), may ho thought of as a "primary" tlwramutci.n, whereas subseqnent nrntations of the 

(aln'!1dy mutated) T3151 variant may be termed a secondary thenunutein, tertiary 

thernmutein, etc. As exemplified below, a mutcin of the invention is a variant of Ber-Ab! 

tyrosine kinase that escapes inhibition by an inhibitor of the "wild type" Ber-Ab!. Such a 

Ber-Ahl rnutein is altered with respect to a morn common or "wild type" form ofl3cr-Abl 

(which is also a nn1tein as well) in such a way that a property of the protein is alternd. 

[0091] It will be undcrst.oocl that: a mutcin ofprinrnry interest is a thernmutcin that 

may have the same, increased, or dccreasc~d specific activity relative to its prototheramutein, 

and that it is not inhibi.tcd or is poorly inhibited by illl <>gent that is capable of inhibiting the 

prototheramutein. Likewis<\ <mother theramutein of primary inten>st is one that has tho same, 
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increased or decreased specific activity (relative to its prototheramutein) and that is not 

activated or is poorly activated by an agent that is capable of activating the protothernmutcin. 

Other variations arc obvious to the skilled arti8an. It will he furtlwr appreciated that 

thcrnmuteins ccan include naturally occurring or con11nonly observed vmianl' of a protein, for 

example, variants that are expressed from different 0tllelcs of a particular gene. In some cases 

such variants may be um:cmarkablc with respect to their normal cellular function, with 

J:hnctional diJ'fcrcnces becoming apparent only in the presence of agents that differentially 

inhibit or activate the cellular function of th~ variants, For exmnple, naturally occurring 

variants of a particular enzyme may have activity profiles that are not substantially different, 

lJllt a therapeutic agent that 1nodulates one mny be ind:foctive in modulating the other. 

10092] It will he appreciated that, whereas one aspect of the invention is the 

identification of an agent: that is acti vo· against a theramutein that mises or bcwmcs dominant 

(by nny mechanism) during the course of a treatment fi.)r a given disease, another aspect is the 

identificntion of an agent that is active against a mutein that is common within a population 

ofmiafflictcd inclivid1mls, but wherein said nrnloin is less susceptible to modulation by an 

approved drug, and whcro tlrn variation in tho acli vily profile of the mutein b(,comcs 

important (and is therefore first identified as being a thcrmnutcin) in a disease state such as 

where it is overexpresscd or parl:idpatcs in a sigtialing process which hns otherwise become 

abnormally regulat~d. For example, a neoplastic disease may be caused by ahrnwmal 

regu.lation of a cellular component other than the t:hcnunutcin or its prototherarnutdn, and 

still he treatable with an inhibitor of the prototheranrntcin, whereas the srnne treatment would 

he less effective or ineffective where the thcrnrnutcin was present, This can be an issue 

where it is observed that the response of a particular tumor type to an anticancer agent varies 

among .individuals that: express different variants of an enzyme ag,1inst which the anticancer 

agent is directed (Lynch ct aL, 2004), Herc, the variants would not have urisen or become 

predominant during the coiu·s(' of treatment ofthc disease, but are preexisting in the healthy 

popiilation and arc detected only by their altered responsiveness to a particular course of 

established therapeutic treatment. 

[0093 [ As used herein, the tern1s tGagonist'1 ::-.tnd HactivatorH of a protein arc used 

interchangeably. An activator (agonist) is limit:Gd to a substance that binds to and activates 

the fonctioning of a given protein. Unless explicitly stated otherwise, an "activator", an 

"agonist", mid an "<1ctivutor ofa protein" arc 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 

"inhihitorn of a protein are used interchangeably. An inhibitor (antagonist) is lin'l.itcd to a 

substance thut binds to and inhibits the functioning of a given protein. To state that a 

substance "inhibil(s)" a protein means the substance binds to the protein and reduce(s) the 

protein's activity in the cell without nu1tcriaJly reducing the runount of the protein in tl1c cell. 

SinJllarly1 to state that a sub::>tar1c~ "activate(sY1 a protcin 1 such as a prototheramutein or 

thcramutcin, is to state that the substance increased the defined function of the protein in the 

cell without substantially altering the level of the protein in the cell. Unless explicitly •lated 

oihc1wise1 an "inhibitor", an "antagonist" and an 11 inhibitor of~1 protein" are also synonymous. 

The inhibition by an inhibit<>r may be partial or complete. A modulator is an activator or an 

inhibitor. By way of example, an "activator of PKC1J1" should be co1i.hucd to mean a 

substance that binds to and activates PKC/ll. Similarly, an "inhibitor ofp2IO""·A0
"· iH a 

substance tilal binds to and inhibits Uw f'unctillning ofp2IO''"··Abl. To slt1te that a subst<lncc 

11 inhibils a. protein 11 requires that the substance hind to the protein in order to exert its 

inhibitory effect. Si1nil::irly; to state that a substance 11 activatcs protein X'' is to state that the 

~ubstancc binds to and activat~s pl·otein X. 'I'hc terms "'bind(s) 1H "binding,'' and "binds toll' 

have their ordinary n1canings lo the field ofbiocho1nistry in tcrrns of describing the 

interaction between lwo substances (e.g., enzymc.substrntc, protein"DNA, rcceptor"ligand, 

etc.). As used herein, the tcnn Hbincis to~' i:-> synony1nuus with Hintcracts with" in the context 

of di~cus~ing the relationship between a substance ~~nd its corresponding tui:-get protein. As 

used herein; to state 1'hi1t n substance "nets on11 a protein~ uaffcctsn a protein; i•exerts its c::!fel.;t 

(,')ni' a protein, etc.i nnd all such related tcnns unifOcrnly rnean (as th~~ skilled invest.ig;itOr is 

well a\varc) that said substance activates or inhibHs said protein. 

[0094] 1'hc concept of inhibition or activation of a 1nut:ltCd forrn of an endogenous 

pi-otcin to ~ greater extent thnn the con:cspon<ling non .. n1utatcd c(lunterpart p;rotcin is dcfir1cd 

for the fil":::;t tirne and referred to herein as a positive 11specificity gaJ>. 11 In gcn~ral ten11s, and 

using an inhibilor case as an exa.n11Jlej the ,\j'Jecificity ga/J 1·cfcrs to the difference between the 

ability ofa giv,:n substance, u11dcr con1parablc conditions to inhibit the thcran1utein in a celJ .. 

based us~.iay systc111 ;H; con1parcd to either: 

a) the abilit.y of the sa1nc substan{;c under cotnpnrablc conditions to inhibit thi; 

protothcrru11utcin, or 
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b) the ability ofa second $ttbstance (U8ually a known inhibitor of the 

· prototherarnutcin) to inhibit the the-r~n1utein nn<lor CtJmparablc conditions, OI' 

c) the ability of the second substunce to inhibit the protothcramutein under 

con1parablc conditions. 

[0095] When llu: comparison is made between the effects of two distinct substances 

(tested individually) on the thcramutcin alone, the result is termed a lwmolog011s spedjialry 

gtlp dctcnnination. 

(0096] Alternatively, when a comparison is made between the effects of two distinct 

substances (generally, but not always), one of which is tested on the thornnrntdn and the 

oU1.er on the protothera111utcin, respectively, I.he result is t.ermcct a l1eteralogou.s SJJecificitJ1 

gap (SG) dctmminntion. Thus, (a) and (c) as given :ibovc al'e examples ofh<1tcrologous 

specificity gap (SO) detenninations (althotigh (a) tises the same suhstancc in both instances), 

Whereas (b) is an example of a homologous specificity gap dctcrminntion. 

(0100) 

c<mccpts, 

[0!01] 

Rcforence to Figure 3 is infonnativc in understanding and elucidating these 

Analogous issues apply when (he case concerns nn activator. It will he 

immediately obvious to the skilled artisan that Ille tcnn "comparable conditions" includes 

testing two different co1npounds, fbr exan1ph~, at the sarne concentration (sur.h ;1.s con1paring 

two closely related compounds to dctcm1inc relative potency), or by comparing the effects of 

two different compounds tested ill their respective IC50 values on the corresponding 

pt·otothcrnmutcin and thermnutcin. 'rho skilhl investigator will ea.~ily recognize other useful 

variations and cotrJ.parablc conditions. 

[0102] Thti., in <me embodiment of the npplication of' this approach, substances that 

are n1orc cffbctivo ag~ii11st a thcramntcin have a 11positive specific.~jty gap. 11 A '1zero, null or 

no11 :-;pct~ificity gap indicates that thctc is no significant n1eusurable difference bet\ve<·~n the 

effect of a substnncc on the thcramutcin as compared to its effect on the prototheramutein 

(however such con1pf}lll1ds n-1ay he quite useful in thcit· ability to inhibit or activate both a 

thcn.unutein and its corresponding protothcrJ.n1utcin)t and a 11 nogativc specificity gapt• 

indicates a $Ubstancc that at a given concent.r!ltion is less effective against the given 

then1n1utei11 that1 against a fon11 of the corrc:::;ponding protothenHnutcin or other con1pan1t.ive 

fonn of the OH}r'f1.1nutcin (such as one that 111ay harbor a different rnutation). The latter 

category is gene.rally of lesser int.crest than the for·Incr catr.:goties of co1npounds, except in the 
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case where the compound is so potent that its relativdy lesser effect on the theramutein is of 

no real concern from the perspective of therapeutic efficacy. The skilled investigator can 

easily recognize a variety of approaches to quantifying the spedlkity gap assessment in a 

manner tailored to his or her needs. 

[0103] The invention ahi provides a means for identifying compounds that exhibit a 

desired specificity g<ip. Such con1pounds can be ickntificd and the.ir ability to inhibit or 

activate the thcramut:cin detcnnined iising an in vitro cell-based assay system where the cffo(1t 

0L1 substance on tho cellular functioning of the mutated endogenous form of the protein is 

com pured to the effect of the same drng on the cellular functioning of a non-mutated 

endogenous form of the protein. 

[O I 04J Thus, the system enables the diwovery of compounds capable of binding to a 

theranrntein and exerting a greater modulatory effect on the cellular functioning of said 
' 

thcramut:cin than on its corresponding protothernrnutcin. Further, the system enables the 

discovery of compoi1ml$ capable of binding to a thcnmmtein and exerting at least as great or 

greater modu!tltory effect on the cellulnr functioning of a theramutcin than previously known 

compounds are able to exert on the corresponding protothermnutcin. In n particular 

embodiment of the invention, a compound may be screened for and ickntified that 1) is <it 

least as efl:cctive ag:Jinst the thcrann1tein as the origirnl drng is against: the protothermnutoin, 

and/or 2) is similarly cffoctive against the protothcrnnrntein as against the thermnutcin (i.e., 

displays a small or essentially ~ero specificity gap). 

10 l 05J In an embodiment of the invention, cells that overexpress a thcramutein of 

int(\l'Cst are used to identify chemical agents that are inhibitors or activatorn of(i.e., that bind 

to and inhibit or that bind to and activate) at lenst the selected thcramutein. The chemical 

agents may also be inhibitors or 'lc!:ivatorn of the protothcramutoin or even other thermnuteirw 

of the same protothcramutcin, As med herein, the terms "chemical agent" and "compound" 

arc iisccl interchangeably, and both tenns refer exclusivdy to substances that have a 

molecular weight up to, but not including, 2000 atomic mass units (Daltons). Such 

substances are sometinJes referred to as "small molcc11les." Unkss otherwise stated herein, 

the term substance as US<'cl herein refors exclusively to clu,m.ical agcnts/comp<HJncls, and does 

not refer to biological age/Ifs. As used herein, "biological 11ge11ts," are molecnles which 

include pro\:c.ins, p(ilypeptides, and nucleic acids, 11nd have mok()lJ)ar weights equal to or 

greater than 2000 atom.io mass units (Daltons). 
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[0106] According to the invention, a thrn:anrntein is selected and used in a cell-based 

assay system designed to identify agents tbat al.'(' inhibitors or activators oftl1c thcranrntein. 

Where two or more distinct thernmutcins originating from the same prototheramutcin are 

known, it is prcJ'erabk' to sdcct the most rnsistant theramutein r1.V<1i,Jable for use in the assay 

system. In general, the degree ofresistance of a thcramutein to a given chemical agent is 

determined relative to its non-mutated counlc:rpm:t (protothernnu1tein) using the drng tlwt was 

first administered and known to inhibit or activate the protothcrnnrntcin and against which the 

thcrnnrntein "arose." The methods of determining the degree of such rcsistunce, for cxampk 

by analysis of ICio or AC50 values, are well known and standard in the art and will not be 

rniternted herein. Uowcvcr, no causal relationship is rwccssary or should be inferred between 

tho lrcat:lncnt of the patient with a given thcrnpeiitic agent per so and the subsequent 

appearance of a thcramutcin. Rather, what is required in order to practice the invention is 

that a true thcramutcin be properly sded\ld according to the teachings herein. 

[0107] Thus, for cxarnplc, randomly gencornted site directed mutants of known 

proteins that are croatod in tho laboratory but that have not been shown to be clinically 

relevant arc not appropriate mutcins for use within the scope of this invention. Such rnutoins 

would not, of course, be properly classified as thcrnnrnteins. 

I.OJ 08] For example, in an elfort to obtain potential inhibitors ofmutm1ls of 

) IJ"·-Abl · ·1 · · · • ) j ' j ' j' p2 l ( , !- uron et al. (2003) used a recombmant c-a J preparation and screernx a sen es o · 

compoiui<ls known to inhibit c"src tyrosine kinase activity. The authors performed c-abl 

kinase aswys on their compounds and identified the most potent compound as an 8 nM 

inhibitor ugainst c-abL When this compound (PD 166326) was tested <igainHt various 

?J o""·.,A"1 ti t · I · t 1 l · · t · t 1· 1 1 p,. · · 1eran1u c1ns, lO'\·Y(;~VCl'; l · s JOWC< acl:lvJ ·y aga111s so111e o·· tic n1utants sue 1 as 

p2 l oB"··Abl·D?.lSK, but the p21013 '"· .. AbHJISI thcrann1tcin was found to remain 10 fold more 

resiHlanl (Huron el al. 2003, Table 3). Furthcrmon\ in ouch ca~c tho compound was 8till 

markedly less ".ffi<ctive on the p21 O""··Abl therarnutcins than it was against the wild-type 

? ·1 (J 11"'._""1 ·w·1 ti 1 ·1 · 21 oB'"'·Abl-Tl' '' · · · t p.. · . wn · 1u compo11m was testec agamst p" · · · mutant act1v1ty, l ·was 

unable to inhibit the activity to any apprc\1iable extent (p. 1270, Id\ hand column, second 

paragraph; see also Fig. 4.). Thus, the disclosed compound was able to inhibit a thermnutcin 

that is partially resistant to S'l'l-571, bnt had no activity aguiirnt the T3 l 51 mu I ant of Bor-Abl., 

which was already known at that time to be the theramutcin that exhibited the most resistance 
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to STI~S71. Hence purely and simply, the Huron methodology failed to identify an effective 

inhibitor of the p2 J O'kc-AbJTll 5! theramutein. 

[0109] Indeed, prior to the discloSllre of this invention, including both the detailed 

methodology described for the first time herein as well as the compositions provided herein, 

no one an;y~vheri? in the JA.iorld has been succcssihl in identifying n chen1ical agent1 Jet alone 

a methodology that;, capable of identifying a chemical agent tlH•l cffcclivcly inhibits the 

p21QlJ'"r-Abl"I-JlSl thCl'fltllllfein to ;ll) equ;l.] Or b,:r-teatt:r CXt!'.:I\t th;il'l $"l"l~571 is able to do With 

respect to the wild type p2101
"''-Abl protein. (Sec Shah cl al., Science, July, 2004; O'Hare et 

al., Blood, 2004; Tipping et al., Leukemia, 2004; Weisberg ct al., Leukemia, 2004). 

(0110] It cannot be overemphasized that such compounds would be immensely 

USOfult because at the prCSC!lt time ih1,;:re is HO altclnl-ltive for patients \Vho progress t¢ p2 J 01
:!.c'­

Abl·TJ lSl thcrrunutein~inerliatcd in1atinib rnesylatc~rcsistant status. Once JJatients <iev(~/Oj'J such 

resistance, the.re is no oth,~r cj)'"ective alternative treatnient available, and death is certain. 

1''he niethorl describr-td herein provfries the first reportr.uf a/)/n·oach to identify, 

pharmacologically characterize and chemically sy11t/1,,siz" effective inhibitors of tho p2 l 08
"­

AL>l-T3151 tlieran1utein. Moreover, the sktlled investigator ~viii inunediately recognize the 

• 1 aJJp/ir:a.bility and g(?nara/izability of' this (1/)proach to 11ny high~v drug~rt.~sL~'f(lnt theran1utein. 

