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COVPOUNDS AND METHODS OF | DENTI FYI NG SYNTHESI ZI NG,
OPTI'M ZI NG AND PRCFI LI NG PROTEI N MODULATORS

application is a continuation in part of PCT

I nternational Application PCT/US06/33890, filed August
29, 2006, which is a continuation in part of

PCT/ US2005/ 18412, filed May 23, 2005, and cl ains
priority to U.S. Ser. No. 60/739,477, filed Novenber
23, 2005, U S. Ser. No. 60/739,476, filed Novenber 23,
2005, U. S. Ser. No. 60/741,767, filed Decenber 2,

2005, U.S. Ser. No. ®d/BBATHXYCIRCYHRYDecenmber 16,
2005, U. S. Ser. No. 60/783,106, filed March 13, 2006,
U S. Ser. No. 60/785,904, filed March 23, 2006, U. S.
Ser. No. 60/785, 817, fi Fmiﬁ, 2006, and U. S.
Ser. No. 60/789, 379, fi 2006. FIELD OF THE
I NVENTI ﬁ}k lLaQtep li %E&ﬁel&l@y &Q&:hlf&% Elﬁju ?gi‘ c ﬁmﬂﬁ% H’x? of a

|dent|fy|ng, S esl zing;, optimzin pror i

C O MBI SindibAdon k6t (Dﬂh? bitors or acti vat ors of
proteins, both naturally occurring endogenous proteins
as well as certain variant fornms of endogenous
proteins, and novel nethods of identifying such
vari ants. The met hod accRAGKGR@ENDhe i dentification
and devel opnent of conpounds as potenti al
t her apedfietpoatic|tgst eghipmenti(AEE) aferg to ab puteraigs), insfuglyregmpiier-driven,
phar maceuti cal discovery and creation process through
i Y SFRIPR eetnedpViges, tsuqh@éfﬁmmrl%torsmtectw%mm JPEBES @Ffuit
bi gl ogi cal grofl $. F elimnation of t
coﬁ’ﬁ'ﬁg ftfembl ﬁﬁt‘éeﬁ’éﬁ?egt W&Tﬁégﬁ ofred s %)%Fawrd%‘s%?wﬂ-
reduct i

fromth b Pats SR SarelBRs ocﬁ?*? apffcqbhidhese
corBIREE ey 5"“"3{9?5{‘%2’56“3“4‘ 3. X TPl Bils may be analog

mtslkﬁ:ﬂ&h&ﬁ?et gefdrfedtabedoh Qfith }é@di%ceﬁe@@&@ & LShuRE SHReh

target present in a human ce i ncl ude:

| dgrdcbdsing adviceN A@fgitallib-hnal dp@EAVEH R ASA @Y TbiGBvekl DAk in @He ATE is
activate the selected target protein. (A hit is
deftypivatly fised totpedsren couvepnasiras digitat @mpdonnd t hat scores
positively in a given assay and may posess sone of the
ef f ect sA2AC putrurssae olalogisiged! bpsaophngta digital shganl. AHRAC may

i nvestigator desires. In nodern pharnaceutica

r eStERie e digialeigedl using ong e%ﬁ ef a4lqck crhg Nping &y BHling pdgg - or both

clinical S Wt t substantlal furthe
mo g8 ey &’ﬂ?‘ gi Spligg pinghofedess mears dig H‘“?:Qiﬁ‘&éﬂﬁ‘&{ﬁﬁ%‘??‘ed at
whi.ch .t 0. base rth

i mbf)ttﬂ é e rH}ntg an %eﬁ &es:ﬁthg ogk Thik %i/ps r‘ﬁ slgn efﬁ péodaces a‘iugger :

|n12
CONROMHE %alraté&{at&g ,&Laf éaﬁlgﬁr%‘d}ﬁgf&g Lk et the

to or gentlca to g%e ori

mekioBg S e atne%aﬁm&ﬁslaumgata‘ drioRlih @BSiodesi gned
primarily to inprove the inhrbitory or activating

pr oper tTiRSu@lcyd1d6f al cRais @ R4T OEIREl adbubr b £iBS RREthe f16cKliSBeh to
target protein, but which nay al so i nprove

bi cla\tiel ofibne cldck cyclel Issvene lngskeins) anfegor inthe deg ce® ccaxd i€iht yatio
4. profiling the spectrum of biological activity of a
gi veanythiag dtherohqprdQfedm¢aning khatihegjockins TaghtHalfiof éelimeand)low hpif of
order to deternmine its relative specificity and
selectivity for the chosen target protein as conpared
to other non-target proteins, senme of which may be
closely related to the target protein itself (such as
ot her menbers of a protein fam 5. preclinica
in-vitro andsﬁﬁﬁﬂngTﬁﬁfﬁﬂfrgﬂ@@%@é)designed to

eval uate dosi ng ranges, carcinogenicity, absorption,

di stribution, netabolism excretion, pharmkokinetics,
oral bioavailability (if desired), pharmacodynam cs,
toxicity, and related paraneters; 6. clinical trials

|n healthy vqunteers and in patlents affllcted wi th
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the viral reverse transcriptase or the viral protease
encoded in the human i nmunodeficiency (HV) vira

w@enwaner374t is well established in the |iteratPCBUSNA6/045446
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repeated treatnent of HI Vinfected AIDS patients using,
for exanple, a reverse transcriptase inhibitor
eventual ly gives rise to nutant fornms of the virus
that have reduced sensitivity to the drug. Mitations
that have arisen in the gene encodi ng reverse
transcriptase render the nutant formof the enzyne

| ess affected by the drug. [0010] The appearance of

dr uthe fimsj Eer s ttsamply usingbastoedeeseof (e clopkyan ereoninrfeerrutyj oycle
not surprising considering the rate at which errors

ar eSanaesp M fregepnentrrs futnuf ApalgeHEMs: The HIV reverse
transcri ptase enzyne is known to be particularly error
prone, with a forward nutation rate of about 3.4 x 10

5 nmutations per base pair r.replication cycle .
(Mansky et al., J. Virol.égﬁ§M§§994 (1995)). However,

anal ogous. ' . e
' T A e e RS b R GRED AR RERSERRBRES
| O‘Aﬁ’b?axﬁag%u&i e bRYh PR GRpuE AR i eh S MSAE fSATEL ance
can also arise froma nutational event involving the
gene enqgginBi@l, intfe apets theah@tion (<etted B biratry, thabfcRaE @,
2001; PCT/US02/18729). In this case, exposure of the
pat meltipleked toecougppefirstfdaa atdrecaap aad ingespansstbaloek sghalwhge the
gi ven cancer drug that targets a specific

pr otledkrsignfl-hagrisgigasd fallivrlockadgestaad the multiplewdr obtpyts figtdabyat a
followed by the outgrowth of a group of cells

har Borg desk adatandeutnyts seroedidatd ab g faflins clagk edeme® diaabi-4vglos
the protein that is the target of the therapeutic
subetsiee DAR &tcrixss thafust e grddit sreant dagand gﬁ‘l?%?ﬂsd{‘ﬁ’?ff?mof

| lts. f I t age of - exi.sti.
col PPty T prEra R B Gl BipReHT B iAfs nd
whi Ce'@on%' sV g Sls gn'd%h%re‘iag gl%cclll.g:gsu@rétragé éeg’(;nﬁ %tergf%i %x'a{s)r A%ﬁk&e@r
S ari e g or oW ng

120Na
such nut épl on novo durin

eXPOSHLEs 30@ éeragf @(!M@'mecrﬁst'aw@&n@ﬁgt{g& sfoRal@ ﬂags%%@a@lgme

agent capa actrvating or in Iti'ng sai

Pr egeialiy a pHodARUEL oblath Al ERRE: 163%Rty cSHELTHNH S IQR signal. This
events may result in a nutated protein (defined bel ow
as aspidnef thdidtentich) maphulss inciude bre Ssmak bewhé Riowiag feparehaps
conpl etely unaffected, by said therapeutic substance.

[ 0012]  ThEfittaymiag bewyevpayefilcusThedndt data @nd (l€vkoond data each may
characterized by excess proliferation of eloid

pr otyelade robisvaluss twhere nal, that qeerespadde inalpg pelfage fevels. Clock
differentiation during the stable or chronic Phase of

t heBAPrERESHCUIT INRY b5 ueed tp gragratsfhe slprkigipial, Ancppiolier may be used
establ j shed derequl.ation of the | tyrosine Kkinase as

£ he eHIS HacHEK BRECUBRIST eV EaT Y SFTENSP NG e
derequl ation i.S cO I ssoci at ed. wi. t chr 0

Cr oo ol POr B Le s BB e el BTREPIRR o

(e Ml TR B SR s B

t YT 884riSrelibcd @1 Quty iiiSerfol I AdjEn B Q8% zerdhin i cGifry PRI times
tyrosi ne kinase activity. A related fusion proteln,

t er nesupdtfialBaiompdikate fohatorsin i dsty Eyoteinteodddetl bethe MAC. A
breakpoi nt in the BCR gene, has been shown to occur in
pati ents wi th Phil adel phia chronosone positive (Ph+)
Acut e Lynphobl astic Leukem a (ARL) (Melo, 1994;

Ravandi et al., 1999). Transformati on appears to
result fromactivation of multiple signal pathways

i ncl udi ng t hoXéBSRUGIRE ﬁ@EﬁXé,}uﬁ#@@and JUN. Imatinib
mesyl ate ("STI-571" or "deevec(r)") is a

2- phenyl am no pyrimdine that targets. the ATP bi ndi ng
site of the kinase domain of Abl (Druker et al, NEIJM
2001, p. 1038). Subsequently it has al so been found by
ot her nethods to be an inhibitor of platelet-derived
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termed the phenoresponse is first identified and
utilized according to the teachings herein. One

weedodoTsesit of the nethod provides the skilll ePICT/US2006/045446

investigator with the ability to identify inhibitors
or activators of a selected target protein. Another
enbodi nent allows the skilled investigator to do rapid
| ead optim zation studies in order to arrive at a
potential clinical candidate conpound. Still another
enbodi nent provides the skilled investigator with the
ability to design conpounds possessing a desired
degragingtireftely bé ased o idedtifya sepowddutyt @ytlg exror ot thé elbdk sighd that
wel|l as selectivity for that protein relative to

di swaniatrodyead agd el of a clahgetie an fparatibgconditidraeswociafd witethe
target protein that may exist with certain targets.

