ALGORI THM FOR DESI GNI NG | RREVERSI BLE | NHI Bl TORS BACKGROUND OF THE | NVENTI ON
Conmpounds that inhibit the activity of polypeptides, such as enzynes, are

i npor t antwoOhercapseassi ¢ agents. Most i nhi bitors reversi bl yCiiusdoowosdopei r
target 5pol ypeptides and reversibly inhibit the activity of their target

pol ypepti des. Although reversible inhibitors have been devel oped that are
ef ficaci ous therapeutic agents, reversible inhibitors have certain

di sadvant ages. For ARGORITSIM FOR DESYENENG! IR REVE IS IRV FSNBfrpRses i nt er act
with the ATP-binding site. Because the structure of the ATP-binding site is
hi ghly conserved anong ki nases, it has been 10very chall enging to devel op
reversi bl e | BNCKGROIINDDOF SEEasIVEMTION nhi bit one or nore desired kinases.
In addition, because reversible inhibitors dissociate fromtheir target

pol ypepti des, the dgfppth@thefinhiBhigky édtlQﬂ%GFﬁolpﬁep?ﬂ% ts8¢h asf@ﬁyﬂl@@afeed Thus,
when rever5|ble inhi bitors are used as therapéutic agents hi gher quantities
and/ or nore fMERjtAahHtherpItiRagentsn M@St@ésblﬁtﬁsirqmwtﬁbbn@c}gltheeldtargfrtorder to

achi eve the ef fect.. .S, rod ce toxicity or
result i ng]ot k%B%}ﬁgfgglg?(g{ﬁg g’flf?ﬁhfbli b8 aCthltyI rff%?/lr %’%&6?8 P?Hﬂ(%ﬁ ors that
coval ently biAttiotigh tehexsibld mhetorsiaivy peqt delebpba it heeficle ik ithesheutioval ent
irreversible inhibitors of drug targets have a nunber of i nportant

advant ages op&mly, ﬁ‘@iefs‘li’lém}éli%i; BaersHawrdisadyantagest [FeF exseinle.dranypr ol onged 20
suppr essi on ?Jvellsl&?? it 26 O8h S e TerR& v@?ﬁé %ﬁf?’ bfn(a[ngrg?té' BdDuse the

phar macodynam c etffect and an i1rreversi brtor “can provide this
advant age by stpaatureoé it A{Tblbnmilm@meng h@hl)sdidnnqveld argoh@kmedesac hasvbeey, whi ch

wil | ret nonI en.new tar ept.i.de i s synthesi . \Wien an

't ever il o VPIHENTBING © datibnf Féﬁ“ﬁg iihitors gt st g lévgg e or more
concentr at| OBes‘?xfedtkli}?asésr NRUEABIOR! techiiRirdiet Ghle WlihibrD ARG & e ROnZpaL t @i ned
only long enough to briefly expose the target polypeptides to the

i nhi bi tor, wkirgdt pabpeptidesstbe dnstibh yfsmﬂQMmmaIabc shartey theh debiged afhyet . Pl asma

| evel s could hen rapi.dl cline il thetar uId remain
oot vat ed. i SR mbitEE e Rt i sBahpapt A5 sy AR

pl asma concemfor@irb@ienBlosiy Gibin ishREREEHEY Be Auiréd i1y ordefidraghied tHem zi ng

mul ti ple dosing requirenments and 30 elimnating the requirenent for |ong

pl asma had f - intensded hialegical céleetpridvs may grodees foxidty or Apsultan othgeyrdesirable
consi derati onﬁF Cct§)ul d reduce toxicity due to any nonspecific off target

i nteractions may occur at high or prolonged plasma |evels.

I rreversi bl e i nhi biréversbleinHibitaab gat bd%&lnﬂyfbmtﬂo&hhtaﬁt@gﬁslybeptmehwﬁ ng
drug resistance. US 2007/0082884 de% r| b]%ﬂfélt he, use of structur

bi oi nf or mat i B&endsserike i(foyalgntigspyers fsrﬂ;f deyg @I%ﬂts hayg @rgm %Qf fhses that
I's avail abl e;f,0f éﬁ?gdxfah&%éé %rlﬁif xare%{%'ble ﬁ;&&rﬁ egieh{%s PTQl%ng&FU”ent
at form on

al so descri bes t e preparation o corrpoun coval ent d with

the idenR0fi eub@monl%dmeedrugtargmlmawbdm&ﬁﬁ()rlﬁeemﬁmm(mmﬁﬁaqodmmm be the
|dent|f|cat|o§ scaff ol able of Q{é%)ltlnﬁg]F tons t rosme ki nase
(BTK) from a®He{!@BRARYTYE ?51%’ liolﬁéarbi’rgﬁ s glv é’éﬂﬁpggn 1Y 10conpounds
based on theeﬁﬁiﬁfaftlﬁé @x1s%dﬁ1§$arg6{%ﬁwt ¥, GaitPRi1IDEnER YAl evmen'd%w tAigdepr s of

BTK. Wssner et al Chem 48( 24) - 7560- 81 (2005 describe the
polypeptlde is synthesized. When an irreversible inhibitor is admmlstered the

therapeutic plasma concentration of the irreversible inhibitor would need to be

25  attained only long enough to briefly expose the target polypeptides to the inhibitor,
which would irreversibly suppress activity of the target. Plasma levels could then
rapidly decline while the target polypeptide would remain inactivated. This has the
potential advantage of lowering the minimal plasma concentration at which
therapeutic activity occurs, minimizing multiple dosing requirements and

30  eliminating the requirement for long plasma half-lives without compromising
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preparation of a series of conpounds that are covalent irreversible

i nhi bitors of vascul ar endothelial growth factor receptor-2 (VEGR2)

ki nase. TWe 2emmpe2ssds contain a qui nazol i ne core struct ece/wmpeoasdneghl y
reactive quinone. None of these 15 references describe a generalizable

met hod for degi.gnt NGyl j 4.nhj b . for Sl gni ng_an
irreversi bl e@ﬁ;ﬁg(lwdg‘g%fo fgl%ﬁ‘ﬁ%&vdgmre ga@lgﬁgl&ﬂlépc%’dﬁﬁ? t‘é:&{cgg'dugﬁ% anor?g{xf"f félc \)/&gul d
subst anti al | fargat dhteractidrs thatmeayanducahighodr pllelvagipplagnd fev ey elrsdvelsble

i nhi bitors. %%RY O . T Ell NVENTI ON The invention relates to an al gorithm
and met hod f SRR WAMAGISO kebehave piwanstnes i ey repmaingdrug reaisigase- pol ypept i de.
The irreversible Uhivajoaksssierand s iae sehagil bBIBAG eI AgRAgscr i bed
herein forma covalent bond with an am no acid side chain in the target

pol ypept i de. Cxpin a bisiing sithef savemhkingses that i$ svapleblsifl modidicatidn tni ®shbly desi gn

an irreversible inhipbitor starting froma kno reversible inhibitor. This
appr oach red%(?gesc u@ﬁrél%%) e @Wdfogg@?%t aéssog%é?rﬁ?eé\é\ﬁwrfﬁar?tﬂ%‘? ‘iOHPPé?Iun%tg‘éteni ng
and 25 str ufdril€covalenybdnd with eeliddifificd (d8Y ehR BIRNE LARPLICRHL S (1HB8H1UY

di scovery and devel opnent. The al gorithm and net hod include form ng a bond

bet ween t he CARd) datcaibe theaidentifiggtien phnsdsifolst capabie ohinhikitine Brgonypept i de.

The algorith g rj . el a structural nodel of
reversible i %ﬁ%%{&%ggr’{?{%& nléggl ﬁﬁ%lﬁ%&gﬁagb?gheap T %arraté n?)fgq sﬂilgf)?{ de,

wher ei n the aénpainds badel @nitithsdatfolal; amdathe Sdandificeivnad fRtaleaibhmbitsrswift h t he

bi nding site; EI) L dentifyj nJg a qéz residue in the binding site of the
target pol prE i AW ISSARLte! Pl dfedc Efiem: B (EHe Y08 r@PPedsseibohibeor when t he
reversi bl e i ghihit; i afell Lie: L j struct ural
rodel 5 of candrdarer ot EpRy el Blife 1l St e RENRAE) T e,
wher ei n eachvasanldr efatotheliahgrowtlofactoo ndcaptos-2d VIR ditakat Thescdmpads t 0o a
substitutabl e pasition @E t he reversi b%e iggtw bitor, the heag conpri si ng
a reactive c I 0 a r tions

FAPAIE 2194TGARTICHET THYFTURANDPIISORAISRSIYS quinaesr YR&OT 5SS

the reactj verghiendes abscribl A gbh @R ablym¥thbi kst RRABAINRIrrél 34iBRGEhiBf ok g CY'S
residue in the binding site of the target polypeptide, D) determning the

substi t ut abl #rgesgningas indversitde analeg of dkeowmtevbisttde inthikitorr el 2 methotlhe
ti hem cal ti it f th head i i t hin .bondi
(et ve Che il MASLLSTRN  hlind ALV DERS RO B BRAEHES

when the candidate inhibitor is bound to the binding site; E) for a
10candi dat e SUMMARSY OFNEHE ENNENTIONA war head that is w thin bondi ng
di stance of the Cys residue in the binding site of the target polypeptide

when the candi dat €hé miveitidnoklakes tbablBlEotithnt hed Miethdd Tgr ddsigRingfifrevarsiglea
coval ent _bond between the sul fur, atom of the Cys residue in_the binding

si te and?® heinhibilers e targshpelspentidac  he Heaversible ihibjtorpdgsiansd byl t he

candi dat e i nhi hi: i : i:ndl i BngdidS ength
of |ess thanggg%%ﬁ{ﬁ{dzlﬁgg{g?(?ggdﬁcég?%éra%teﬁéelﬁlgdgﬁga ?%\ia?%l& m%%g%We sUuftur atom
of the Cys rddée chagn imthe eegdtipothipeptidd. towandirgthe imaation 6t is passitdato
functionality_of tlhg war head, i&cilic tes that the candidate inhihitor is an
i nhi bi tor t h&ficlEntly desemiitavgsthishipiios sigeingfemy g&perassy = &R PTI ON

OF THE DRAW %agﬁ%}a&ﬁ redfites tHeer]IhJs Lhstssat £§octiaﬁgc(ij %ﬁﬁl{féﬁﬁfoﬁlﬁl Rfeehil Hyenpl ary

war heads that can be used in the invention, and the thiol adducts that each

war head Zr ngrugiurd agtivitygelatsnsbireddvieloprieat approgebes/ioaiytg discovery arite t hi ol
adducts, e S PO 0L B, 905Nk i MG e et o2
bonded to R cdRdidaRrrigeesttidld iARibiteMRidee fardt pbipeptadcget
The algorithm and method comprises A) providing a structural model of a
reversible inhibitor bound to a binding site in a target polypeptide, wherein the
30  reversible inhibitor makes non-covalent contacts with the binding site; B)
identifying a Cys residue in the binding site of the target polypeptide that is adjacent

to the reversible inhibitor when the reversible inhibitor is bound to the binding site;
0.