[0111] In the present invention, a test cell is used that displays a ciircfully sdccted 

phCll()!ypic ch1tractcristic (as defined below) which is linked to the presence and fimctional 

activity of the patticnlar tlwramutcin-of:intcrcst (TOl) in the cell umkr appmpriato 

conditions. This should be gualitativo!y the same as the pbenotypic characteristic displayed 

by a cell that expresses the prolothcrarnulein. A phenot)1'ic characteristic (i.e. a non­

gcnotypic characteristic of the cell) i> a property which is observed (measured), selected 

and/or defined for subsequent u11e in an assay rncthod us described heroin. Exprcs~ion of the 

phenotYJ)ic characteristic i::: responsive to the total ~lctivity of the theramutein in the cell) and 

is a result of the absolute amount oft110 thcramutein and its specific activity. Ollcn, the 

phcnotypic characteristic is observable"" a result ofelovatcd Jovel> ofthoramutein activity 

and is n<,t apparent in cells that express lo\v a1nounts of the thcrarnuh:in or low a111oulllf.; of its 

corresponding protothcramutcin. Further, it can often be dcmonstrntcd that the phcnolypic 

cha.tactcristic is rnodulatcd by rnodulating the spccifi<: :1ctivity of the thcrarnutein with an 

inhibitor or acliviltor of tht: tbennnutcin , al though thi:-; i0 nol al\Vays th~'; case since an 

inhibitor or activator of the TOI may not always be available at the time the skilled 

54 



WO 20115/l 159'!Z PCT/US211115/0 I s.112 

investigator undertnkes such a project. Thus, for the pt1rposo of defining the phenotypic 

characteristic to be subsequently i1s\xl with a given test cell for assay puqioses, the skilled 

investigator may also use <l si1bstancc capable of increasing or decreasing the expression of 

the therngene, which will in tum lead to increases or decreases of the level of the 

corresponding thcranll1tcin. This allows the skilled investigator to simulate the effects of 

certain types of uctivators or inhibitors of the theranrntein (such as a suicide inhibitor of the 

thcn1nrntcin, which is a class of chemical agent which binds irreversibly and covalently 

modifks the TOI, rendering it pcrnmnently inactive), without actually having nccess to stJch a 

compound, for the purposes ofrefrning the appropriate phcnotypic characteristic for 

subsequently establishing a usefol cclltilar assay syskm. Examples known to one of ordinary 

skill that would he helpf-ul for such purposes include the use of anti-sense DNA 

oligonudeotides, small intcrfodng RN As, other RNA inkrfor"nw-based methodologies, and 

vector constructs containing inducible promoter systems. In this manner, the selected 

phcnotypic characteristic is linked to the activity of tho thvn11nutcin in the test cell. Notably 

for therarnute.ins, the selected phcnolypic characteristic is usi1ally also displayed by a cell that 

overexpresscs the protothcrnmutein and in which the phcnotypic characteristic is modulated 

by known inhibitors or activatorn of the prototheranrntein. 

l.Ol !2] A phcnotypic characteristic is sirnply a clrnn1ctcristic of a cell other than a 

genotypic dwractcristic of tho cell. Except for the specific req11irements of a properly 

defined phcnotypic characteristic as disclosed herein for the purposes of creating nscful 

cellular assay systems according to the touchings of certain of the embodiments of t:hc 

invention, no other lin1itation of the term phcnotypic clrnract:crist:ic of any kind or nature is 

intended or appropriate in order to properly and effcctivoly prndic0 the invention. Indeed, 

the skilled artisan must be able to select any characteristic oft:he cell that maximizes the 

utility of establishing the proper cdl-based assay for his or her needs. The phcnotypic 

charact<oristfr can be quantitative or qualitative and be observable or lncasurable directly 

(e.g., observable with the naked cyo or with a microscope), but most commonly the 

characteriMic is nwasmed indin,ct:ly using standard automated laboratory cquiprnent and 

nssuy procedures which are known to those of skill in the <1rt. 'fhe ter111 "observable" means 

that a characteristic may be mea~ured or is otherwise detectable imdcr appropriate conditions 

by any incans whatsoever, including the use of any type of laboratory instrumentation 

available. The term "dct:cct:ablo" is not the same as "detected". A characteristic may he 
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detectable to a skilled artisan without being detected at any given time, cleptmding 11pcm how 

the investigator chooses to design the assay system, For example, in searching for uctiv<itors 

of a prototheramutein (or thermnutein), it may be desirable to have the relevant phcnotypic 

charnctcristic detected only after the addition of a known activator or test substance capable 

of activating the POI. This provi(ks the ability to maximize the intensity of the signal that is 

gencrntcd by the test cell in tht: assay. 

[0113] Phcnotypic characteristics include but 'll."e not limited to growth characteristics, 

transformation 8tate, diiJcrentiation state, s11bstrate phosphorylation state, cnt:nlytic activity, 

ion flux across the cdl membrane (c<ilcimn, sodi11m, chloride, potassium, hydrogen i011s, 

etc.), pl-l changes, ffoctuations of 8econd messenger molecule" or other intracellular chemical 

species s11ch <is cAMI', phosphoinositidcs, cyclic m1cleotides, modulations of gene 

expression, and the like. The characteristic of the cell may be observable or Jneasurable 

contim1011sly (e.g., growth rate of a cell), or nikr a period of time (e.g., krminal density of a 

cell ci.1lture), or transiently (e.g., modulation of a m11tein causes a transient change in 

phosphorylation of a substrate of the mutcin, or a transient flux in ion flow across the 

membrane, or dcvalions or reductions in intracdlular cAMP levels). In certain 

embodirncnts, a sclcctocl phcnotypic characteristic may be detected only in the presence of a 

modulator of the prnlolhcwaxrn1tein or the thornmuteln. No lirn.itations are intended with 

respect to a characteristic that may be sdccted for mcasurcrncnt. As 11scd herein, the terms 

'~characteristic of a c0ll" and "1}honotypic charaotoristic''., and sin1ply "charactcristicH, \vhcn 

used to refer to the particular measurable property of the intact cell or a s11bcollular fraction of 

the cell following the trcatnwnt of a test cell with a substance, arc ickntical. For example, a 

phenot:ypic chnractt>ristic cnn be focus formation that becomes observable when <I cell that 

over expresses a selected protein is cultured in the presence of :m activator of th~' protein, or it 

may be a transient increase or decrease in the level of an intrn<;cllular metabolite or ion, s11ch 

as cAMP, calcium, sodium, chloride, potassiurn, lithium, phosphatidylinositol, cGMI', 

bicarbonate, etc. It is obvious to one of ordinary skill in the art that afwr n cell is exposed to 

a test substance, the characteristic so meas\.1red (assayed) may be dctonnincd on u 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 cdl, 

not a sub-cellubr fh1ction. 
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[O 114] The characteristic selected for mcasurcrncnt within the cell must nc,Jt 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 lhal 

results from the activity of the thcrnmutcin inside the cell, thm affecting a characteristic of 

the cell which is distinct from the lheramutoin itself; as disc\.isscd in detail above. For 

example, where the lhcrnmutein is a protein kinase that is capable ohmdergoing 

autophosphorylation, a process whereby the enzyme is capable of catalyzing the 

phosphorylation ofitsolfby transferring a terminal phosphate group from ATP onto itself, it 

would NOT be apprnpriate to select the phosphorylation state of the TOI as an appropriate 

plwnutypic characteristic of the cell fur measurement. This is because such a drnrnctcristic 

does not reflect the activity o:fthe TOT on other cellular components. As the skilled 

investigator knows, autophosphorylntion is not necessarily rdlcctive of the activity of a 

protein kinase in a cell, since mutants of protein kinascs arc known that: retain enzymatic 

activity SlJfficient to iindergo autophosphorylation, yet haw lost the capability lo engage in 

signal transduction events within the cell. 'J'he chrnsic paper hy White ct al. (J 988) is both 

cducationnl and noteworthy in this respect. 

[0115] 'l'hc t:cnn "responsive phcnotypic characteristic" means a characteristic of the 

cell whid.i is responsive to inhibitors or activators of a given protein (prot:othcrnmutein or 

t:hcramut:dn). The term "known thcmpe11tic agent" is defined as any agcmt: that has been 

aclministGrcd to a human being for the tn'l1tmcnt of a disease in a country of the world. 
I 

[Ol 16] A usefol phcnot:ypic characteristic, as exemplified herein in association with 

p210Doo·-Abl and t:hcramuteins thereot; is disrcgulation of cell growth and proliferation. lt i8 

noted thal lhe 8ame or similar assay may be appropriate for use with many different: proteins 

of interest. For example, disrcglJlntions of growth, proliferation, and/or differentiation are 

common phenotypic clrnrnct:cristics t:lmt nmy result from \wcrcxprcssion of a variety of 

different: cdlular proteins. It is an important: teaching of this invention that by overexpressing 

a selected protein in order to cause the appearance of such a phenotypic chanwtcristic, the 

characlerislic beccnnes linked to the presence, amount, and specific activity ofthat: seleckd 

protein under >;uitablo conditions, and this hnkage allows the skilled investigator to identify 

inhibitors or activators of a thcrnmutdn of int:en,st: (TOJ) as desired. Accordingly, the 

phenotypic characteristic is responsive to changes in the kvc.I and/or sjwcific activity of the 
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selected protein. Such a responsive phcnotypic characteristic is refct·rcd to herein as a 

uphcnorcsponsc." 

[0117] Though not always necessary, it will often be advantageous to employ cells 

!hat express high levels of the thcrnmutein, and to select a phcnotypic characteristic that 

results from overexpression of the theran.1utcin. 1'h.is is because phenotypic cha1·actcristics 

linked to the functioning of the thcramutein gcncnilly become more distinguishable (easier to 

1ncasure) as a l'hcrarnutcin is ovcrcxprcssed to a greater extent. Furthct~ phenol·osponscs that 

arc observed in response to 1nodulators of the thcralnutcin arc oft~;n an1plificd as the 

fllnctional level of the thcran1utcin is increased. Expressed another way~ the $eleclod 

phenorcsponsc observed in cells that ovcrcxpress the thcrarnutcin is particularly sensitive to 

:rnodulators of the thc:::ra1nutcin. 

[0118] Preferably, tho thcramulein is stably expressed in a test cell. Stable expression 

results in a level of the thcrnmutoin in the cell that remains relatively unclmnged during the 

course of an assay. For exan1plc1 stin1ulation or ilctivation of a con1poncnt of a signaling 

pathway may be followed by a rnfractory period during wl1ich signaling is inhibited due to 

dowiHcgulation of the component. For thcnunuleins of the invention, such down-regulation 

is usually sufficiently overcome by artificiolly overexprossing tho t.heramutein. Expressed 

~inothcr way, the c~xprcssion is sufficiently rn~i.intai.ncd that changes in a phenotypic 

d1a<actcrdic that arc observed during the comsc of an assay arc due primarily to inhibition 

or activation oft11c thcra1t').utcin 1 rather than a change in its level~ even if do\vn~n1odulntion of 

the thel'arnutc;:i1) subsequently occurs. For these reasons, although stable expression of the 

t.herarnuteiu b: prcfcrn;d, transfcc(i()n fblk)wcd by transient expression of the Lheran1utcin 

may be mnploycd Jli'ovidcd that the selected phenotypic clrnractcristic is m<Jasurnblc an<l tho 

duration of the assay systc1n j~ shorl rclutive fo the progrljssivt: decline in the levels of the 

tninsiently expressed thcramutcin which is to be expected in such systems over time. For 

these reasons, stably expressing cell lines are preferred (U.S. Patent No. 4,980,281). 

[O 119] A preferred drug screening xnethod of the present ir1vention involves the 

[0120] 1) ldc.ntificntio11 ofa thertnnutein ft)J' which a nove.1 inhibitor or activator ls 

desired. l<lcntification of an appropriate t.hcra1nutcin n1ay be perforn1cd using standard 

teclmiqtws (Sec, Gomi ct al., Scicnc<:, 2001; sec als<l l'CT/US02/l 8729). Briefly, patients 

that have been givc11 a coutt)c of a therapeutically effective t.rcahnent u~ing an aetivalor or 
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inhibitor of a known or s11spcctcd prototheramutein and have 8i.1bscquently shown clinical 

signs and symptoms consistent with disease relapse are id@tificd, and cells or tissue samples 

derived from such patients are obtained. Using standard laboratory techniques such as 

RT-PCR, the sequence of the protothcramutein is determined and compared to the prcvio1!Sly 

determined nucleic acid sequence of the known protothenunutein gene or cDNA sequence. 

Mutations, if present, arc identified and are correlated with functional rcsistunce of the 

protothcrnnrntdn's J:\mction either in cell-based or, more commonly, cell-free assay systems, 

ugain using standard methodology. Once rcsistmicc-inducing mutations arc confirmed, then 

s<iid one or more confirmed mutants comprise u defined thermnutein which may be used in 

the subsequent mdhods a~ described herein. 

[0121] 2) Provision oLi test cell that expresses a thernmutein of interest and displays 

an observable (measurable) phenotypic characteristic which has been previously shown to be 

responsive to inhibitors or activators of the theramutcin or, more connnonly, the 

corresponding prototheramutein. Said sp(:cific plH:notypic characteristic that has been 

previously shown to be responsive to inhibitors or activators of the theramutein-of.~intcrest 

(TOI), and/or the prototheramutcin .. ot~inl.crcst (pTOT) is defined herein for the first time as a 

"phcnorcsponsc." One embodiment of this invention is tho ddinitive use of the 

phcnorcsponsc 'f'or the purpose of identifying compounds tlrnt me likely to be inhibitors or 

activators of the TOI. This may be accornplishcd through the use of u high-throughput screen 

using a cell line overproducing a given TOJ and for which an appropriate phenorcsponsc has 

been identified and charactcrizccl. Alternatively, one rnay utilize a higlH:broughput primary 

screen using a more generic phenotypic characteristic of a cell line (that does mit qualify as a 

phenorcsponse r.iccorcling to the teachings lm·ein) and then utilize a secondary screen 

according to the teachings herein to disting11ish between compounds that are true positive 

"hits'', i.e. inhibitors or activators of the thcrnmutcin of interest, from false positive 

compounds that arc not inhibitors or activators of the llwnnnutoin of interest. In one 

embodiment, a coll is sdcdccl that naturally expresses the thoranrntcin such that a responsive 

phcnotypic' clu1ractcristic is present imdcr snitablo c11lt1n:c conditions which an' obvious to 

one of ordinary skill in the mt. In other embodiments, the thcrannitein is ovcrcxprcsscd, in 

some instances in a host coll that does not otherwise express the thernnrntein at an. This 

nsually involves constnwtion of an expression vector fr<lm which the thernnmtein can be 

introduced into a suitable host cell and overcxprcsscd using standard vector systems and 
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methodoloey. (Garre et al., 2001; H01rney ot ol., 1988). In ono embodiment, ovcrcxprcssion 

re8ults in a level oft he thera1nutcin that is at lc:::ast about 3 tinlC$ the an1ount of the protein 

usually present in a cell. Altc•mative!y, Lim amount is at least about 10 times the amount 

usually presrnl in "oc!I. In another embodiment, the amount is at le:.wt about 20 limes or 

more preferably at lcnst about 50 time' the amount usually ptesent in a cell. 

[0122] 3) Provision of a wntrnl cell that expresses the prototheramutein 

c01Tcsponding \(l the theramutein of interest. As some of the mutcins lha\ are described 

herein are also enzymes, they usually retain catalytic activity, and therefore the control cell 

usually displ<qs substautially the same phcm,typic characteristic as the test cell. Tho 

phenotypic charncteristic need not be quantitatively alike in both cells, however. For 

cxa1nplci a J\lutation that leuds to reactivation of tho protothc:ran1utcil'.I. inay also incroasct 

dccrcaset or othe1wisc affect its :ipeciilc activity with rc5pcct to one or lnox·c of its :-;1,.1bstrates 

in the cell. As a n"ull, il may exhibit the selected phenotypic ch'1racteristic to a greater or 

!e.scr extent. Accordingly, it may he desirable in some cases to adjust expression of eithct· ot· 

both of the prntothcrnmutein and the theramutcin such that test and control cells exhibit the 

phenotypic characteristic to "pproximatcly the s<1me degree. This may be done, for example, 

by expressing the proteins from promoters whoso a()tivit.y can be adjusted by adjusting tho 

a111ount: ofindtH."":.er present1 ~lll using stnndard Jnctho<lology (sec> for exaaJ.ple, S:u11brook ct al. 

1989 & 200!). 

[0123] It will be ohviou' to one of ordinary skill in the art that a properly defined 

phenotcr::ponse n1ay be qua11titalivel)1 different between the protothera111utein·· and the 

ther:unutoin-exprcssing cell lines as a rc•ult of differences in the specific :ictivity (if any) 

b~;twccn the t,hcran1lltcin and its eorrt~sponding prototl1t~ra1nutcin. 'l'hcran1utein~inducing 

nJ.Ulations tn~lY increase or decrease the specific activity of st1id theramutein relative to the 

corMsponding prolNhorarnutcin. When c.omparing a thernmutein expressing cell line with a 

prt)totherrunutcin. expressing cell linet it is prcfcrublc that the HClec:ted phenon::spon:-.;c is 

qllalitatiwly the same in both cell typos. Thun, the •killed invcsliglllor may choose to 

norrnalizc the activity of the thcran1uH~in~cxprcssing cell line to that of the protothcrarnutcin~ 

cxpresGing ~~ell line, or vice versa. Sue;h norrnalization n1ethods are standard in the 1.ut_ Se(\ 

for exarnplc, Bolstad ct al. (2003). 

[0124] Alternatively, the skilled investigator may also wish to use unmodified host 

cdls or host cells harboring llie expreSsion vector only as control cells for certain 
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experimental procedures. (The host cells arc the cells into wlrich an expression vector 

encoding the therumntein was in\Toduccd in order to gonoratc the test cells.) Tlris may be the 

case where the investigator is only interested in idcntiJying u specific inhibitor 01· activator of 

the thcramutdn of interest, inespective of whether or not said compound is also active 

effective the protother:unutein of interest (pTOI). 

[0125] 4) The test and control cells arc then maintained or propagated (although not 

necessarily at the sarn.e tilne) in gTowth 11'H~c.lia (or even in intact an.bnals) under suitn.hlc 

cc)nditions such that the phcnoresponse n1.ay b~ cxpressi.;:d and a..~sayed. Control cells that are. 

expressing the protothc;:n:nnutcin tnay be treated \Vith a la'lO\.Vl1 n1odulator of the 

protothcran1utein, or \Vith a test substance, and test cells arc treated with test cn1npound$ to 

det.ei111inc whether they nre active against the thi:.~n:nrnlteint as n.1easurcd by the abijjty of said 

subshmccs to modulate the phcnore8pOi»c iu the expected m~nncr. Alternatively, control 

cells not cxprcs,ing the protothcramutcin may illoo be substituted, depending upon the 

particular phcnorcsponse that the skilled inveslig;•lor has chosen for study. Subst:rnces may 

then be assayed on the test cells and, optionally, on. the control cells flt the san1e tirne, or at 

another ti1nc1 and the results con1pti.rcd. 

[0126] ln one emh<>llimcnt of the invcnti1m, substances that arc active with regard to 

the test cells can be rapidly identified by their ability to modulate \he phcnorcsponse of the 

test cells in the ::nune 1nanacr as~ for cxa1nple1 t.hc known nJodulator of the prototheran-J.ut.ein 

:iltcrs the phenorcsponsc orprotothcrumutcin"cxprcssing C<llltml cells. In another 

embodiment, active sub•tanoos nmy be identified by their ability to modulate the activity of 

the theramutci.n in the test cells wbilc having liule or no cffoc\ on the unmoclified 

(pl'ototheran1ntein and/or thcnn1J.utcin nort~cxpressing) control cells. 'l'hc .skilled investigator 

will readily app1·,,ciatc the many vm'iationo of this approach tlutt may be utilized to identify, 

for ex::uJ1plc1 rnocluhi.tors that arc rnorc effective agaiu~t the thcrna1utefrJ1 or I.hat are (jqually 

cffoctivc against both the protothcmmut:cin and one or more corrcspon<ling specific 

therarnutcins. 