[ OOSP‘?‘T"“IYn"ﬁ‘F‘ shyantiallyfcomprasagefiar thpteeand dutg pyclecearey e tragking
pound, i ncl udi ng an already approved nedi cation, is
an FRSE P eI P"r‘?‘?f@ °fp‘|‘%f8 oting: 7 HHURGHECR Pt 4ird data and

researc A commobn

h
i ¢ R0 B o TP 1 sl i R RfBiess b Byed l Gea ata
ch emxggaéloc?gg%‘gh&&wu%r}&{r&%atg tQtea t‘g’ﬁnrxéJc%cﬂ ggrei aOISAE 10} r]gcewe tl'ﬁ

pur pose Speci

tar ggh afth QrId%J}')mrth(ﬁE\ta %J]IS Bhtﬁlﬁrc@rﬂﬁéxﬁerntamhﬁe&/ s@é}ntals taﬂi ﬂoﬁrﬁl

therapeutic efficacy in the patient. In sone cases the
St akifialga RpME iktr & ﬁlﬁb’thb@onﬂ)lejﬁﬁﬁ’tm tifal4Gndi an@ 618 signals and
instances it may sinply be an initial screening hit

I detiticby @okdued thiv@ind USirth GiltereCEalsf 4né @ vEltmefd tolfidayure a difference
cel |l -based screening assay. In still other instances,

10 t hebatwerp therildrdrmag fobeth Alrerddisighala Wherh Geidd&tenstcpuespendeto the
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defined inits mninmal terns based upon a screening

hi t seepndgietysyclaee | Thetthigdpia may inglyge iieytups hayiag i*rﬁk‘ﬂt

"scaffold". For the rposes of this |nvent|on

scaltigesdeyel aghs fqup ‘g?ﬁ" mpy dnelidp single-bif yalnet havios \ﬂnsfcﬁndo‘i?gage
S or r

D e Vo Syt ol Ro Rty eate B R e t°5%%%13&ﬂ§1ﬂ°"

th aM%QEﬁgﬁ E?sl% al%%% ér%ﬁrﬁgml%%ghgag rﬂca,@éfr tma%{rﬁ e
Of as ayy gﬁgxfaplnqnc{tﬂ)ép ;!lspgdt tlﬁ‘ﬂ'n%ﬂp&rﬁ ﬁ&tte@@qtn{e'ﬂgﬂ t)f cgpbrﬁ(ng a

the present invention'is the use of the phenoresponse,

t akpACt vo&t ifQhdeVbdidhuthg ek fdu b lséasncnfatattme DAL ikfedonse toa
speC|f|C|ty of a first conmpound relative to a second

C ON6dk3Enal ha@iigiaing had ARhesldkiagenivkRelic firdi@ath islofput at a rising
conpound exhi bits an i nproved cellular specificity

r el elodkedgetand th eccemiclatads @uprpa a fidling Tlorlsedgp ffhe arethod also
reported for the first time in the invention described
her Bflxdes gepratingaemplemerttary fuhvignels pndsgepad signalsvisr thg PAC, where
prior art Thefprlor art relies upon cell-free assay
syslh% FRIMRepiaD| 1Y S‘ﬁ'ﬁﬁlﬁ nd gegonssignale S dnAake P%?edp‘?"d’éﬁfﬁ ggnd

pr ot s, for as e activit oun
ConpaPEL T e flp%rnga S Gouenie Sthiti e S?"Q’i‘dgsé%“nls o
pr o ?&ug %%4 iIl]Id 5 cgnd%{hfe a?sn?b(?;%unlt?g a (f itfe éri%é Qe%wet%e ﬂqerﬁak arXi

ose y or arget protein.

NUNBE QU FilEX AT R saneﬁdjasmga doePE by ﬂﬂé L%k s@{wh bé’s@@&ﬁﬁ& h

are found in the litérature,” includi ng Hanke et. al.
1996 freriiee MififasBdct of Me- invehlon 209 31sOhB12R2rAe M mordkHd t%ﬂ&m&
Shokat, 2005, and references therein. Such ol der types
of ceIIfree approaches are markedly | ess effective or
conpletely ineffective as conpaged to the present
invention in identifying and optim zing the cellular
specificity and therapeutic efficacy of a given

scaf fol d. TheSUBBEIANE SHEERIROEERMt of the present
invention results fromat |east three key el enents.
[0019] First, the concept of the phenoresponse, when
utilized together with the neasurenment of the cellular
specificity of a given conpound (as neasured for
exanple by detern1nat|on of |ts CSG» prOV|des a

e o " - . o I




synt hesi zed, the skilled investigator then proceeds to
use the nmethods of the invention ratherthan the prior
wa@edo7meiod of constantly referring to the reseCT/ES2006/045446
obtained with cell-free assays by testing the new
conmpounds on both the target protein and an array of
ot her non-target proteins in an attenpt to mnimze
the cross-reactivity of the conpound with other
proteins. Instead, through the use of this invention,
the skilled investigator may gui de the inprovenent of
the chem. cal structure of the startin ound
§ﬁ§g?

thro u g h Fdieregpey beperfarmedby o rapdilierag, | 255 AR the fecenid
det ation f the CSG of each conpound to be

t oot %}yﬂwgm%ﬁwg "B SONTIE nE@F‘F%ﬁ“%}Pg wliaggovels.
Sys f [re t.inv ion grtan

co nﬁerﬁugl cgél M & naséajé1 ntﬁd o rd? 3 re(r%(%%el? rmrcl)'f Hg ey exe teeghe duty
pur iyel-Gtly BE R &led pRES QMBQS’ in bidG Y ﬁ)‘b&%tuﬂg} ?ﬁg&aﬂ h errde

ref érenced above I n Hanke et a t and
5 Shofsatiutf &R25Adjusting kileMuf) Y @Lp1heal drfes mﬁﬁﬁu’b&ﬁﬁl}(ﬂy cﬁ)ﬂlgelﬁéﬁé for
t he conpounds that result fromthe inplenmentation of
t heerfiir«in @ idutyejdiOidrained sy the DAY, ThombieERaytkodcnasidbiifying
the ol der nethods, as shown by the activities of the
c onpzoond duty dpaid drfor mdhelvdck signal thattwaain@odicédas b iresalt E@ahangd in
the highly drugresistant theranutein p210 Bcr- Abl
T3 18 operatingshesiifkpniagsodiates] withihe meshddl ang sitisitiadly tdwepensating|ferthe
investigator to independently test any resulting
confsevmd ety icwlfeﬁneé | Iﬁmlfyw t@fsqoewwycle ﬁa@mwmde outputting
verification if desired, but this is in no
10 re qtﬁnfii R eyt e waesa?la%iolt*@élqch agnah\wé?rﬁ s wultfpéfemrtputs
trated

t naed S P S S RO B P BT eyt G
C a0l om0 3 AR ERARNRLISE DG B LS

activators e|n w t prior

r ef fLRGRcdvRIyafIfahd mE E&%{enﬁ%ﬂyftﬂxﬁqlgﬁa{lp&ﬁ'f&rﬂh 's%%&o thereby
bi ndi ng assay or enzyme assay (when the target protein

| S prBduedWhi @ fouh@NEed sifRls&mt alhsusty 4 difdrenchRrePR tivds
under investigation are actually binding to the target
15 pr odndifeurth fil&2bdignilk asereriestiffdencelenodpsids ai the scband dudpeycle
first tinme, the use of a cellular responsebased assay
sy strem B thardpipt may includodinglecbit vd et Hafipg 2 fitst toltegedeyelomd the
activators of a given target protein from conpounds
th JP“%*\:‘BP@%G@WP tiegls bit yplugs vyl 2 sespestighpsgdevele whssnthe first
These results al so denonstrate that gnce a hit

E) r 11“8 éﬁc"tdo"l’?ﬁ?ﬁ? ryels &P diifersnty f'm%‘&lief afjng ‘ioﬁfjt’?i’rm*}yﬁ?ﬁ]‘lﬂ: &5 17’?@‘ oxe
t b t hod,
ek Gt el bE PRl RS B8 e ol 1 Or via
20 cl aSSI c ‘?’L EI!II\L otf g & nhﬂ@ex%él% a?g get foﬁ?lnqléf agmm ings

al so en1ca| opt'rm-zat 1 on
miyan@ €he Q@s’i:iflﬂfoﬂgéio@ nF&ﬂérqeaﬁmbE@g)an@ Eﬁv'aﬁtféeyof‘{ﬁé iREndidAGyil
phenor esponse- based cel lul ar assay system without

S ulzesitepparche ROH € AeRriptidn,NheXirSahds; fntl @@ climis. f i ed
protein assay systemto independently verify/confirm
that the inhibitory or activating ability of each
subsequent conpound synt hesi zed during the | ead

optim zati on process. This enbodi nent al one saves the
skilled investigator a substantial anmount of tine,
effort andsignificant |aboratory resources that would
normal | y be spent on generatingtand i ndependently
confirmng inhibitory or activating properties using

cl assi cal cel assays,

r adi ol i gand d%ﬁg‘%@@@ﬁjgﬁﬁ%&éy“ke_ [0026] The
nmet hod i s denonstrated herein using a specific nutated
formof a cancercausing protein involved in the

devel opnent and progression of chronic mnyel ogenous

| eukema (CM.). This protein, termed the Abel son
proteln klnase |n |ts ~cancer cau3|ng forn1|s a knomn

. T o a s s




specific activator, and of the related concept of

target protein "specificity" when discussing the
waearoes7of i nhibitors or activators of a protBCTIUS2006/045446

Accordingly, for the purposes of this invention, a

substance is a specific inhibitor or a specific

activator of a given protein if said substance is

capabl e of inhibiting or activating said protein at a

gi ven concentration such that a correspondi ng

phenoresponse is nodul ated in the appropriate manner,

W t hout havi ng an atgﬁsciable effect at the sane given

concentrati on uporPEHRIBPHENSOEEBORBAWINGS any) of a

correspondi ng control cell that essentially does not
expr ess Fig 1 §@éPloph@agap plh TE fof G fevicss-cer t ai n

enbodi nent s, subst ance may be.a | ator of two
cl osel ;/T%lgeitségloﬁ]f g‘f‘%?'ﬂgteastffé% “ﬁgmafhe% ‘ot her amut ei n and
one of i.ts,correspondi t.heramuteins. hi..ofh
enboai it 3 LB PSR EE M M Vb KR e
pr ot ot hera i ;hgr [ TRy 0
> nmodul at E{gt- ﬂg%gggf@f{? ? es oaf%%é[ra%t‘dea} rﬁ% bt%%glt% g‘?/lgm sim a(?
f unGlibRitsh cir@iitndi scussed above, in addition to
i nhi biting the p210Bcr Abl tyrosine kinase, imatinib
mesyl at gikeseitiSiRe Gaiad)d i@ differchitipus indioge Ele@lemets.t
oncogene product (also a tyrosine kinase) which is
overexpressed in certain gastrointestinal stroma
tunors, as well as the PDGF b receptor (also a
tyrosi ne ki nase), whi PRIAILERRPEPERIWEON n certain
chroni c_nyel ononocytic | eukem as (CVMM.). Such a
10 conpoun&eleging g Inbyster LA tegting gdgrdgezpndaryest (LED 4§, such as
i nhi bitor, %003,11 The invenéion al so provides a
gendHCoORBCRp P vichARcIHdssp tERET (& WiGh 35 FUORATE P SAUPTSL AR
that will activate ofr. inhibit t her tein, 1o
s angn e 3 e oasoli b P MED AT i shfal Gen
tha " ' o it
t no i RO it bt PR BN Ry CARARMPIE TybET bl

( T.ths Kith k& ls dniaS@No teSier¥8 kilat AHRE the RRURN BF roufifé@ingsai d
"w ['d type" forms of such proteins may have al ready

15 MUt Ah@@nd far £diBg DOTT1S £Seth efbciting §strbiftRes Maylifiiate the generation
correspondi ng disease in which said protein
par frideiapsatig®n pf £OEZRA]s tb the DUIT1E famt doliektiendfockponsestfiom theDUT.
present invention provides inhibitors of the p210
BCRVABIus tyBés of DUThimpyahreuiesesrbh sysiemd 0+ Fag efampiey PHTS may be
wherein: ring Ais a 5~ 6-, or 7- menbered ring or a
7- tegicppd icese suclyasety ieegagedicirguit(J(Rghip feis- memop] @iy ed
fromN NRO or CGRl; X2 is selected fromN, NgOm
C- Ricrqpppsessft analge-fordigda! sopysrigis Sigial thnploncAnvash e

bonds; h i s.ind tl
S, e B S RISl S S B omees

?&(g%w&%o%{%ctq ﬁ%ﬂ%ﬁ%{ﬁ“‘%ﬂge@% %ci_rz tﬁfgx%?'%%l iy orDUT
X - ( 1)( - rcg;{e@rﬁragtwen )