25pol ypept i de. FIG 2A is an inmage of a nodel of Conpound 1 in the
ATP-binding site of c-KIT. The target Cys residue, Cys788 of c-KIT, also
shown. WO 20f0/028238B i s an i mage of a nodel of ConpoundPELTiU$2600056025
ATP-binding site of ¢c-KIT. In this imge, Conpound 1 has formed a coval ent

bond with Cyg hiBes Bht @vARARY bAfd ko nd 4
in the ATP-bi zg?"rﬁg‘t‘s“%tsgbo %E@dgs'lgﬁéal%cgcrlagg% Cys residue, s828 of FLT3, is

al so shown. polypeptideFiviereBBeach canlidata gdiafor gontpide wafrhe@drﬂpmmbpmiedﬁp@he
ATP-binding site of FLT3. In 4 al ent
pond w ¢ h Oy SzBugroIEpeon b kiR REE RS Posptad S BB s 5 T
the bi ndi ng ghdRicAf furctidpRBly dnldopEoMlTyuslinkaAhat PoRLARIBe reaBHi& cﬂ)@ﬁﬁdaﬂl cally
the NS3/4A HCV protease conponent of the virus. The target Cys residue,

Cys159 of5 Hcﬁnptlon@ax avithinsberiding disfengs, of the Cys residuein @Bhllsdl%gqsﬂerﬁafdbﬁ of a

Compound 5. nESengeResPUt Ry e BRb RS et BRAUERTG e bl T20°
FI G 5 depi clighibif® tBasesultds panssctivethbhicabfunofiomadityl ofthowaflendbeiap of EOL- 1
cells with reference_conpound and Conp 6 de |cts t he

i nhi bi tion ofvithdmading Wsﬁa%ee?féh%gy&ﬁ%’é‘ﬁﬁﬂg‘ﬁr?&‘%%rﬁﬁﬂ?dh?ww a "washout "
experinment u ef ra|ss spectral
anal ysi s of ?%&y‘%@‘“} geé?ano%%&&ztoﬂgsmo\%ggt(%{rhggglg(ﬁh%\%lﬁg gionpound 3. The
results ¢onf |camd1¢idtain}ﬁ}mtqnmlnmdoﬁiamslarvmﬂh®dbhmds within topdidg4listance of thel G 8
depicts the result sssectr nal ysis of ,NS3/ 4A HCV,.pr ot ease t hat
was treated 'Ytsﬁesé%'}?ﬂﬁ 1gdingsite Pg‘i‘ﬁltalrgetﬁ?b(ﬁe?ﬁﬁ%etw 88?1‘511%4‘?}’12’;‘?@& HCV
20 protease iiNGhzAISh Hindﬁﬁg Site, ?&%ﬁhéfﬁ eBal¥t bbBnd B&wker tRtsur AbmaT tadduct
bet ween the protein and Conpound he adduct was not formed with a mutant

form of HCV }ﬁi’y@trm@ in theinding s a@thM@Cﬁéfpﬂﬁ@@dal\ﬁ#mQ’@lOS@hty ofthe. FIG 9
depicts th | t f NS3/ 4 t hat
wot treated WEIEHRRRCRIRRRRb BT PBoUR Bl et e bR o

25 protease i&pfeasiesh thin ARHS 2 a6O®nG! fantheWohd férh&dfbef\ﬁ@hltlﬁnﬂs@fur aforradduct
bet ween the protein and Conpound 6. The adduct. was not forped wth a nutant
formof HCoV of &eéé)@eremﬁum o binginsie aad thedprciive ghsinical fgagtionality ofthess. 10A

R s

phosphor yl at ibod aﬁ&ﬁ@yp(ﬂ;zﬁé})mhnd downstream si gnal i ng assay that neasured
ERK pho sphorylati on (10B). FIG 11 depicts the results of mass

The recul ts- Aok R CRNMTAT AT PEREN AR, [ror ease inoreased | n mass.,
5.5 DETADLED DS P ON (bRloritees MOENHHGIs 801 | LPEratlgy warheads tif €an > o1
be used in the invention, and the thiol adducts that each warhead forms with a Cys
residue in a target polypeptide. In the thiol adducts, the sulfur atom of the Cys side
chain is bonded to the warhead and to the 3 carbon of the Cys reside, and the 3
carbon of the Cys reside is bonded to R. R represents the remainder of the target
25  polypeptide.
FIG. 2A is an image of a model of Compound 1 in the ATP-binding site of c-
KIT. The target Cys residue, Cys788 of ¢-KIT, also shown.
FIG. 2B is an image of a model of Compound 1 in the ATP-binding site of c-
KIT. In this image, Compound 1 has formed a covalent bond with Cys788 of ¢c-KIT.
30 FIG. 3A is an image of a model of Compound 4 in the ATP-binding site of
FLT3. The target Cys residue, Cys828 of FLT3, is also shown.
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As used herein, "adjacent"” refers to an amno acid residue in a target
pol ypeptide that is near a reversible inhibitor when the reversible

i nhi bi t orwo0twoszs6t 0 t he target pol ypeptide. For exanplPeT/tsrooansewes aci d
residue in a target polypeptide 10 is adjacent to a reversible inhibitor

when any non-hydro m of _th m i d residue i s, Whthin about. 20A,
about 18A, about 12@31 i%%u ITEE? 8% gqualﬁom Oéllr}fiqfﬁ ,e% oi?tmcg%mgebogut 6A,
about 4A, or abwai I2his iagaNYompsurddybiisdgemeal DeovafenabsmMeitls Cok&28i ¢thi bi t or

when the reversible inhibitor is bound to the target polypeptide. An am no
aci d residue fRY& tar get pol ypeptide that contacts a reversible inhibitor

Lowhen the rever si phe 00 0l ,Fa RAGESH CohySdlRatsTh 983 niRghYRROBE de i S

adj acent to the reversi Itor. used herel n, stitutable
posi ti on" § ef &epatitc O&mrukyHCY] erotedsomoterspecifiealbrtbe bIS8/4MAHICHY poteatdat ar e

bonded to other atons chem cal groups (e, g. r t hat can be
repl aced and/ SY™PYHBY R 'V{YH%uﬁ%‘ﬁ?&gﬁfggﬁbﬁgﬁugu‘?)ﬁg%gp?% EWF%%H%QB‘P e
i nhibitor to thgyt arget pol ypeptide. As used herein, binding of a

reversible inhibitor is "not affected" when the binding node and residence
time of the reversFHretB sringimage of mmoHel af&ragenoubd adi thy Whdieg sige of HCV

substanti al |l y_unchanged. .Bi ndi of reversihl e inhihbitar .i.s.n af.f ect ed,
for exanpl e, RIvEHSEhe tg“()st‘gr?g%i @‘?"E%&giﬂ}?ﬁ E‘?W?aicﬁwgle 0{@3’}"31 3§§§9 O{ e.g.,
| C50, Ki)1bs Psohprgedeby | ess than a factor of 1000, less than a factor of

100 or less than a_factor of 10. As used herein, "bonding distance"
refers to a di st an&E3of depists hsrdese Feaponsp diibigan ofenll pretiieratioarpf, | 4A, or

not nore thang%gggﬁgh%r é%cfggggu}?@&&jt%mé?&vﬂ.ent bond" and "val ence bond"

refer to a ch ween ons created by the sharing of
el ectrons, usual | yFIG ¢pdipics tHeyintiibtioh@fi B ER otk reference compsunds@d her ei n,

"non-coval ent bond" fers to an interaction ween atons and/or nol ecul es
that does not “PHP8 Stlﬂé‘ 0is i@Werneat%%Eéiﬁl nglﬁd between them As

used hereiq, an "i FIEVEISIAL BelrMBE Hass d - l.ently
5bi nds a target pol ypeptei%)!éleé ?’ﬁr‘%‘g‘hbaﬁgﬁsbﬁ’?éﬁ?lﬁg@%ggg?@ﬁ%ﬁ@é@\‘/’; ent bond
and i nhi bits PR&IRcthatwastrgfted Wwith Campetingdl peptsiliecdndirmahgpetdnpebundl 3t i me

that is |onger than.the f tional life of the protein. Irreversible
i nhi bitors usf?ﬂ“legaz;’%g@ﬂg‘r%g ized by time dependency, i.e., the degree
of inhibition of tRRGIPdGRits MRIYRERLE HRsd ﬂféét@ﬁ%ﬁﬂg/sigeﬂ_\l&ﬂ% HEM Mrotedse

[

eradicated, with the tinme that the tar%et pol ypep eis in contact with
10t he i rr ever Hiabwas iregiedivith Conmewnd ér Yhetesulis sfwrw ot §papeindes-treated HOV when

ohi bi t ed . ble inhibi. . .
!sgnlt hletsieg(pyra gé%ars%)g'l\ége%gép lfl%réésg’c Olg%/llgtgrr)}t ‘%’ﬁ%ﬁj %ﬁgtq’?aﬁ%ltnb#t% ggd@@wgg&%tfggger si bl e

i nhi bi tor renpiotEn subSoapdiual 5.y Thaiddoact wek hdl fermadasith @ tiutars fordyof 1AVt abl e
nmet hods for determni n% if a conpound is an irreversible inhibitor are
wel | - known i nPiof@se iy whigh Cyslodmasgeplpgsd Wik 8% bl e i nhi bition can be

identified or confpfdMReiditiighe kAR bEMANAYSEA ahRyds of HCV NS3/4A protease
that was treated with Compound 6. The results show that Compound 6-treated HCV
25  protease increased in mass, consistant with the formation of an adduct between the
protein and Compound 6. The adduct was not formed with a mutant form of HCV
protease in which Cys159 was replaced with Ser.
FIGS. 10A and 10B are histograms showing prolonged inhibition of ¢cKIT
activity by the irreversible inhibitor Compound 7 relative to sorafenib in a cKIT
30  phosphorylation assay (10A) and downstream signaling assay that measured ERK
phosphorylation (10B).



conpetitive, unconpetitive, non-conpetitive) of the inhibition profile of
the conmpound with the target pol ypeptide, the use of nass spectronetry of

t he prot ewo 2drougsizarget nodified in the presence of thepcmhisbewossoepmpound,
di sconti nuous exposure, also known as "washout"” studies, and the use of

| abel i ng, such as iolabelled {nhibitor, to show c di fication
of the enzyne, or %R%Zﬁ ‘%é’fcﬁsot gr%HgW%PBSSOSRSCtBBT? agfa?/ff‘? Ofﬁ%'lt\ﬁlgg%lr . In
certain pref epfopshsetaoduseedted with€ondjoasd 8P ahy pepits deviast Campbiitd &
activity and the irreversible inhibitor forns a coval ent bond with a Cys

resi de that i ge#ed HE \chrogays ingroagad; igueass,qongjstent wish Bieformationgf ap gfdncs
inhibitor" is hkly binds a 25target pol ypeptide and
inhibits the g%?%&??g%%&etQ@héggégﬁagglypeptide. A reversible inhibitor may
bind its target pol ypeptide non-coval ently or through a nmechani smthat

i ncl udes & t r FIAGhEDCOLACBRTIOONOF TREc NV ENTION ar get pol ypeptide activity
when inhibited by a reversible inhibitor can occur by dissociation of the
reversi bl e i nhi bi t Pefifitions t he target pol ypeptide. Target pol ypeptide
activity is recovered en. 30 a reyegsible inhibitor js "washed out” in a
wash out study. Pre&f&sTERFTFiBy ARCHte IFRID AR a3 restie it @ 138 bi t or s of

the activity phlyphiRide thaiOflar ROOWRGNE ifhESitor AvheR SR erslbhY Rtk & touhi bi t or
inhibits the acfivity of its target polypeptide with an WO

2010/ 028236 PCI this 2009 /mobdeptide. 350 cndmpligoan argidNaoid resides ingbterget goljpeaptide ess,
about 100,nM . or,. | es or._ abput. .. nMor less, and/or a K about 50M or
| ess, abolt  1'SMdise e‘@%é ,re‘éeﬁ%ﬁlf: I%Blt?ﬂ\)fohe&anplélgg%ygpgﬁ&%{?fﬂ ‘iptlfl?ﬁ/lag’rmq . The
ternms "I C 50" rediidle 19 whhiRiabonty208Q ABERTIBAL hisdut 96A, st | A MEboaf 124 tavbhat are 5
wel | -understood,.to nmean the ¢ ncené&gti on of a nolecule that inhibits 50%

of the activi{9Agmont Hicibeys @A aberbibsar abput Hh.«f @y nop-hdigaemaiommiiahout

limtation, c '&].ﬂﬁ' ' yiabihity: [ |.at

activity and %ﬁgﬂsﬁlie. i?gwth?r{g]le'(':r%é'rmélr’fggh:b%%/%ibfglﬁg&n%ctg%grggrﬁ) Q%F@ﬂ{e'er ns of
art that are welanino acid resitheris b cadettpolfpeptidiethdi Smartsad ieoersibisnishibivor f or t he
pol ypepti (e,q., enz - 1Qj nhi bit or .conpl ex. As used herein, a
"subst ant Fil I Vh%émﬁ@%{’{g%déﬁl”é?ftls b%?é?d tp gPeafa%B%?léPﬁptlﬂﬁ Hrdisenidethean

i nhi bi tor andyd/Bgih@maaditop0! ypeptide that persists under physiol ogical

conditions for a period of time that is |longer than the functional life of
the target pol ypeptsased hiebdin, ‘(subdititebleipnsitian™ tefen i mmk-hycheginetembored” i s a

coval ent bond_between.an inhibitor .and the target polypeptide that persists
under physi ol {%Fréﬁe E’gﬁ’dﬁof ﬂ’(?h%refbé)Pd tBé)tﬂi‘eéagod?sg‘?ri %’gmf%gg’%lugs gﬁl’ﬁ)’r ter than
the functi onaHyliioben)ahattdaf bk aslaled RAAVPRAIVEE withoutsRetiREbRIdthe & thavar head”

is a chemcal group conprising a reactive chem cal functronality or
functi onad0 grsuprseMinbptopeathe yaregmokipebds-a | i nker noiety. 20 The reactive

functional group c r 2t h. am i.d,.resi dye such
as cysteine (i.e. 1&? nge%-lgllﬁﬁ’fﬁg%%hg ﬁ%?ﬁeg)g%ﬁ% EeI?lﬁ%posf ilsglen%gﬁgﬁgcﬁ?q %}?en(c)%ﬁer
am no aci d r ebinding noajealnt eesidenbeting of dwaleestbible iabidith Mmdhé baget bidiigesent in
t he bi ndi ng pocket of the target_protein, therehy irreversibly inhibiting
the target poPypeyRntady upghapeed. Biwdimgnfaapwarabletpipitomis HOLafﬁccérjof%, as

defined and dgsaifib&theA®heidReRS! Fthe MABYLIRSa suitable assay (e.g., IC50, Ki) is
25  changed by less than a factor of 1000, less than a factor of 100 or less than a factor
of 10.
As used herein, “bonding distance” refers to a distance of not more than
about 6A, not more than about 4A, or not more than about 2A.
As used herein, “covalent bond” and “valence bond” refer to a chemical
30  bond between two atoms created by the sharing of electrons, usually in pairs, by the

bonded atoms,



25such war head groups for covalently, and irreversibly, inhibiting the
protein. The term"in silico" is a termof art that is understood to refer
t o net hodsoant/psmeesses that are performed on a conput ecr/usesoseza@ndl e,
usi ng conput ati onal nodeling prograns, conputational chenmi stry, ol ecul ar
gr aphi cs, nol ecul ar g, «and th » roduc Iatlons.
30As used herein, ng?e#%$@%6%b OtV'fl%gna i 3?¥ gﬁ?qﬁghgwg In?o

conput er sof t wad/er polkgilesthat Hads ndedlvolvetthe fohﬂat\ldnﬁd,ﬂfad ¢03/@Ieh05btﬁif‘tﬂ:t\%@ﬂ neering
of proteins and small nol ecules, including but not limted to conputational

chem stry, cH&Rbi nf or mati cs, ener gy cal cul ations, pr ot ein nodeling, and
the |Iike. Exanples HED el QP« oot k| Il 1n
the art, and certalA(r% gianégflesggr@%ﬁ?gl\wed&%%ﬁ&} ellg)%(88 éez)?lgeﬂi)én(Sf the term