[0127] Other pb;cnorcsponses can be observed and/or inca~nred n.nd in.elude; fi.:H' 

exarnple~ detection of subst.n1.tcs of the prototherainutcin, and detection of gene expression 

changes that are regttlatt~d by U10 activity of.' th'; thcn1rr1utein. Jn the sirnplcsl ter1ns, any 

characteristic of1he cc~l\ thut the 'skilled invcstig11tc>r has previously correlated with the 

function.al actjvity of the theran1utein rnay be S\litablc for us(~ with such 1nethod$, I-Iowcver, 
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characteristic fulfills the criteria of being a phcnorcsponse according l:hc kachings as given in 

delnil herein. The skilled investigator may also wish to normali~e the phcnorcsponsc with the 

theramutein expressing cells to that of the protothermnutein expressing cells. 

[01281 Characteristics suitable for detection may be measured by a variety <if methods 

very well known to those of skill in the art. S11ch methods incluck, but are not limited to, 

detection of tlmircscence of suitably I ab cl ed pmtci ns (FA CS), imrmmohistochemislly (lH C) 

for detection of protein expression, competitive rndioligund binding assays, solid matrix 

blotting techniques., sucll as Northern, Southern, and Western blots of cell extracts, reverse 

transcriptasc polymerase chain reaction (RT-PCR), enzyme linked immunosorbent assays 

(E.LlSA), phosphorylation assays, gel retardation r1ssays, 1ncmbrnnc potential perturbations, 

and the like. The relevant phcnotypic characteristic may be detected either on the intact: cell 

afkr ttw1tmcnt with a test: substance or, alternatively, on a subccllular fraction of the cell afl:er 

treatment of the intact cell with a test substance. 

[01291 Once compounds are identified that have the desired effect on the theranrntein 

expressing lest cells, it may be desirable (but not necessary) lo independently verify that the 

compounds identified are exerting their effects on the theramutein through a direct binding 

mechanism, i.e. that the compounds fuJfill the criteria of being inhibitors or ~ct:ivat:ors (as 

desired) of the lheramutein according to the teachings of tho invention (the reader is referred 

to the definitions of the terms "activator" and "inhibitor" as given above). This may be 

<tccomplishcd with numerous stllndard binding assays that. are known to one of ordinary skill 

in the art, involving either puriifod protein sflmples or intact cellular binding assays using 

e.dls trnnsfectcd with tho appropriate prot:othcranrntcin or thernnrntein together with 

appropriate controls as dictated by sound scicntifk methods. Since such methods arc wdl 

ostablishccl in the art they will not be rcitoralcd here. Numerous reforcncc texts 

comprehensively disctiss such techniques (see, Jbr oxampk, Foreman and Johansen, 2002; 

Enna S.J. et al. (J 991) Current Protocols in Pharmacology, Wiley & Sons, lncorporntcd; 

llonifocino, J.S. et al. (1999) Current Protocols in Cell Biology, Wiley & Sons, lncorpornk1d). 

See also Housey, G.M. 1988, Chapter 4, and rcfcrcnccs'thcrdn; sec also .Horowitz ct al., 

1981. 

1:ouo1 In a particul~r embodiment of the invention, the method is used to identify 

substances that arc inhibitors of the p2108
'"'··Ahl·TJ rn t:hcramutcin. The prntolhcramutcin and 

therumulein are each expressed in Ba/F3 (murine) cdls using standard methodology and the 
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pbcnoresponses that arc observed arc growth characteristics (terminal ce'll density 1.or a 

carefolly defined coll culture, and growth in the absence of Jntcrlcukin-3 (lL-3). Unmodified 

host cells, or host cells containing the exprnssion vector only or both, may optionally also he 

used. In still aJl()l:hor embodiment, the test cclis iilonc may be used with or without reference 

to a known inhibitor or activator. 

JO 13 l J Another useful assay is l:he determination of the state of phosphorylation of a 

direct substrate of p2 l ollo<··AllFl'.l!SI. One such substrate is Crkl (Gorre ct al., Science 293: 876-

80 (2001)), an adapter protein which mediates the connection between Ber-Ab! and Ras. The 

phosphorylation state of CR.KL is representative of the signaling activity of p2 l 01
"'·-Abl in a 

cell. Another downstream substrate is p62DOK. Any such substrate wot1ld suffice for these 

purposes, provided of c<'nll'se that phosphorylation of said substrate has been shown to occur 

inside the cell, and is nnt simply an autophosphm-ylntion event of the TOI or PTOl as 

discussed above. Other signal transduction cascade components may also be monitored, 

including src family kinases, STATS, Pl3 Ki11ase, rafkinnsc, RAS, MEK, ERK! and ERK2, 

JNK I, 2 and 3, MLKJ, 2 <ind 3, MKK4, MIGG, AKT, mTOR, I-ISP90, and otl1crs. 

[0132J As exemplified herein, inhibitors of the T315J theranmtein have been 

identified. Flll'i:hcrmorc, these inhibitors arc also active to differing extents against the wild 

i:ype protot\J(e!'nnliltein p2 J ()ll<'l-Abl·WI. 

[0133[ According to the present invention, a therapeuticnlly effective amount of one 

1 I I , . I . . f ""'-Abl l . . or nwre co1npo1rn.\ s that: moc ulatc t le tunct10na activity o. · u p2 I 0 t ienunulem is 

administered to a mammal in need thereof The term "administering" as 11sed herein means 

delivering the compounds of the present invention to a mmnnrnl by any method that may 

achieve the result sought. They may be administered, for example, orally, pn1·(1nt<,rally 

(intravenously or inti·mmi.wulurly), topically, transdernMlly or by inhalation. The k1rm 

"n1amma]" as 11sed herein is intended to include, but is not limited to, humans, laboratory 

animals, domestic pds and farm animals. "Therapeutically effoctiw nmount" means an 

amount of a compound that, when administered to a mammal, is cffoct:ivc in producing the 

desired therapeutic effect, such as inhibiting kinase activity, inhibiting cancer cell growth and 

division, etc. 

[0114] The invention provides a mdhorl of treating disease in H mammal by 

administcting to the mmnmal an dfodive arnount of a modulator of a thcranrnl:cin. Suitable 

disensos to be treated according to th\1 present invention incl11de, bt1l are not limited to, 
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relapsing neoplastic or other proliferative disorders that have become resistant to previously 

ad1ninist:ered drugs. The method is also useful for overcoming vmiation among individuab 

witb respect lo susceptibility to dn,g treatment that results from allelic differences among 

therapy targets. For example, the role ()f p2 l OB"~Abl tyr(1sinc kinase signaling in CML has 

been extensively demonstrated, as has the role of thenunuteins of p21 Ou'""'1b1 in drug resistant 

recurrence of CML. Further, different muteins of p2 l onm·-Abl exhibit varying sensitivity to 

inhibitors ofp210ll"'"Al.>l. Althmigh some theramutcins arise during drug therapy, others nl<ly 

preexist in the population. These latter examples will not be recognized as thernmutcins until 

such time as the disease state ensues and is foJJowed by treatment with a known class of 

thcrape11tic agents. Only after said treatm.cnt will such preexisting thenmrntcins reveal 

themselves as being clinically sign.iJkant in terms of relative no1H·esplll1Sivcm,ss lending to 

the progression of the discas<: in the patient: lrnrhoring the thermmitc.in. 

[0135] J'n an embodirn.cnt of the invention, thermnutcin rnochlhttors arc administered 

in combination with one or more other anti-neoplastic agents. Any suitable anti-neophrntic 

agent can be used, s11ch as a chemotherapeutic agent, rndiat.ion or combimitiorn thcrcoC The 

anti-neoplastic agent can be <Ill alkylating agent or an anti-mctabolil.e. Examples of alkylating 

agents include, b\lt arc not limited to, cisplatin, cyclophosphamidc, mclplrnlan, and 

dacarbazinc. Examples of anti-metabolites include, hut not limited to, doxorubicin, 

daunorubicin, and paclitaxcl, gemcitabine, and topoisomera~e inhibitors irinotccan (CPT-11 ), 

aminocmnpt:othccin, cmnptotlwcin, DX-895JJ; lopolccan (topoisorncrase I inhibitor), nnd 

ctoposidc (VI'" 16; topoisomernsc JJ inhibitor) and toniposidc (VM-26; topoisomcrasc II 

inhibitor). Whom the anti-neoplastic agent is radiation, the source of tho radiation can be 

either external (external beam radiation therapy- EBRT) or internnl (brachytherapy ·-·BT) to 

the patient being trented. The dose of anti-neoplastic agent administered depends on 

numerous factors, inch1ding, for example, the type of agent, the type nnd severity of the 

tumor being trcakd and the route of administration of the agent. ll should be emphasized, 

however, that the present invention is not limited lo any partictilar dose, route of 

administrntion, or combination of oJH,motli<orapeutic agents or other therapeutic n'gimcns that 

arc combined with the administration ofthcramutcin modulators. 

10136] Anti-neoplastic ugenb which arc presently known in the art: or being evalnated 

can be grouped into a variety of classes including, for example, mitotic inhibitors, alkylating 

agents, anti-mdaholii:cs, inten:alaling antibiotics, growth factor inhibitors, cell cydc 
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inhibitors, enzymes, topoisomcrasc inhibitors, anti surviwl agents, biological response 

modifiers, anti·l10rmones, and anti-angiogcncsis agents, all of which can be administered 

with inhibitors or activators of theramutcins. 

[0137] A m.odulator of n theramutein cnn be administered with antibodies that 

neutralize other receptors involved in tumor growth. Further, a modulator of a thcranrntcin 

can he administcnxl with a compound that: otherwise modulates a component of a signal 

transduction pathway, preferably a component of the signal tnuisduclion pathway in which 

the theramutein is active and which is common to one or m.ore other signal transduction 

p'1fhw1tys. Jn an embodiment of the invention, a thermnukiin modulator is used in 

oombim1ti(l)J with a receptor antagonist that hinds specifically to the Epidermal Growth 

Factor Receptor (EGFR). Particularly preforred arc antig(lll-binding proteins that bind to the 

cxtnwelliilar domain of EGFR and block binding of one or more of its 'ligands and/or 

neutralize ligand-induced activation of EGFR. An EGFR antagonist can be an antibody that 

binds to EGFR or a ligand ofEGFR and inhibits binding ofEGFR to its ligand. Ligands for 

EGFR include, for example, EGF, TGF-ci, amphiregulin, heparin-binding EGF (HB-EGF) 

and bctacdlulin. EGF and TGF-u nre th<mght: lo be the main endogenous ligands that result 

in EGFR.,·mccliated stimulation, althoiigh TGF-u has been shown to be more potent in 

promoting angiogcnesis. It should be apprcciakd that the EGFR antagonist can bind 

externally to the extracellular portion ofEGFR, which can or can not inhibit: binding of the 

ligand, or iniernally to the tyrosine kinase dornain in the cnse <1f chernical agents. Examples 

of EGFR antagonists that bind EGFR inc!U(k, without lirnilation, biological agents such as 

antibodies (and functional equivalents thercot) specific for EGFR, and chemical agents (small 

molecules), such as synthetic kinase inhibitors that act directly on the cytoplasmic domain of 

EGFR. 

[O 138] Other examples of growth factor receptors involved in tumorigenesis arc the 

receptors for vascular mdothclial growth fo.ct:or (VDGFR" l and VEGFR-2), pbkld-derivcd 

growth factor (l'DGFR), ncrvu growth foctor (NGFR), fibrobbst growth factor (FGFR), and 

others. 

[01391 In a combination thernpy, the therunrntcin inhibitor is administered before, 

during, or alter connnencing therapy with another agent, as well as any combination thereof:: 

;, e., before and during, before and after, during and after, or before, during and atkr 

commencing the anti-neoplastic agent therapy. For ex1nnple, the theranmtein inhibitor can be 
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commencing the anti"neoplaslic agent therapy. For cxmnple, the theramutein inhibitor can be 

administered between I and 30 days, preferably 3 and 20 days, more preforably between 5 

and 12 days befnre commencing radiation therapy. In a preferred crnbodimcnt of the 

invention, chemotherapy is administered prior to, concurrently with or, mono preferably, 

subsequent to antibody therapy. 

[0140] Jn the present invention, any snitable rricthod or route cnn be used t<l 

administer thcrarnutcin inhibitors of the invcntfr:>n1 i1nd optionally t to C('.lradrninister antin 

neoplastic a.gents and/ot antagonists of other receptors. The anti-neoplastic agent regitncns 

utilized accotding to the invcntion1 include nny rcgin1en bclie:vcd to be optimally suitable for 

the treatment of the patient's neoplastic condition. Different malignancies can require use of 

specific an1i-tun1or antibodies and specific anti~neoplastic agents, which will be dctcrn1in¢d 

on a patient to patient basis. Routes of adn1inistration include, for exainple, oral 1 intn.i.venous, 

intraperitoneal, subcutaneous, or intran1uscul:tr ad1ninistration. 'J'hc~ dose of antagoui~t 

adrninistered depends on numerous factors, inchiding, for example, tho type of antagonists, 

the type and severity of the tutnor being treated and the route of adJninistr;ttion of the 

antagonists. It should be emphasized, however, that the present invention is not limited to 

tu1y particular rnethod or route of adn1inist.rntio11. 

[0141) 

buffered saline, dextrose, glycerol, ethanol and the like, :" wdl as combinations thereof. 

Cilrdcrs c.an further co1nprise 111inor arnounts of auxiliary substances, such as wetting or 

c-111ulsifying agents, prcservativ~~s or buffers, \Vhich enhance the shelf life.; or effectiveness of 

the thera1nutcin n1odul;ttor as the ;,u.:tivc ingrcdi(;:H!. 'fhl: con1po;:diio.ns can, ns is \veil known 

in the rirtt be f:(JrmuJatcd so ~.1s to provide quick, sustained or delayed rclc1\sc of the active 

ingredient after adntini:;:tration t(> the n1ainrn~ll. 

[0142] The cornposition~ of' th.i:.; invention cru1 lJo in u variety of fon·ns. ·rhc$C 

indude, for cxampl<l, solid, ienii-s<>lid and liquid dosage forms, such as tablets, pills, 

po\vders, liquid s~1Jutions1 dispersion:=: or suspensions, liposotncs, suppositories, injectable and 

in.fl1siblc solution~. l'hc~ pruft:rr~·:d fbrnl dcpt~nds on th«::} intended 1nodc of achninistration and 

therapeutic application. 

[O 143] Such conlpnsitions of the pr·cscnt invention are prepared in a rnanncr wel1 

known in tla~ phannar;eut.ical art. l.n n1uking the cornposition the active ingtc<licnt will 

usually be IDixed with a carrier, or diluted by a carder and/or enclosed within a carrier which 
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carrier serves as a diluent, it can be 11 solid, semi-solid, or liquid material, which ;icts as a 

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

form of tablets, lozenges, sachets, cachets, elixirs, suspensions, aerosols (as a solid or in a 

liquid medi111n), ointments containing, for example, up to l 0% by wcigbt o:fthe active 

compound, soD: and hard gelatin capsules, suppositories, injection solutions, suspensions, 

sterile paclrngcd powders and as a topical patch, 

[0144] It should be appreciated that the methods and c\11npositions of the present 

invention can be administered to any suitable nwnunnl, wch as a n1bbit, rat, or mouse. More 

preferably~ the n11:1.n1111al is a hun1an. 

[01451 The compo1mcls according to the invention may ulso be present as salts. In the 

context of the invention, preference is given to pharnmcmitically acceptable sails. 

Pharmacct1tically acceptable salts rcfors to an acid addition salt or a basic addition salt of a 

c.ompotind of the invention in which tlw resulting counter ion is understood in the art to be 

. generally acceptable for pharmaceutical uses. Pharmacc11tical1y acceptable salts can be salts 

of the compounds according to the invention with inorganic or organic acids. Preference is 

given to salts with inorganic acids, such as, for example, hydrochloric acid, hydrobromic 

acid, phosphoric acid or sulfuric acid, or to salts with organic carboxylic. or sulfonic acids, 

,such as 1 1.br cxan.tpl0, acetic acid~ 11i.aleic acid, ftn11aric acid, rn.alic a<~id, citric Heid; tartaric 

acid, lactic acid, bcnzoic acid, or molhanesu!J:onic acid, dhancsulfonic acid, phcnylsulfonic 
' . 

acid, toluenesulfonic acid or naphthalenedisulfonic acid. Pharmaccutfoally acceptable salts 

can also be .metal or ammonium salts of the compounds according to the invention. Particular 

preference is given to, f(>J.- exan1plei sodiun1:1 potassiun1:1 111agnesiun1 or calci\.H11. salts, and a.lso 

to nmmonium sults which ure derived from ammonia or organic umines .• such as, for example, 

ethylaminc, di- or triethylmninb, di- or triethanolamine, dicyclohexylamine, 

dimcthylaminocthanol, arginine, lysine, ethylcnccliamine or 2-phenylethylmnine. (see, Berge 

ct al. J. Pharm. Sci. 1977, 66, 1-19). 

l. Throughout this application, various publications .• reference texts, textbooks, 

technical manuals, 1nitcnts, mid patent applications have bc\ln r<!ferred to. The teachings 

and disclosures of these publications, patents, patent applications nnd other documents in 

their entireties are heroby incorporated by reference into this application to more fully 

dcscrilw the state of the mt to which tfa> pres\>nt invention perlnins. 
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It is to be understood and expected that variations in the principles of 

invention herein disclosed may be made by one skilled in the art and it is intended that 

such modifications are to he incl\l(kd within the scope of the present invention. 

The following examples further illustrate tho invention, but should not: be 

construed to limit the scope of tho invention in any w1iy. Detailed descriptions of 

conventional methods, such as those employed in the construction of vectors and 

plasmids, the insertion of genes encc>ding polypeptides into such vectors and plasmids, 

the introduction of plasmids into host cells, and the expression and detennination thereof 

\)f genes 11nd gene products cun be obtuincd from numerous )J\lblications, including 

Sarnl,,.ook, Jet al., (1989) Molecular Cloning: A Laboratory Manual, 2"" ed., Cold Spring 

Harbor Laboratory Prc:;s; Coligun, J. d al. (1994) Current Protocols in Immunology, 

Wiley & Sons, Incorporated; Enna, S.J. d al. (1991) Current Protocols in Pharmacology, 

Wiley & Sons, Bonifocino, J.S. ct al. (1999) Current Protocols in Cell Biology, Wiley & 

Sons, and U.S. Patent 4,980,281. All references mentiomod herein are incorporated in 

their entirety. 

li:XAMPLES 

[0146] p210""·-Ahl-TJJ.5l is 8 thcninmtcin of the p2 I ()Ber-Ab! protein (p2 l Oll.:i··Abl) that is 

resistant I<> inhibition by imatinib mcsylatci (Glcevec, STJ."571 ). The mutation at position 315 

converts a threonine to an isokucinc residue and is one of severui inulations that arc observed 

among resistant or relapsed patim1ts. This particular mutant, however, is the most resistant 

such t:hermnutein yet identified. 