N( R (tﬁzgfé’%g.rb.ws’(e % "‘h‘ﬁ%ix %L)%m1 N Rpt’gf%Rn ,
- OC{dhd¥oRpih2of Mok Pohay be DB td R3térR2 3 For ilRBdradive purydses, s
a heterocyclic ring, and additionally or

al t erngkj sewicynduttoaieRie EioUPH comead] ta o@rrbnnestogpimefINEL 18 via
forma 5- or 6-nenbered fused ring which contains from
O to 3 heteroatons; nis 0 to 6, each Rl1 is

i ndependently selected fromH, -& kyl, cycl oal kyl,

al kenyl, al kynyl, aral kyl, aryl, and a heterocyclic
ring; each R12 and R13 are in ntly selected from
H al kyl, cyc$‘e§%$WTFa_§E§ﬁ9"|(g?§g3 |, "aral kyl, aryl,
and a heterocyclic ring; or Rl12 and R13 nay be taken
together with the nitrogen to which they are attached
forma 5- to 7- menbered ring which nmay optionally
contain-. a further heteroatom wherein the 5- to
7-menbered ring may optionally be substituted with one

N a o s " - . a1 ] e o



eis 1lor 2; and is OCor | . [0033] The invention

provides for a fundanentally new way of treating
w@ances73and ot her di seases where treatnment w t PCHIS2006/045446

exi sting drug conpound, by whatever nmechanism is

followed by identifiable (clinically significant)

t her anmut ei n- nedi at ed drug resi stance, by providing

alternative drugs that can be adm ni stered as

theranuteins arise and are identified as such (Wka

et al., 2004, reports an exanple wherein a theramutein

may arise during the course of an on-going treatnent

r egiarmerdyvire emmngstiere ptandustoy 20sfze radle) lsomnatter to pini32 @id is used to

clinically significant populations of theranutein

exprdelévst g sigedld (.2 PMPi¢sevignalayrRE test gignglsyfjc-t tp Ehgdnierpa! cifcyitry of

a particular disease is less effective in a subset of

i ndiRN TGt falCendusior 2050 senses signalpdtpi 23 I RepPRy iR the st aignals

protein at the drug targets, _the invention.enabl es

P he rraieb Pyt T et e RS PP ERgtel S TP @Ay Siron

provi di.n | ternative .drug._ s Ll

sor 1 et o B P RER A oSG T P e o cbndifior 2010

i i i. .kt f W ns
| Vet mgg@gyglggs%g?m A éz,gqesg mal Ghs§ b PeltbRRld ¥RShE Bins

—
It

as effective a nodul ator of
a t REHRBMISIUT 180 FBr &xSinple, A3 tef1 2R Wrovidd Rs3E MG inkSotier pins and
nodul at or of a correspondi ng prototheramutein. One
embadilgteitochied bibrisTEdIRE bich W@k VRBuctdNthacdeling the paeided Ol
cell that expresses the prototheranutein and is
capalyngs)oBy eolleithigttienefleated Sgmpizthd mput phredants/giite pins may be
characteristic (linked to the functioning of the

10pr otchirkntariagr, dlengwithrothehginglenorttesiijig qyantises. Ineii tarbeerratsot
of the prototheranutein, contactjgg a test cell Ehat
ex prdgimlesigngleny bp LV @niicRRep P 8ingP £ segpeaffigtalyalue on DUT

hi biting th ' henot ypi ¢ characteri sti
(11 e a3 orePPE AR A58 rEC A s Benered fefgie
1) with th ] ¢ ing the..
¢ e it oS ERRe PR R SRR e ihfed o
t he Je{eeai%eeﬁltehgggﬁ)églﬂygﬁgsj s.toretde %q%m ne t hat t he

chenmcal” agent a east as effective a nodul ator of
st he ther gy ) @ltﬁp@ﬁrﬂiﬂﬁo&%x‘@'ﬂle&%ﬁlkﬁ@ & Bvd-por@estBahdItoer

of the prototheranutein. In certain other enbodi nents,
one deiBiehe@by Eidoh@ibioE@vice fRYr 1R0For@XMphs 8 tebthignal may be injected
protot heranmutein at all. In other enbodi nents,

t he ceatdoaducoetd intmpin 22 xpd esgpomb sigtal inhebesahiested fromene ¢rfmore
the prototheranmutein as the test cell expresses of the

t herairupies of DUTh18s This respanbresignal sy OF Riokided to paqicopgieor gvice
cell may be capable of exhibiting the responsiv

pheriety b7 b detERip el GUartities 35 §2I8 FERRNSe, PRSI RansenaPepiier as
the test cell under certain conditions. In additiona

200 rh JHCHEARY IINCATUFFENCRLANRNINES | gy express a gi ven

tein, whereas t trol cell | :
bssent | aRFSTRERR BF & Ao 7 brgEgicoy G BRRER A Spitho
: Eg Sﬁi&Yo?beng‘[nmﬁﬁple% s‘?,fselgi"él&{dh&&ld,@vricé £kt I £RLIudS 8n interface

e I nvolved I1nregulatory function, such as

eNZ YRS ik S ebRmiliAasGith nuboASHinie FéicRaSES intdfReRpidQA may
tyrosi ne kinases, serine threonine protein kinases,
dual gasgeieftisighdlyto e 3e) 6, I i1 TS Rand polioéteasBmndingtesioxses.
net al |'opr ot ei nases, phosphatases, cell cycle contro
proteins, docking proteins such as the IRS famly
menbers, cell-surface receptors,-6-G proteins, ion
channel s, DNA- and RNAbi ndi ng proteins, polynerases,
and the like. No limtation is intended on the type of
t her amut ei n orSUBHELUTHMBERT(RELEMY) be used in'the
invention. At the present tine, three theranuteins are
known: BCR-ABL, c-Kit, and EGFR [0036] Any responsive
phenotypi ¢ characteristic that can be linked to the
presence of the protein (including, e.g., a
theranutein or prototheranmutein) in the cell can be

r
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[0045] Figure 9 shows the chem cal structures of
representative conpounds of the present invention.

representative conmpounds of the present

I nvention.[0047] Figure 11 shows the chem ca
structures of representative conpounds of the present

i nvention. [0048] Figure 12 shows the chem ca
structures of representative conmpounds of the present

i nvention. [0049] Figure 13 shows the chem ca
structures of representative conpounds of the present

i nEerhtcommunitQion ik trp guistymiep!ly Frigusd fors 2 chARNG P%E)ypmwdmg
effect on growh rate of a hypothetic Iﬁfongougq
havashgnals o gt mmbeird chanpdls: {ejting Sme dyrequcet 1™ PRVBE &5t Py
a test _cell and a control cell.. [005 Fiqure 15 s

© hoE Petrm s rhe e Bpie Py Srbr I e Ry
co nd havin cel | ul j fLei - WM
R R s T R o

Fi e%?/ éﬁmaj? n%@ﬁing HRWE R dhiDBaRbit QWY a & int@face cards 26
lmati n at

nesy at “concentrations significantly
bel,pyod REshaRNP & BRbnshite Mal lligkSinletficd EarlididyGobilate tester 12,
[0053] Figure 17 shows the effect on growth of
di ff er emeh GRABE taidaddluaess dlicdtel inBglawbddiicoit@CYEip (e.g. an
anal ogues for Ba/F3 cells expressing the p210Bcr Ab |3
15 hpgitcaripn s@sifis irmptataduttranit (ASIOPOBderfFmung rartit @arg s fmctiohse
results of a standard cell free protein kinase
autFoptresphontyifage Faoh2disdiades Ionhipl39 e periermingPaRIMAES e
domains in the presence of C2 and various C2 anal ogues
at meagismeainit ENTYhesss and pinggigptronics (PE) sty i ghig 30 has a P
DESCRI PTI ON OF THE | NVENT] ON 5] Th rm=hal Q" ar
b aAB8 2 ot S o B PEOTRTIARE e i ISR af B e Bbs
brom ne and i odin 00061. The . . |l RSredbS@del
e AP Beelo g B A oS Bl el apa Aoy
st LADSNRA A VB LYEE EREAS A SiddBYPVIC ot
1 t“(')d'%gg%g@gsr?gaatorrsﬁgg‘re{ea?éerreg al k))l g?ou%é %cl ude I%
et b dihg 2 BEBMge or RREH QBYA to. IRUBTYT to de@MmE yith,
ter‘M"S?@’l, g e o e 1 onal 1Y, “the al kyl
O QjdPnciiiBYas RPuQRE b@RR irhpédsidd) Sirtehtibakageydrid bthergpes bf DO e
substituents selected fromhalo, CN, CO2R, C(OR,
C( QeithatiBRharyetikdtionsa PERGingNRlveaseddiGRAC feO8En} s Fide
term"cycloal kyl" as used herein contenpl ates .
s ubstvifontsedla BET (unsDBE 1) rod eotleatipg febronsgs leyfirthepdipiagiprige the
Preferred cycl oal k¥l groups are those with a single

e

|
r i rRgrformnnegioh iha §UT. Fer crarele: 56 FRi PG MM FRIPGIQET. ACTest
| I, | tyl, | oh |, like, ..
o e eiarey o g ining A e R Gt R o o e
bi cyel | t mCto. Cla tr '
ot SRy S LG LB

subst.i t ' O¢; ik : e
T e o s R e
NOZ;20 80 s,qg; Jn‘Q\Q% in_ PEI'E@&gé &f JR1C2hik 8D Mﬂe'.r'at@ﬁt d@ﬁﬂvebﬂﬁ@l speed in
contenpl ates substituted and unsubstituted, straight
anccohpanehednechalify mlPkangageari cal s. Preferred al kenyl
groups are those containing two to six carbon atons.
Addi t i omapdsybotlh he and k€ eyl sigyrloandl anaye ayefopus foomainesface card
substituted with one or nore substituents sel ected
fromhalo, CN, CRR, C(OR C(ONR, NR, cyclicamno,
NC2, and OR [0059] The term "a¥kynyl" as used herein
contenpl ates substituted and unsubstituted, straight

and branched chai Lcal Preferred al kynyl
groups are t%@%sf@@ﬁ%ﬁé%mz@i X carbon atons.
Addi tionally, the al kynyl group may be optionally
substituted with one or nore substituents sel ected
fromhalo, CN, CO2R, C(OR, C(O NR2, NR2, cyclicam no,
NO, and OR [0060] The term "aral kyl" as used herein
contenpl ates an al kyl group which has as a substituent

. .
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C(OR C(ONR2, NR2, cyclic-am no, NO2, and OR
[ 0062] The term "cyclic-am no" as used herein

W@ eapiat es aromati ¢ and nonaronati c cycl i ¢ PEOUSENG 045446
having at |east one nitrogen as a ring menber.
Preferred cyclic am no groups are those containing 5
or 6 ring atons, which includes at |east one nitrogen,
and i ncl udes norpholino, piperidino, pyrrolidino,
pi perazino, imdazole, oxazole, thiazole, triazole,
pyrazol e, pyridine, pyrazine, pyridazine, pyrimdine
and the like. Additionally, the cyclic-am no may be
opt i Bria PUT 18 aronduciingadcadOtchntacts K chN0 tGHGipteifiRe boaZ@pnector
OR, CF3, substituted and unsubstituted al ky
subs#2 thayaliqys sigeals A bebrster pu anslpffdptenfage bagd 24. érms@t:q hoarded
and unsubstituted aral kyl, substituted and
uns uisarerL 2l q@émted tog pRadupter A4pt isenngfied 1B &t intetfrcad