"sequence al i gimde attargctqfoéympndue ﬁ:mmraaaugaamrwlyqfenﬁaﬂmledmbbmcpamit ein or

nucl eic acid seqguences ows co rlson an their
simlarity (of ?Sftg? ATy, O?F}bet AL PYNRE ﬁ'ﬁ?ftaeﬁ’e“ﬁgﬁg F‘g}?\s‘hg ioé‘gﬁﬁf&)

al i gnment  ar e ieshettohaV e (o 1% proﬁhﬁﬁgevergﬁ)%%ﬁ%@@rsrﬂ%ﬁalﬁﬁarg %ggﬁgeﬁ\&édkbyg aps
(usual 'y denoted by dashes) so that wherever possible, "‘colums contain

i dentical or &§mgidependshey.act dresderasmitimtabisionoé thedargetnadypeptide hokesassed

h h I f d d f
mol ccul et hab PRV L s Wi e ARk bl Bl BRI i RRBC Y ©

co-ordi nal@s" tigrigtevgtibleCihhibRo OR @O Uer} D €8 getpofypeftidcoachiith leh ihibited by
co-ordi nat es (represent ed as "X, " "Y' and "Z" values) that describe the
positions of &% 8fayersbl & Ihviiks igdepsndang Heon mmoﬁevﬁmhwe Torgetsexperi ment al

structure of BBk fleQetiyity that TR NELAHverb @R hAAR ARIRL00Y Model T ng”

refers to the tice deriving no hree- |rrenS|onaI structures
of macronol ec slhtemnhakbynmxmeﬁiimg“thr}e@ﬁ’dstneylsi;mmlle ®itthudd for dstefroihindi€ar

honol ogues. Homol o nodel s ar al ned usinpg copputer prograns that nake
it possible t&8P? ‘fﬁ’e“'f"d’é’fﬂlﬁ? V’Rbtf‘totré‘éq ‘H‘E}iegn%‘l’nébt paYi t%Pb?l’Sa%%re t he

sequence 0§ t e RRIKE HghiRbn LA K @Sttified &anﬁ%m{r‘% l&ﬁeﬁc%talyglfs (% Qe

nmol ecul e of known structure. As used hereiln, nput at rona

chem stry" ref:@nsettttyecmcompatlilmsomfcomheltp/hyef thalmiahldon lpeJﬁlc:af ther operti es

of nol ecul es sed,herein cul arpéagrarghl cs! refers to two
5%

or three di meR¥PBREd %@ﬁﬁ@%@?ﬁ%’fﬁ%ﬂ@ (%)kre ‘EF(? 1asHy By Obthe RrUE Ry ut er

screen. As usegighgfgei modilieBketd é)aésemdmth&mhlwef EsipSuhdTBEOERUSs
procedures that can be erformed with or without a conputer to nmake one or

nore nodel s, S¥RPsUISpEPORRAIWEas Twashewe siydiedi anditbhuseatidehelisgrauch as e activity
ol oc LFS?%PZ sl R B TR D B e S B s e o e o
al gorit hns anthetieidbhbaswi ar OIMISQHI inghd &t eknedestaivl Referred embodlments, the
target polypeptide has catalytic activity and the irreversible inhibitor forms a
covalent bond with a Cys reside that is not a catalytic residue.
As used herein, a “reversible inhibitor” is a compound that reversibly binds a
25 target polypeptide and inhibits the activity of the target polypeptide. A reversible
inhibitor may bind its target polypeptide non-covalently or through a mechanism
that includes a transient covalent bond. Recovery of target polypeptide activity
when inhibited by a reversible inhibitor can occur by dissociation of the reversible
inhibitor from the target polypeptide. Target polypeptide activity is recovered when
30 areversible inhibitor is “washed out” in a wash out study. Preferred reversible
inhibitors are “potent” inhibitors of the activity of their target polypeptides. A
“potent” reversible inhibitor inhibits the activity of its target polypeptide with an
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i nhibitors of target pol ypeptides, such as enzynes. The irreversible

i nhi bitors designed using the invention are capable of potent and sel ective
i nhi bi ti onoabiwde2sbar get pol ypeptide. In general, the i RCENS2@9/05@28
rational algorithmand design 5 nethod in which design choices are guided

by the struct f t | tide, the struct f i bl
Chhibitor of i FapbABoBE e ABCELM Fretst Fackh LY, SoRSe Re b dr si bi e
i nhi bi tor wi t M belet2ae®br PRI ¥PARUL S8 LM & lgéé,eéb’*du*Ph ﬁwé B?r;lse?%igag&gt%lot@%éw, or

candidate irreversible inhibitors, designed using

i nventi on conmpishs® ahowtelmMatrdessr scaffold to which one or nore warheads are
10 bonded. The resuhting G aund .has .binding affinity for the target

pol ypepti de and on?geﬁ%rglﬁd?gte%ea"a/apﬁzlﬂ Y & gtr%}op[goé apg/lerppet Atthaf gret he

bi ndi ng sife efelltuieisejodab ntah YIRERntétfration bPE MdletRVBLERAILROBE, Jred! i ng
inirreversible inhibition of the target polypeptide. The Invention

provi des a meffidati@ telorigal prgeesn of wgredt ineludingt withaw liexitatipn 1Gkilytids a
target pol ypeptt.dge. g L: viding..a.structural nodel of a
reversible | nﬁ%‘?@(’)?a[ﬁﬁﬁ@wg)goéélgﬁiﬁgggéorg‘{wgglt?ﬁn‘gﬂ}ea{ﬁ(&et pol ypepti de. The
rever si bl e i nhi bi t he takeK;haimt GakiditRmntcosaptdatesSiemhs &f irh@abirBdieng site.

Usi ng the struc(%ural m)detg, a Cys residue in the binding site of the target
pol ypepti de t HAECT§180d, i becth dispesiatioa consfantdphihe PohREBidede-ewisaryméle

reversi bl goi niHpitRcompleRound to the binding site is 20identified. A single
Cys residue, all Cys residues or a desired nunber of Cys residues that are
adj acent to the redsusé¢bhareinnhi dubstentiallygrermient emetasit bbed’i inhicbidl&it bosd bound
to the bindi ng tsi te can.bte idc?g)tgi fied. Strugttgliraal nodel s of one or nore
candi dat e i nhPBIEST &0 fRiltox and the darerinplYRsPRAS, MR EpRTpists wpder Rbsaologicgbt

pol ypept i de atséndicidysetdperidds Gandin PalahRaY - Al ead that
is bonded to a substi tut%bl e positi gﬁg?ﬂgt@ﬂglgfrlg@é@%&%ﬁg@%ﬁ?é}%t\ég&me

war head cont aPPigpeptideact i ve chemical functional i ty capable or reacting with

and form a coval i&h the thiol group in the side chain of a Cys
resi de, aE%I opt i oné?ﬂ%e(i;?ﬁqgﬂgermfnﬁlg{“ C;S)c‘@%fl} lg(ﬁgi f%‘éc‘?"@g‘“@f f’?f‘éjel&%%{ﬁ?‘b%}
functi onal i tyinhititor andtwedirger sl Flepriéethaf psiss Qﬁdér%ﬁgiigf%?waf thditfors (581 due

in the binding site of the 30targr§;n 1?ol ypeptide. Substitutable positions of
the reversi bl ETadmisimehat is ghorfes dhansthe finchenal difcef the tasges molymkptidenct i onal ity

of the warhead bei gg w4t ' di; f an identified Cys residue
in the binding site of tlﬁg&??ﬁ) ggdtIﬂ%gI ;}%%%&?‘?88\%%% ‘i%némbsg}%%?@i nhi bi t or
i's bound to téenbialdungosalite oafimciictegtdupetld optionallyAod@lithigrh NiakdreRoiety.

whet her andi date.irreversible inhibitor containing a warhead that is
attac ned 1% gﬂfl‘? r&éﬂt“ueﬁ'{é‘d‘%ﬁf&é‘t’w £ F@_aﬁagﬁlﬂlfdﬁmémgl 4@ ypinpiapidiesidiang

5di stance of aphhdepkdihé g4 @HeS-S}@%t&l&&%n'tﬂ&é i S B! drou: ablifo A3 96t

pol ypepti de when the candi date i nAt birtor 1 ound to the binding site is
likely to be ®adpneapgblemt beingtcovdentlyemodifiedithad i present mrthebindolgypekétiode, and

referably is irreversjbl e i.nhibitor. aof.the target polypeptide, is nade
By f or ni né a tgg\%#éﬁ?m%gh&leﬁgy WEBTTH gl%{’?lﬁg?}éett@fﬁgebf’dgﬂﬁ%%ﬁg Itwidli bsue in
the binding Sippeccanell thiehe eBOY bikipchamimal ulPadunBid RAGh bkl ybrdifshar head

when the candidate inhibitor is bound to the binding site. ent bond
| engt h of22aboteh Wathead gequps fry cowalambiend irsvarsgdy riohibitingrthoprokes.s t han about

2 angstrons, for t d. for ween the.sul fur om of the S residue
in the binding si t@’%atg t’t’?es%‘ggg %) %@“eﬁé‘ﬁ‘i‘@%‘s St t8|rf‘f1%§/t°ol¥lefpﬁ Wk head,
i ndi cat es t hairotesees clen dreciadr formadbh a tcompltr, 30r &RRiPKN, Wehgbapugayaient |y
bi nds a target (iL?.gol %/(Pe‘g%i de. . )
modeling programs, computational chemistry, molecular graphics, molecular
modeling, and the like to produce computer simulations.
30 As used herein, the term “computational modeling programs” refers to

computer software programs that deal with the visualization and engineering of

proteins and small molecules, including but not limited to computational chemistry,