[0147] A phcnorcsponse was determined for a Ba/F3 cell line engineered to 

overuxpress the p210Bc.·-AWL1\SI thcrmnutuin. The phcnorcsponse was Jetermirn:d relative to 

non-trmrnforrned Ba/F3 cells and Ba/F3 cells that express the p21 O"°'·-Abl-wt protothcrnnmtein. 

The phcnornsponsc was the ability of the T3] 51 m.utants to grow to a higher coll saturation 

density under a1mlogous culture conditions as compared to the cont:rol non··l:ransformed 

Ba/F3 cell line, and to grow in the absence of interleukin 3 (!L-3), which is required for 

maintenance of the control n(lll-transfonned Ba/F3 cell line. The phenoresponse was defined 

and charactetihed according to the~ tc~n.chings glven a·bovc. 

[0148] The detection system utilized was a high speed cell imaging and counting 

system in which 3 vl smnplc volumes ()f cells were sequentially injoctccl through a 5 vl 
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' optical microocll, digitally imaged and electronically stored, scanned, and then counted, all 

under a microcomputer-based control system. The system has the capacity to perform direct 

cell counts on samples from cultures as small as 500 ft! <md provides stMistically significant 

total cell counts fiT>nl culture samples containing as fow ils 12,500 cells. All of the figures 

displaying cell count and viability ussays utilized this system for data acquisition and 

analysis. 8imult:-1ncously with the cell count performed, the system is also capable of 

determining overall cell viability by distingui8hing counted, inrngcd cells thnt have excluded 

trypsn blue (counted as "vi<ible" cells) from cells which have taken iip the trypan blue dye 

(counted as "non-viable" cells). Injection oftrypan blue into the cell sample occurs 

immediately prior to the smnpk being sequentially injected into the microcel! for 

simultaneous cell counting and imaging. 

[0149) The system may be integrated inlo the workflow of high-throughput ~creening 

devices to provide a scnsitiw and precise cell counting and cell viability assay system that is 

more reliable and less prone to confounding effects of metabolic viability-based cellular 

assays 8Uch as XTT or A Jamar blue. 

[0150] Jnitially, approximately 113,000 compounds were scrc(,ned at conc(l!ltrations 

generally rOJnging from lO to 20p.M to identify a subs<'\: that was capable of affecting growth 

of Ba/F3 cells (Ba/F3 T3 l 5! cells) overexpressing the p21 on'""Abl·TJISI thcramutein by any 

11101:1118. 

[O 15 l] A total of approximately J l, 760 compounds showed greater than 50% growth 

inhibition, which were thought to correspond to approximately 4500 distinct chemical 

classes. Retesting ofthes0 compo1mds with the same cell line yielded a database of 

compound responsiveness whid1 was lh011 sorted mid nink ordered according to those 

compounds exhibiting the highest overall growth inhibition. From this rank ordered 

database, the highest scoring 130 eompOl1nds (based upon the greatest degree of growth 

inhibition ohs('l'Vcd at the lowest concentrations that compounds worn tested) were then 

rescreened in a. defined cc!Hn1scd assay system using Ba/F3 'f3 l 51 as kmt cells ancl wilcl type 

Ba/F3 as control cello according to tho methods ofthe present invention. Compounds of 

interest were those that differentially inhibited growth of Ba/F3 cells expressing th(' p2105
''"­

Ab>-Tl isi thernnrntoin relative to non-transfonncd wild type Ba/F3 cells. Six compounds were 

identified that folfilled the desired criteria, and smne ofthese coinpoimds wore analy7.ed in 

further detail using the Ba/F3 p2108'"·Abl-w< cells I ine (Ba/F3 Pl 10 cdls) as well. One 
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compound was unavailable for further testing due to lack of availability of additional mateifal 

from the chemical supplier. The remaining five compounds were independently evali1atecl in 

udditional cdl"based assays using the afrircmcntioncd cell lines as well as in a cell"free 

purified protein kinase assay using human rccombinantly produced 120 Kd kinase domain 

fragirnmts isolated from both wild type 1'210 Bcr-Abl as well as !'210 T315l mutant kinase 

clon1ain. 

[0152] All five compounds inhibited p2101k"-Abl-·TJ!SI 120 Kd activity us measured by 

inhibition ofautophosphorylation activity, as shown in Figure 4. Thus, of the 6 highest 

scoring compounds out of more than 113,000 compounds scrccnccj, at least 5 oft:hc six 
' ·1· tl . I 'b' l ti ''108"'-AblTJlSI t I' l It. ' t II tl t" 1 5 c 1rcc y rn n !lee , w (.L nrntan · ( 1rect y. . · ts no ·cwor · iy · rn : ,_,ompoUJJ( . 

appears to spread the recombinant protein band out on the SDS page gel. This was also 

evident on the silver"staincd gel (data not shown). It is possible that this compound may 

actually he 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:J Taken together, the teachings and the results described herein provide 

conch1sivc proof that the system. is <:apablc of idcnti(ying inhibitors or activators of the 

sdected t:hermnutoi.n, and the skilled investigator will immediately recognize drnt such a 

system may be easily applied to any other thcrnnrn.tcin with only obvio\is, minor 

in odi fi c.at:ion s. 

[0154] Representative examples of the ceJl .. bascd assay results dcm<mstrating 

selective inhibition of growth of tho Ba/F3 T3151 cell line relative to the wild type non-
1 

transformed Ba/F3 cclis arc shown in Figures 1 and 2. 'J'he compounds inhibited growth and 

rnducod the viability of cells expressing the T3 l 51 thernmutein at concentrations under which 

the growth and viability of the wild type BH/F3 non-transformed cells (not expressing either 

p2 l 013"·-Al>l-wi or p2 l o""··Abl·-TJI :;i) were rcbtivdy unaffoctcd, whcrcus cells exprnssing both th\! 

prototheranrntein as wdl as l:hc thcrarnutein were substantially inhihited. In some instances, 

the T3 l 5l expressing cdls were inhibited to an oven greater extent than the P2 l 0 

prototheramutein expressing cells. (Sec, for cxmnpk, Figure 3, right hand side, Compoimd 3 

results against: P210 and T3 ! 5l cells. 

[0155] In summary, the mcthocb prcscntod herein provide a fiindamental advance in 

1l1e form of a generalizable approach for creating or identifying modulators of any given 

thcnunutcin. The results demonstrate conclusively the power of the method to identify 
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critically JH,cdcd compounds to overcome a specific type of acquired drng resistance that is 

uniformly fatal in certain patient populations and is pres<0ntly untrcatabk. Furthermore, it is 

evident to nne of 8kill in this art that the techniques and methods described herein may, using 

obvious !1lodifical:ions, be strnighforwan!ly gcncnilizcd to any potential thcrnnrnkin of 

clinical significance. 

10156] It is remarkable that out ofa primary screen of more than 100,000 compounds 

where approximately l 0,000 compounds exhibited some degree of growth inhibiti(m, when 

the rnost potent t,,'rowth inhibitory substances were rescrconcd using the Method described in 

detail herein, 6 distinct compounds were identified and all of the compounds that were 

subsequently tested exhibited inhibitory activity in a cell"free purified protein kinase ass<lY 

using the T'3 l 5l mutant (one compound W<w unavailable for further testing). Based iipon 

such rcnmrlrnblc re0ults, it becomes immediately clear to the skilled artisan that the method 

may be 'iffecrive/y applied towwd the ident{ficc1tio11 ofi11hibitors or activators qf_aw~ 

lher!!l?!HtfitLbasod upon the propc1· 0election and ckfinition of the phenoresponsc according to 

the teachings in the sections given abOV(' nnd the docurn.cnts incorporated by rofercncc herein. 

For example, with knowledge of the foregoing, one of ordinary skill in tho art coLild easily 

design an assay systcn1 to idcnti(y inhibitors ofthcrnmutdns (forivcd frorn other 

prot:othcrmnutcins known to exhibit 1.nulations that confor drug resisttmcc such as the c-kit 

gene product or the Epidermal Growth Factor (EGF) Receptor (EGFR), or the Platdel 

Derived Growth Factor (PDGF) Receptor u and fl. No limitation should he inferred upon the 

utility of the method with respect to its ability to be utilized with any given thcramutein 

expressed in 'lllY mmnmalian cell type for which a corresponding phenorcsponsc is 

detectable, 

[Ol 57] All rofcrcnccs to any publication, patent, or other citation are hereby 

incorporatc:d by reference. 
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CLAIMS 

What is claim.eel is: 

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

comprising administering fl therapeutically effective amount of a comp<Jrmd having the 

formula I 

(I) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to I 2-nmnb<:rcd foscd bi cyclic 1ing; 

X1 is sdcctcd from N, N"R0 or C>R1
; 

X2 is selected from N, N"R0 or C>H I; 

the dotted lines rcprnscnt optional double bonds; 

each R1 is independently selected from the group consisting ofH, alkyl, cycloalkyl, alkenyl, 

alkynyl, 1irulkyl, CN, CF3, N02, OR 11
, "(Cll1.)pC(O)(Cl-h)qR11

, -(Cll,)pC(O)N(R 12)(R13
), 

-(CH2)pC(O)O(c1-1,J,,1~ 11 ,-cc1-1i)pN(R11 )C(O)R.' ', -(Cih)"N(R12)(R 1\ -N(R
11 )SO,R11

, 

-OC(O)N(R 12)(R13), -SO,N(l{ 12)(R "), halo, aryl, m1d a hcterocyclic ring, and additionally 

or alternativdy, two R 1 groups on adjacent ring atoms frmn a 5- or 6-1m,mhered fused 

ring which contains from 0 to 3 hct:eroutonw: 

n is 0 to 6, 

each R 11 is independently selected from 1-1, alkyl, cydoalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, and a h0terocyclic ring; 

each R 12 and R13 arc imkpenclently seloctccl from H, <iikyl, eycloalkyl, alkenyl, 

alkynyl, arnlkyl, aryl, and a hetcrocyclic ring; or R12 and Ru may be taken 

together with the nitrogen to which th(l)' arc attached form a 5- to 7- membered 

ring which may optionally contain a i:i.1rthcr hetcroatom; 

p is O to 4; 

q .is 0 to 4; 

R2 is selected from -Cll.21a-, -NR12
1, •. , and -(C>R23)-; 

each R21 is .independently selected from H, halo, -NH2, -N(H)(C1_3 alkyl), -N(Cr-3 alkyl)1, 

-O··(C1.3 alkyl), OH <rnd C1_3 alkyl; 
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each R22 is independently selected from 1-1 and Ci-3 alkyl; 

R23 is solcctcd from 0, S, N-R'i, and N-OR 0
; 

R3 is selected from -CR"1
"-, -Nll.12

11-, and ··(C=R33
)-; 

l'CT/llS20115/ll 18~ 12 

e11ch R11 group is selected from H, halo, -Nl-12 , -N(H)(R0), -N(R0)i., -O-R0
, OH and C1-J 

alkyl; 

each R32 group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, C02R0
, 

C(O)R11
, aryl, and a heterocyc\ic ring; 

R33 is selected from 0, S, N--R3
'
1
, and N-OR0

; 

R1
'
1 is selected from II, N02, CN, alkyl, cycloalkyl, alkenyl, <tikynyl, aralkyl, aryl and a 

heterocyclic ring; 

R4 is sc.lected from -CR'1\-, -NR'12_r, -(0•'1t43
)-, and -0-; 

each R41 is selected from IT, alkyl, cycloalkyl, alkcnyl, alkynyl, C01.R
1
\ C(O)R'\ aralkyl, 

aryl, and a het:erocyclic ring; 

each R42 group is selected from 1-l, alkyl, oycloalkyl, alkcnyl, alkynyl, aralkyl, C02R0
, 

C(O)R0
, aryl, and a het:erocyclic ring; 

each R43 is selected from 0, S, N-R0
, and N-OR.0; 

with the provisos that when R2 is ·-·NR22v and f(1 is. NR'12r, then R.3 is not .... :NJzl:l"-; and that 

both R3 and R'1 m:c not simultaneously sel"ct:ed from -(C~R33)- and -(C~R43 )-, respectively; 

R5 is selected from .. Y,..R6 and .. z-R'1; 

Y is selected from :1 chcm.ical bond, 0, NR0
, 

R6 is sekckd from alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl, and a hctorocyclic 

ring; 

Z is a hydrocarbon chain having from l to 4 carbon atoms, and optionally substituted with 

ono or more of halo, alkyl, cydoalkyl, alkcnyl, alkynyl, m:alkyl, COzR", C(O)R0
, 

C(O)N(R11h, CN, CF3, N(R0)2, N02, and OR0
; 

R'' is H or is selected from aryl and a lwkorocyclic ring; 

each R0 is ind<;pendently sokcted from I-I, alkyl, cycloalkyl, aralkyl, aryl and a hctcrocyclic 

ring; 

a i~ 1 or 2; 

bis 0 or 1: 

cislor2; 

dis 0 or I; 

e is l or 2; and 

/is 0 or 1. 
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2. The method of claim J wherein X 1 is N. 

3. The method of claim 2 wherein :X2 is N. 

4. The method of claim I, comprising administering a therapeutically effective amount of a 

compound lmving t]H, formula I., 

wherein: 

ring A is a 5-, 6-, or 7- 1nembered ring or a 7- to 12-mcmbered fused bicyclic ring; 

X1 is selected from N, N-R11 or C>R1
; 

X2 is selected from N, N-R0 or C-R1
; 

the dotted lines represent opti<lnal double bonds; 

each R1 is independently selected from the group consisting of H, alkyl, cyclm11ky1, nlkenyl, 

alkynyl, arnlkyl, CN, CF3, N02, OR 11
, -(CH2)i,C(O)(CH2)qR11

, -(Cl-h)pC(O)N(R12)(R13
), 

-(CI-h),,C(O)O(Cl-I2)qR ll ,-(Cl-h)pN(R I 1)C(O)R1 I, -(Cl-h)pN(R12)(R 11
), -N(R I 1)80211..1 

I' 

.. ()C(O)N(R12)(RL'J, .. so2N(R 12)(R 13), halo, aryl, and a hcterocydic ring, and additionally 

or alternativdy, two .R1 groups on adj:1ccnt ring aton1s fornJ a 5~ or 6-mcmbcrcd fused 

ring which contnins :from 0 to 3 hcteroatoms; 

n is 0 to 6, 

('ach R11 is independently sdcckd :from ll, alkyl, cycloalkyl, alkenyl, alkynyl, arslkyl, 

aryl, and a hctcrocyclic ring; 

('fldJ R 
12 and R 13 arc ·independently selected from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, aryl, and a hctcrocyclic ring; or R 12 and R 13 may be taken 

together with the nitrog(lll to which they arc attached form a 5- to 7- membered 

ring which nwy optiomlly contain a further hct:croatom; 

pis 0 to 4; 

1/ is 0 to 4; 

each Rn is independently selected from Hand C1_3 alkyl; 

R3 is selected from ···CR31
,,-, -NR32

r1-, and -(C=R31
)-; 
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each R31 group is selected from !-:I, halo, -NH2, -N(ll)(R1
\ -N(R"b -O-R0

, OJI nnd C1_3 

lllkyl; 

cnoh R32 group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, C02R
0

, 

C(O)R0
, aryl, and a hcterocyclic ring; 

R:i:i is selected from 0, S, N-R34, and N-OR0; 

R34 is selected from I-I, N02, CN, alkyl, cycloalkyl, alkenyl, nlkynyl, aralkyl, aryl and a 

hetemcyclic ring; 

R4 is selected from-CR'11
,-, -NR'12r, ··(C=R'13h and -0-; 

euch R41 is selcckd from H, alkyl, cycloalkyl, alkonyl, alkynyl, C02R
0

, C(O)R0
, aralkyl, 

aryl, and n hdcrocydic ring; 

each H 42 group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, C02R", 

C(O)R0
, aryl, and "heterocyclic ring; 

each R43 is selected from 0, S, N-R'\ and N-OR0 ; 

with the proviso' that when R4 is-NR42r, then R3 is not-NR32
d-; :md that both R3 and R4 arc 

not sinrnltm1oously selected from -(C>"R'l'.l)- and -(C>R'nh respectively; 

R5 is sdcctcd from -Y-R6 and -Z-R7
; 

Y is sdectcd from a <:hernical bond, 0, N-R", 

R" is selected frorn alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, aryl, and a hct,:rocyclic 

ring; 

Z is a hydrocarbon chain having from l to 4 carbon atoms, and optionally substituted with 

one or more of halo, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, (:02R0
, C(O)R'\ 

C(O)N(R0h, CN, CF3, N(R0)7., NOi., and OH-°; 

R.1 iH Hor is select:ed from aryl and a hctcrocyclic ring; 

each R0 iH independei1tly selected from H, alkyl, cycloalkyl, andkyl, aryl nnd a het<1rocyclic 

ring; 

a is 1 or 2; 

b j, 0 or l; 

c is I or 2; 

dis 0 or 1; 

e is 1 or 2; and 

/is 0 or l. 

5. Tlw rnothod of claim 4 wherein X1 
i0 N. 

79 



wo 2110;111:;9n PCT/US2011S/ll l 8~ 12 

6. The method of claim 5 wherein X2 is N. 

7. The method of claim 1, comprising administering a lhernpeuticnlly effective amount of a 

compound having the formula 11> 

wherein: 

ring A is a 5-, 6··, or 7- membered ring or a 7- to 12-membernd fused bi.cyclic ring; 

X1 is solcctcd from N, N--R0 or C-R1
; 

X2 is selected from N, N-·R0 or C-R 1
; 

the dotted lines represent optional double bonds; 

each R1 is independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, 

alkynyl, 11ralkyl, CN, CF3, N02, OR11
, -(Cl-h)pC(O)(Clli.)qR 11

, ·(CH2)1,C(O)N(R 12)(Ru), 

-(Clli.)pC( O)O(CH2)qR 11
, -( CI-b),,N(lZ 11 )C(O)R 11

' .. (Clli.),,N(R12)(R 13), -N (RI I )S02R 
11

' 

-OC(O)N(R 12)(lZ 1
\ -S02N(R 12)(R 13), halo, aryl, and ii heterocydic ring, and additionally 

or alternatively, two R1 groups on adjacent ring atom" forrn a 5" or Ci-membered foscd 

ring which contains from 0 to 3 hetcroatom:;; 

n is 0 to 6, 

each R11 is indcpcnckntly selected fi-om I-l, alkyl, cycloalkyl, a)kenyl, nlkynyl, aralkyl, 

aryl, and a hctcrocyclic ring; 

each R12 mid R13 arc independently selected from Il, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, nryl, and a heterocyclic ring; or R"· and R13 may be taken 

together with the nitrogen to which they are attached frmn a 5- to 7- membered 

ring which may optionally c@tain u further heteroatom; 

pis 0 to 4; 

q is 0 to 4; 

each R:!i is independently seleded from H nnd C 1_1 alkyl; 

O<\ch R32 group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, C02R0
, 

C(O)R0
, aryl, and a hctcrocyclic ring; 

R'1 is selected from ····CR41
"·, ·(O .. --R43h and -0-; 

crwh J{11 is selected from H, alkyl, cydoalkyl, ~.lkenyl, alkynyl, C02R
0

, C(O)R11
, aralkyl, 

aryl, and a heterocyclic ring; 

80 



WO 200S/l IS•>92 

each g43 is selected from 0, S, n.R0
, and N-OR0; 

R5 is selected from "Y"R6 and -Z"J(1; 

Y is 'elected from a chemical bond, 0, N-R0, 

PCT/lJS200S/018-112 

R 6 is selected from alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl, and a beterocyclic 

ring; 

Z is a hydrocarbon chain having from 1 to 4 curbon atoms, and optionnlly substituted with 

one or more of halo, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, C02R0
, C(O)R0

, 

C(O)N(R0)2, CN, CF3, N(R0h, N02, and OR0
; 

J.{
7 is H or is selected from aryl and a heterocyclic ring; 

each R0 is independently selected from I-1, alkyl, cydonlkyl, aralkyl, aryl and a hctenicyclic 

a is l or 2; 

b is 0 or l; 

c is 1 or 2; 

disOorl; 

c is 1 or 2; and 

/i' 0 or 1. 