SubL et Sk 'gh it 8%3?%&&2%9% iOEfu*%g?)B e 1 ﬁzﬁls Srample
Su St | t

| K
S u bs%on?uc{or 15 (r:oart o b1} ega cte c nn{:ctta' ?% bt-(l!{fe%tlosn%l)él e(ﬂa M%
al kyﬁween §§{Q.S1t2 'aﬁ&’ﬁn? ﬁb & rﬂd’[‘ 183%%0% Q&&ﬂg&xﬁ@n@sdan interface device may

het erocyclic ring may be substituted wth one or nore
of  hglued 1&-Dbnndetche o%corﬁ(x@rgfroﬂe@ef\me theBUT. Ii’lgpexarﬂﬁlg the
OR [0063] The term™aryl" or "aromatic group” as used
her eDOT EIDAUIPISFHRPE beShdigled ofitb B gevite M@ tatChodidQDIB fdrp@Wviding
exanpl e, phenyl, pyridyl, pyrazole, etc.) and

pol y&yess to@adhiDUT Iﬁtysl‘heum(am apnpdmyeht, capduano 20 mey beeioane}tcd to the
The pol ycyclic rings nmay have two or nore rings in

100hi cRIB fmpla:tngmst sgnels oo tErapprapgate po(sadjgo pimi2ALpt thedy&r. (t he
rings are "fused") wherein at |east one of the rings

i s ar onalr this examgle, onlyrondicrieg trags 4{pad eepduates %W%‘&WCW)‘?P@C“
cycl oal kenyls, aryl, heterocycles and/ or heteroar

Addi YG Bir0iagd mtﬁﬁt-,ce hoard 2Afersichering gndisaliesing sigralf| Jow weler'ic chip -
AP B B o 4 o
%t AT &%§ %&cﬁ &ﬁted CV?E%% u?%&ﬁlx%p% (rgge%\l?nd c%r(rﬁ)s%ondmg

0( dol AR fdnfthd DUT (GHROM R)\dcﬁ@flau :
152VR%%)§3% g e e P Y D
2) Ra sorﬁQﬂ%}:gem@(tQ)tesM ﬁ)me(y@bhr%&t td¥wo or more DIB’s for interfacing the
-CH2)"C(O N(R) - (CH2VR, -0-(CH 2VvC(O-N(R-(CH 2) -R,
S ubséhhingls pebvidedbylinsiides tards 24 e2b, @ldiRY & ons tbhailiipleides@esamder test.
unsubstituted cycl oal kyl, substituted and
unsubst i Tuirdthteznd bdayrbl, thestedting petrfiotreed ba interiacesoatds 24, 26itapd28,
al kenyl, substituted and unsubstituted al kynyl, ]
su bs'te$t°trdﬂ inglugdgs ¥MIhepnisal cireuiftyed$ ang W Conﬁﬁd“ﬂ"‘ﬂ%’s‘t“t‘ Pigyideytest
and unsubstituted heterocyclic ring, whereint
205 ubseaAmsteEde &) RS signad yplees i &t %%?&t cyEek &?IVC‘ C&&ttb's‘tal%t‘% gifor

ar al k bstituted al ke bst
L bSPTIR S R AP GRYRI TR figne PE

may be bstit e I

oy R il B by o Hopd 86 6 i o8 epprBhentel v
0064 ] .. Muchal , | aT A% alsh ih

hot ootbeetife deAlofhuch el £F @Al Rl prB B DORE T der Bl s o

I ndep@pE@Ithieiacs 82 Bet86lvd dopputt, syﬁéﬁbﬂ t‘ot:&ﬁtteﬂthélﬂﬁratlons executed
unsubstituted alkyl, substituted and unsubstituted
cycl oal kyl substltuted and unsubstituted aral kyl,
substituted and unsubstituted argl and a substituted
and unsubstituted heterocyclic ring, wherein the
substituted al kyl, substituted cycl oal kyl, substituted
ar al kyl , substﬁﬂBSEHﬂﬁH@BHEEa 2®ut ed het erocyclic
ring may be substituted with one or nore hal o, CN,

CF3, OH, C®2H, NO, G -6alkyl, -O(C 1-6al kyl), -NH2,
-NH( C1- 6al kyl) and-N(GC -6al kyl)2. Each R and R' are
i ndependently selected fromH, or substituted and
unsubstltuted aIkyI subst|tuted and unsubstltuted

I T 1 L T Y 1



R34 is selected fromH NO2, CN, alkyl, cycloalkyl,
al kenyl, al kynyl, aral kyl, aryl and a heterocyclic

WO 200goeR48 i s sel ected from-CR 4V, -NR42 , - (EERESI006/045446
-S2-, and -0-; each R4 1 is selected fromH, alkyl,
cycl oal kyl , al kenyl, al kynyl, CO2R0O, C(O RO, aralkyl,
aryl, and a heterocyclic ring; each R42 group is
selected fromH, alkyl, cycloal kyl, alkenyl, alkynyl,
aral kyl, CO2RO, C(O RO, aryl, and a heterocyclic ring;
each R43 is selected fromO S, NRO, and NNORO; with
the provisos that when R2 is -NR2V and R4 is -NR42/-,.
t herbyR8ter £2 and tilso NIRBVdata felga testpatamet®R3, W refbnges.@tcr) éssing
si mul taneously selected from-(C=R33)- and -(C=R43) -
r es peern/iedtsr;12 andcompier SREMmHA R4 are not
si mul taneously selected from-SO2-; R5 is sel ected
from - Y-Re %ﬁh@w& czmwy SWhatsnag &t @eqwatqdrletﬁwaerface cards 24 26, and
chemi_caTbond, is selected from al ky
cy cl%849 ggg}?rate ya@rﬂgpals fgf %from tepte llg);‘? a DH'ITy pll’CUéWdSS és used to

drocarbon C

51y orbritng Suhie BB o &e o aﬂ%ﬁpﬂf‘?‘%ama!}a?a%w SUfbugesa
WI t rﬁrs(t) ntg ar a{)n% ]F‘brﬁf&n%b?ﬂc ol (Vl for té%)% %% gghe éﬁb&@%&bond

N( R)s?age Wr caﬁE}QungﬁQ:« DAR odigsut kbrﬂ%{oﬁeﬁau%ﬁ Lﬁﬁé £k {¢ IVgo B dmpnsate

and a heterocyclic ring; each i's 1 ndependent|y
sel getdad dyE108rd retay in cheigsd i Bpdfdtional admltkdd, sucRlisithangéidn
a heterocyclic ring; ais 1 or 2; bis O 1; cis 1
or Zéempdraturddmid flh¢tuionsSn dol@ge Wed tapalverthe AE). 1. [ 0067] An
i mportant conponent and conceptual teaching of the

10 nvent i oFirstgse5t beldedrad gaga 57 sclpfiratimile cirdvisty, andereRinilaon
the R3 positions of the conpounds of this invention
ar e aneratinay as egflaipggypelay o Referring 9rthegper apwipmeficicyinhyy, in this
structure. W have di scovered that conpounds havi

t he "RPCRFREGR frt oS Rsresiagmirlkeridrigay dt B Céﬂwhm nzl)
t t d
ef { ¥+§f@3{v e?q‘%ﬂt?i‘r&?»?t%w'ﬁél I%%%ﬁ?‘?rﬁg‘f%ﬂaﬁ?eﬁ“gv‘%&?éeﬂfgas the

g 8 % 8 g 2 g% clo {: L i Satm%\élerputi 69 Brovﬁes a squ z{ve cgcl?s ognﬁln ghlch controls

150t h taqggti of ﬂﬁerggﬂz&aht,&f B DSk 5%9 HRO4 Siba bﬂ%é%hér&fs

of t teln 0068] I'n preferred

enb dﬁasemv&vaf a QIO sighM 8Mdnl B&tiod frlaf Be Mled. SMAR @{easmlhﬂes data
ring. [0069] In preferred enbodi ments of t

I NV ervkn iGN -indt 60 it thirising elife off Fhe alock digmal apd @ﬁ@res @dla from its B-
enbodi nent, both X1 and X2 are N. In particularly

pr efigput Hoht Gwrifdidtigredget of the tlotkhsignpln Becatiseaine dRick gigwe! has ageriod of

pyridine ring or a pyrimdine rin In still further
pr ef 16z cand sanirbiae prews twicerpieyRpripd, sam eg EeHE elverw%)ﬁmcweconds
structures provided bel ow. [0070] preferred

206 nh dBYmE emplinginesed ipaspiidragian prRgyss 7§ (‘%egg‘}) L531PraY the duty Rsle
formul a Wgerel © X3 i

ar ylerrgfrfﬁ Sﬂgqlg%lgvb?f%&%q%n énchlbrciggrdsaé FEQ:ITSHZ% Ct eﬁ?&é 86“

bond or a rou

( %V}a&:; 5?%%?1;% zpﬁycr 300!;) %C%f;?&m?m wave
(CH29P‘|{?( Rez‘ge%l? O (&) /- pler?%ha(’zé)ig'oq!' O N(R 62) - (CH
2) -, opgk fifdr %ﬁo&V@Ka@hMé@e 62 IH)slgnal oG 4ineSand edcBiatiRer
fromH alkyl, aryl, and a heterocyclic ring; each RO
IS |ndependently sel ect ed fromH, alkyl, cycloalkyl
aral kyl, aryl and a heterocyclig.ring; h is O0Oto 4;i
is O0Oto4; and j is O to 4.[0071] In further preferred
enbodi ments of the invention, R5 is a group having the
formul a mheraSUBSHTUTESHEETGHﬂJQEﬂS selected froma
chem cal bond or a group having the formula -0,
-Gﬂn-NH,-qc»NH,-CM)O,-M+qq-,-GXQNH,
and -0-C(ONH; each R70 is selected from hal o, al kyl,
CN, N(R7 1)2, cyclic-amno, N2, OR7 1, and CF3, each
R7 1 |s selected fron1H aIkyI aryl, aralkyl and a

1 . s ~.n rr\r\—)r\1



w0 302MkRIL) (R13), halo, aryl, and a het erocycl PCT/DE1006/045446
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-(CH2)/, O CH) R 1, -(CHR2)tN(Rp )(CH2) C(ORIL 1,
-(CH2) , N(R12) (R13), -N(RL SC2R1\ -0OC( O N(RL2XR13),

and additionally or alternatively, two Rl groups on
adj acent ring atonms forma 5- or 6- nenbered fused
ring which contains fromQo 3 heteroatons; nis Qo
6, each Rl' is independently selected fromH, alkyl,
cycl oal kyl, al kenyl, al kynyl, aralkyl, aryl, and a
heterocyclic ring; each R12 and R13 are independently
sel ected fromH, alkyl, cycloal kyl. alkenyl, al kynyl,
ar &P pypducesn gveraggraf the sesendey gal(the pamnlgmegt of die it sispeh@ver: 3

nay be_t aken together wiith fhe nitrogen to which they
ar it FARHTEUFL PR o). a3 e ok At RUE B §or G, SRRy

0P RIS R 0 20588 Bk
Ay s 1 L

ar Qlluiﬂé ole Q}Jrs, & &vhl&@use gﬁguts %898 to(ge@)f&nt Wa?rs n&ﬁé’d is

and a eterocycllc ring; is o 4; gis 4; each
R22n b§ushihenensiand: by sy zﬁﬁﬂsﬁﬁr Jufy%&l&leraﬂﬁan@:{:e]é’ct éxtekdy e to
R3 is selected from-CR3V , -NR3V , -SO2-