-7-



The nethod of the invention can be perforned using any suitable structural
nodel , such as physical nodels or preferably nol ecul ar graphics. The net hod
can be pewbanmedsisanual |y or can be autonated. Preferablpgr/usb@omsdopdd i s
performed in silico. 20As will be apparent fromthe foregoing and nore
detai | ed descehditdiRfdrhhiils, &idkdyodioul SRNSSREH h¥ddife, MOAE 1kBMERRpERLf10d_Of
the invention conprises A) providing a target and reversible i nhl%l tor, B)
i denti fyi ng asuchrmgegra@y stedingan tConp pHodaiangsigt! in thewarta bndrottliseeinpleswlé dat e
i nhibitors thartovich%lgi n a war head, D) determning proximty of warhead to
target Cystei Vs T:E)1 ‘formng a coval ent 25 bond. A)Provide a target and
reversi bl e inhibit @& uddichdréiMeME it ‘CONIRNLS Sserkedy @FRgtParSdridagémeml of Model
of a reversible 30inhibitor bound to a binding site in a target

pol ypept i de, WP iHners rrpeiny @vaelsidicid saguensies.orhiph rldewvnenmpasivelt et  cont act s

with the bindjng;:site. LE?QI I ver si bl

i nhi bitor bou}ﬁlgmtlgﬁtgl%bolfn |rn53H1§| @%@#"3‘%@“ B@B@%“ﬁf‘i{o&g’ u(li:egr??{)%m%sb?oorvi ded
and used. GCensagabhog,alignieovane okl mewaxé.gt BRSO Safuchessansy bt paddetiimiiiht or  of
a target polypeptide is used t rovide a starting point (e.g.,.a tenplate
or scaffol d) E@B‘ (H%@lléﬂF%nghy BoiE Disp Shat PYhSTeVEBRON - FYLUBINA @8Nt ar get

pol ypept i de UgieRical BEsiti4E B drRiers ya%vhefs%ueﬁ&@mcﬁve&men, a reversible
inhibitor of a target protein has 5Spreviously been identified (e.qg.,
reported lth the |ifAeustdhezeinsthe themt'ichystd”" teferatojanyethteedlitmmimal orderee of
ordinary skill in the art t kn reversible inhibitor can be used to
generate a st?‘ﬂ%‘”t?flr ﬁe%ﬁ%?mo(pﬁfar‘féso‘{t%%?‘ﬁet pol ypepti de conpl exed with the

i nhi bi tor. However Asifedd@sdingtle termBeWoRfic BI-BMiRHEH Yind PERRWRe E6VEdiRAB e

i nhibitor can be used to generate a structural nodel of the target

pol ypept i de cwii§ss ixmathginghcal ke-ordinates representetites “¥, g6 T anhiZinchluns) hetl can be
used to desiga, L& ISk iMhibito Sh: ny.,;Sui | e .reversible

o bi tor - scareABEE pREN ol ] Brot R MR o

i nhi bi torl%r expeswentl bhetarabrl bipta¢inof noderate potency. For exanple, as
described in Exanple 8 the ,altgorithm and nethod of the invention can be

used to increase pOf Etrdyhegginy . ¢ b hpmojagymededng” t?;féra&ihg@m@ce; ff t he
capability t Odaﬁfvﬁ?% I%B&élyE&rﬁh@b-@%éﬁitﬁﬁ?s&fé%@g ofg{lgctr?tlnglecﬂﬂ@s 8 xistin
od enp r

enbodi ments, the al gorithmand net oys the structure of a pofent
rever si bl e i nthrdsidioensibmal strhetnree fidratiéimbormslogtése Hahgdodytthodednate wbtahed ar e

St 7t ur e of W PRI RO BRI T HGRBHHE o ABYTGNE Hendi i FESshEmal nhi bi £ or

with an IXH60 gysittons tidte the s?c*u%QcéTMth@ mbRRuMf iRelewee RoABRe Wimd ad thM gnd 20
about 10 nM between about |1 AM and about 100 nM between about 10011M and

1 or between thbotlechladi kaewvnasbrooturd. p, M The t hr ee- di mensi onal
structure of many suitahl e.target | ypept i des,, ar.e kno nd reagdily
avai |l abl e from pubzl§|S Esegglﬁfeé%’s ,nglﬁgﬁgg'iﬁtcﬁ%nﬁﬁgeﬁelf%rﬁ t%qvl\?‘ﬁ%&nétogﬁv f or
Structural Bigtiysicar amtdhesmidal piopemiebst moBatles.(RCSB PDB 25 avail able on line
at world w de web gdb. org; see also HM Bernan etal.,: Nucleic Acids

2

Research, 28 pp. 2asusedheropioiolepuwtprgiaphicss kefesd) twandthvasrdiaensienapr ot ei n

Data B ; I t j ol 10(12):980
( 2083) ?.n@g\( %@Fﬁ#ﬁﬁg@pf gt%m%f prseﬁé?%ﬂg%ﬁréacé}#@ét& S%Fg{pgp??)d/es ]S or ) whi ch

structures are avahs$ afedéetdin,t“heldubir eicieDag areBanto msthpdLsgib@duies tibabl e | .
| f desired, the three-di pensional 30structure of a target protein can be

obt ai ned usi rfg"&RPeEImRehVED gEBeut aionPRr &0 Fekh BB O HPredBedslsipding
structure ar &pihhity ROWakEPLARABNEMN P ARlcrdrB al ity Abfation Gl of ligands. The

methods used in molecular modeling range from molecular graphics to

30  computational chemistry.



as sol ution-phase nucl ear magneti c resonance (NWVR) spectroscopy,

sol i d- phase NWR spectroscopy, X-ray crystallography, and the |ike. (See,
e.g., Bl owp2D0/08236i ne of Crystall ography for Biol ogi st #CT@sk@wascoexf or d
University Press. ISBN 0- 19-851051-9 (2002).) Structural nodels of target
pol ypeptides can @} sQ.b&; | 1] = . ar | onal

nmet hods of conput erém\)l ell(?ﬁgl,%&éélhgﬁlggg{hﬁ%n%@ otg?h%os eﬁf%(}ﬁ?‘ rﬁggrf;%g%’[rg{yrl]ég

st udi es, basmllitotors & terget pdlepaptidesasychan dnswoesn ddieyirrstdrsiblelinigbndrst he
protein. Suitable nethads for.produci onol og del s, are wel | -known in
the art. (Se‘i’?S‘?é‘?ﬁ.“,S‘nﬁg*FFn‘PV%?tlogr?&e %‘?&’P&%O POl 'SgBCAEY‘H pdtomafithe) - 3982- 92
(2003).) Sui {apkk o [dRM8n b&erdl OB iA@Y iSRRG rafibhdl AGLHERN ah Pl npl e,

Model er (Accel ryg,pg%s.ll nc.. anr_Dl egtl)) .arid Prime (Sc%jroodi nger elsg%é, New
York). For ewgthoden whichdigsignicheidesase ginded hy Exeantppiceirof the ksl ogy nodel  of

onti m 11 ng PraeiRe e kPSR R R RN 200 Blel B Brertidi ol "o

i nformation ingergdtidinl cAlheeretdraiblecianibier Wik ehd rarget pslysptidenpragwisiedel s is
presented in Table 2. Preferred structural nodels are 15produced using the

at oni ¢ coor dinhiiiess, ppeandyiate igreyersiblondibiprs: designsd using|themethofof Biendi ng site
of the targe D | i I 1 [ Lhhibitor. These
atom c co- or%llvglgﬁ&@eﬁsé%(&;l)l]i ég ge&%[ﬁ%%ﬁerm isﬁaE%{ W%‘%ﬁ%{egiohgg{n?%g%&k%ra%mny t ar get
pol ypept 1Wesbaniepl ke cksuiting corpensd Isdinditg bifingy $or tha thrga poypeptedecandi ned
using X- ray crystall pgraphy, nucl ear magneti c.resonance spectroscopy,

usi ng honol o@@é%@%dﬁw ChhEFaiRhih 4(pys residue inshgpy 18sieHRCAEAI * model s
of reversi bl fol ik tPFotmB] QRGIeR b&fa[TI-?:'sﬁ‘%i‘ﬁQ it RredelsHiOfhiRGbY HERL 'ta{ilg‘et can be

gener at ed base n known atom c coordi nateS or using other suitable

met hods. Sui pabpeptidet hods and prograns for docking inhibitors onto target
proteins are well-known in the . art. (S .g., Perola.et al. rot ei ns:
25Structure, Func %Hl,veléth‘al %Pﬁﬁéﬁ%?)mé}ogggr%é. -4 gﬁb%u.(idv&gﬂ@}l ally, if
the SErEpi ur Binaia@aégft\f)@]wte . | anéJmtes}fodqlgurﬁue@wiaigggstragtq&tl ngﬁhympt! gle
is no nown, a nodel o e conpl ex can be prepared based on e possible
or probabl e tsivaibhginkidier bpundie artinding piks i@ 4 targebpalppeptide s Shoreversiblyr obabl e
bi ndi ng nodes_ f.or reyersibl e inhibi . .asi i it y a
person of or H’lhhbellrof/ms i Iilonl_énovta egpgo:)ntt%&#%lrtﬁg% @ﬁ%ﬁ%?%%'ygéalggﬁ}eg&lﬂugﬁﬁgct ur al
simlarity ofodblea Ceyessiduelie therfindihg site dfahat@gd@olypaftideithatris wdjhdenatok nown

bi ndi ng node. For exanple, as described in_ Exanple 5, tﬂ}% stc[,uct,ur,es of the
conpl exes of theasvessiBleanibton whenthe eeversthie mbibitor hayrd t9 HisiRdieg 8l e known,
and rev t ; A iR ~ GRS OHE Absisldfuhdet b €ss i n their

bi ndi nge%ode[sh%%l%ﬁ%ﬁe‘&g{rygtme%geémggésigg% r;éﬁhdli]%ségknov»{ Se%ge of et he %Sr obabl e

bi ndi ng- noderesfduththat &re admidit eo ithehetwirdible inhibitorawisnrthe tayemiblermdigiitonds V- 1
conpl exed to, HCV protease was pr,od cetg, nd used to successfully design an

i rreversi bl eb?‘kﬂﬁ’itﬁiﬂ?eol?ma‘ﬁ&tm% ReAER ‘e%' bound Cys159 of HCV prot ease.

The structural nogg|ctafal toliBN BF shdbembreaRiiHE ikHIbiRts tt drelefidhaDtosi te in a
target polypeptide is preferably a conputer nodel. Conputer nodels can be

produced andcavaangllyibietitha ¢irpef pelypeptidet aib produedd. wHreesandidaty iafybitars DATM

vi sual i zation sof t war (PpenEye ienti&ih_1 of t war e w Mexi.co), Insight
(1) or 2i SEeEny Rosgdraar ponisr ib AreoHbiat P RhE P g KB Vo
(Accel rys Sofdhi®ifce. TRE warhdad coAtgi@®a réadive dielical Fundisestnl aspableadrget
pol ypeptides with structures in Protein Data Bank . . .
reacting with and forming a covalent bond with the thiol group in the side chain of a
Cys reside, and optionally a linker that positions the reactive chemical functionality
within bonding distance of one of the identified Cys residue in the binding site of the

30 target polypeptide. Substitutable positions of the reversible inhibitor that result in

the reactive chemical functionality of the warhead being within bonding distance of



Target Pol ypepti de PDB CODE PROTEASE HUVAN CYTOMVEGALO VI RUS PROTEASE 2WPO
HEPATI TI'S C VI RUS N53/ 4A PROTEASE 2008 HERPES PROTEASE 1AT3 KSHV PROTEASE
1FL1 VARWBLRLAYBEBFTER VI RUS PROTEASE 1VZV EPSTEI N BAR VPRDSSERODEAZE 106E
PROTEASOVE 1JD2 CASPASE-1 1RWK PROTEI N KI NASES

10

15

20

25

30

an identified Cys residue in the binding site of the target polypeptide when the
candidate inhibitor is bound to the binding site are identified.

A determination of whether a candidate irreversible inhibitor containing a
warhead that is attached to an identified substitutable position and is within bonding
distance of an identified Cys residue in the binding site of the target polypeptide
when the candidate inhibitor is bound to the binding site is likely to be an inhibitor
that covalently binds the target polypeptide, and preferably is an irreversible
inhibitor of the target polypeptide, is made by forming a covalent bond between the
sulfur atom of the Cys residue in the binding site and the reactive chemical
functionality of the warhead when the candidate inhibitor is bound to the binding
site. A covalent bond length of about 2.1 angstroms to about 1.5 angstroms, or of
less than about 2 angstroms, for the bond formed between the sulfur atom of the Cys
residue in the binding site and the reactive chemical functionality of the warhead,
indicates that the candidate inhibitor is an inhibitor that covalently binds a target
polypeptide.

The method of the invention can be performed using any suitable structural
model, such as physical models or preferably molecular graphics. The method can
be performed manually or can be automated. Preferably, the method is performed in
silico.

As will be apparent from the foregoing and more detailed description that
follows, conceptually the algorithm and method of the invention comprises A)
providing a target and reversible inhibitor, B) identifying a target Cysteine, C)
producing structural models of candidate inhibitors that contain a warhead, D)
determining proximity of warhead to target Cysteine, and E) forming a covalent

bond.

A) Provide a target and reversible inhibitor

The invention comprises providing a structural model of a reversible
inhibitor bound to a binding site in a target polypeptide, in which the reversible
inhibitor makes non-covalent contacts with the binding site. Any suitable structural

model of a reversible inhibitor bound to a binding site in a target polypeptide can be
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provided and used. Generally, a known or pre-existing potent reversible inhibitor of
a target polypeptide is used to provide a starting point (e.g., a template or scaffold)
for designing an inhibitor that covalently binds a target polypeptide using the
invention. Thus, for example, when a reversible inhibitor of a target protein has
5  previously been identified (e.g., reported in the literature or identified by any method

known to one of ordinary skill in the art), the known reversible inhibitor can be used
to generate a structural model of the target polypeptide complexed with the inhibitor.
However, if desired, a new or previously unknown reversible inhibitor can be used
to generate a structural model of the target polypeptide complexed with the inhibitor.