8. The method of claim 7 wherein X 1 is N. 

9. The method of claim 8 wherein X2 is N. 

JO. The method of claim l, compriBing administering a thcra1Kutically d'foctivc amount of a 

compound having the formula II 

(II) 

wherein 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-mcmbered J\Jscd bicydic ring; 

X1 is sekctcd from N, N-R0 or C-R1
; 
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X2 is selected from N, N-R" or C-R'; 

lhe dotted lines represent optional do11ble bonds; 

each R1 is independently selected from the group consisting ofH, alkyl., cydoalkyl, alkcnyl, 

alkynyl, unilkyl, CN, CF,, N02, OR 11
, -(Clh)/~(O)(CH2\).Z 1 1, -(CI-l,)pC(O)N(R12)(R13

), 

-(Cih)/.~(O)O(Clb)qR 11 ,-(Clh)pN(R 11 )C(O)R 11
, -(Clh)pN(R 12)(R 11), -N(R 11 )S02R 11

, 

-OC(O)N(R 12)(R''), -S02N(R12)(R 1\ lrnlo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5- or 6-mcmbered fi.1sed 

ring which contains from 0 lo 3 heteroatoms; 

n is 0 to 6, 

each R 11 is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, 

aryl., and a hderncydic ring; 

each R12 and R13 are indcpcmk:ntly sck:ctcd from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, aryl, and a hdcrocyclic ring; or R'" and R13 may be taken 

together with the nitrogen to which they arc attached form u 5., to 7., membered 

ring which may optionally contain a farther hctcroatom; 

pis 0 to 4; 

q is 0 to 4; 

R ~is selected from the group consisting of is sclect:ed from H, alkyl, cycloalkyl, alkonyl, 

alkynyl, COo.R0
, C(O)R'', aralkyl, aryl., and a heterocyclic ring; 

'J> 9 . I t ·11· Y l.,,, I Z' l''/ '\. IS Se cc ·et T(H11 ~ ' - '\. anc. ~ _,- '\. ; 

Y is selected fhnn a chemical bond, 0, N-R11
, 

R6 is sel0ded from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a hotcrocydic 

ring; 

Z i8 a hydrocarbon chain having from 1 to 4 carbon atoms, imd optionally substitu\<o'(l with 

one or more of halo, alkyl, cycioalkyl, alkcnyl, alkynyl, aralkyJ, C02R0
, C(O)R0

, 

C(O)N(R0h, CN, CF3, N(R0h, NO~, and OR0
; 

R7 is J-l or is selected from aryl and a hctcrocyclic ring; and 

each R0 is independently selootcd from I-I, alkyl, oycloalkyl, ara!kyl, aryJ and a hdorocyclic 

l l . The method of cluim 10 wherein X 1 is N. 

12. The method of claim. l 1 wherein X2 is N. 
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13. The mothod of clnim 1, comprising administering a therapeutically effective amount of a 

compound having the formula II" 

(II,.) 

wherein 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-mcmbcrcd fi.JS('d bi<lyclic ring; 

X 1 is selected from N, N-R0 or C-R 1
; 

xi. is selected from N, H-R0 or C-R1
; 

the doited lines represent optional do1iblc bonds; 

each R1 is independently selected from the grnup consisting ofl-1, alkyl, cydoalkyl, ulkcnyl, 

alkynyl, arnlkyl, CN, CF1, N<h OR 11 , -(Clh)pC(O)(Clh),1R
11

, -(ClI,),,C(O)N(R 12)(R 1
\ 

-( CH2)pC(O)O( Clh),p11 
,-( Cl:h)pN (RI I )C(O)R 11

, .. ( CH2)pN (R 12)(R 1\ -N(R 11 )SO"R11
, 

-OC(O)N(R 12)(Ru), -S02N(R 12)(R 13
), halo, aryl, and a hdurocydic ring, and additionally 

m· altcrnalivcty, two R 1 groups on adjacent ring atoms form ti 5 .. or 6-mcrnbered 'fr1sed 

ring which contains from 0 to 3 heteroatmns; 

n is 0 to 6, 

each R 11 is independently sekctcd from l-1, alkyl, cyoloalkyl, nlkcnyl, alkynyl, aralkyl, 

aryl, and a hctcrocyclic ring; 

each R 12 andR 13 arc independently selected from H, alkyl, cyclonlkyl, ulkenyl, 

alkynyl, 1in1lkyl, aryl, and a heteroeydic ring; or R 12 and R 13 may be taken 

togothcr with the nitrogen to wbid1 they are attached form u 5- to 7- membered 

ring which may optionally contain a further heterol\lom; 

pis () to 4; 

q is o to 4; 

R8 is solect:ed from the group consisting of.' is selected from H, <ilkyl, cycloalkyl, alkenyl, 

alkynyl, C02R0
, C(O)R0

, arnlkyl, aryl, and a hoterocyclic ring; 

X3 is N, CH 01' C·R ' 0
; 

each R '')is independently selected from the group consisting of alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF,, NOz, OR51
, -(Cl'I,),.C(O)(CIJ1))~l 1 , -(ClI1),.C(O)N(R 51)(R 53

), 

·(Clh),C(O)O(CI-h).,.R 51 ,-(CH2),N(R51 )C(O)R 51 , "(CH2),N(R 5?.)(R53
), -N(R 51)S02R51

, 
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-OC(O)N(R52)(R53
), -SO~N(R)2)(R53), halo, aryl, and a heterocyclio ring, and additionally 

or alternatively, two R50 groups on adjacent ring atoms l:onn a 5- or 6-mcmbered fused 

ring which contains from 0 to 3 heteroatoms; 

R51 is selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl, and a 

hcterocyclic ring; 

R52 and R53 am independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, 

aralkyl, aryl, and a hctorocyclic ring; or R12 and R53 rnay be taken together with 

the nitrogen to which they are attached form a 5- to 7- membered ring which nmy 

optionally contain a forther heteroatom; 

r is 0 to 4; 

sis 0 to 4; 

mis 0 to 4; and 

'"1ch Ro is .indepenckntly selected J:l:om H, alkyl, cyoloalkyl, nralkyl, aryl and a helcrocyclic 

ring. 

14. The method ofdaim 13 wherein X 1 is N. 

15. The rndhod of claim 14 wherein X2 is N. 

16. The method of claim 1, comprising administering a therapeutically cJlcctive amount ofa 

wmpound having the J:ormula IJi, 

wherein: 

R 14 is sdeclecl from H and F; 

R8 is sclcctccl from llw group consisting of is selected from I-I, alkyl, cycloalkyl, <ilkenyl, 

alkynyl, C02R0
, C(O)R0

, aralkyl, aryl, and a heterocyclic ring; 

X3 is N, CH or C-R60
; 

c«ch R60 is indq1endently selected from the group consisting of alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, CN, CF3, N02, cm0
, halo, aryl, and a hctcrocyclic ring; 

R'; 1 is sokckd from aryl and a hot:orocyclic ring; 
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Q is selected from a chemical bond or a group having the formula -0-, -(Cl:h);-, 

-(CI-h)1C( 0)( Cfh)r, -(CH2)1-N (R6'HCH,)r, -( Cl'h);C(O)-N(R 62
)-( Cl'b)r, 

-(CH2)1C(O)O(Clb)r, -(Clb)1N(R62)C(O)-(Cl-l2)r, -(Cl-l2)10C(O)N(R62}-(Cl-l2);-, and 

-O .. (CH2)1-C(O)N(R1
'
2)-(Clh)r; 

R 62 .is selected from nryl, and a hctcrocyclic ring; 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic 

ring~ 

his 0 to 4; 

i is 0 to 4; ;ind 

i is 0 to 4. 

17. Tho method of claim 1, comprising administering a therapeutically effectiv<' amount of a 

compound having the formula JU 

(Ill) 

ring A is a 5-, 6-, or 7- 1nernbcrcd ring or a 7- to !>membered fi_rnod bicydic ring; 

X 1 is selected from N, N .. Ro or C-R1; 

X2 is selected frorn N, n.R0 or C-R1
; 

tho dotted lines represent optional double bonds; 

each R 1 is independently 8olcclcd from the group comisting of H, alkyl, cyclonlkyl, alkenyl, 

alkynyl, aralkyl, CN, CF3, N02, OR 11
, -(CHz)/c(O)(Cll,)qR 11

, -(Cl'h)pC(O)N(R12)(R13), 

-(Cl'h)pC(O)O(Cl12)qR 11 ,.{CHi.)pN(R 11 )C(O)R 11
, -(CII,),,N(R 11·)(R13

), -N(R 11)S02R 11
, 

-OC(O)N(l:.t 12)(R13
), -S02N(HY)(l< 13), halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R1 groups on adjacent ring atoms J:orrn a 5- or 6-1m,mbered i:lrned 

ring which contains from 0 to 3 heterontonm; 

n is 0 to 6, 

each R 11 is independently solodcd frorn H, alkyl, cycloalkyl, alkonyl, alkynyl, arulkyl, 

aryl, and a hetcrocyclic ring; 

each R 12 and It 13 are independently solcctccl from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, aryl, and" betcrocyclic ring; or Rl? and R 11 may be taken 
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together with the nitrogen to which they <1re attached form n 5- to 7-1m1mbcrcd 

ring which may optionally contain a further heteroatom; 

pis 0 to 4; 

q is 0 to 4; 

R 10 is selected from -Y'-R18
; 

Y' is sdcctcd from a chemical bond, 0, NR"-, and a hydrocarbon chain having from 1 to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkcnyl, alkynyl, aralkyl, C02R0
, C(O)R'\ C(O)N(R11h, CN, CF3, N(R0h, N02, and OR0

; 

R 18 is selected from the group consisting ofll, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

CF1, aryl, and a hctcrocyclic ring; and 

each .R0 is independently selected from I-I, alkyl, cycloalkyl, aralkyl, aryl and a hctcrocyclic 

rmg. 

18. The method of clnirn 17 whcorcin X 1 is N. 

19. The compound ofcbim l 8 wherein xi. is N. 

20. The 1ndhod of dairn 1, comprising administering a lhenipeutically cJ:l'cdivc mnount of a 

compound having the fonnula III,. 

(Ill,.) 

wherein: 

ring A is a 5-, 6-, or 7- mernh'1red ring or a 7- to u .. mcmh<en:d foscd bicyclic ring; 

X1 is se.lectecl frmn N, N-R0 or C-R1
; 

X' is sekcted from N, N-R" or C.·R1
; 

the dotted lines represent optional double bonds; 

e>ich R1 is independently sdected from the group consisting of H, alkyl, cycloalkyl, alkenyl, 

aJl(ynyl, aralkyl, CN, CF1, NO,, OR 11,-(Cl:l,)"C(O)(CH2)qR 11
, -(Cl-b\,C(O)N(R 12)(R 13

), 

-(Clh)pC(O)O(Clh),)Z 11 ,-·(Clh)11N(R 11 )C(O)R 11
, -(Cl!,)pN(R 12)(R13), -N(R 11 )S02R 11

, 

-OC(O)N(R12)(R13). -S02N(R 12)(R 13
), balo, aryl, and u hctcroc:yclic ring, and additionally 

or alternatively, two R. 1 groups on adjacent ring atoms form a 5- or 6-membered fused 
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each R 11 is inclcpcndc1illy selected frorn H, alkyl, cyclo<ilkyl, alkenyl, alkynyl, arnlkyl, 

<1ryl, and u hd:cro<.,yclic ring; 

each R12 nnd Ru arc independently selected fr<1m H, alkyl, cycloalkyl, alkcnyl, 

<i.lkynyl, aralkyl, aryl, and a hctcrocyclic ring; or R12 and R.13 inay be taken 

together with the nitrogen to which they are attached form a 5- to 7- membered 

ring which may optionally contain a forther hetl\roatom; 

pis 0 lo 4; 

q is 0 lo 4; 

x' is N., CI-I()]' C-R50; 

each R50 is independently selected fo!ln the group consisting of alkyl, cycloalkyl, alkcnyl, 

alkynyl, uralkyl, CN, CFi, N02 , OR51
, -(CH2),.C(O)(Clh),R 51

, -(Cl-h),C(O)N(R")(R''), 

-(Cl'l,),.C(O)O(Cl'h},R51 ,-(CH2),N(R 51 )C(O)R51
, -(Clh),N(R52)(R 53), -N(R 51 )S02R51

, 

-OC(O)N(R52)(R 53), -S02N(R52)(R53
), halo, aryl, and n hetorocyclic ring, and addit.ionally 

or alternatively, lwo R50 groups on adjacent ring atmm form a 5- or 6-rncmhered fused 

ring which contains from 0 to 3 heteroatoms; 

R51 is selected th1m H, nlkyl, ('ycloalkyl, alkenyl, alkynyl, arnlkyl, aryl, and a 

hcterocyclic ring; 
. 52 5'5 . ' ' ~ K and R.· · are independently selected trom 11, 11lkyl, cycloalkyl, alkenyl, alkynyl, 

aralkyl, aryl, 11nd a hetcrocyclic ring; or R52 and R53 may be taken together with 

the nitrogen to which they are attached form a 5- to 7- membered ring 'which may 

optionally cont<iin a further lwteroalmn; 

r is 0 to 4; 

sis Oto 4; 

m. is 0 to 4; and 

each R0 is independently selected from !J, alkyl, cycloalkyl, aralkyl, aryl ancl a hcterocyclic 

rh1g. 

21. The method of clairn 20 wherein X 1 is N. 

22, The method of claim 21 wherein x' is N. 
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23. The method of claim l, comprising administcring a therapeutically effective amount of a 

C\H11pmmd lrnving the fornrnla IV 

(IV) 

wherein: 

ring A is a 5", 6·, or 7- membered ring or a 7- to 12"membcrod fosed bicyclic ring; 

X 1 is selected from N, N"R 0 or C-R 1; 

X2 is selected from N, N"R0 or C>R1
; 

the dotted lines represent optional double bonds; 

each R1 is independently selected from the group consisting ofJJ, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, CN, CF3, N02, OIZ11
, -(CH2\,C(O)(Clli)c/Z 11

, -(Clh)"C(O)N(Ru)(R1
\ 

-( Cih)/c( o JO( Clli.)qR11 
,-( Cib)"N (R 11 JC(O)R 11

, -( CHi.)pN (R 12)(R13), -N(R 11 )SC.hR11
, 

-OC(O)N(R12)(R13
), -S02N(R 12)(R1J), halo, aryl, and a hcterncyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring ntonrn form a 5" or G··llHllllhercd fi_rned 

ring .which contains from 0 to 'l hcteroatoms; 

n is 0 to 6, 

each R11 is independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, 

aryl, and a helerocyclic ring; 

each R12 and R 13 arc indcpcncle.ntly selected frorn H,' alkyl, cycloalkyl, alkcnyl .. 

alk:ynyl, aralkyl, aryl, and a hctcrocyclic ring; or R12 und R13 may be taken 

together with the nitrogen to which they are attached form a 5" to 7- mcmbcnxl 

ring which may optionally contain a forthcr hctcroatom; 

pis 0 to 4; 

!J is 0 to 4; 

R22 is selected from Hand C1. 3 alkyl.; 

R31 is selected from fl, N02, CN, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, ary! and a 

hcterocyclic ring; 

R'14 is sckctcd from H, alkyl, cydoalkyl, -((>'0)R0, r.Ilha1yl, alkynyl, aralkyl, aryl, and a 

hctcrocyclic ring; 
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R45 is selected from -Y"-R' 0
; 

Y" is sel<Jcted from a chemical bond, 0, NR0
-, and a hydrocarbon chain having from 1 to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkenyl, alkynyl, aralkyl, C02R
0

, C(O)R0
, C(O)N(R.0),, CN, CF,, N(R°),, NO,, and OR0

; 

R 19 is selected from the group consisting ofH, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

Cl'i"3, aryl1 and a hclerocyclic ring; and 

each R0 is independently selected from H, alkyl, cycloalkyl, anilkyl, aryl and a heterocyclic 

nng. 