- ( CrERRIffereneaC TheRAlitratiphn (ptqaeduﬁ: cﬁﬁineccirﬂﬁig 4, ﬁdﬂﬂ&sk&.s tHisadeed.
-NH2, -N(H)(RO), -N(R 2, ~0-R, OH and Ci -3 al kyl; each
R32 gr oRgferrisg te Elget ttechklibmie MAC, 60adakaaying kroivo ahlkgslis provided to
al kenyl , al kynyl, aralkyl, CO2R0O, C(ORO0, aryl, and a
h etf’e’rne'ﬁ)ﬁ% Fllch-ﬁliPWdO B datg py P@erp\élépdfbmw@s&sg deyicRich as a

is selected fromH,

oy B W;‘»lset Eerh 91% regfefey i p analog éi‘i’“@?? ICV%PW ot P4 DAC 60

h

eéﬁiﬁ%{n this Sty DS o R Bnibc, S Bl anrob ot
f‘cig@{rlgan%){ LQELBYL 4 29,' a'%%”%%l '1§%ﬂyhtm§9%% nm@q %%uts

and a etero crin
' S 69 glle%gttt@zﬁl Jn@@ﬁh Hggltskmlare sQM& !ll%lrog Y'}la) Q\hl}fﬁf‘éﬁler 59 samples
al kynyl', aral kyl RO, aryl,” and
h etAﬁan@t)ﬁEtL ivBerl did2@ sigpedy (malﬂ& SR &&kﬂ% %m ©inpar data
N-RO, and N-ORO; wth the provisos that en R4 is
- NR42d clodkhiabwRBLb). DAOE0 gehlfratdM71c) adhtpldnieataryla6ilbg fqgarandle
R4 are not sinmultaneously selected from-(C=R33)- and
- ( GsRiSom the emypdidate.c(ly thiszasd, duipat 61 RSnaimthigR4orarlengergeriod of
si mul taneously selected from-SO2-; R5 is sel ected
f r dimethyn RBergthejclock ifigw ifgldek dufpeyslereaers ﬁ!iecswmar tbﬂ’eﬁWchd
bond, O N RO, R6 is selected fromal k ycl oal k

al 1PBRYHO2 rexpalng IRy for %P%ﬂekg’ﬁ“"d rtippe, thag r\*ﬂ'e%\&ﬁ %‘Pﬂ‘r‘%@ﬁ@l F ers 64
h f
P TR R R R D SpE e gy e

a2l et e P R

NG2, anzgfte%g ’cloBz is hlﬁ)VJé'd Qart F%&I éﬁlaﬁgftfﬁ"tgrs %5 Qﬁ%@ é‘c{le @&ﬁine@:r 66

heterocyclic ring; each s i ndependent |y sel ected

f I Qi¥hdokes B1K)the dlﬁéféilc@ﬁila Ki¥hals aﬁfn?ﬁt&)’ﬂ and @8. Yi‘hlsadkﬁs@emem is stored
heterocyclic ring; ais 1 or 2; is Qor 1; cis 1 or 2;
d i(sg. Gpmehoryenot shodn)as m3asu@mentivel. Gothis Implpéhtdhipn, M1 ifa
further preferred enbodi nent, the present invention

pr owasgesf plhdvutses of daty ofclet dyor, PRIbABRCRutABE 1imiBd 16 the clock duty
theramutein having the fornula | bwherein: ring Ais a
5-, 6-, or 7- nenbered ring or a 7- to 12-nmenbered
fused bicyclic ring; Xl is sel-#é&ted fromN, NRO or
CRl; X2 is selected fromN, NNRO or CGRl; the dotted

| ndependent | 3 ESEEPEh SR HEERR0 conei'sting of

al kyl, cycloal kyl, al kenyl, al kynyl, aralkyl, CN, CF3
NO2, OR11l, -(CH2) C(O)(CH2) Rp , -(CH2)

C(ON(R12) (R13), -(CHCOCCCH - CHNCHC - CHNRR13)
-N(Rn ) SQ2Rp , -OC(O N(R12XR13), -SO2N(R12)(R13) hal o,
aryl and a heterocycllc rlng, and addltlonally or

I T S A - oy oy




ring; Zis a hydrocarbon chain having from1 to 4
carbon atons, and optionally substituted with one or

worerog/0ef37hal o, al kyl, cycl oal kyl, al kenyl, al kReyUS2006/045446
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aral kyl, CO2R0, C(OR0O, C(ONR 2, CN, CF3, NR)2,
NO2, and ORO; R7 is Hor is selected fromaryl and a
heterocyclic ring; each RO is independently sel ected
fromH, alkyl, cycloal kyl, aralkyl, aryl and a
heterocyclic ring; ais 1 or 2; bis Qo 1; cis 1 or
2, is OCr | ; eis1or 2; and is OCor 1. [0076J In a
further preferred enbodlnent the present invention

pr o§yclsesror, PAGsirewinsmismatphes, apd MBROMCBLesTEENE
theramutein having the fornmula Ic . wherein ring Ais
a 5-, 6- OTWCWdutw%eﬁfeé& fromyfguress ogherzbangcipch du ehfed
fus d bjc¥§ ic rin Xl is selected fromN or

TOEQPE EIUE e i EP“F‘F%FH“N“ IR ! ZE?°WB(‘HE:“‘6‘6W§?3 o
i
' n?l?‘onregg/ ?Sﬁl%;e s?e%&lcap ulg%]e){ehe samecjesA ngwgclp ‘th"i&thﬁf]o‘f-lf is

i ndependently ‘se up ¢

al Kbt afehp@laky When@hdi® IMdw (735 )92)6 60 T ety

NO2, - ORI 1,9@(CH2)"C(O§€EM Ji@lo @E@@dkﬁ@ &

R13)nalog (s@ﬁ@)waq rieds @H%)thmﬂl led da ])n tfhK 8 ))L(l'@"gi remains low

7C(ORL 1, -(CH2) N(RL2)(RL3),

- OC{o) N £t Bor(oBbBiime thaaGRNG mzl)o(:lal &bh 1f|&ﬂ>h10dut}ad'y¥ll3 err@ile a

het erocyclic ring, and additionally or alternatively,

t wogrRterghap Gf% andouagulj Goremiing HighGfoed 1owger geeiodfaindd tha@ ivh@rthe

menbered fused ring which contains fromQo 3

het dedkds lows ;Filtery 64 a@i €5 Bltee@dN thReonplémentancmpensient vyve

sel ect ed fron1H al kyl , cycl oal kyl, al kenyl, al kynyl,

ar afigyls to prpdyice filigrrd signalet Biessdijtered signalsaty; apelisd o e inpes 12, 78
are |nfegendently sel ected fromH, alkyl, cycloalkyl,

al kKEngYmeiey 60y Affer theglogk fsyafloweg,tq togele, gpd aiteh@?eﬁée%ﬁ settle,

i ¢ PR mw‘eﬁmfg? Hreeabf EE%&EE’?’BWR%H% A P
e RSk &Endd ﬁg éecéj'] i) %Xmg@ r{opﬁgévk%.s asu Iaenrti\,l of Ur t her

het er oat om ing may

opt i onalsinye m aﬁd&@?ﬁd& Hé&sﬁﬁi,d With fhe ORG: ihyfe {kﬁ{ ing th]p same DAC 60,

substituents that are independently ‘se rom

al kdidy, coityialti@ahiydonrcerl df @MY bycledrky PYdcess 21 8bekiNd the Gftbrene 3.
N2, ORO, COQ2RO, C(O RO, halo, aryl, and a

het@tveey Mliacd M2 ag] comparss (Qk) thé diffgrence t&kacdsptali@ lilmst. I¥theCH
or CR2; each R2 is independently selected fromthe

gr olifferenseiisiless thathodecepidbie|limitchie fuspéyiclelof cladkigemydigr 67 is

al kynyl ., aral kyl, CN, CF3, N2, OR2 1, -(CH2), (O (CH2)
R? ailjuste(% Elp) (e@( by P\EQQEQI}e()FQB@ﬁ"e ren(a@ﬁg)oﬁgp@s(}q iippeRR@d With the

5"62‘)?52(1 é“ty Cy&(‘q@(?)ﬂgzﬁf%’ Fé@c;_"”%%n %Rﬁﬁz&é ;i%g)d;el\laﬁ;st@ble limit,

a. het groc clic d|t|onaIIy or

Z{ Y er natloBing S B kauatin b 82 PG bt greks S
f Orsmha%I §est s%al@ tgyﬂgﬁzggthfsgaﬁ 1 ecv{}lgﬁwlcf fl?ercgen g vlr(egﬁ Mfl

et eroatons rom

CY QPR Ibkist, the@bdeBads limid s Sde 56 Abed ke st 1L @rF{%rtﬁer

het erocyclic ring; R22 and 3 are |ndepen
selcalitirtidn bf DAT ). Rdvieydr, dlﬁM@ bakikydf.esth (e Bpkationh Kﬂé@ék ma
aral kyl, aryl, and a heterocyclic ring; or R22 an R2§/
maatfee tlteaiktez myctleocg‘eltehexk vigah Hohexamplesaageperdnge sHangzhor & hey
are attached forma 5- to 7- nenbered ring which nay
optionally contain a further heteroatom wherein the
5- to 7- menbered ring may optdional |y be substituted
Wth one to three substituents that are i ndependently
selected fro cy.C al kenyl , al kynyl ,
aral kyl , g@ﬁﬁfﬁﬂ &bﬁé@ﬂg@e 260 O RO, halo, aryl,
and a heterocycllc ring; is 0o 4;, sis 0o 4; mis
o 4, R4 is selected froan al kyl, cycl oal kyl ,
al kenyl , al kynyl, aral kyl, CO2RO, CKC»RD, aryl, and a
heterocyclic ring; ais OCor 1; X4 is selected from '
and ; each RS |s |ndependently selected fron1the ‘group

o e
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“N(R22)-C(=0)-N(R4 1)- -N(R22)-C(=0)-O -C(R2 1)(R2
1)-C(=0) -C(R4 1) (R4 1)- -CG(R2 1) (R2 1)-C(=0) - N(R42) -

Particularly preferred chem cal groups for R2, R3 and
R4 include: -N(R22)-N=C(R4 1)--N(R22)-N(R32)~C(=0 -
-N(R22)-C(R3 1) (R3 1)-C(R4 1)(R4 1)- -N(R22)-C(R3
1)(R3 1)-(=0- -qR2 1)(R2 1)-(OQ-CR 4 1)(R4 1)-
-C(R2 1) (R21)-C(=0 -N(R42) - -N(R22)-C(=NR34) - N(R42) -
-C(=0) - N(R32) N(R42) . [0078] In further preferred
enbodi nent is an aryl group, which nay be
opt 1BALM ‘9“‘5 a‘tPQEYPf m‘@ﬂpmr’é?dtt? &la Fearer lyaygﬁefdererae @rregrngp the

or unsubstituted phenyl and

o e S o R SeeoR st af Py ccsieteie Rt S oy
f b d R22

|nd 6§n Bé?ﬁvnggﬁecfgﬁﬁgmgﬁ$%$%nEéwﬁﬁeEh Rave sng{F

steric Q‘dlsllﬁ)wfi\r}rqﬁgrﬁnﬂgsrnﬁﬁ%k%&[ {yggﬁ&f‘%%’y ha(t) kes second

CH3, and nore préférably ‘are

pr efigt 52 dharen aenﬁ AP IRRERE [
|nh|%| torqg of t p |lsol BC%{ ,[&)EL Tslilgg'lw %tasel tgebl ‘gr:r% agllgtng

t heDAOBPiH sacohd swgesmarbné bit DA, it arfn-Bit DAG s inQirst dage 56.
menbered ring or a 7- to 12-nenbered fused bicyclic