10 The algorithm and method can be used to design irreversible inhibitors using
any suitable reversible inhibitor, such as a potent reversible inhibitor, a weak
reversible inhibitor or a reversible inhibitor of moderate potency. For example, as
described in Example 8 the algorithm and method of the invention can be used to
increase potency of reversible inhibitors by designing in the capability to covalently

15  bind to the target protein. In some embodiments, the algorithm and method employs
the structure of a potent reversible inhibitor. In other embodiments, the algorithm
and method are used to improve potency by designing in covalent binding, and
employs the structure of an inhibitor of weak or moderate potency, such as an
inhibitor with an ICsy or K; that is > 10 nM, > 100 nM, between about 1 uM and

20  about 10 nM, between about 1 uM and about 100 nM, between about 100 uM and 1
pM, or between about 1 mM and about 1 pM.

The three-dimensional structure of many suitable target polypeptides are
known and readily available from public sources, such as the Research
Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB PDB

25  available on line at world wide web pdb.org; see also H.M. Berman et al.,: Nucleic
Acids Research, 28 pp. 235-242 (2000) and www.rcsb.org), and worldwide Protein
Data Bank (wwPDB; Berman et al, Nature Structural Biology 10(12):980 (2003)).
A nonlimiting list of suitable target polypeptides for which structures are available
in the Protein Data Bank is presented in Table 1. If desired, the three-dimensional

30  structure of a target protein can be obtained using any suitable method. Suitable
methods for determining structure are well-known and conventional in the art, such

as solution-phase nuclear magnetic resonance (NMR) spectroscopy, solid-phase

-11 -
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NMR spectroscopy, X-ray crystallography, and the like. (See, e.g., Blow, D,
Outline of Crystallography for Biologists. Oxford: Oxford University Press. ISBN 0-
19-851051-9 (2002).)

Structural models of target polypeptides can also be generated using well-
known and conventional methods of computer modeling, such as homology
modeling, or folding studies, based on, e.g., the primary and secondary structure of
the protein. Suitable methods for producing homology models are well-known in
the art. (See, e.g., John, B. and Sali, A. Nucleic Acids Res 31(14):3982-92 (2003).)
Suitable programs for homology modeling include, for example, Modeler (Accelrys,
Inc. San Diego) and Prime (Schrodinger Inc., New York). For example, as
described herein in Example 3, a homology model of FLT3 kinase was produced
based upon the known structure of Aurora kinase. A nonlimiting list of suitable
target polypeptides for which sequence information is available that can be used to
produce homology models is presented in Table 2. Preferred structural models are
produced using the atomic coordinates for the target polypeptide, or at least the
binding site of the target polypeptide, in complex with the reversible inhibitor.
These atomic co-ordinates are available in the Protein Data Bank for many target
polypeptides complexed with reversible inhibitors, and can be determined using X-
ray crystallography, nuclear magnetic resonance spectroscopy, using homology
modeling and the like.

Similarly, structural models of reversible inhibitors alone or complexed to a
target polypeptide, can be generated based on known atomic coordinates or using
other suitable methods. Suitable methods and programs for docking inhibitors onto
target proteins are well-known in the art. (See, e.g., Perola et al., Proteins:
Structure, Function, and Bioinformatics 56:235-249 (2004).) Generally, if the
structure of a reversible inhibitor complexed to a target polypeptide is not known, a
model of the complex can be prepared based on the possible or probable binding
mode of the reversible inhibitor. Possible or probable binding modes for reversible
inhibitors can be easily identified by a person of ordinary skill in the art, for
example, based on structural similarity of the reversible inhibitor to another inhibitor
with a known binding mode. For example, as described in Example 5, the structures

of the complexes of HCV protease with more then 10 different inhibitors are known,
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METALLOENZYMES CARBONI C ANHYDRASE 1A42 NUCLEAR HORMONE RECEPTORS ANDROGEN
RECEPTOR 2AMB ESTROGEN RECEPTOR ALPHA 1R5K PPAR DELTA 1YOS Table 2.

Exenpl ar ywoanpasysel ypept i des and sequence accessi on nurQENs200Q06@25
Pol ypepti de Sequence Accession Nunber ZAP70 P43403 C-SRC P12931 | TK NM

005546 BTK  and reveal that the inhibitors all have structural similarities in their binding modes to
the protease. Based on this knowledge of the probable binding-mode of the
reversible inhibitor V-1, a structural model of V-1 complexed to HCV protease was
produced and used to successfully design an irreversible inhibitor that covalently

5  bound Cys159 of HCV protease.

The structural model of a reversible inhibitor bound to a binding site in a
target polypeptide is preferably a computer model. Computer models can be
produced and visualized using any suitable software, such as, VIDA™, visualization
software, (OpenEye Scientific Software, New Mexico), Insight II* or Discovery

10 Studio®, graphic molecular modeling software (Accelrys Software Inc., San Diego,

CA).
Table 1. Exemplary target polypeptides with structures in Protein
Data Bank
Target Polypeptide PDB CODE
PROTEASE
HUMAN CYTOMEGALOVIRUS 2WPO
PROTEASE
HEPATITIS C VIRUS NS3/4A 20C8
PROTEASE
HERPES PROTEASE 1AT3
KSHV PROTEASE IFL1
VARICELLA-ZOSTER VIRUS 1VZV
PROTEASE
EPSTEIN BAR VIRUS PROTEASE 106E
PROTEASOME 1JD2
CASPASE-1 1IRWK
PROTEIN KINASES
MEK 1S9J
BTK 1K2P

-13 -



SWE: BTK HUVAN RON Q04912 JNK3 SWS: MK10 HUVAN FGFR1 NM 000604 FGFR2 NM
000141 FGFR3 Mb8051 FGFR4 L03840 KDR(FLK1, VEGFR, VEGFR2) NM 002253 FLT1
AF063657 WODPB10MB1364119 C-KI T X06182 EGFR SW6: EGRF HUMAIRCT/US2009/056025

CKIT 1T46
FLT3 1RJB
VEGFR2 1YWN
ZAP70 1U59
C-SRC 2SRC
JAK3 1YV])
FAK 1MP8
EGFR IM17
FGFR 2FGl1
GSK3B 1ROE
JNK3 1IPMQ
LIPID KINASES
PI-3 kinase 2CHW
PHOSPHODIESTERASES
PDES 1TBF
DEACETYLASES
HDACS 1VKG
HEAT SHOCK PROTEINS
HSP70 183X
G PROTEIN-COUPLED RECEPTORS
BETA ADRENERGIC RECEPTOR 2VT4
TRANSFERASES
FARNESYL TRANSFERASE 1CQ
METALLOENZYMES
CARBONIC ANHYDRASE 1A42

-14 -



PDFGR- A M21574 PDGFR-B J03278 GSK3A NM 019884 GSK3B P49841 RON NM 002447
C YES ML5990 | uka AF012890 | cky AF080158 ALK NM 004304 JAK1 P23458 JAK2

WO 2010/028236 PCT/US2009/056025
NUCLEAR HORMONE RECEPTORS
ANDROGEN RECEPTOR 2AMB
ESTROGEN RECEPTOR ALPHA 1R5K
PPAR DELTA 1Y0S

Table 2. Exemplary target polypeptides and sequence accession

numbers

Target Polypeptide Sequence Accession Number
ZAP70 P43403

C-SRC P12931

ITK NM_005546

BTK SWS:BTK_HUMAN
RON Q04912

JNK3 SWS:MK10 HUMAN
FGFR1 NM_000604

FGFR2 NM 000141

FGFR3 M58051

FGFR4 L03840
KDR(FLK1,VEGFR, NM_ 002253
VEGFR2)

FLT1 AF063657

FLT3 NM_004119

C-KIT X06182

EGFR SWS:EGRF_HUMAN
PDFGR-A M21574

PDGFR-B J03278

GSK3A NM 019884

GSK3B P49841

RON NM_002447

C-YES M15990
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NM 004972 JAK3 AF513860 TYK2 P29597 JNK1 L26318 JNK3 P45984 FAK Q05397 LI MK
NM 002314 MEK1 Q02750 MEK2 P36507 MELK NM 014791 PBK QOQ6KB5 PDK2 NM 016457

WO 2010/028236 PCT/US2009/056025
Tuka AF012890
Icky AF080158
ALK NM_004304
JAK1 P23458
JAK2 NM_004972
JAK3 AF513860
TYK2 P29597
JNK1 L26318
JNK3 P45984
FAK Q05397
LIMK NM 002314
MEK1 Q02750
MEK2 P36507
MELK NM_014791
PBK Q96KB5
PDK2 NM 016457
PKR P19525
PLK NM_004073
PI3-KINASE Q9BZC8
hepatitis C virus SWS:POLG_HCVIJA
NS3/4A protease
herpes simplex virus | GB:AAA92139
protease
KSHYV protease GB:AAC05223
Varicella-Zoster virus SWS:VP40_VZVD
protease
Epstein-bar virus protease | SWS:VP40_EBV
human cytomegalovirus | SWS:VP40_HCMVA
protease

B) Identify target Cysteine

5 The invention comprises identifying a Cys residue in the binding site of the

target polypeptide that is adjacent to the reversible inhibitor when the reversible
-16 -



PKR P19525 PLK NM 004073 P13- KI NASE (®BZC8 hepatitis C virus NS3/4A
prot ease SWE: POLG HCVJA herpes sinplex virus protease GB: AAA92139 KSHV
pr ot ease WB200008BR3 Vari cel | a- Zoster virus protease SWBCYRADVAMD2S
Epstei n-bar virus protease SW5: VP40 EBV human cytonegal ovirus protease

Cdont 1 1yTng AeE B8 Lk BBt SRS AP SN BN BT RUREL D251 e
that is adj apzﬂmeptlde tchﬁpléﬁ&tb\l’vﬁh ﬁie&eVeﬁk‘lth ihlibited) €)ys treh;ﬁiurcewem mbga - 16-
polypeptide that are suitable for targeting for covalent bond formation with a
warhead are identified. Cys residues that are suitable for targeting for covalent bond
5  formation with a warhead are adjacent to the reversible inhibitor in the structural
model. Cys residues that are adjacent to the reversible inhibitor in the structural
model can be identified using any suitable method of determining intermolecular
distances. Several programs for computing intermolecular distances in computer
models are well-known in the art, such as, VIDA™, visualization software,
10 (OpenEye Scientific Software, New Mexico), Discovery Studio, visualization
software (Accelrys, Inc. San Diego), and the like.

In one example, the intermolecular distance (e.g., in angstroms) is
determined between all non-hydrogen atoms of all Cys residues in the target
polypeptide binding site and all non-hydrogen atoms of the reversible inhibitor. Cys

15  residues that are adjacent to the reversible inhibitor are readily identified from these
intermolecular distances. It is generally preferred that the adjacent Cys residue is
within about 10 angstroms, about 8 angstroms, or about 6 angstroms of the
reversible inhibitor.

If desired, Cys residues that are adjacent to the reversible inhibitor can be

20 identified by analyzing changes in the accessible surface of the Cys residues in the
target polypeptide. This can be achieved, for example, by determining the
accessible surface area of the Cys residues in the target polypeptide (e.g., the
inhibitor binding site of the target polypeptide) when the target polypeptide is
complexed with the reversible inhibitor, and when the target polypeptide is not

25  complexed with the reversible inhibitor. Cys residues that have a change in the
accessible surface area when the reversible inhibitor is complexed to the target
polypeptide are likely to be adjacent to the reversible inhibitor. See, e.g., Lee, B.
and Richared, F.M., J. Mol. Biol. 55:379-400 (1971) regarding surface accessibility.
This can be confirmed by determining intermolecular distances if desired.