24. The rncthod of claini 23 wherein X 1 is N. 

25. The method ofclaini 24 wherein xi is N. 

2G. 'rhe n1cthod of claim 1, c.ornprising adrni11isted11g a therapeutically effective arnou.nt ()fa 

compound having the formula V 

(V) 

\Vhercin: 

ring A is a 5-, () .. , <>r 7- membered ring or a 7 .. to I 2--membcrcd fuoccl bicyclic ring; 

X 1 is sclect<x1 from N, N-R0 orC-R'; 

X' is selected from N N·R' or C-R' · 
'' ' 

the clotted lines represent ''Ptk)nal donblc bonds; 

each R' is indcpcnclcntly selected from the group consisting ofH, Hll<yl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF,, NO,, OR 11
, -(CI-l,)pC(O)(CH2),,R", -(CI-l,),,C(O)N(R12)(R'-1), 

-(CH,),,C{O)O(CH2),,R1
' ,-(Cih),,N(R' 1)C(OJR'', .. (cH,),,N(R"JCR "), -N(R' 'JSO,R' ', 

-OC(O)N(R12)(R13
), .. sO,N(R12)(R 13

), halo, aryl, and a hcterocy<l!ic ring, and additionally 

or altcmativdy, two R 1 groups on adjacent ring atoms f01111 a 5 .. or 6--mcrnbcred fus<0d 

ring which contair)s frorn 0 to 3 hcteroaton1s~ 

n is 0 to 6, 

each R 11 
;,; independently selected frnm H, alkyl, cycloalkyl, alkenyl, alkynyl, al"llkyl, 

atyl 1 and a heterQcyclic ring; 

C[\ch R 12 and R" (Ire ind<lp<mdently •elected from H, ,,!kyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a hctcl'Ocyclic ring; or R 11 and Ru may be taken 
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together with tho nitmgen to which thoy arc attached fonn a 5- to 7- memborod 

ring which may optionally contain a further hcteroatom; 

pis 0 to 4; 

q is 0 to 4; 

R22 is selected from I-l and c,_, alkyl; 

R 14 is selected from I-l, NO,, CN, alkyl, cydo"lkyl, alkmyl, alkynyl, ;milky!, aryl nnd a 

het.crocyclic ring; 

R 55 is sdcoted from I-l, alkyl, cycloalkyl, alkcnyl, alkynyl, amlkyl, aryl, and "hctcrocyclic 

ring; 

ll:SC! is selected fro1n ~Y"uRH'; 

Y" is selected frorn a chc1nical bond, 0, Nil0 .. 1 and a hydrocatbon chain having fi'Otn 1 to 4 

carbon ato111s~ and option;llly substituted with 011c or rnoro ofh.alo, nlkyl, cycloalkyl, 

alkenyl, allcynyl, aralkyl, C02R0
, C(O)R0

, C(O)N(R0),, CN, CF), N(R")i, N02, and OR"; 

R 19 is selected from the gr<>llp consisting ofH, alkyl, cycloalkyl, alkenyl, "lkynyl, aralkyl, 

CF), aryl~ ;;lnd a hctcrocyclic: ring; and 

each R0 is indcpendenlly sckcted from H, alkyl, cycloalkyl, arnlkyl, myl and a heterocyclic 
I 

ring. 

27. The method of claim 26 Wherein X1 is N-

28. The method of claim 27 wherein X' is N. 

29. The method of claim I, comprising administering a tlwrapcutically effective amount of a 

colnpound having the fbnnuht Vu 

wherein: 

ring A is a 5-, 6-, or 7~ n·1ernbcred ring or a 7w to l2-n1en1b~}rcd fused bicy,;li.c ring~ 

X 1 is selected from N, N··R' or C>R'; 
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X' is selected from N, N-R" or C-R1
; 

the dotted lines represent optional double bonds; 

("lch R 1 is independently selected from th<' gror1p consisting ofH, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF3, N02, OR 11
, -(CJ-I,)pC(O)(CI-I 2)qR 11

, -(CFh)/~(O)N(R 12)(R 13), 

-(CI-h),,C(O)O(CHi.)qR 11 ,-{Cl-h)pN(R11 )C(O)R11
, -(CH2)pN(R12)(R13

), -N(R11 )S02R 11
, 

-OC(O)N(R12)(R13
), -S02N(R 12)(R13), halo, aryl, and a heterocyclic ring, and additionally ' 

or alternatively, two R1 groups on adjncent ring atoms form a 5- or 6-membered fused 

ring which contains from 0 to 3 hctcrnaloms; 

n is O to 6, 

each R 11 is independently sekctecl from H, alkyl, cycloalkyl, alkcnyl, alkynyl, ~ralkyl, 

aryl, and a heterocyclic ring; 

each R l?. and R 13 are independently sckcted from II, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a heterocyclic ring; or R 12 and R 13 may he taken 

together with the nitrogen l:o which they are ii.ltached form a 5- to 7- m.ernbcrcd 

ring which may optionally contain a further heteroatom; 

pis 0 to 4; 

q is 0 to 4; 

R 55 is selected from H, alkyl, cydoalkyl, alkcnyl, alkynyl, arnlkyl, aryl, and a hct:orocyclic 

l'ing; 

X 3 is N or C-R50
; 

each R.50 is independently selected from the grot1p consisting of alkyl, cycloalkyl, aJk1;nyl, 

alkynyl, aralkyl, CN, CF3, N02, OR51
, ·(Clh),.C(O)(CI-I2).,R

51
, "(Ct12),.C(O)N(\{ 52)(R 53), 

··(Cl'h),C(O)O(Ci:h).,.R 51 ,-(Clh),N{R 51 )C(O)R51
, .. (CH~),.N(R52)(R53), "N(R 51 )S02R 51

, 

·-OC(O)N(R 5')(R53), -SC>;iN(R52)(R"'), ludo, nryl, and a hcterocyclic ring, and additionally 

or alternatively, two R50 groups on adjacent ring atoms form a 5- or 6"mcmbered fiJsecl 

ring which contains from 0 to 3 heteroatoms; 

R 51 is selected from II, alkyl, oycloalkyl, alkcnyl, nlkynyl, arnlkyl, aryl, and a 

hctcrocyclic ring; 

R52 and R53 are indcponclently selected from ll, alkyl, cycloalkyl, alkcnyl, <1lkynyl, 

aralkyl, aryl, and a hel:erocyclic ring; or R57· and R'1J may be taken together with 

the nitrogen to whid.1 they are attached form a 5- to 7- mernbcn·ed ring which may 

optionally contain a fr1rther hckroatom; 

r is 0 to 4; 

sis 0 to 4; 
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m is 0 to 4; and 

each R0 is indq1~ndcntly selected from H, alkyl, cycloalkyl, aralkyl, aryl and a hcterocyclic 

r1ng. 

30. The method ofclain1 29 whcrdn X 1 is N. 

31. 'fhe method of claim 30 wherein X2 is N. 

32. The nwthod of claim I, comprising administering a therapeutically effective amount of n 

compound having the Jbnnula VI 

(VJ) 

w·herein: 

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

X 1 is scleded frnrn N, N·Ro or C>R1
; 

X2 is selected from N, N-·R11 or C·R1
; 

the dolled lines represent optional double bonds; 

each R 1 is inckpcndcntly selected froni the group consisting of JJ, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF3, NOi, OR 11
, .. (CH2)pC(O)(Clh)qR 11

, ·(CH2)rC(O)N(R 11)(R
13

), 

.. ( Cih)pC:C 0 )O(CH2),y.11 
,-( Cil?,)pN (R11)C(0JR 11

, -( CU.z)pN(R 12)(R 13), .. N(R11 )SOiR11
, 

.. oc(O)N(R 12)(R"), -S02N(R12)(R 1
\ halo, aryl, and a heterocyclic ring, and additionally 

or alkrnativcly, two R 1 groups on adjacent ring atoms form a 5- or 6·mcmbcred ti1sed 

ring which contains from 0 to 3 hctcrnatoms; 

n is 0 to 6, 

each R 11 is indcpcndcnlly selected from H, alkyl, cycloalkyl, nlkenyl, alkynyl, aralkyl, 

aryl, and a hdcrocyclic ring; 

c:ach R 12 and FY am inckpcndcntly selected from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, aryl, and a hctcrocyclic ring; or R 12 and R"' may be taken 

together with the nitrogen to which they are attached form a 5· to 7- mcrnbcrcd 

ring which may optionally contain a further hotoroatom; 

pis 0 lo 4; 
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q is 0 to 4; 

J.~ 55 is selected from H, alkyl, cycloalkyl, alkmyl, alkynyl., aralkyl, aryl, and a heterocyclic 

ring; 

l~.~6 is selected fi·on1 ~Y· 11 ~lt 19 ; 

Y" is selected from a chemical bond, 0, NJ~ 0-, and a hydrocnrbon chain having from I to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkenyl, alkynyl, aralkyl, C02R0
, C(O)R0

, C(O)N(R0)2, CN, CF3, N(R0)i,, N02, and OR0
; 

R 1" is selected from the group consisting ofH, alkyl, cycloalkyl, alkcnyl, alkynyl, arnlkyl; 

c::F3 ~ aryl~ and a heterocyclio ring; a11d 

e(lch R0 is independently selected frorn l-:l, alkyl, cydoalkyI, aralkyl, aryl and a hctcrocyclic 

ring. 

33. The method ofclaim 32 wherein X 1 is N. 

34. Tlh' m.dhod of clain1 JJ wherein X2 is N. 

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

compound having the formula VJ,, 

(Vla) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7" to 12"membcred fhscd bicyclic ring; 

X 1 is wlected from N, N-R0 or C-R1
; 

X2 i.~ selected from N, N"Ro or C-R1
; 

tho dotted lines represent optional double bonds; 

ea.ch R 1 is independently selected from the gr<J11p cornisling of H, alkyl, cycloalkyl, alkonyl, 

alkynyl, aralkyl, CN, CF3, NOz, OR 11
, "(Cl-I1)/:(0)(Clh)"R 11

, -(CH2)pC(O)N(R 12)(R1
\ 

"(Cib)pC(O)O(Cil2\iR11 ,-(CII2)pN(R 11 )C(O)R 11
, -(Cl'h)pN(R12)(R13

), "N(R 11 )S02R 11
, 

-OC(O)N(R12)(R1
\ -S02N(R 11-)(R1

·\ halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5" or 6-mcmkrccl fosed 
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ring which contains from 0 lo 3 heleroaloms; 

n is 0 to 6, 

PCT/tlS2005/018~ 12 

each R 11 is independently selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, and a hctcrocyclic ring; 

each R 12 ~nd Ru arc independently selected from ll, alkyl, cyclonlkyl, alkcnyl, 

alkynyl, antlkyl, aryl, and a lrnlorocyclic ring; or R 12 and R 13 may be taken 

together with the nitrogen to which they are alta.ched form a 5- to 7- membered 

ring which may optionally contain a further heleroatom; 

p is 0 to 4; 

q is 0 to 4; 

R 55 is selected from Ll, ulkyl, cydoalkyl, nlkcnyl, alkynyl, aralkyl, aryl, and a hctcrocyclic ' 

ring; 

X 3 b N or C-R10
; 

each R so is independently selected from the group consisting of alkyl, cycloalkyl, alkenyl, 

alkynyl, arulkyl, CN, CF1, N02, OR51
, -(CH2),C(O)(Clh).,R51

, -(CH2),.C(O)N(R52)(R53
), 

-(Clh),C(O)O(Clh)){51 ,-(CHi),N(R51)C(O)R51
, -(Cl-h),N(R5i,)(R53

), -N(R 51 )SO,R51
, 

-OC(O)N(R12)(R53
), -SO,N(ll.52)(R53

), halo, aryl, and a hctcrocyclic ring, and additionally 

or alternatively, two R50 groups<))) adjacent ring atoms form a 5 .. or 6-mcmbered fused 

ring which contains from 0 to 3 hetcroatoms; 

R'11 is selected from I-1, alkyl, cycl<rnlkyl, alkcnyl, alkynyl, arnlkyl, myl, and a 

hdcroeyclic ring; 

R52 and R5
' are independently selected fron1 H, alkyl, cycloalkyl, alkcnyl, alkynyl, 

aralkyl, aryl, nnd a hcterncyclic ring; or R52 and R53 may be taken together with 

the nitrogen to which they arc attached form a 5- to 7- membered ring whid1 may 

optionally contain a forther heteroutom; 

r is 0 to 4; 

s is 0 to 4; 

m iB 0 to 4; and 

each R0 is independently sdcctccl from H, alkyl, cycloalkyl, arnlkyl, aryl and a hd.crocyclic 

ring. 

36, The compound of claim 35 wherein X1 is N. 

37. The CC)J11jJOU!ld of claim 36 wherein X2 is N. 
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38. A method of inhibiting 1'2101lC1<-ABlrT3 Ill thenunutoin comp1ising adminiskJ.ing to a 

lrnman a compound having the formula l 

(l) 

wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to l2-lll\'11lhered fused bicyclic ring; 

X' is selected from N, N-R0 or (>R.1; 

X2 is selected from N, N¥0 or C-R'; 

the dotted lines represent optional doubk bonds; 

each R 1 is independently selected from the group consisting ofl-I, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF3, NOi, OR 11
, -(Cl-h)pC(O)(Cl-b}qR 11

, -(Cl'h)pC(O)N(R12)(R 13
), 

-(Cl'!,)pC(O)O(Cll,),).~ 11 ,-(Cl-12)1,N(R 11 )C(O)R I l' .. (Cih)pN(R 11)(R1
\ -N(R 11 )S02R 11

, 

-OC(O)N(R11)(R 1\-S02N(R 12)(R 13
), halo, a1yl, mid a hctcrncydic ring, and ndditionally 

or a.Jtcrnativcly, two R1 groups on adjacent ring ato.ms form a 5- or 6-nicmbered i:i.1sed 

ring which contains frorn 0 to 3 heteroatoms; 

n is 0 to Ci, 

each R 11 is independently soloctcd from H, alkyl, cycloalkyl, nlkenyl, alkynyl, arnlkyl, 

aryl, and a hctcrocydk ring; 

each R 12 and R13 are independently selcded frorn l-l, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, nryl, nnd a hekrocyclic ring; or R 12 and R 13 may be taken 

together with the nitrog(lll to whid1 they arc attached form a 5- to 7- membered 

ring which mny optionally contain a farther heteroatom; 

p is 0 lo 4; 

q is 0 to 4; 

1' 1
. 1 t 11· C'J'" 1 'Nl' 22 1 (C · R23) \. · 1s S0 oc 'C( "TOlll ~ _, 'i. (J-;, - \, b-, a .. tl( "' /"'"~' ·-; 

each R21 is independently oekckd from II, halo, -Nl-h, -N(H)(C1_3 alkyl), -N(C1 .. J alkyl)?., 

-O-(C'.1-:i alkyl), OH and C1 .. 1 alkyl; 

each R22 is independenlly selected from I-I and C 1_, alkyl; 

R23 is sekckd from 0, S, N-R0
, and N"OR0

; 

R3 is sckckd from-CRJ 1
, .• , -NR32

<1-, and "(C=R13
)-; 

each R11 group is selected from H, hnlo, -Nih, .. N(H)(R0
), "N(R0J;>, -O-R0

, OH and C 1 .. 1 

95 



WO 20115/ 115'!'12 l'CT/llS2005/0 I S.t 12 

alkyl; 

each H.32 group is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, <milky[, C02R0
, 

C(O)R'>, aryl, and a hetcrocyclic ring; 

R33 is selected from 0, S, N-R3", and N-OR"; 

R 1" is selected fr<Jm II, NO,., CN, alkyl, cycloalkyl, alkenyl, alkynyl, nrnlkyl, a1yl and a 

heterocyclic ri11g; 

R'' is selected from ... (;R41
,-, -NR421, -(C~R41 )-, and -0-; 

each R'" is selected from H, alkyl, cycloalkyl, allrnnyl, alkynyl, C02R0
, C(O)R0

, arnlkyl, 

aryl, and a heterocyclic ring; 

each 1'42 group is selected from I-!, alkyl, cycloalkyl, alkcnyl, alkynyl, arnlkyl, C02R0
, 

C(O)R", aryl, and a heterocyclic ring; 

each R43 is sdoctcd from 0, S, N-R0
, and N-OR 0

; 

with the provisos that when R2 is -NH 2
\- and R.'1 is -NR''';", then R3 is not --'NR32d~; and that 

both R3 and rZ-1 anJ nol simultmmndy selected from -(C>•R33
)- and ·{C>R"J)-, respectively; 

• 6 7 
R' is sek:ctcd from -Y.-R and -Z-R ; 

Y is sckctcd from <l chemical bond, 0, N R'\ 

R6 is sdectcd Ji'om nlkyl, cycioalkyl, alkcnyl, alkynyl, arnlkyl, <1ryl, and a het~:rocycl.ic 

nng; 

Z .is a hydrocarbon chain having from 1 to 4 carbon atoms, and optionally substituted with 

one or more oflrnlq,, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, CO,R'l, C(O)R'\ 

C(O)N(R0h, CN, CF1, N(R0)2, N02, and OR0
; 

R'' is I-I or is selected from aryl and a hckrocydic ring; 

each R0 is independently selected from II, alkyl, cydoalkyl, aralkyl, aryl and a hetcrocyclic 

rirtg; 

a is l or 2; 

b is 0 or 1; 

c is 1 or 2; 

dis 0 or I; 

e is 1 or 2; arid 

fis 0 or 1. 

39, The method of claim 38 compriHing adrninistt:ring a compound having the fonnula T:i 



WO WOS/l 15<Jn PCT/llS2005/0I~.j12 

(!,,) 

wherein: 

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

X1 is selected from N, N-R11 or C-R1
; 

X2 is selected from N, N-R0 or C-R 1; 

the clotted lines reprnsent optional double bonds; 
' 

each R 1 is independently selected :from the group consisting ofH, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF1, N02, OR", -(ClJ,,)pC(O)(CH1 ),1R 11, -(Cl-h)pC(O)N(Ru)(R13
), 

-(CH2_\,C(O)O(CH2)ql~ 11 ,-(Cl'I;,),;N(R 11 )C(O)R11 , -(CH,)pN(R 12)(R1
\ -N(R11)S01R1 

I' 

-OC(O)N(R 12)(R 13
), -S01_N(R 12)(R 1

\ halo, aryl, and a heterocyctic ring, and additiom11ly 

or alkrna{ivdy, two R1 groups on adjacent ring atoms form a 5- or 6-mcmbcred fused 

ring which contains from 0 to 3 hoteroatoms; 

n is 0 to 6, 

euch R 11 is indcpcn(kntly sekctcd from H, alkyl, cycloalkyl, alkenyl, ulkynyl, aralkyl, 

aryl, and n hc:l:Grocyclic ring; 

each R12 and Rl.l are ill(kpendcnt:ly selected from II, alkyl, cycloalkyl, allrnnyl, 

alkynyl, aralkyl, nryl, and a heterocyclic ring; or R. 12 and R 13 may be !'nlrnn 

together with the nitrngen to which they are attached fimn a 5., to 7 .. rncnibered 

ring which may optionally contain a further heteroal:om; 

pis 0 to 4; 

q is 0 to 4; 

each R?.7. is independently sdected from l:-l and C1•1 alkyl; 

R3 is solccled from ···-CR'",, .. , -NR32
d-, and -(C=R13

)-; 

each R31 group is sckctcd from H, halo, -Nlb .. N(H)(R0
), -N(R0

):,, -O-R0
, OH and C\.3 

alkyl; 

each R32 group is selected from Ff, alkyl, cycloalkyl, alkenyl, alkynyl, nralkyl, C02R", 

C(O)R0
, aryl, and a heterocyclic ring; 

R33 is .1elcctcd from 0, S, N-R31
, and N"OR0

; 

R3
'
1 is selected from H, NOz, CN, alkyl, cydoalkyl, alkcnyl, alkynyl, arnlkyl, aryl and a 

hdcrocyclic ring; 
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R4 is selected from m{~R41 ,", -NR'12
1-, -(C=R4

'
1
)-, and -0-; 

each R41 is selected from I-I, alkyl, <;ycloalkyl, alkenyl, alkynyl, C02R'1, C(O)R0
, aralkyl, 

aryl, and a hetcrocyclic ring; 

each R'12 group is selected from l-I, alkyl, cydoalkyl, alkenyl, alkynyl, aralkyl, C02R0
, 

C(O)R0
, itryl, and a hctcrocyclic ring; 

each R43 is selected from 0, S, N-R0
, and N-OR0

; 

with the provisos that when R'1 is -NR42j, then R3 is not --NR32
d-; and that both R3 and R4 are 

not sinrnltaneously seleded from -(C-R33
)- and -(C---R43h respectively; 

R5 is selected from -Y-R0 and -Z-R7
; 

Y is selected from a chemical bond, 0, N-R0, 

R6 is selected from alkyl, cydoalkyl, alkcnyl, alkynyl, arnlkyl, aryl, and a heterocyclic 

ring; 

Z is a hydrocarbon chain having -from I to 4 cadwn utoms, and optionally substituted with 

one or morn of halo, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, C02R0
, C(O)R1l, 

C(O)N(R0)2, CN, CF:" N(R0)2, N02, and OR0
; 

1(1 is H or is selected from aryl and a heterocyclic ring; 

each R" is independently sckckd from 1-1, alkyl, cycloalkyl, arnlkyl, aryl and a hcterocyclic 

ring; 

a is I or 2; 

bis 0 or l; 

c i~ 1 or 2; 

dis 0 or l; 

e is 1 or 2; and 

/is 0 or l. 