1 i Nguring bpération ef testerdd ifipmodh diimulpleRer @5 receiird a z0f@-bit @nd input 86

selected fromN, NRO or CG-Rl; the dotted |ines
r eptf @uliiplexes 36 iraspiags achoerbit- Migtipiekst 8SeawpleRbe zego-bit and the one-bit
|nde enqsntly sel ected fromthe group consisting ofH,

al K5ing bet) the sising d fallipgadenp|of thaplrakihianal (8) Fotarrmplempultpiser
N%ijm&@q\%%gaﬁ %gyx 1?%,93§es wm pt theyfakling cl?@qgges.
hoa ‘%%%Or&%rwes@&u&f“wem 5 ARG and

ddi
a I'I:%In ER]&X&'}/ kifst rInd Q&ﬂcﬂ{ﬁg&u& IaltsI na a enstlgnrals I;llré ag&]%gnd are

al ter atlv on A

f OrgRvidiea frof rDAﬁ? Sﬂﬁ ﬁt&%ﬁ gect)ﬁjcﬁﬁgrs r8’7 Q\gd w{egdgﬁt%%l?t ?‘H@ Bilter 87

fromO to 3 heteroatons; n 1s

I ndapeacrikyRouel ISﬁﬁa@ﬁf]lfefsomlblL eaéﬂ [bi'b{ciuce F VA ML %Ntbut First

al kenyl, al kynyl, aralkyl, aryl, and a heterocyclic

ri ﬁg&eﬁmﬂom ammdraE&B)ua)ﬁﬁ)f ithia dlieyo ﬁ@ndie ahd sscane Fiaertse groliicedan

H, al kyL cycl oal kyl, al kenyl, al kynyl, aral kyl, aryl,

anchveage papu of ¢ secondisigmal (the compRmantaf Re Brshagnabe t aken

together with the nitrogen to which they are attached

f o rm a Bfterths dpty cheggalibragpnipraseduisteif Eig 4haybespparformdd) yoltmeter
aln %her het eroatom. wherein the 5- to 7-
ésr"éeasrrdné T BETORATIEY RS sSrGrst g hiroe

to tuents t at are ende sel ect ed

{1 b GReHBR LSS ubbIS o s p ﬁwfﬂrc c ca%grwr SecgaN,

CF%WS&E)% C‘P’ % Q}{; gg igc'curg( @qﬁ% OEBQLL‘%‘O g%yet DAQ Qg ﬁgerp' g:mrlar to

het erocycli'c ring;

selpagd ihSdal
b b et B Bt

ar aleleyid a ddy Ykle eAidn Bhe BBEI DB Gbd e Bdtlﬂj% of BAd & wﬁﬂ)@s‘fé\%ﬁ
from-Y-R6 and -Z-R7; Y is selected froma chem cal
bomither i@gh dH&RA resBbing s coeplandnely dignal) vaidty WhenGY&hge@ bkt

al kenyl , al kynyl, aralkyl, aryl, and a heterocyclic

ri filjer 87 andsseepni {ier 88 adotyorrharsthe samh soliapmlefel aymebsianct M3. A
carbon atons, and optionally substituted-with one or
nor e of halo, al kyl, cycloal kyl, al kenyl, al kynyl,

aral kyl, CO2RO, C(O RO, -C(O)N-R 2, CN, CF3, N(R) 2,
N2, and ORO; R7 is Hor is selected fromaryl and a

het er ocyclic independent |y

sel ect ed froﬁpQQQEVQEESEﬁgﬁréaﬂﬁig aralkyl aryl and
a heterocyclic ring. [0080] In a further preferred
enbodi nent, the present invention provides inhibitors
of the P210BCR ABL T315I theranutein having the
formula Ila wherein ring Ais a 5, 6-, or 7- membered

rrng or a 7- to 12 nenbered fused blcyclrc rrng, X1 S

o o o ~ ~a s - o

- C(=0) - N( R32) - N( R42) PCT/US2006/045446



each R50 is independently selected fromthe group
consi sting of al kyl, cycloal kyl, al kenyl, al kynyl,

wa@e@kyi37s CN, CF3, N2, OR5 1, -(CH2) C(O ( CH2PCRBESI06/045446
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-(CH2), (O N(R52) (R53), -(CH2),C(OQ CH2) R5 1,

-(CH2),N(R5 1)C(OR5 1, -(CH2),N(R52)(R53), -N(R5

1) S2R5 1, -OC(O N(R52) (R53), -SO2N(R52XR53), hal o,

aryl, and a heterocyclic ring, and additionally or

alternatively, two R50 groups on adjacent ring atons

forma 5- or 6-nenbered fused ring which contains from

o 3 heteroatons; R5 1 is selected fromH, alkyl,

cy c Faépliey bt otlagr Riepapsing deiksy myeh as P (agti shovem).yrhay tlzen ddjest the

heterocycl ic ring; R52 and R53 are independently

sel ey exgleof S‘FnCIPFk BFIRYP COmPPRIPE Kriy |substavt hyempepsatk jarythe duty

aral kyl , ar and a heterocyclic ring; or R52 and R53
ieeffak BubBEk e H |“FPB‘§%WW?J"W?F i)

are att

opt i onal 1y Caclgr F pﬁocgssfd srC f’lheg Perﬁlgf Tt 5&?’E}ﬁl}’£&?‘rﬁieii‘ Eaﬁ "}Fﬁ’é' viaa

\EISVI- i k&n ther @E&ﬁ Enggucg Iu {)};rb%?%l? kakéblg gmgol’éﬁ%:%til{ gnqrtlfgrgnation

|a|n E%ﬁﬁ? dﬁg;?g ¥ ﬁ%}h’ﬁ\@ tre%’gabfer s%g@héﬁ/c'e or ﬁx(ﬁ% lsiaa%lf&%géélmon

hal gy, oAb ¥dntroPthsbRrahi&d &) rdﬁﬁ){)?dcés‘éﬁné dpp8ratu e'gsagograﬁnmalble.s

Qo 4, mis 0 to 4; and each RO is independently

sel poteadr, hicanpukdr, oainklyible coikensalAkigmputérpadgleyd can 8¢ Whitted Biflany
a heterocyclic ring. [008 1] In a further preferred
enbdn pEgrograrttieg rresgninciudiverrimpied qyinerpreled lahguhges,iabdit gan
of the P210BCR ABL T315| theranutein having the

f or padealoyqdyn gipyeran includtgiasia standedlenstpeagraiy @ py +medw, FompRE:N,
is selected fromthe gr oup consisting of is selected

fr o?ﬁbfrq“mzfr Rypfher wytpigIe £F1use 18 p RUFRAFNE AVRSPARL ACCBRYET
@) and, a heterocyclic rj
N eoep 2o llnte LS ek e uliaRepp e

2{ o S P o I on
aryl, andyghs QSB&E&W ln‘nﬁlex{xél{ﬁgg t&B@allﬂ)rah% C(?Jg%%% rge{f&ﬂled by

aryl and a heterocyclic ring; 'S se

chegfe@fnot? Qﬁnaﬁle foQéderJEé&’du dnbB 6r h&E BBARter SRograms t

S Gy ok aBtan ™ H'gg(cm)rN(R‘%z)Q 3

- ( q:&?t))rr&:(h@)‘unN(olfk &2&@@1&% proces{. Ao P&} 6XiketaBYration process can

-(CH2) N(R62) (O -(CH2) - , -(CH2), OC(O N(R 62) - ( CH2)

,  abedmple@er(tes. ZpCaO)ugdRe BEINBHuiRly, o.g., aRFPEA $fidleprdg@anthabirm

H alkyl, aryl, and a heterocyclic ring; each RO is

in d@ff‘e%‘?dl@rﬂ'@/yf 28 SIS tapwlicatiopsperific altdggared CGWI’ oal kyl ,

aral kyl, aryl and a heterocyclic ring; his (104 zi s

or 0 4 Ewaeﬁwf? %“t@fofomthe Txe%zl} °flar?°‘ﬁP‘é?’@fqg’@H‘ inshasis iy vesn 0§
co nqls e foL lib R60 is selected from

haI g It BIFEPBFT e a9y P??e%fngfe RS

referre

£
&r?ﬂegs%;ﬁ?gang?(%moh dl%ﬁg?ﬁfs otl_elt ener%lg/rzh{]ﬁ cssrni %111)&§emvs
In Eg{u&mg armrcﬁtfd %{n%qleaﬁ rsp@%enf.%@t&m% msac%e%k ﬁ.%sgg #&ape

CH2)/- , "and partlcu ar | erred
e m%m 8 cor@utes 1ncl|ﬁlﬁe|%q:23c'65sox{f9&§éeln$g‘lnﬁmédéh§ AMbne or more
preferred enbodi nent, the present invention provides
[ nhnhndzy)dcs'nces‘fotdu&InEBﬁﬁBﬁEﬁséﬁidaEES' 5| theramutei n having
the formula 11C wherein: ring Ais a 5-, 6-, or 7-
menbered ring or a 7- to 12-nenbered fused bicyclic
ring; X1 is selected fromN, NIRO or GRL; X2 is
selected fromN, NRO or CRl; the dotted |ines
represent optjonal double bonds: each Rl is
i ndependent | ﬁ@%ﬁggﬁg& SW@@E?@% consi sting of H,
al kyl, cycloal kyl, al kenyl, al kynyl, aral kyl, CN, CF3,
NO2, OR1 1, -(CH2)’\C(O)(CH2)JI 11,
-(CH2) "C(OQ N(R12) (R13), -(CH2) (O (CH2) R11, -(CH2)
N(Rp )(ORp -(CH2) N(R12) (R 13), -N(Rn )SQ2Rp , ,
OC(O) N( R12XR13) - SO2N( R12)(R13) haI 0, aryl and a

o, - o ] I D L I



wherein: ring Ais a 5-, 6-, or 7- nenbered ring or a
7- to 12-nmenbered fused bicyclic ring; X1 is selected
wo e@mobi378- RO or C-Rl; X2 is selected from N, PEROSING/045446

C-Rl; the dotted lines represent optional double

bonds; each Rl is independently selected fromthe

group consisting of H, alkyl, cycloal kyl, al kenyl,

al kynyl , aral kyl, CN, CF3, NO2, ORl 1,

-(CH2)*C(O) (CH2) Rp , - (CH2)"C(O) N(R12XR13), -(CH2)

A qCH2) RU, -(CHZ) N(Ro )(OQR p , -(CH2)

N(R12) (R13), -N(RL SO2R1\ -OC(O N(R 12XR13),

- SO2N( RIQRit3 g indpéeiment tigrcglibratian proeesiie netfigdtyd fojtiee spdcifg,

and additionally or alternatlvelg two Rl groups on

adj aweples d¢spriped heypin. Fagexpmplepwhilst ‘Sd‘PFéﬁbféF%“‘fea%‘@ﬂ“%w

whi ch contains from Qo 3 heterpatons; nis Qo 6, ch
Rl iAJE; %@&éﬁﬂéﬁﬁm‘gﬁ%@lﬂe arehe ysphimany °“§}“R‘§n“f°“m°"‘ reduiing

| oal k al k | kyl, I d
ﬁgf éi?@&?%‘l‘ ?fé‘ (rewﬁ‘yo“l?é@ﬁcl@é%%“gwg‘g %& ar ealr %depgﬂdeﬁt I y
| ect f
5 2re ale E y |e dEleér{)%\Itrg of thffgregty e ! ?éss%%cﬁgédrhen%lnlﬂg%)ﬁle Eargtl
t )
3 e e