30

6] Produce structural models of candidate inhibitors that contain a warhead
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inhibitor is bound to the binding site. Using the structural nodel of the
target pol ypeptide conplexed with the reversible inhibitor, Cys residues of
t he targewopolypessi de that are suitable for targeting fromr/usesalosses bond
formation with a warhead are identified. Cys residues that are suitable for
targeting for coval en . FOR. W [=Te to the
reversi bl e inhibi oerm%%nl%t%ﬁgos Elgﬁg:s{’%{)%ﬁﬂlr%gé%{g t.u \Q@Mr%gsg?qr %é@d%gé%qglgéés

adj acent to thixearé dsstgrieidhd eovadnitlyitind the tarpétepobyipeptidd) maleraieeh candidire
identified using any suitable nmethod of determ ning internolecul ar

di st ances. SBLBHET CONtART Rt ﬂ’é‘b’ﬁﬂ)&’f‘ﬁ‘?@gtoiW@?tﬁﬁqagl&moé‘rnoaioéf nces in
conputer no ; - g i l'ization
sof t war e, 18%@81%E§8}Q§E}Fréﬁl IC&%@%&%?S&?&@\%@%? (C:%‘;é!lé?‘ggg%%?}ﬁetfgﬁﬁ udi o,

vi sual i z&t i caljmeht G resie areldeyigned bycaddBena Paxhgad groapdo & kebstifutable In

betveen Bl | PSHRy B B inion Pocserpdn ydeFa8 he Sidegug ot oM Mo
pol ypepti de RisRehiNe Srbéh ABR tBhtlis AOBcAY & POPNredldQE T @b tdrb& podMRpEdd| e

inhibitor. Cys 15residues that are adjacent to the reversible inhibitor are
readi |y i deninignothdr £xaomle.le she reveraibleohkibitprierast Belsprniide cpmple, g€er al | y

preferred that. the adjacent S residye | .t hy . t about
8 angstroms, ref)’ldu%ﬁooﬁfiugecgﬂb% &0 e%t e l?Oevry%’zéé Q@F ZQ{%ES}E‘.}?%?‘P@?%] ? r?ggssi red,
Cys resiguessitlagbn, arporiasl aolateveBitlimhitdwecsi bd eniovhd bhd mplacediwith a

20i dentified by analyzing changes in the accessible su féce of, the Cys

resi dues in $uiebleayasheadippygsips arihibrier éhaé%‘“kﬂé{mcg\}é‘d, § gidus BRbise, by
determ ni ng I - r : .0 i ar get
pol ypopti do {arRaSFREAEoRHAAE, BE RRcAING BRIRE, TRELPHERL B ittt 20S)
when t he targhén helppriaptdfdes fesersibiginkibitdr thiat is retevedeandrreplbded witthiboi t or, and

when the target pol ypeptide i,s .not ca exed wiih the.reversible

i nhi bi tor. Cyaheesicay %_recn_f‘l%‘fedl’(féi u%l"lz%‘f&ggg‘ ﬁﬁl&f}'féﬂ%{:eésfgb‘m béi?F'f ace area
when theq eV?&giné &t 4 RRERIHIORhitstof MEPEANRIetBvEdRithéut atfect biRGRE cde ar e
likely to be adjacent to the reversible inhibitor. See, e.g., Lee, B. and
Ri chared, F. M readily Mehtifigi, ehd irsBidg7for axmmple.goryonsabaires mej iR Yesdda
accessibility., This can be confjrned. by _determ ni ' r. - -

di stances i f?‘/%cggg‘?ne .nﬁg’@’ 6:}5%&%%%?@}9%%1[0&? ar J}‘%{;}Hd%? %dhgg)ﬁclanir:ﬁ& gg{ls‘;‘%th

i nhibitors th@ttm%@m@;ﬁpgdgyar head The invention conprises producing
structural nodels of candidate inhibitors that are. desi ggéad to cova{jent |y
[

bind the target p&hsypepeadeomppiwes girpactize rhemagfbngtionaliithatcaR reshy it ns a
war head at .i s~ bonded t i Lt : ever si bl e

i nhi bi to%] cgﬁﬁ?yage%ﬁ %‘r‘%ﬁB??%‘?g Toyeleth ?Q‘lﬁ@?%’%‘g{h@g@%ﬁléi?& N th an

5adj acent Cy furk@shdliteant e deifingnad o yhealidi sidy chaiar Heavarbeaugptivoally
substitutable position on the reversibl.e inhibitor.. F%r eXﬁ?nPL)eﬁd.a war head
can be bonde€oRrtainaa linkerdhatepiganthe peasting shantifalfunciongfity Wayn PRy o

residue in t e kol ook cROLNPERih HPhe Lig@ Bl RBRIARXARBhE sitt MThAGamexPesi bl e
inhibitor target pol ypeptide conplex, "a Cys residue s occluded or partly
occl uded by &e peediédbasod ob e desivert ddgndecofi raduititvity ovith the Cyhpide eint ¥iehon, a

portion % t he rev%ﬁiinfgl e inhibitor can be.renoved ?”dti{)ﬁﬁit?%ﬁtﬂjn"“th a

present, t er serves to position the reactive ¢ émical func

bonding distance of the target Cys residue. For example, when the adjacent Cys
residue is too far from the reversible inhibitor for the reactive chemical functionality
to be directly bonded to a substitutable position of the reversible inhibitor, the
reactive chemical functionality can be bonded to the substitutable position of the

30 reversible inhibitor through a suitable linker, such as a bivalent C; to Cy3 saturated or

unsaturated, straight or branched, hydrocarbon chain.
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sui tabl e warhead to produce an inhibitor that covalently binds the Cys
residue that is occluded or partially occluded by the reversible inhibitor.
Thi s apprwechivessai t abl e when the portion of the rever Cblus200aisds or t hat
is removed and replaced with the war head, can be renmoved without affecting
bi nding of the r |bIe| r n [ € nhi bi t or

t hat can be rem)\e/ge(%ita ¥ eﬁ%mp fwg‘r[%le%dgl F% tthose?ggfo %d }rleé%’;l if Ql(%ne% i ed,

and i ncl ude,FiGon. S&ﬁhﬁ@hl@ablé)%ihe@dﬁlaﬁvhﬂie fafrﬁulﬁdt—Xl-D-\thM&ﬁelnﬁ lﬁmdategme
bondi ng, van der Waal s interactiaons and/ or hydrophobi ‘f interactions with

the target mﬂﬁﬁéﬁﬁ@@@lenﬂ%h%‘mﬁ@ﬁ@t%%ﬁﬁq@&f the Feéfﬁ’éth ¢ BhiNOk cal
functionality thaﬁhscaa?or{\;lgcﬂ%h bivhidf C%%Js%ﬁu@é& ShuflSnf @c!l nstr‘él { Bhuthe@val ent

bond between the reac em cal functi ona Ity an ur atom of the
Cys sidesc hayﬂrocﬁfbenwmlhembr@pbpm;raalllbry)ne,amoaurmlsreaniethylkele tlnitabf thesi ti ons the

[t he ¢ ar gabBBFUBB MR CIHBIR N BPSL e R sl ”§20ﬁf @%@éct od baged |
on the desiredg ftg gree @h. (@aetic(Eb)y, (. LNR?heNQ,qs otl- g@: When

25present, the nkef sefves to position the reactive em cal
functional i ty wi tlhina lsovadém podi oir anbizalot @hesqterﬂgfétor%aﬁl@éﬁ‘dﬁealgkb?f

exanpl e, n the S. re idue is too f r

i nhi bi t or fo a?%gd’wfa?ﬁ% %Ter":fn&r?(rzlf:’l Ialor %ﬁ%ﬁe};lgﬁr ec S[Ibonded to
a substiftout alptien@®siahd qadafen&éiﬁlyr RyRiced Mlyecydisprbplate, -INR-, rN@R}@(@) chemi cal
functionality can be bonded to the substitutable posi tlég)
30r ever si bl eCIWRIR)- oN(RﬁﬁbuﬁQaNé%) t 21 e APk eP Qe nC vaﬁ@nt Cl to

C18 saturateéioor nsf\t ltr( 3 a| h@ br anched, hydrocarbon chai n.
Sui t abl e exanpl &s of’ war hea |nc Li e t % “di scl osed herein, for exanple in
FIG 1. Sone suitdh ﬁydyagéteaﬁs aﬂu@kxalctdfmlohmlﬂyrsutatiﬁuedrWith(oxmhlmifaém, NO;,

i ndi cates the 0| nt of attachnent to t.he ubstltut tion.of, the
reversi bl e i9fHrYi it 3-1Q membergd, YnEeyCHC 9F é?lyélr’ﬁ SW%FQ%%& latugaat%rlated

unsat ur afsed, S gﬁhﬂ%hﬁﬂflél@r5"H&Qﬁ%%oﬁlshi}ﬁgéﬁéﬂa&hgfnse%&?édnﬁmQﬁﬁbg’bnoBkygéﬂal ly

one, two or thr ne units of the hydrocarbon chain are
|ndependentl(yrstutfmL ané@hbgpm%ﬁinng(}subst@g@giw1thb¢(l{3)groups@@) 0-, -S, -SO,

-SQ2-, =S | d
a bi val e% C)l 8 s%hl\@ @d‘ng?pel?ﬂ?&g'uﬂ&ﬁj\@%ﬂ ﬁ@%’t oY Igrééfncag(g%eﬁ Eﬂ%r%ggr bSL

chain, wher eéJ‘tan@Qea\HI\f@grdﬁb bihs €8 mEphaticedifiosllyt sutafitutedawith bllo Olmild)g:mal ly
and i ndependent 'y replaced by cyclopropyl ene, -NR-, -N(R) C(0)-, -

( 0) N( R -, -NOR)GEN,whesdaN(R)-, -0-, -C(0)-, -0C(0)-, -C(0)0-. -S, -SO,
- S =NR) - , r 1-6

al i phat |?cocgpt |) onaPIC’%/ s%%’%lte% ia':ngjc)rwé’% Wa%gﬁzﬁa?tmated OrN%lzsla&rEm(&i S,Q}gfglﬂt of -10
menber ed rmn@@ﬁg{euc }@ard@atbml ¢lain, Seheeat ede @artwo ahétjnylans atnits adle a1<5 or

aryl ring having 0 het er oat o i ndependen m gen,
oxygen, or seoptiqeel Yaﬁ*?é i encafent al'“ﬂ’ "’rCF&S’Yl swé%bst Tu ed {;\{@ﬁ’ %é{ e groups;

and SO nd ele )%QR J QMR @O;, oPX90,NNRB-; ah@l ogen,
CN, a sui tabfjgbﬁgaw nggg%p (Oéi G@al Ip atl c ‘opti onal Izg substl tuted
with oxo, hal ogenZ iNGRirogm €@\, 6\/aﬂlphailcmptlzﬁ@l}| wbatltewdavlélmxd@ plagar NO2,

bivalent Cl1 6 saturated or unsaturated, straight or branched, hydrocarbon
chain, whtrePhCne or two nethylene units of Q are opti onaIIy and

i ndependent I y replagsk bbodiaBlts X isSr bord9=0-, ~1H0)-5., OOCHQ)C—C---NH-@)IQ
-SO, or -S@2-, -N(R 0- C(O)é -NRSOZ- or - 1§1 and
C= C- -S-CH,-C ‘C- ".0- CH,-CH,-O- —O( H2)3 ,.or -O- (CHz)z -C(C 3)2-

In certain embodiments, L is a covalent bond.
In certain embodiments, L is a bivalent C,_g saturated or unsaturated, straight

30  or branched, hydrocarbon chain. In certain embodiments, L is -CH,-.
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ﬁoizs %dr Ogg\]l olr Cl-6 al imghg_ti c optionally substituted with oxo, hal ogen,

, or . In sone enbodi nents X is a bond, -0-, -NH, -S-,

- S- CH2- C—\Zf))-zg}O/ozsmmz- CH2-0-, -0-(CH2)3-,.o0r -0-(CH2) 2PCraid3)03/05602H

certain enbodiments, L is a coval ent bond. In certain

enbodi nents, L is a bivalent,..CL .8 saturated or at te rai ght 30 or

branched, hydroca 6 a%‘heé?%]().dlrp?{lt%g‘rltszﬁicﬁvglﬁ%to&nﬂ’e%@@%" LI_lells &aﬁh ° I n

carH tc((mo ;1 enbﬁﬁimr%mdsqglgﬁaé@)@m%ﬁglb@\lm%wm) r, -CERHC(ONENHSOH2NH-, - NHCH2-

- -, - -, - H -, -NHS02-, - NHSQ2CH2-,

l\IHC( OLCHZO ! S,%‘ré@%@@)cmﬁ)%&m%ﬁ&bﬁﬂmnts, L is a bivalent C2_8

straight or branc g;;?; 8 .Gha ergel: I doubl e

bond and one or two addi |O§§§%ﬁ%ﬁfl enelghl}\r;ﬁl}iggﬁglghﬁgﬁ%%%?’i@aﬁcﬁagnd

[ g?g;)endei;&ghaﬁleghag'ﬁm bys atolﬂ%() s &)&douio@(t{b)lﬂlland one b tRR)oSAitjonaSORMNyIRhe, - S-,

- c ropyl en 0= - - r -C(0)-. In

(r:]e(rj tain Enboﬂ?‘??é)rft%g‘}’)e Bp“%ncailyﬁ’i“@&F‘gﬁ?n‘%gg-‘éP%{lqcﬁgaﬁflggp(gpg?‘c(ﬁ%ﬁ%‘mC( :

ydrocar bon ghjsh,WgoaiiRr)L. kas.sad)-| gast -oneosloup 0 | egst one

SCENCR) - umz\%f : &509)?(}& B T - S U ¢4V L PR A
N(R) -, -SNR)SE0}(0)-S2-, -0C(0)-, or -C(0)0-, and one or two

additional nethylene units of L are. opt.iqgnal nd, ] ndependently repl aced

by cycl opropyl eneI,enci‘mﬁm,en-1 ents, J 1s acp q?ﬁ(lfélsﬁal l(%%r 2 %lgllg’nen%/s, E is a

bi val ent | C2_By&béabathat! whéremahpah, at lvadr eeatondR Hohdiand whiedstofie L has at
| east one doubl e bond and at | east one methylene unit of L is replaced by

- C((j 0) -, dan'?I methybane g oA didp rapdasad brret UPreNK YRt sSCEDNR-aMR3pPronal | y and
i ndependen replac - - - O(0)
descri bed ab%&?él,sﬁ%)ﬁ %g’r'? g?ﬁygg&%lgﬁﬁf Q&T_C@Oé’ %llﬁ\l?gf:gﬁlg{' OC%%Q%I%&? af‘ght or