40. The ·method of claim 3 8 comprising administering a compound having the formula lb 

wht,rein: 

ring A is 11 5,, 6-, or 7- membered ring or a 7- to 12"mombered fosed bicyclic ring; 

X 1 is selected from N, N"R0 or C-R1
; 
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X2 is selected from N, N-R" or C-R1
; 

the dolled lines represent optional double bonds; 

each R 1 is independently select(x] from the g1.·oup consisting of H, alkyl, cydoalkyl, alkcnyl, 

alkynyl, arnlkyl, CN, CF1, N02, OR 11
, -(Cfh)pC(O)(Cl'h)9R

11
, -(CII!.)pC(O)N(R12)(R 13

), 

-(Cl-h)pC(O)O(Cll2),,R I 1,-(CH2)pN(R 11)C(O)R 11
, "{CI-h),,N(R 12)(R 13

), -N(R 11)SO:iR1 l, 

-OC(O)N(R11.)(R"), -SO,,N(R12)(R13), halo, aryl, and a hctcrocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5- or 6-membered fosed 

ring which contains from 0 to 3 heteroatonrn; 

11 is 0 to 6, 

each R 11 is independently selected from 1-1, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, und a heterocyclic ring; 

'1Hch R12 andR 11 arc independently sdecl:ed from H, alkyl, cycloalkyl, alkcnyl, 

alkynyl., aralkyl,, aryl, and a hctcrocyclic ring; or R 12 and R tJ :may be takm 

together with the nitrogen to which they arc attached form H 5- to 7- membered 

ring which may optionally c:ontain a forther hetcroatom; 

pis 0 to 4; 

q is 0 lo 4; 

each R22 is independently selected frmn Hand C1.J alkyl; 

each R12 group is selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, C02R
0

, 

C(O)R0
, aryl, and a hoterocyclic ring; 

R~ is sclcct(id from· CR4
' " .. ' -(C=R43h and .. () .. ; 

each R' 1 is selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, C02R0
, C(O)R0

, aralkyl, 

aryl, and a heterocydic ring; 

each R'3 i~ selected from 0, S, N .. R0
, ancl N-OJ<.0 ; 

R 5 is selected from -Y "R 6 and -z .. R7
; 

Y is selected from a chemical bond, 0, N-R0
, 

R6 .is selected from alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, aryl, <111d a heterocydic 

.nng; 

7, is a hydrncarbon chain having from l to 4 carbon atoms, and optionally substituted witb 

one or morn of halo, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, C02H
0

, C(O)R0
, 

C(O)N(R''),, CN, CF:i, N(R11)2, N02, and OR0
; 

R7 is I-I or is selected from aryl and a lwterocyclic ring.; 

each R0 is indopcnckntly sclcctcd from J-1, ailcyl, cycloalkyl, aralkyl, aryl and a hctcrocyclic 
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ring; 

LI is l or 2; 

b is 0 or 1; 

c is 1 or 2; 

dis 0 or l; 

e is 1 or 2; and 

f'is 0 or 1. 

41. The method of claim 38 comprising administering a compound having the torm.ula JJ 

(Il) 

wherein 

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

X 1 is sck>ct:~'d from N, N--R0 or C.-R1
; 

X1 is sdected from N, N-R0 or C>R1
; 

the dotted lines represent: optional double bonds; 

each R1 is independently selected from the group comisting of l-1, alkyl, cyoloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, Cf13, N02, OR 11
, -(CH,)/~(O)(CH2)qR 11 , -(Cl"lz)pC(O)N(R17.)(Ru), 

-(CH2)pC(O)O(Cl-l,)qR 1I,-(Cl-h),,N(R 11 )C(O)R 11
, -(CI-l,)pN(R 12)(R1

\ -N(R 11 )S02R1 I' 

-OC(O)N(lt11)(R1
\ -S02N(R12)(lt13), halo, aryl, and a hctcrocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form a 5- or 6·mmnbcrcd fused 

ring which contains :from 0 lo 3 heleroatoms; 

n is 0 to 6, 

each R11 is independently selected from l-1, alkyl, cycloalkyl, alkenyl, alkynyl, arnlkyl, 

myl, and a heterocyclic ring; 

each R 12 and R11 arn independently selected from H, alkyl, cycloalky1, alkenyl .• 

alkynyl, arnlkyl, aryl, and a heterocydic ring; or R. 12 and R. 11 may be takun 

together with the nitrogen to which they <ire lttlachod form a 5- to 7- membered 

ring which may optionally contain n further heleroatom; 

pis 0 to 4; 

q is 0 to 4; 
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R8 is sckctecl from the group consisting of is selected from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, C02R0
, C(O)R0

, aralkyl, aryl, and" heterocyclic ring; 

R9 is selected from -Y-Rt' and -Z-R7
; 

Y is selected from a chemical bond, 0, N-R0, 

R6 is sekctecl from alkyl, cycloalkyl, alkonyl, alkynyl, aralkyl, aryl, am! a hetcrocycllc 

ring; 

Z is a hydrocarbon chain having from l to 4 c<irlwn atoms, and optionally substit11ted with 

one or more of halo, alkyl, cycloalkyl, alkonyl, alkynyl, arnlkyl, co,R0
, C(O)R0

, 

C(O)N(R0
),, CN, CF1, N(R0Ji., N02, (tnd OR0

; 

R7 is ll or is selected from aryl mid a heterocyc1ic ring; r111d 

each ll..0 is independently scledcd from, I-I, ulkyl., cycloalkyl, aralkyl, aryl m1d a hotcrocyclic 

nng. 

42. The method of claim 38 comprising administering (t compound having the formula 11,, 

(ll,,) 

\vhcrcin 

ring A is a 5-, 6-, or 7 - membered ring or a ') .. to 12-mcmbered fos<'d bicyclio ring; 

X1 is selected from N, N-R0 or C-R'; 

X2 is selected from N, N-R" or C-R'; 

the dotted lines repn::scnt optional doubl0 bonds; 

each R 1 is independently sckct:ed from the group consisting ofH, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF3, N01, OR11
, ··(CI-I2),,C(O)(CH2)qR 11

, -(Clio)pC(O)N(R 12)(R13), 

·{CH2)11C(O)O(Clli,)cp 11 ,-(CI-I.2)pN(R 11 )C(O)R1 
I' -(Cih)pN(R12)(R '\ -N(R1')S02R11

, 

-OC(O)N(R 12)(RIJ), -S02N(R 12)(R1
\ halo, aryl, and n heterocyolic ring, and additionally 

or alternatively, two R1 groups on adjacent ring atoms fonn ll. 5- or 6-nwmbcred fr1scd 

ring which contains from 0 to 3 hetcroatoms; 

n is 0 to 6, 

ctich R 11 is independently s~lectccl from H, alkyl, eycloalkyl, alkmyl, alkynyl, arnlkyl, 

aryl, <ind n heterocyclic ring; 
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mich R 12 and R13 are independently selected from I-!, alkyl, cydoalkyl, alkcnyl, 

alkynyl, aralkyl, aryl, and a hctcrocyclie ring; or R12 and R11 may be taken 

together with the nitrogen to which they am attached form a 5- to 7- membered 

ring which may optionally contain a further hei:eroai:om; 

pis 0 to 4; 

q is 0 i:o 4; 

R8 is selected from the gr0l1p consisting of is selected from H, alkyl, cycloalkyl, :1lkenyl, 

alkynyl, C02R1
\ C(O)R0, aralkyl, aryl, and a holerocyclic ring; 

X1 is N, CH or C-R50
; 

each R ' 0 is independently sel~dcd from the group consisting of alkyl, cycJo,1lkyl, alkenyl, 

alkynyl, aralkyl, CN,, CF:i, N02, OR51
, -(Cl-lz),C(O)(CHi).,R11, ·(CHz)1C(O)N(R52)(R11

), 

-(CH~),C(O)O(CH2).,R51 c·(Cih),N(R 51 )C(O)R51 , -(Cl-h),N(R11)(R1
\ -N(H.51 )S02R51

, 

-OC(O}N(R52)(R53
), -S02N(R52)(R53

), halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R50 groups on adjacent ring <lloms form a 5- or 6-mcmbcrcd foscd 

ring which contains from 0 to 3 hdcroatorns; 

R51 is selected i:i.·orn H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a 

hcterocyclic ring; 

R52 nnd R53 an; independently selected from H, alkyl, cycloalkyl, alkenyl, alkynyl, 

aralkyl, aryl, and a heterocyolic ring; or R52 and R53 may be taken together with 

the nitrogen lo which they arc attached frinn a 5- to 7- mcmbernd ring which 1.nay 

optionally contain a fllrlhor hctcroatom; 

,. is 0 to 4; 

s is 0 to 4; 

m is 0 lo 4; and 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a hetcrocyclic 

ring. 

43. The method of claim 38 compri~ing adminis\(lring a compound having the formula ll1> 

vvherein: 
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RH is selected from H and F; 

R.8 is selected from the group consisting ofis sdcctcd from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, C02R0
, C(O)R.0, aralkyl, aryl, and a hcterocydic ring; 

X3 is N, CH or C.·R.60
; 

c~1ch R 00 is independently sdected from the group consisting of alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF3, NO,, OR0
, Jwlo, aryl, and a heterocyclic ring; 

g61 is selected from aryl and a hcterocyclic ring; 

Q is selected fron1 a chcmicnl bond or a group having the fon1rnla -0-, -(CI-12)1·, 

-(Cfh);C( O)(CI-Ii.)r, -( Clh)1-N(R62
)-( Clh)1-, -( Clb)1C(O)-N(R 62

}-( CH.z)r, 

-(Cl:h);C(O)O(Clh)r, -(CH 2)1N(R62)C(O)-(Cl-I,)r, -(Cl'h)10C(O)N(R62HCH2),-, and 

-O-(C'Hci); .. C(O)N(R62)-(Clh)r; 

R62 is selected from nryl, and a hdcrocyclic ring; 

each R0 is independently selected from H, alkyl, cycloalkyl, aralkyl, aryl and a hctcrocydic 

ring; 

h is 0 to 4; 

i is 0 to 4; and 

j i8 0 to 4. 

44. The method of claim 38 comprising administering a compound having the fonnulr1 lil 

(HJ) 

wherein 

ring A is a 5-, 6-, or 7- membmcd i·ing or a 7- to 12-mcmbcrcd fosed bicyclic ring; 

X 1 is selected from N, N-R 0 or C-R 1; 

X2 is selected from N, N-R0 or C-R1
; 

the dotted lines represent optional double bonds; 

each R 1 is independently selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, 

alkynyl, arnlkyl, CN, CF,, N02, OR 11
, -(Cih)pC(O)(CI-h\)~ 11 , -(Cll2)pC(O)N(R12)(R13), 

-(Cl-]z)pC(O)O( CH2),F 11 
,-( Cl-h)pN{R I I )C(O)R I I, -( CH2)pN (R 12)(R 13

), -N(R 11 )SO;R1 
I' 

-OC(O)N(R 12)(R 1
·'), .. so2N(R 11)(R13

), halo, aryl, and a hctcrocydic ring, and additionally 

or alternatively, two R 1 groups on adjac(,nt ring 1\loms form a 5- or 6-membered fused 
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each R11 is independently sdected from 1-1, alkyl, cydoalkyl, nlkcnyl, ulkynyl, aralkyl, 

aryl, and a hcterocyclic ring; 

each R 12 and R 11 arc independently select~d fnim H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, (ll'yl, and a hetorocyolic ling; or R 1" and R 13 may he taken 

together with the nitrogen to which they am attached form a 5- to 7- membered 

ring which may optionally contain a fort:hcr hctcroutom; 

pis 0 to 4; 

q is 0 to 4; 

R 10 is selected from ··Y' ... R18
; 

Y' is selected from a chemical bond, 0, NR0
-, and a hydrocnrbon chain having frorn I to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cycloalkyl, 

alkenyl, alkynyl, aralkyl, C02R0
, C(O)R0

, C(O)N(R0
) 2, CN, CF3, N(R"),, N02, and OR 0

; 

Rm is sdcctcd from the group consisting ofH, alkyl, cydonlk:yl, alkcnyl, alkynyl, arnlkyl, 

CF3, aryl, and a heterocyclic ring; and 

each R 0 is independently selected from H, alkyl, cycloalkyl, arnlkyl, aryl and a hckrocydic 

rmg. 

45. The method of claim 38 comprising administering a (;ompound having tho formula IU,. 

(Ill,.) 

wherein: 

ring A is a 5-, () .. ,or 7- membered ring or a 7- to 12-m.cmbered fused bicyolic ring; 

X1 is selected from N, N-R0 or C-R 1
; 

X2 is selected ·from N N-R" or C>R 1
· 

l · · · · .I 

the dotted lines represent optional double bonds; 

euch R 1 is independently sekctcd from the group consisting of H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, CN, CFi, N<h OR 11
, -(Cl-h)pC(O)(Clh)qR11

, "(Cih)pC(O)N(R11)(R''), 

-(ClI2)pC(O)O( Cl-h)qR 11 ,-(CI-h)pN(R.1 I )C( O)R 11
' -(CH;JpN(R ")(RI\ -N (R 11 )S02R I I, 
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-OC(O)N(R 12)(R13), -S02N(R1"J(R11), lmln, uryl, and a heterocyclic ring, and additionally 

or ultcnmtivdy, two R 1 groups on adjacent ring atoms form a 5- or (Hnemberccl fused 

ring which contains from 0 to 3 hctcroato1.m; 

n is 0 to 6, 

each R 11 is independently selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, and a heterocyclic ring; 

each R 12 and R13 are independently selected from H, alkyl, cycloalkyl, alkenyl, 

ulkyuyl, aralkyl, aryl, and a hcterocyclic ring; or R12 and R 13 may be tak\'!J 

together w,ith the nitrogen to which they are attached form a 5- to 7- nNmbcred 

ring which may optionally contain a forth or hcteroatom; 

p is 0 to 4; 

q is 0 to 4; 

X" . · N ('l'l '(' 'L' so. ls . , _, 01 ,w. '-· , I 

each R50 is independently selected from the group consisting of alkyl, oycloalkyl, alkonyl, 

alkynyl, aralkyl, CN, CF3, N01, OR51 , -(CH2),C(O)(Cl'b).,R 11
, "(ClJ,,),,C(O)N(R52)(R

53
), 

-(CH2),.C( 0)0( CH2).,.R51 ,-( CHz),N(R 51 )C(O)R51
, -( CH2)1N(R'")(R53

), -N (R 01 )SOi,R51
, 

-OC(O)N(R52)(R 53), -S01N(R52)(R53), halo, aryl, and a hetct"Ocyclic ring, and additionally 

or 11lternat:ively, t:wo R511 groups on adjacent ring atoms form a 5- or 6-mcmhered fused 

ring which coutuins from 0 to 3 heloroatoms; 

R51 is selected from H, alkyl, cycloalkyl, alkcnyl, a\kynyl, aralkyl, aryl, and a 

bctcrocydic ring; 
57 '··53 ' ~ R - and R are mdopcndcntly selected Jrom. H, alkyl, eydoalkyl, allrnnyl, alkynyl, 

aralkyl, aryl, and a hctcrocyclic ring; or R" und R53 may be taken together with 

tl'w nitrogen to which they arn attached form u 5- to 7- mcm\wred ring whioh nmy 

opti(llrnlly contain a fr1rthcr hctcroatom; 

r is 0 to 4; 

s is 0 to 4; 

m is 0 to 4; and 

each R11 is independently sdcdcd frorn H, alkyl, cycloalkyl, arnlkyl, aryl and a heterocyclic 

ring. 