Opt 'd@é@ﬁi&édlﬁe{émlée%hse wéthih Welsbtps of 183 BN @ahSmimwher ei n t he
nmenbered ring may optionally be substituted

mnth onewhg1gamﬁaj§ubstltuents that are independently
sel ected from al kyl, cycloal kyl, al kenyl, al kynyl,
aral kyl, CN, CF3, NO2, OR0, CQ2R0O, C(O RO, halo, aryl,
and a heterocyclic ring; pis O0to 4; gis 0 to 4
each RO is independently selected fromH, alkyl,
cycl oal kyl, aral kyl, aryl and a heterocyclic ring; R8
is selected fromHand CH3; X3 is Nor CH Ql is
selected froma chem cal bond or a group having the
formula -O, -CH-, -NH, -C(O-NH, -C(OO,
-NH-C(O -, -OC(ONH, and -0-C(ONH; each R70 is

sel ected fromhalo, alkyl, CN, N(R7 1)2, cyclic-am no
NO2, OR7 1, and CF3, each R7i is selected fromH,

al kyl, aryl, aralkyl and a heterocyclic ring; and s
Oo 4. [0086] in a further preferred enbodi nent, the
present invention provides inhibitors of the P210bCR
ABL T315! theranutein having the formula H wherein:
ring Ais a 5-, 6-, or 7- nenbered ring or a 7- to
12-nmenbered fused bicyclic ring; X1 is selected from
N, NNRO or CGRl; X2 is selected fromN, NRO or CR1,
the dotted |lines represent optional double bonds; each
Rl is independently selected fromthe group consisting
of H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
CN, CF3, N2, ORL 1, -(CH2)"C(O (CH2VR11,
-(CHR2"C(O N(R 12XR13),-(CHo CHRL 1 -iCA2)] t( n
JC(ORuU, -(CH2) N(R12)(R13), -N(Rn )SX2Rn .,

-OC(O N(R12) (R13), -S2N(R12)(R13), halo, aryl, and a
heterocyclic ring, and additionally or alternatively,
two Rl groups on adjacent ring atons forma 5- or

6- menbered fused ring which contains fromO to 3
heteroatons; nis 0 to 6, each RL 1 is independently
sel ected fromH, alkyl, cycloalkyl, alkenyl, alkynyl,
aral kyl, aryl, and a heterocyclic ring; each R12 and
.R13 are independently selected fromH, alkyl,
cycl oal kyl, al kenyl, al kynyl, aral kyl, aryl, and a
heterocyclic ring; or R12 and R13 may be taken .
together with the nitrogen to which they are attached
forma 5- to ﬁﬂﬂﬁﬂﬂﬁﬁﬂgsﬁEﬁ§Gﬁ§uﬂQGMy optionally
contain a further heteroatom wherein the 5- to 7-
menbered ring may optionally be substituted with one
to three substituents that are independently sel ected
from al kyl, cycloal kyl, al kenyl, al kynyl, aral kyl, CN,
CF3, hEQ CRD CCQRO C(CbRO halo aryl and a

1 . - ~.n s ~.n N T —~es Y



typically used to performconversion(s) fromdigital

to anal og. A DAC produces an anal og signal by sanpling
w@a2erget3as signal. A DAC may sanpl e the di gi t aPCHUSINA6/045446

usi ng one edge of a clock ~ the rising or falling edge

-or both edges of the clock. Sanmpling using both edges

nmeans that the digital signal is sanpled at both the

rising and falling edges of the clock. This type of

sanpl i ng produces a higher sanpling rate, and thus a

nore accurate anal og signal. Sanpling using both edges

of the clock, however, can be quite sensitive to duty

cycl e er t.o€iscuitry coinpristrigock. The duty cycle of a clock

is aratio of the anmobunt of tine that the clock is

hi gh to % maeltipiexee tagfutporfistcihe ekd seyootl data innesponetoseltlesimal, the

an error in the duty cycle occurs if the ratio is

anytdfick g bayving rigiag armigallingplogk pdegs: theamultiplaeroniputking fixst data at

high half of the tinme and | ow half of -1- SUBSTTTUTE

SHEETISREIOk oigs nd@uiphifipg sepqyd datpta fallingiclaskpdsPe usi ng

bot h edges. of the clockt n error in the dut qycle

Scan r esuf BB TEGEENS eg% 1% FFoBst 'Stgﬁéf‘%’dh second data

sig . RY.Thi s t ent | i.cati on describes

et T D et Mt BB ARE s 80 PliE” O

product Sa ﬁl‘e? to fﬁ%l‘ fhp Ec@&ﬂlé&l&n&l Rirdd Fb&:l’ktam@ gec@nd%i eéélat“ljmtd itlﬁgaby

such as a DAC in ATE. I n genera n one as

| NV e duirkt andlict @ ificted Gorfisidali try that includes a

mul tiplexer to output first data and second data in

I esponsea tomRteClo@ksusd Difidrency bW d@n thd Girst hifdGkeofid GIRAd sizads,

rising and falling clock edges, and the nultipl exer
100Ut phet diffdréncs beigbaisal tabbtain td asdulypydé ek insttlgdodknignadut put s

second data at a falling clock edge. A

digital -to-anal og converter (DAC) receives the first

data and the second data and generates, therefrom

conpl emeht Beyireyitysaf clapel. feteirgmaiidigal s. A filter

filters the conplenmentary first signals and second

si gnal s PR SRR IoRIeY Hlgcagalp fhe elocksigalsadond il tered

signals. A valt er .neasures a difference bhetween the
Fi Tt ok PEr R e anae o LE ey Sl o

wdifﬂﬁﬁ%89§dééng§ed in a procedure to obtain and
correct for a duty cycle error in the clock signal.

- This aspect of the invention may al so i nclude one or
nore of the follow ng features. The filter may be a
| owpass 4.i Tk @frcuithit chint § twhétaih @heaBfrliiiRRGE MO lodkteferating
each may include n-bit val ues, where n>l, that
cor reasydnd changamaliogcyellof tg elodkesigpblsihe &dnodller gipnangthd dierk
circuitry may be used to generate the clock signal. A
contgewrdtiog cirrripry iplirali fweb i orderdp redtce thiedutylcpdkergener at i ng
circuitry to substantially conpensate for the duty
2cycle error. The controller may adjust the clock
generating circuitry to change the duty cycle of the
clock si %Q’P cirepity of Hiaim b Mhgrpin Adiystingith glock geperating gigeuitry plural

e it y Sy bt Fepin e SeRitiatter & PG

circuitry plural tinmes may substantially conpensate
for errors in the duty cycle introduced by the DAC. A
- 2- SUBST LT R.uEE N R kEndGbipbdGlsi Ng Circuit may be
used to identify a second duty cycle error in the
clock signal that was introduced as a result of a
change in an operating conditiafs.associated with the
circuitry, and to substantially conpensate for the
second duty cycle error. The tracking circuit my

i ncl ude one oSUBRNIEBTUTELSIEEED(RGLWERG) a nultiplexer to
output third data and fourth data in response to the
cl ock signal, where the nmultiplexer outputs third data
at a rising clock edge and outputs fourth data at a
falling clock edge; a DAC to receive the third data
and the fourth data and to output conplenmentary third

o M



-4- SUBS TUTE SHEET (RULE 26) DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a block diagramof ATE for testing
woelewroes78 Fig. 2 is a block diagram of a test ePCUESI06/045446
the ATE. Fig. 3 is a diagramof DAC calibration
circuitry for use with the ATE. Fig. 4 is a flowhart
showi ng a process that may be perfornmed using the DAC
calibration circuitry. Like reference nunerals in
different figures indicate |ike elenments. DETAILED
DESCRI PTI ON Referring to Fig. 1, a system 10 for
testing a device-under-test (DUT) 18, such as a
sem conduwatackingkéwenice, i ncludes a tester 12 such as
automatic test equi pment (ATE) or other simlar
testing devi cw.identlyeesvondrutytayelt enror irPthe slycktsignal it was introduced
i ncl udes a conputer system 14 that interfaces with
tester 12savesylt of aghangiinarorstingeon{ligpn apepciatpg wiitl Hielcipcuitry; and
conputer system 14 sends commands to tester 12 that
initiate the ©dESERTYR cmrepigioiresecond 4y pckiears for
testing DUT 18. Such executing test routines may
Phitiate the generation and transnission of test
signal s t he .and col.l ection of responses from
t he DUT. @3&?8{%‘ fpé%’mgfw C s%ﬁ%&‘g‘éc{mé’gtc% W system

10. For ' ; Vi .
aocn on SRS EUla T e AR ndR S Bt
Chi P the MuEPRREQESGHERY thir® k] R rilifl Fbcllleligdlan® QURRInE $durth data at a
digital -to-anal og converter, etc.). To provide test

Si gnadmgandk &gk;l ect responses fromthe DUT, tester 12

is connected to one or nore connector pins that

1pr ovi de arDAQtogtdeixe the thind dith endi tinf fourttadatagind EwLpntcomplemtdiary

18. To test sone DUTs, e.g., as many as sixty-four or

one Himddigeas anddovrtly sigiatpht connector pins (or nore) may

be interfaced to tester 12. For illustrative purposes,

in this edawpsseiltesofiterghrrgplsmentuy third sigpadyapd fopph pignals and

connected to one connector pi.n of DUT 18 via -5-

suBserrbrprodyce-third pug ipyrthsiiered signaliande connection. A

conductor 2 e.g., cabl is.connected.t [ 2 and

o sed roomrdiniga b PR g S Pl b g
i gnal PE tes 1,anal . I nterna

lg irc &efd ’rf§?“"8?"' cﬁt%pirg%g ?%tﬁ%sfgéngfi atﬁ%&!\% J5?1%r's enses signals

at pin 22 in response to the test signals provided by

sem conduct or device tester 12. For exanple, a voltage

si gnal ory. ahe bitdufti lof QigEAWhdIElY the third QRS Einpaikes RinBle 22 vilies

response to a test signal and sent over conductor 20

t 0 t astimfa fit? vbioige R layd ihs foulBuddn Gimpgice sipge-bit tabss Bavingy

al so be perforned on other pins included in DUT 18.

For escamplobagetiost e firsCandeegoruirvolrded éevelebdingddiffpnet.s i nt o

ot her pins and coll ect associated signals reflected

?pack over conductors (that deliver the provided

signals). By collecting the reflected signals, the

i nput i n'pgec'éﬁ giEeutsp of Hamyy Yeergiy he gRerating Fonaiign qorpgses at least one

alongfmﬁth ot he Flnglz,gort t%§tln quantities. In
ot heP! FERTAWE BHPIHSE PRSP EPYE I “SITHAR" may be sent
over conductor 20 to pin 22 for storing a digital

val ue on DUT 18. Once stored, DUT 18 may be accessed
to retri ayepapftuRRecitile, $hasifthe GidichprisVdd 18@pYRler.
conductor 20 to téster 12. The retrieved digital value
may then be identified to determne if the proper

val ue was stored on DUT 18. Al ong.w th performng
one-port neasurenents, a two-port test may al so be
performed by sem conductor device tester 12. For
exanpl e, a tesSUBSFHAUTRRYIRIT (Rijldeer over conduct or
20 into pin 22 and a response signal may be coll ected
fromone or nore other pins of DUT 18. This response
signal may be provided to sem conductor device tester
12 to determ ne such quantities as gain response,
phase response, and ot her throughput neasurenent
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DUT (e.g., DUT 18) may be nounted onto a device
interface board (DEB) for providing access to each DUT
w@Row7/061378%UuCh an arrangenent, conductor 20 mayP@BEUS2006/045446