20 branched, mejitcdeanhoof Clhsd sptishalhein ihdépeadattlyl replateddryecydbpbdpyldmond. One
of ordinary skill in the art will recognize that such a double bond may
exi st withi nobhé](ﬁgrd?b'&(pb‘on chai n backbone or may be "exo" to the backbone

chain angs t hus f of bk ¥hd . I an L
group having an apﬂgyolr}r?edene lrgllﬁt(%:’ﬂggedc}%g?%&ﬁi%gl}ég\g%}sﬁ Qié)flgﬁc(%gpd-l f&fﬁ%ﬁﬂ.&nﬁus,

in sone 25enbiedi mbated L has st leashbvead@ible @ndgindtat agitone oretiylensolnetcnf L is
bond. Bxempl arPCCd PR T rioRGaE of kg e by Ltidyishs v Y L AR Bpaly
enbodi Ment s, 4hd indeperbMR) @Pfac&Pufeyiléfb@iincorobr B sk -Cigyir ocar bon chai n
wherein L has at |east one doubl'e bond and at |east one 30nethyl ene unit of
L is replaced by AG(dejcribed abavgs inadertaisravahiidivaents, L 18 ajhvalent Cy.¢ straight or
20  branched, hydrocarbon chain wherein L has at least one double bond. One of
ordinary skill in the art will recognize that such a double bond may exist within the
hydrocarbon chain backbone or may be “exo” to the backbone chain and thus
forming an alkylidene group. By way of example, such an L group having an
alkylidene branched chain includes -CH,C(=CHz)CH,-. Thus, in some
25  embodiments, L is a bivalent C.g straight or branched, hydrocarbon chain wherein L
has at least one alkylidenyl double bond. ~ Exemplary L groups include -
NHC(O)C(=CH;)CH;-.
In certain embodiments, L is a bivalent C,_g straight or branched,
hydrocarbon chain wherein L has at least one double bond and at least one
30  methylene unit of L is replaced by -C(O)-. In certain embodiments, L is -
C(0)CH=CH(CHj3)-, -C(O)CH=CHCH,NH(CH3)-, -C(O)CH=CH(CHj3)-, —
C(O)CH=CH-, -CH,C(O)CH=CH-, -CH,C(O)CH=CH(CH3)-,
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C(0) CH=CH(CH3) -, -C(0) CH=CHCH2NH(CH3)-, -C(0)CH=CH(CH3)-, - C(0)C1-1=CH,
- CH2C( 0) CH=CH, -CH2C(0) CH=CH(CH3)-, -CH2CH2C(0)CH=CH,

- CH2CH2C(WPChio@IR- , - CH2CH2C( 0) CH=CHCH2NH( CH3) -, or PCT/US2009/056025

- CH2CH2C( 0) CH=CH( CH3) - or - CH(CHB)OC(O) CH=CH. In certain enbodinents, L

is a bivaleng EIIB &gy ttF 2r ocar bon chain wherein L has
at |east one ddubl ond and at one rreth lene unit of Lis repl aced

by -0C(0)-. CH2CH2(](@)(§HH€PK]H1M{(@13) sor -CHzQPhCﬂi))ﬁ%iﬂﬁhH(@H})S ostrai ght or
branched, hy I chain wherein L has at | east one double bond and at

| east one rre&ﬁ{f)-ﬁ%ﬁggzq}&? QHL is replaced by -NRC(0)-, -C(O)NR-, -N(R) S02-,
-SN(R) -, -S, -1R(tain err%@arments 10Qs ©8Q)ent C?E stre%lﬂ)&brar@ﬂ@ﬂ one or two

addi ti onal nethylene units of L are optional and |ndependently repl aced

by cycl opr opyiderverbon@hain-wi{eR)in L fgs at @éﬂ)one dD'mbls boed andoddeaseenes, L is

- CH20 OCH: CH(CH=CH2) 0 OCH:CH-. |
oo Lt %lﬁf‘%“mgf% C‘%ﬁﬂ%ﬁ%&%@“w i §\IRC( 0) C%—hgl(%C%—QN( &) -

- NRC( 0) CH=CHCH20-n soﬁﬁ%m%%% a biNRBORChstetisht or NRBCREHRGHCKHRbon
“NRC({0) (C=N2) C(0) -, - NRC( 0) CHECHCH2N( CHB) - , - NRSCRCHECH- , . - NRSQR CHCHZ

- NRC( 0) CH=CHeroh eremwsm} ts(aﬂmz)depizl@ bong-hpdyidea} one Mty lreUBY

- CH2CH2N g@@;{ }%\Ng chgB, i

i ndependeRg'E I%plh é{%ygen or optl Oﬂ\II]]Q ﬁ@%?gstl tute ?’.Esgialnls at | §2| : In
certai n [@bodC®n;&,—3(0)6-, -ahﬂil@(l@))i}vhﬁdd;tlonhl-iﬁ(ﬂh)'léhtm-ﬁﬂ\l( @d3yptionally

- NHC( 0) CH=CHCH20-, - CH2NHC( 0 CH CH. , .- NHS CH2- ,

- NHg(( og ( C-sz)fé(loiiﬂpendwwmlgﬂgég(%ﬁm’ HB%HC E:F&Z(%ITI CHCH2- |
- 25 NHO(0) 20, 1 NG O GOTCHRL I, < RN - CHOLGNH( 0) CH=CH

- CH2CH2NHC( 0) -, or -C|42NHC(02)cycI opr opyl ene-. In sone enbodi ments, L
is a bival enCHCQH%CHb)Q(E@)CHGCHﬂ anched, hydrocarbon chain wherein L has at

| east one triple rtain el |sabivalent C2-8
strai ght or brancﬁeﬁ?ga bé’glgp%sn nbﬁﬁt\r{ﬁiﬁ Fein L’ has at |east one triple
bond 30 gnd quec@s ct}m}@@llqm NRC J(ENCHOHLS-,0CHLNRICEONPHFGHa) | y and

i ndependently re I aced by - R- -S2-, =S
-C(=NR) -, - 0=NR$)(§2Cf¢i©I)1 XNR@ hécﬁ%m T)N#@@)((E Iﬂég((é}’ | east one t I’CI( pl Za

2008 200 o Ll G RINIARS, Witeftelefe IO
i ncl ude- Ca- CNH%»@HPCHMD—,, -NR@\{H@c@@{z)C}herBMC(@EEcmzo-
FGRQO = -CHzNRC(O)CH =CH-, -CH,CH,;NRC(O)-, or -CH,NRC(O)cyclopropylene-,

20  wherein each R is independently hydrogen or optionally substituted C.¢ aliphatic.

In certain embodiments, L is -NHC(O)CH=CH-,
-NHC(O)CH=CHCH,N(CHj3)-, -NHC(O)CH=CHCH,O-, -CH,NHC(O)CH=CH-,
-NHSO,CH=CH-, -NHSO,CH=CHCHj,-, -NHC(O)(C=N2)C(O)-,
-NHC(0)CH=CHCH,N(CH;)-, -NHSO,CH=CH-, -NHSO,CH=CHCH,-, -

25  NHC(O)CH=CHCH,O-, -NHC(O)C(=CH,)CH;-, -CH,NHC(O)-,
-CH,NHC(O)CH=CH-, -CH,CH,NHC(O)-, or -CH,NHC(O)cyclopropylene-.

In some embodiments, L is a bivalent C,.¢ straight or branched, hydrocarbon
chain wherein L has at least one triple bond. In certain embodiments, L is a bivalent
C,.g straight or branched, hydrocarbon chain wherein L has at least one triple bond

30 and one or two additional methylene units of L are optionally and independently
replaced by -NRC(O)-, -C(O)NR-, =S-, -S(0)-, -SO;-, -C(=8)-, -C(=NR)-, -O-,
-N(R)-, or -C(O)-. In some embodiments, L has at least one triple bond and at least
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5, or -CH20C(-0)C---=C-. In certain enbodinents, L is a bivalent C2-8
strai ght or branched, hydrocarbon chain wherein one nethylene unit of L is
repl aced w9 2010028360pyl ene and one or two additional netroylusa@ownioes of L
are independently replaced by - C(0)-, -NRC(0)-, -C(0O)NR-, -N(R)S02-, or

-SA2N(R) -. p ' [ NE /cl op é/ - 802- and
- NHC( 0)-cch§§‘§?§%y %Ih@é“g{%;mé%?‘ﬁ%%%dgﬁg%’ T@@%&@Z @@pg %@?ﬁg‘gfn, Cl 6
al i phati c opdC@ma)dryOsubstituted wi th oxo, hal ogen, NO2, or CN, or a 3-10
menber ed nonocyclic or bicyclic, turated arti alsl y urfsat urated, or aryl

ring having 0-3 r@m&%w&n&rwm@ﬁ@aaﬁ¢y-§§‘5€8@1§ FRIORH hitrogen, oxygen,
or sul fur, Q@ﬂe@éﬂgf%%@?%ﬁhd -rd%%é?-éﬁﬁy-@déﬂﬁg-%ﬂcglozglzéa4CR9)(91@-Ups1

each Re is in ntly sel ect'ed from=-Q Z, oxo, ogen, CN, or Cl 6
al i phati ¢, wher€HaOQ=F®)GE(Eoval ent bond or a bivalent Cl-6 saturated or

t ted, strajght . hed, .hydr haj wh ' t
ot hyl cne.uni £ s of (O ERETISAIBHAY fy* AR AR AGRRET & FaBNked by -N(R)-.
-S-, -0-, - Q(}Q}Goarbéogz%N(Qi}rwheTQﬁQ)}lQme_th}%,un‘i)crofLS@ZeplaceBKbB)c?él@brqpyfeﬁé 0)N(R) -,

- 20N(R) 502-," or - -, and, Zis hydrogen or Cl.6 aliphatic optionally
subst it ut ed andimeox oo hddibemah metiotenegmiteny Liage indepcadentbrisplaretebts, VY is

hyd . | t aj ' Y d 6 @l | i i onal |
oubst it ut ed SR SRRCETSIQRRRAIIL o SONR) BBl 10 02 2
al kenyl mpt i aoRbé YNAE(GMOebirbpEehdsOh apd ONHTADpgetlopipRlenet CN. | n ot her

enbodi ments, Y is C2-6 al kynyl optionally substituted with oxo, hal ogen,
N2, or CN. In sofedefinsddicheratly aboye; ¥ 1ghydogin smy plihatic spHeRalldnbodi ment's, v

is C24 al kyn . . 0 dj t 1 ituted
wht hooxo.  haldbsiueed gt S hREeRRRATITI 5r o Y ncrode Anlle, 080 ' o

and - CH2NQ2. bidtlichsaterated) pargattyodisamretal, oiaiysriag bating At3dktGogomenber ed
nmonocyclic ring having 0-3 heterpatons independentl el ected from

ni trogen, ox’?@%ﬂﬁnﬁg}tf}sﬁﬁfeFW&r%B’rt@igﬁn’\gxiy%en’ Q&b‘gﬁrtﬂﬁe@‘wl{lﬁal TPERS groups,
wher ei n gAChg BeridRdavinfal1-pRd g%gx%aa{lﬁe A68@peheG1h ERERd from —Q-4, Bx501TE
enbodi nents, Y 1s a saturated 3-4 nenbered heterocyclic ring having 1

het er oat om s¥Dedtabezehr G ox§ geslipbatiivthersie R inkepedlentdand of f Ryalest €1
substituted wt heg{-