46. The method of claim 38 cmnpri8ing administering a compo\lnd having the fornmla IV 
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(lV) 

wherein: 

ring A is a s .. , (h or 7- membered ring or a 7- to 12-rncmb\ercd fused bicydic ring; 

X 1 is selected from N, N .. R0 or C-R1
; 

X7
· is selected from N, N-R11 or C-R1

; 

the dotted Jim's represent optional double bonds; 

each R1 .is independently selected from the group consisting ofH, alkyl, cycloalkyl, alkcnyl, 

nlkynyl, aralkyl, CN, CFi, N02, OR11
, -(CH2)pC(O)(CH2)qR11

, -(CHi)pC(O)N(R12)(R 
13), 

-(Clh)/~(O)O(Clb)qR 11 ,-(CI-l?,)pN(R11)C(O)R 11
, -(CH2)pN(R12)(R L\ -N(R11 )SOi.R' 1, 

-OC(O)N(R12)(Rll), -S02N(I{u)(R1.J), halo, uryl, m1d a heterocyclic ring, and additionally 

or '1llernalively, two R1 groups on adjacent ring atoms form a 5- or 6-nwmbcred fused 

ring which contains from 0 to 3 hcternnt:o111s; 

n is 0 to 6, 

each R11 is independently selected ·from I-1, alkyl, cycloalkyl, alhnyl, alkynyl, arnlkyl, 

aryl, and a hctcrocyclic ring; 

each RI? and R11 arc independently selected from. H, alkyl, cycloalkyl, alkenyl, 

nlkynyl, aralkyl, aryl, and a hclerocycli(lring; or R 12 and R1
J may be taken 

together with th<:J nilrogcn to which they are nttuched form a 5- to 7- rncmbercd 

ring which may optionalJy contain a further heteroatom; 

pis0to4; 

q is 0 to 4; 

R11 is selected from Hand Ci-J alkyl; 

R34 is selectccl from ll, NO", CN, alkyl, cycl<i>~lkyl, alkcnyl, alkynyl, arnlkyl, aryl and a 

heterocyclic ring; 

1r1
•
1 is selected from H, alkyl, cycloalkyl, -(C~O)R0 , allrnnyl, alkynyl, aralkyl, aryl, and a 

hetcrocyclic ring; 

R'15 is selected from -Y"··R19
; 

Y" is selcckd fron1 a chemical bond, 0, NR0 .. , and a hydrocarbon dwin having from 1 to 4 

carbon atoms, and optionally substituted with one or more of halo, alkyl, cydoalkyl, 
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alkcnyl, alkynyl, aralkyl, C02R0, C(O)R0, C(O)N(R0)2, CN, CF3, N(R0h, N02, and OR0; 

lZ 19 is selected from the gronp consisting ofH, alkyl, cydoalkyl, alkenyl, alkynyl, arnlkyl, 

CF3, aryl, and a hcterocyclic ring; and 

each R0 is independently selected from H, alkyl, cycloalkyl, arnlkyl, aryl and a heterocyclic 

ring. 

47. The m.cthod of claim 38 comprising administering a compound having the fonm1h1 V 

(V) 

wherein: 

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

X1 is selected from N, N-R0 or C-R 1; 

X2 is selected from N, N-R0 or C-R 1
; 

the dotted lines represent optional donbk bonds; 

each R 1 is independently selected from the group consisting ofl-l, alkyl, eycloalkyl, >1lkeuyl, 

alkynyl, aralkyl, CN, CF:i, N02, OR 11
, -(Cl·lo>)pC(O)(CHi)qR 11 , .. (CH2)/.:(0)N(R 12)(R13), 

"(Cl'h)/:(O)O(CIIi)"R 11 ,-(Clh)pN(R11 )C(O)R 11 , -(Clh)pN(R12)(R11), -N(R 11 )S02R11 , 

.. QC(O)N(R12)(R 1'J,-S02N(R12)(R13), halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms form ;1 5- or (j"mombcred fused 

ring whid1 cont>1ins from 0 to 3 hctcroatoms; 

n is 0 lo 6, 

each R 11 is independently sekctccl from Tl, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, 

aryl, and n heterocyclic ring; 

each R 12 and Ru are independently selected frorn H, alkyl, cycloalkyl, alkcnyl, 

alkynyl, aralkyl, aryl, and a hctcrocydic ring; or R 12 and Ru may be taken 

together with the nitrogen to which they am attad1cd fonn a 5" to 7- membered 

ring which may optionally contain a forlhcr hc!cwutom; 

p i' O to 4; 

q is 0 to 4; 

R.22 is selected from l-l and C1 .. , alkyl; 
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R3
" is selected from H, N02, CN, alkyl, cycl<wlkyl, alkenyl, alkynyl, aralkyl, m:yl and a 

hetcrocyclic ring; 

R 55 is selected from H, alkyl, cycloalkyl, alkcnyl, alkynyl, arnlkyl, aryl, and a hdcrocyclic 

ring; 

R56 is selected from -Y"-R 1?; 

Y" is sckctcd from a ch<;>micnl bond, 0, NR"-, and a hydrocarbon chain having from l to 4 

carbon atoms, and optionally substituted with one or more ofh11lo, alkyl, cycloalkyl, 

alkcnyl, alkynyl, aralkyl, C02R'i, C(O)R0
, C(O)N(R0)2, CN, CF3, N(R0

)2, N<)z, and OR0
; 

R 19 is selected from the group consisting of ll, alkyl, cycloalkyl, 1dkenyl, alkynyl, malkyl, 

CF1, aryl, and a hcterocyclic ring; and 

each R0 is inckpcndently selected from H, alkyl, cycloalkyl, arnlkyl, aryl and a hcterocyclic 

ring. 

48. The method of claim 38 comprising administering a compound having the fornrnb V" 

(V,,) 

wherein: 

ring Ai' a 5-, 6-, or 7 .. membered ring or a 7- to 12-mcmborcd !\med bicydic ring; 

X 1 is selected from N, N-R0 or C-R'; 

X2 is selected from N, N-R0 or C-R1
; 

lhu dolled lines rcprnsent optional double bonds; 

each R1 is independently selected from th\l group con,isting ofI-f, alkyl, cycloalkyl, alkcnyl, 

alkynyl, arnlkyl, CN, CF3, N01, OR", -(CH2)1,C(O)(Cih)qR 11
, -(Clh)pC(O)N(l~ 12)(R 13 ), 

-(Cl-I:!)/XO)O(Cl'li,)"R 11 ,-(CH2)pN(R11 )C(O)R 11
, -(Cl-h),,N(R 12)(R1

\ -N(R 11 )SOzR 11
, 

-OC(O)N(R 12)(R13J, -S01N(R 12)(R 1
\ halo, nryl, and a hctcrocyclic ring, and additionally 

or altcrnativdy, two R1 groups on adjacent ring atoms form a 5- or 6-membcrcd foscd 

ring which contains from 0 to 3 hctcroatoms; 

11 i.s 0 to 6, 

Gach R 11 is independently selected from 11, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

aryl, nnd a hotowcydic ring; 
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each R12 and RH are independently selected from 11, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, aryl, and a heterocyclic ring; or R12 and R 13 may be taken 

together with the nitrogen to whi.ch they arc attached fonn a 5,. to 7- me1nbered 

ring whid1 may optionally contain a forth.er hcteroatom; 

pis 0 to 4; 

q is Oto 4; 

R55 is selected from H, alkyl, cycloalkyl, alkonyl, alkynyl, aralkyl, my!, and a hcterocyclic 

nng; 

X J · 'N.. (' )'so ls or .~-. ....... ; 

clrnh R50 is independently selected from the gmup consisting ofalkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF,1, N02, OR51 , -(Cll2),.C(O)(Clh),,R51 , -(Clh),C(O)N(R52)(Ri'), 

-(C.l'h),C(O)O(Cl-I2},R 51 ,"(CH 2),N(R 51 )C(O)R 51 , -(CH2),N(R52)(R53), "N(R 51)SOi.R 51 , 

"OC(O)N(R52)(R5
\ "S02N(R52)(R51

), halo, aryl, and a heterocyclic ring, and additionally 

or alternatively, two R50 groups on adjacent ring atoms form a 5" or 6-mcmbcred fused 

ring which contains frorn 0 !(> 3 heteroat(ims; 

R51 is sdcclcd from 11, alkyl, cycloalkyl, alkonyl, alkynyl, aralkyl, aryl, and a 

hctcrocyclic ring; 

R52 and R" arc independently selected from l-1, alkyl, cycl<nllkyl, alkenyl, alkynyl, 

ara.lkyl, aryl, :md a hct:crocyclic ring; or R57
· and R5

" may be taken together with 

the nitrogen to which they are attached form a 5- to 7" membered ring which may 

optionally contain a forthc1· hctc1·ootom; 

,. is 0 to 4; 

sis 0 to 4; 

111 is 0 to 4; mid 

each H0 is independently sdcctcd from H, ulkyl, cycloalkyl, aralkyl, uryl and a hotcrocydic 

ring. 

49. The method of claim 38 compri8ing administering a compound having the fornrnla Vl 

(VI) 
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wherein: 

ring A is a 5-, 6-, or 7- membered ring or a 7- to 12-.mombcrcd foscd bicyclic ring; 

X1 is selected from N, N-R0 01: C-R1
; 

X2 is selected from N, N-R0 
Or <>R'; 

the dotted lines represent optional double bonds; 

c<idl R 1 is independently sdec:kd from tho group consisting of H, alkyl, oycloalkyl, alkcnyl, 

alkynyl, aralkyl, CN, CF,, N02, ORu, -(Cl-h)/::(O)(Clh),J~ 11
, -(Cl-h)pC(O)N(R12)(R ''), 

-(Cfh),,C(O)O(CH1),1R
11 ,-(CH2)pN(H 11 )C(O)R 11

, -(CUi,)pN(R 12)(R13), .. N(R 11)S02R11
, 

-OC(O)N(R 12)(R1
\ -S02N{R12)(R 13

), halo, aryl, and :J heterocyclic ring, mid additionally 

or alternatively, two R1 groups on adjacent ring atoms form a 5- or 6-1ncrnbered fused 

ring which contuins from 0 to 3 hderoatoms; 

n is 0 to 6, 

each R 11 is inclependenlly sdcctcd from 1-1, alkyl, (:ycloalkyl, alkenyl, alkynyl, aralkyl, 

aryl, and a hetcrocyclic ring; 

each R12 and Rll are independently scleded from 1-1, alkyl, cydoalkyl, alkenyl, 

nlkynyl, aralkyl, aryl, and a hetcrocydic ring; or R12 and RJ:l nmy be taken 

together with the nitrogen to which they arc attached form a 5- to 7- membcred 

ring which nrny optionally contain a forth er hetcroatmn; 

p is 0 lo 4; 

q is 0 to 4; 

R55 is selected from H, alkyl, cycloalkyl., alkcnyl, alkynyl, aralkyl, aryl, and a hdcrocyclic 

ring; 

R56 is selected from -Y"-R1''; 

Y" is selected from a chcmi(1al bond, 0, NR°-, and a hydrocarbon chain having fhnn I to 4 

carbon atoms, and optionally substituted with 0110 or Jnore of halo, alkyl, cycloalkyl, 

alkenyl, alkynyl, aralkyl, C02R
0, C(O)J(0

, C(O)N(R0) 2, CN, CF1, N(R0)?, N02, and OR0
; 

R 1'
1 is selected frorn the group consisting ofH, alkyl, cycloalkyl, alkcnyl, alkynyl, aralkyl, 

Cf3, aryl, and a hetcrncyclic ring; and 

oach R0 is independently sdcctcd from 11, nlkyl, cycloalkyl, arnlkyl, m-yl and a heterocyclic 

nng. 

I 10 



WO 200!il 11 o9'12 PCTlllS200!i/O 18~ l 2 

50. The method of claim 38 comprising <id1ninistcring a compound having the l:onnula VI" 

wherein; 

ting A is a 5-, 6-, or 7- mcmbcrocl ring or a 7- to 12-membm"Gd fosed bieyclic ring; 

X 1 is selected from N, N-R0 or C-R1; 

X2 is selected from N, N .. Ro or C-R1; 

the dotted lines represent optional do11blc bonds; 

each R 1 is inde(J(lndcntly selected from the group consisting of H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aralkyl, CN, CF,, N02, OR 11
, -(Cl-li,)pC(O)(CH2)1/R 11

, -(Cl·T2)/c(O)N(RP)(R13
), 

-(Cl·li.)pC(O)O(Cl-lJ)"R' 1,-(Cl-l,)"N(R 11 )C(O)R11
, -(Clh)pN(l~.'2)(R 1 '), -N(R11 )S02R

11 , 

-OC(O)N(R12)(R13
), -S02N(R 12)(R 13

), halo, aryl, m.1d a heterocyclic ring, and additionally 

or alternatively, two R 1 groups on adjacent ring atoms fonn a 5" or 6-memhcnxl_ fosed 

ring which contains from 0 lo 3 hctcroatoms; 

n is 0 to 6, 

each R 11 is independently se.lectecl from H, alkyl, cyclonlkyl, alkenyl, alkynyl, arall<yl, 

aryl, and n hd:crocyclic ring; 

each R 12 nnd RJJ are independently 'dcctcd from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, arnlkyl, nryl, and a heterocyclic ring; or R 12 and R" may be taken 

together with the nitrogen to which they al'(' attached form a 5, to 7- membered 

ring wbi.ch may optionally contain a forthcr hcteroatom; 

p is 0 to 4; 

q is 0 to 4; 

R55 is sckctcd from .T:l, alkyl, cycloalkyl, alh:nyl, alkynyl, aralkyl, my!, and a heterocyclic 

ring; 

X3 is Nor C"R 50
; 

each R50 is imkpcndently selected from tho group consisting of alkyl, cyc:loalkyl, alkenyl, 

nlkynyl, nralkyl, CN, CF3, N02, OR51
, -(Clh),.C(O)(Cl-b).J<", -(Cl-h),C(O)N(R 5~)(R51 ), 

-(Clli,),.C(O)O(Cl-h).,R51 
,-( CH2),N (R 51 )C( O)R 51 , -(Clh),N(R52)(R 53), ··N(R51 )SO,R51

, 

lJ 1 



WO 21111:S/ I l:i'l'!Z PCT/llS21111';/ll J 8J 12 

-OC(O)N(R52)(R53
), -S01N(R52)(R 53

), halo, aryl, and a heterocyclic ring, and additionally 

or allernati vcly, two R50 groups on adjacent ring atoms fonn a 5- <.>r 6-rnembercd fosed 

ring which contains from 0 to 3 hctcrnaloms; 

R 51 i' 'dcclcd from H, lllkyl, cycloalkyl, alk:cnyl, alkynyl, arnlky1, aryl, and a 

hetorocyclk 1ing; 

R52 and R53 are independently selected from H, alkyl, cycloa.lkyl, alkcnyl, alkynyl, 

aralkyl, aryl, and a heterocyclic ring; or gS'? and R 5' may be taken together with 

the nitrogen to which they arc attached form a 5- to 7- membernd ring which may 

optionally contain a further hcteroatom; 

r is 0 lo 4; 

sis 0 to 4; 

m is 0 to 4; and 

each R0 is independently sele(lt:ed from H, nlkyl, cycl<)alkyl, arnlkyl, aryl and a hotcrocyclic 

nng. 

5 l. The compound having the fonnula 11" 

where.in: 

.R 14 is selected from l-l and F; 

R 8 is selected from' the group consisting of is sdcctcd from H, alkyl, cycloalkyl, alkenyl, 

alkynyl, C02R
0
, C(O)R0

, aralkyl, aryl, and a hetcrocyclic ring; 

X3 is N, CH or C-R'''\ 

each R60 is independently selected from the group consisting Qf alkyl, cycloalkyl, alkonyl, 

aJkynyl, arnlkyl, CN, CF3, N02 .• OR0
, halo, aryl, and a hderocyclic ring; 

R61 is selected from aryl and a hctcrocydic ring; 

Q is selected ·from n chemical bond or a group having the formula -0-, -(Cl'h);·, 

-( Cl[z)1C(O)( Cll2)r, ·(CTI,);-N (R 62)-(Clh)r, ·( CI-l2);C( 0)-N (R62
)-( Clb)r, 

-(CI-I2);C(O)O(CI·h)r, -(Clb)iN(R';2)C(O)-(Cl-h),-, -(Cih);OC(O)N(R61)-(Clh),-, and 

-0-( CI-h)r-C( 0 )N (R1
'
2
)-( Clh)r; 

R 6·
1 i' selected from uryl, and a hctcrocyclic ring; 
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each R0 is independently sokctcd from H, alkyl, cycloolkyl, aralkyl, aryl and a hcterocydic 

ring~ 

his o to 4; 

i is 0 to 4; i-tnd 

j is 0 to 4. 

52. A method for dctc1mining whether a subsl<1nce is an inhibitor or an activator ofa 

thcnunutein which is capable of eliciting a detectable phenorcsponsc, which comprises: 

a) incubating a first cell which cxpresse~ the thcrainutcin at a substuntially 

constant level with the ~uhstarlce; 

b) incubating i:l second cell which expresses a corresponding protot.henunutein 

at ti substantially constant k;v~'~l with it known inhibitor or activator of the 

ptotothenunutei.n; 

c) comparing a phenc)rc>ponsc of the second cell to the known inhibitor or 

activator of the protothi;;ntlnutein to the phcnorcsponsc of the first cell to the 

substance; and 

d) determining that the phenoresponsc of the first cdl is inhibited or activated 

t<i at leost the same degree as the phenorcsponsc oft!"' second ce:ll is inhibited <>r 

activated by the known inhibitor 01· activator of the protothern1nutcin1 thereby 

identifying the substaJ1cc as an inhibitoT ur au activntor of the thcran1utein. 

53. The method of Claim 52, wherein the phcnorespo1rnc of the cell expressing the 

therarnutcjn to the subt:;tfnu::tJ i~ greater than the phcnorcsponsc of the cell expressing the 

prototherarnutein lo the known inhibitor or activator of the thcrarnutein. 

54. A n1t~thod for dctcrrnining whet.her a substance is a spc(:jfic inhibitor or specific ~lctivator 

of a thcrainutcin~ which ~;oJnpris"s: 

:1) providing u test cell which cxptesscs the thcran1utein lu1d which gives ris~·~ 

to a dct.cctablc phunoresponse; 

b) treating the ''"t coll with the oubstance; 

c) cxarnjn\ng the treated cell to dctcnninc whether the phenoresponsc is 

modulated by trcnlmcnt with tho substance. 

55. The method of Claim 52 or 54, wherein the thcramutcin or pn>totheramutci11 is a 

cornponent of a signal tr~uu;duotion c;1scade, 
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56. '!'he rncthod of Claim 52 or 541 wherein the tlu::-ran1utein or protot~1ennnutein is an 

e11zyrr1c. 

57. Th~ m~thod of Claim 52 or S4, wherein the theramutoin or prototbcramutcin is a protein 

kinase. 

58. The method <lfC!aim 52 or 54, whcmin tho tlmramultoin or plutoth.,ramutcin is a tyrosine 

kinase. 

59. The method of Claim 52 or 54, wherein the thcmmutcin or protothuramutcin is a receptor 

tyrosine: kinase. 

60. The method of Claim 52 or 54, wherein the or protothcrmnutein is p210""'-""1• 

61. The method of Claim 52 or 54, wherein the or protothcrnnrntein is the T3 l Sl mutant of 

p2 l oBcr"Ab1. 

62. The method of Claim 52 or 54, wherein the phenO!'csponsc is a change in :1 cultural, 

rnorphoh.Jgicalt or tn:ln~ient charactcdstic of the cell. 

63. The method of Claim 52 or 54, wherein the phcnoresponsc includes phosphorylation of 

an lntraccllular substTatc of the thcnunutein. 

64. The method ofClaiI\1 52 or 54, when:in thc phenorosponse is detected on a subcdlular 

tbciion of the c:cll. 
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