connected to the DIB for placing test signals on the
appropriate pin(s) (e.g., pin 22) of the DUT. In this
exanpl e, only conducting trace 40 and conductor 44
respectively connect I1C chip 30 and interface board 24
for delivering and collecting signals. However, IC
chip 30 (along with I C chips 36 and 38) typically has
multiple pins (e.g., eight, sixteen, etc.) that are
respectively connected with multiple conducting traces
and correspondi ng conductors for providing and
col I ect i iy ThE girvales of €16 1§ WRerdihJhe (ivst datbanDiB)econd data each
Additionally, in sonme arrangenents, tester 12 may
C ONRrempriseOn-biveahes, wierea> DBt @répond tnbeidgaoltagg levéis
channel s provided by interface cards 24, 26, and 28 to
one or multiple devices under test. To initiate and
control the testing perfornmed by interface cards 24,
526, and P8,A metedaf caltbrating4 digisktopmplosearysris (CAQ b peiked
48 and PE control circuitry 50 that provide test
par &P (e. g., test signal voltage |evel, test
signal current |, .diqgi val . etc.) for .
pr oduci ng"REEE fgﬁ?é%aa‘f"g S%‘fﬁ'b‘f %%é? @% #ﬁg BHET 2eest %gﬁks)%(ssfgnal
PMJ.contr.ol cj [ . : [ L r
e e g T R S B St
Vi a e j digital signal
pr oct@es%%@ﬁ?%@ﬁ%ﬁ% %g)\sﬁtﬁrgfalllglgglpg%ﬁlgﬁcl udes a conputer
10l Nt er f ac gendrdridgtBinpBibRUP e OIERME &d s8366d QfRalk4ialiRe DA O
t he operations executed -8- SUBSTTTUTE SHEET ( RULE
26) hympembiry ikt agdls ahdssecond bignats beiag gengrdted based @sthe first and
paraneters, DUT responses, etc.) passing between
t estsegond Ratamdpectivehtit er system 14. Fig. 3 shows
circuitry 55 that may be incorporated into interface
cards 24filting thy semplgnengsryfissisigaaleang sepistsisiply fopredupcirst and
output fromtester 12 to a DUT. Grcuitry 55 is used
to csfrhfillyed §8985ut put of a DAC that generates'the
anal og signals. Grcuitr S . ncl udes first stage 56
Bt or cal i B&%??ﬁﬁd‘?ﬁrgncﬁﬂffw%eﬂt eufir‘g B 5ond gﬂt%%({esrl gt llg’oaﬁg of
t he ATE, . b Dg:at | t he DAC
out put b0 BEFARE oPhEHE Rl BBl APARLERA -
conpensate for duty cycle errors resulting in changes
in operational conditions, such as changes in
t enper at y eriRpg bl a1, WhSrein hewRlylcg@eis Ugiadedip op@WeTeduce
the ATE). First stage 56 and secong stage 57 incl ude
Si m dna@froGih Bedidyeycle.and are sinilar in operation, as
expl ai ned bel ow. Referring to the upper portion of
2circuitry 55, in this inplenentation, first stage 56
includes a nultiplexer 59, an n-bit DAC 60 (where n>|)
havi ng céhpThemesthed piclamipihesivy cyclgisadigged puyrl tigpesingyler to
and 65, and voltneter 66. A clock generating circuit
67 prbigRl camegsss o Rateer & Bk sigfal , which control s
mul tiplexer 59. In this inplenmentation, the clock
signal has.a period of 1 gigahertz (GHz); however, a
cl ock signal of any period may be used. Miltipl exer 59
sanpl es data fromits A-input 69 at the rising edge of
the clock signal and sanples data fromits Bi nput 70
at the falling edge of the clock,signal. Because the
cl ock signal has a period of |GHz, and sanpling occurs
twi ce per period, sanpling occurs every 500
pi coseconds ( RY)BSTITHRASPEETGRIBEEDd in a
calibration process 71 (Fig. 4) to calibrate the duty
cycle error of the sanpled output of DAC 60. In this
regard, as explained bel ow, DAC 60 provides a square
wave output to first filter 64 and second filter 65.
The square wave output includes first and second
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they contain the sane sources of duty cycle error.
Process 7 1 obtains the difference between M and M
war@7oempar es (71k) the difference to an accepP@biUs2006/045446
limt. If the difference is | ess than the acceptable
limt, the duty cycle of clock generator 67 is
adjusted (71m (e.g., by a controller) and the
remai nder of process 7 1 is repeated with the adjusted
duty cycle until the difference between M and M is
bel ow the acceptable limt. Follow ng calibration,
outputs 61, 62 of DAC 60 nay be used to pass signals,
such as tesiThsingha o clainDl 3awhdEin adistihd thSdudOdyBlk plukal Bmes
where the difference between M and M2 is bel ow the
accepitabhtally compepsafes fogérregd iage do cyvdaidoddoded b the OAL. t O
performfurther calibration of DAC 60. However, during
operation of tester 12, operational changes nmay affect
the duty cycle of the clock signal. For example, a
t enper at Ure Tenmefhed Flan L4 furtheSEREPFFBITE SHEET ( RULE
26)variation_ in the supply of power provided to the

fest e r rrd?“i“f?/f“rgé‘dﬁf’é’éd Sy ‘é’FIF &7 “h‘f‘%"lf"f’l‘élgﬂﬂt“}i“ ¥yipEedgged as a

t he Secaond s e 57.
conp RO % i op S sl %S%*rﬂ%ﬁ o4 i iethggrgna
i ntroduce As shown in
Fig. 3, Is b %ﬁélﬂgoﬁﬁe%gaﬁﬁé 1%{‘319 Eec&{cl ?r A UIO{ ry that
makes up second stage 57 (the tracking CIrCUIt) i's
identical to the circuitry of first stage 56, except
that DAC 82 Thém&BsdvT Olaid BY®hepoin identiyifltBe Rtdnd BAK cydMBror
an n-bit DAC as in first stage 56. During operation of
ibest esmpkides: | nput 84 of nultiplexer 85 receives a
zero-bit and input 86 of nultiplexer 85 receives a
one- bi t. duiptingihis data 88 feainghted respensg wrtiee-diick sigmadl thehe
one-bit using both the. rising and falling edges of
t he oniplexgiogimetting Byd darmt 2 dsiegmiick cdanand euiriuding fough data at a
sanpl es the zero-bit at the rising clock edges and the
one- Bilineglock ¢iget al | ing cl ock edges. As above, DAC 82

comp Zﬁérécge?e;%E?s?rgvﬁeni%a%e%ﬁeﬁé%ﬁdﬂﬁ?ﬁhg%ﬁ%%%%ﬁ%&%ﬂ daa

ut put n [ 0g, and are provided from DAC
32 todftge% 1%13’ re?(?gtﬁ%iyfl Iters 87 and 89, .

respecti v FeMng th:é Eodfplefiehthed thi €igRiiChnd REAR Gafad tb %re§>9pr§c{u@e

| owpass filters, which each produce an averaged
outpgﬁﬂaﬁaﬁﬁﬁhﬁmhh@&mﬁga@yoduces an averaged out put of
the first signal, and second filter 89 produces an
averaged1ﬁa@ﬁmgaaﬁ&kh&ba@@ﬁndnmngmamm@ﬁhmaanﬁphmnnmmﬁamwe
of the first signal). After the duty cycle calibration

pr oc edesmgondihg feithy sdcondiduthesele eper f or red, vol tneter 92 is
nmeasured. The resulting neasurenent is stored as
2reasurenent M3. During nornmal operation, tenperature,
supply vol tage, or clock duty c%cle changes can occur

causi ng dit ﬁw@h@ A rkigt , VisTde ?JF“’Qf‘at%)%Ft“ﬁ’fo‘é siggle-pjiralues

60. Since DAC 82 s ver DAC 0

e e PR Y Yol ed ok e T cofRy s (pele b fdees baving
resultin I y cycle
erro rseclondgvo e e[v ﬁ) ﬁrs?and?gca{dhxjofta gglgt&étl% c{f’féeqo ~ DAC 82
w Il be skewed either high or tow, resulting in

conpl ementary signals, which, when averaged by first
filter 87 and second filter 89, do not have the same
vol tage | evel as neasurenment M. @ -12- SUBSTTTUTE
SHEET (RULE 26)controller or other processing device,
such as a DSP (not shown), may then adjust the duty
cycle of the cSUBSTSTUTBISHEETMipeh86)e for, or
substantially conpensate for, the duty cycle error.
The duty cycle may be adjusted until the output of

vol tneter 92 reads M3. The calibration process

descri bed herein can be inplenented, at least in part,
V|a a conputer progran1product i.e., a conputer
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3. The circuitry of claim1, wherein the controller

adj usts the clock generating circuitry to change the
waleoy/063cs e of the clock signal, the control | ePCT/US2006/045446

adjusting the clock generating circuitry plural tines

in order to reduce the duty cycle error. 4. The

circuitry of claim3, wherein adjusting the clock

generating circuitry plural tinmes substantially

conpensates for errors in the duty cycle introduced by

the DAC. 5. The circuitry of claim1, further

conprising: -15- SUBSHTUTE SHEET (RULE 26)a tracking

circuit ) [T Tl‘@%mh'oII ¥f Ghim §5, %greg%eyopgr){&l{ge:oﬁtrogrcor‘nﬁhs&srh@]east
clock signal that was I nt’roduced as a resu

change of Bmpdiatb efdol 48 afPiedliolpbRs} tRTSMPAL ed Wi t h t he
circuitry; and to substantlally conpensate for the
second duty cycle error. 6. The circuitry -of claimb5,
wherein the tracking circuit conprises: a nultiplexer
t 0 out pul9.t Themethdddfrlamd 1, fwheneintiliedtgaomprise el ppns Blteriog.
the clock signal, the nultiplexer outputting third
‘data at a rising clock edge and outputting fourth data
at a falling clock edge; a DAC to receive the third

dat a and?29-HEhemsthed pf dpama !, %ﬁfeﬁ‘dhec’lﬁtﬁéfﬁ anddhaseeang fitagagh
third signals and fourth si s filter to
1] (PP oA SRTy. (oh DR AP SO b e 1P b
signals and thereby produce third and fourth filtered
signals; and a voltneter to neasure a difference
between the third and fourth filtered signals, the

di fference corresponding to the second duty cycle
error. 7. The circuitry of claim®6, wherein the third
data conprises single-bit values having a first

vol tage level, and the fourth data cofnprises
single-bit values having a second voltage | evel, the
first and second voltage | evels being different. 8.
The circuitry of claimb5, wherein the operating
condition conprises at |east one of tenperature and
vol tage applied to power the circuitry. 9. The
circuitry of claim1, wherein the filter conprises a

| owpass filter. -16- SUBSHTUTE SHEET ( RULE 26)10. The
circuitry of claiml, wherein the first data and the
second data each conprises n-bit val ues, where n>l

that correspond to anal og voltage levels. 11. A nethod
of calibrating a digital-to-anal og converter (DAC),
the nmet hod conprising: outputting first data and
second data to the DAC in response to a clock signa
having rising and falling clock edges, the first data
bei ng output at a rising clock edge and the second
data being output at a falling clock edge; generating
conpl ementary first signals and second signals via the
DAC, the conplenentary first signals and second

si gnal s bei ng generated based on the first and second
data, respectively; filtering the conplenentary first
signals and second signals to produce first and second
filtered signals; obtaining a difference between the
first and second filtered signals; and adjusting a
duty cycle of the clock signal based on the
difference. 12. The nethod of claim1l, wherein the
duty cycle is adjusted in order to reduce an error in
the duty cycle. 13. The nethod claim12, the duty
cycle is adjusted plural times in order to
substantially conpensate for the error in the duty
cycle. -17- SURSSFTMOISHEERECRRUEE2E)14. The net hod of
claim 13, wherein adjusting the duty cycle plura

times substantially conpensates for errors in the duty
cycle introduced by the DAC. 15. The method of claim
11, further conprising: identifying a second duty
cycle error in the clock S|gnal that was |ntroduced as
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