2 Re qgroups,.wherein.each Re i ef j ove and
described het¥{! %BWLEW&SSE‘J&%%%%' ‘glreg’cheyﬁlé%ar e"“ﬁ‘a&o%g %ﬁle&% (%gs, _
wher ei N eachivd MBthlyRns URE bt QRDplohillylardl iR8er@hdely, replhardedyn o@oh -Re i s as
defi ned above and descri bed herein. In other enbodi ments é)lfs a saturated
5-6 menber ed-Oret@Moy OG-+ iHE)PohAPr Y 302 RMRIEERoth (@R red from oxygen
or nitrogen | n sak8 Gi0g Jd. 2 Wosidrd dhed oM bipdait JRRoRAIRURBstitigT €i n
each Re Ts amsﬁzrié% g@élgéﬂa’n%ﬁd%mdé%% ﬁogr ei'n. pSulchOBr iongs I ncl ude
pi peri di ne awgthRyb/ @légdh €O, Wh€Idei n each ring is substituted with 1-4 Re
groups, wherein each Re is as define bove and described (Re),-2(Re)i-2
In certain embodiments, Y 1s hydrogen.
In certain embodiments, Y is Cj.¢ aliphatic optionally substituted with oxo,
halogen, NO,, or CN. In some embodiments, Y is Ca.¢ alkenyl optionally
25  substituted with oxo, halogen, NO,, or CN. In other embodiments, Y is Cp alkynyl
optionally substituted with oxo, halogen, NO,, or CN. In some embodiments, Y is
C,.¢ alkenyl. In other embodiments, Y is C,4 alkynyl.
In other embodiments, Y is C;. alkyl substituted with oxo, halogen, NO,, or
CN. Such Y groups include —CH;F, -CH,Cl, -CH,CN, and -CH;NO;.
30  In certain embodiments, Y is a saturated 3-6 membered monocyclic ring having 0-3

heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Y is
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QZ'NNR <\ chc herein. In certain enbodinents, Y is(41-21-2, or 01-2
15wherei n each R Q Z, and Re is as defined above and descri bed herein.
I'n sonme ewbadiomes3s, Y is a saturated 3-6 nmenbered car becyalsea@onsegs
wherein said ring is substituted with 1-4 Re groups, wherein each Re is as

defi ned above, an escribed herein. l.n certain odi |

cycl opropyl ,5“238‘19‘8‘%&? Il,'ﬁ) gfoélﬁé?n%qr?mg?c c%c’lsgﬁgiyrfe% a\%‘g&f %Illdn%gg@hedri ng is
3ubst!'lt3u'éleg HMe_tillﬁ 1-|4 Re groups, 20 wherein each Re is as defined above and
escribe erein.. In certain enbodinents, (3-S. Yisl-1, wherein Re i

defi ned above andngemeembedimesfseiYns alswméﬂ@%ﬁ%?ﬂsh%ﬁpgxclw% R

cyol opr 00! QR L SHSIIU1B WA IR A0R W iPBng k1 cortal 0

enbodi nent s, artia unsat ur 3-6 “menbered nonocyclic ring
havi ng 053 hebgitart ovith i-D®REgengenvhereinehelcRed af defimadli abowg e d@bobedgen, or

sul fur, wherein said ring is substituted wth 1-4. R i
Re is as defliFap Ereorlannypchoogs ?rS(?HO’Hg? él?vgr](.’xqt‘ﬂlesrglrgg’ ‘g]ir"r%%l %ﬁ@%gé 1eleni gagh

partially unsgthnaledindr-§ ; ehGEnRAGYR! isGs defifhd MIeE Bhd\d&Bibed i NG i S
substituted w _t'ﬁ[ll-4 Re ggg%%?’ wher ei n eacthg Is as defined al;ove a%d
descri bed hérestin. In sone enbodi ments, Y is cyclopropenyl, 30cycl obutenyl,

Wb 2010/ 028535PCTP S GORPRRTRS 15 R ERaLSE PapaTefHigkb gl 10 2
def i ned @bovigivapd -d@serdaRfl séle¢ted foml dxygéei dnittofendwherein said ring is
substituted with 1-4 R® groups, wherein each R® is as defined above and described
herein. Such rings include piperidine and pyrrolidine, wherein each ring is
substituted with 1-4 R groups, wherein each R® is as defined above and described
(R®)1-2 (R®)1

2
o<, fN/Q'Z £ " i\’\Ni &
herein. In certain embodiments, Y is 12 , 12 or 12

15  wherein each R, Q, Z, and R° is as defined above and described herein.

In some embodiments, Y is a saturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R groups, wherein each R® is as defined
above and described herein. In certain embodiments, Y is cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, wherein each ring is substituted with 1-4 R® groups,

70  wherein each R® is as defined above and described herein.. In certain embodiments,

. /\ Re
Y is j}-—s/ , wherein R® is as defined above and described herein. In certain

embodiments, Y is cyclopropyl optionally substituted with halogen, CN or NO;.

In certain embodiments, Y is a partially unsaturated 3-6 membered
monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,

25  oxygen, or sulfur, wherein said ring is substituted with 1-4 R® groups, wherein each

RE is as defined above and described herein.

In some embodiments, Y is a partially unsaturated 3-6 membered carbocyclic
ring, wherein said ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein. In some embodiments, Y is cyclopropenyl,

30 cyclobutenyl, cyclopentenyl, or cyclohexenyl wherein each ring is substituted with
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enbodi ments, Y is, wherein each Re is as defined above and descri bed
herein. In certain enbodinents, Y is a partially unsaturated 4-6 nenbered
Shet er ocywbiz2e1wazszphavi ng 1-2 het eroat oms i ndependent | y PEglUsetoodsdor®mM

ni trogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re

groups, wher .each Re is. as define bove and scr.j bed her

Qertarn enpotiieraipsyehetisdpet Rol i AoAred o8e ARERTAEH e orpRn Tl ) 1. 5
(Re)1-2(Re)1-2(Re)1-2 10 pgin each R and Re is as defined above and
descri bed herein. In €r'ttai n enbodi nents, Y is a 6-nmenbered aromatic

ring having 0-2 nitrogens v@__,\a(mﬁ)ﬁza ri.n Substituted with 1-4 Re
groups, wher@nbp dé‘&E‘P’r'S%glsgroup is as’ F%‘égacz;‘a%\}éa%ﬁl&ﬁl”(‘fgé‘ PY herein. In

certai n enboglispBiiSerelnt S Phenyl, pyridyl, or pyrimdinyl, vvherei n each
ring is substituted wth 1-4 Re groups, wherein 1l5each Re is as defined
above and descri bbcbettemaimbodimerssariélsemw@ﬁlkmmsstura‘ed%65@6@@@6 from c,

(N-4 (N(N1\ 15 \ - 3 .N,whe def d
above an égeéérpggpﬁcigxgé&akmgq(fﬁ%lﬁgp ogﬁﬂggﬁpﬁg%rgly s thd?rogll ﬁ%rﬁgg} :dl "
heteroaryl rRgeRatisiurl wherBN&NEFARIABstitde Remden R yrépk avkidéinfeacin

ni t rogen, or sulfur, wherein said ring is substituted with 1-3 Re

gr oups, V\herélﬁaeé@ﬁquleﬁbglf@w descrabeddherqine in ea@necabrdiments, Y bewlastdei n. In
sonme enbodingnts, Y is a 5 nenbered partially unsaturated or aryl ring
having 1-3 héter oat ons i ndependently sel ect ed from

0]

LA
PN )kN 5
3 }4/\@6)1-2 a 1), ) &
o) Re )12 (Re)1 2 (Re)1 2
10  wherein each R and R® is as defined above and described herein.

In certain embodiments, Y is a 6-membered aromatic ring having 0-2
nitrogens wherein said ring is substituted with 1-4 R® groups, wherein each R® group
is as defined above and described herein. In certain embodiments, Y is phenyl,
pyridyl, or pyrimidinyl, wherein each ring is substituted with 1-4 R® groups, wherein

15  each R®is as defined above and described herein.

In some embodiments, Y is selected from:

3\/,<R 14 3 <R)M§ (Remg\; R)13§k

wherein each R¢ is as defined above and described herein.

—( M3

In other embodiments, Y is a 5-membered heteroaryl ring having 1-3
20  heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-3 R® groups, wherein each R* group is as defined above
and described herein. In some embodiments, Y is a 5 membered partially
unsaturated or aryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, and sulfur, wherein said ring is substituted with 1-4 R® groups,
25  wherein each R¢ group is as defined above and described herein. Exemplary such

rings are isoxazolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyrrolyl, furanyl,
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ni trogen, oxygen, and sulfur, wherein said ring is substituted with 1-4 Re
groups, 25 wherein each Re group is as defined above and descri bed herein.
Exenpl ar yweuotv/2813gs are i soxazol yl, oxazol yl, thiazol ylPCTiuseaansdogs ,
pyrazolyl, pyrrolyl, furanyl, thienyl, triazole, thiadiazole, and

oxadi azol e, erein each.ri.ng,i s _substituted with 1-.3 .Re.qr. .wherein
ench Ro_gr oulienet gleaBE it uf Rahort Fstl e aind X TRigh Rt
enbodi ment s, 3 X° pfoups vk & ehdtoR grdup istdskefide Bitoe And déstrib& Dekeid/ Pd- 2 Re
,ntn, zN N, 71/7 (Re)13 _(Re)i -2N 5 ROOON s(5 (( Ns ( NRe ,SN,,S, rs
5(e L-7- (Re)ferpin borlimegsnh ey lestedditmR and Re is as defined above and
descri bed hereig. In certain egbodinments, Y ig an 8-10 nenbeged bicyclic,

saturated, par NqJIy (N\7 (/N\ (,N\N
\ N N \
% TR RN ST T RN SRTR

N N N N

w2 ; >
s \_7 s \ 3o B(Reh-z g——” a

0 O o) 0
3 P TR e S
SY_T~(Ro)1 (R ST Rz SR_TR
S S S S.
< < 2 “N ¢ 2N
g_\—\\__’7\(Re)1-3 —\‘__N\'(Re)1-2 g_\'\\__//\.(Reh-z g_N__!/\ R®

wherein each R and R° is as defined above and described herein.
In certain embodiments, Y is an 8-10 membered bicyclic, saturated, partially
10  unsaturated, or aryl ring having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 R® groups,
wherein R is as defined above and described herein. According to another aspect,
Y is a 9-10 membered bicyclic, partially unsaturated, or aryl ring having 1-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
15  ring is substituted with 1-4 R® groups, wherein R® is as defined above and described
herein. Exemplary such bicyclic rings include 2,3-dihydrobenzo[d]isothiazole,
wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined above
and described herein.
As defined generally above, each R® group is independently selected from —Q-Z,
20  oxo, NO,, halogen, CN, a suitable leaving group, or C). aliphatic optionally
substituted with oxo, halogen, NO,, or CN, wherein Q is a covalent bond or a
bivalent C,. saturated or unsaturated, straight or branched, hydrocarbon chain,
wherein one or two methylene units of Q are optionally and independently replaced
by -N(R)-, -S-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -SO-, or -SO»-, -N(R)C(O)-,
25  -C(O)N(R)-, -N(R)SO»-, or —SO,N(R)-; and Z is hydrogen or C,.¢ aliphatic
optionally substituted with oxo, halogen, NO,, or CN.
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10 unsaturated, or aryl ring having 0-3 heteroatons independently sel ected
fromnitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4
Re groupswowhsr®es1s6Re i s as defined above and descri bedPh@ruseovs/odeedr di ng
to anot her aspect, Y is a 9-10 nenbered bicyclic, partially unsaturated, or
aryl ring having en j en,
oxygen, or sul furﬂw% ere:ﬁﬂ)%ggl?édﬁigr ?Se@lﬁgﬁ)rsﬂht %d’tgg%%sglﬁ%ﬁ‘gh (Ea)Q(groups
wherei n Re ilsl@endeOp, rte(ﬂabhvﬁhamdntdﬂanenméd 1sheXce|N02, Exleppl, ar ¢{Nsuch

bi cyclic rings incl d benzo |soth| ein said ring is
substit ut ed WisPHe ! %pésy el f’rﬁ l?%c%‘? L’?‘F‘fje‘\é,\flﬁba%mdé‘?ﬁﬁ
described hegel B¢ iHyd eh?eﬁll cgﬁé}%h@ohﬂn&@sokelsf@%“ﬁ%reﬁﬁ Ralb$valent C;.

i ndependent |y Sel ected Trom-Q Z, 20oxo, NO2, hal ogen, , a suitable

| eavi ng dr owgratuwatedCor Gnsaturfph@.tstrelgbmn lmmhlegr hydmbtouthdi\Wbﬁem@e dial ogen,

NOR, CN, t d ted
unsat Siat ed, Mé’t@%‘?‘gﬁﬁ{% tsg?fc(z\é%eog’go @ p gg‘lr'l%e(? (ii:eilul repl S’l ﬁﬁ%ﬁ;aos t\?\:)
m;t hyl_gfle U&Ng)@_(@f Q(@)&NRODSE?OEU _bfo?gcgd ndﬁ-@@}m _Scolgl_htdtu?\rlregl)iﬂco(a%dn@ﬂ isM(R) -
25- C(0) N(R) - blvalmqtp@zscszralghb@r brs@néd)yﬂrocarmnzchﬁ@ eymesy dsastomedeubley) | phati c
ool B b Rt BRI R oo and indeppndkusr Lot

enbodi ment s opt1on stit oxo, hal ogen,
NO2, or 1ON. ﬂepla@émw —NR‘QGNIR[(H@DS CQRD)NRS *o-0-NQZO)hatOgen;S@y-. Gh\certam sone
enbodl ments, Re is - r} 1S a coval ent b nd and @P}%s h%dr gen
(i.e., Re i sefﬁm’@ﬁ@ﬁ)me }Zﬁn‘b‘FWé)r &R oBOHR Ft yd “F@n 1SRRG CmRRpAME! is a

bi vaI ent Cl NIRRT oubseicatayg. straight or branched, hydrocarbon
chai n, wher elzgsﬁone gjr) t wo rrze(% y%esne uni ?s of Q are optionall and

i ndependent |y r eplnaeedinembodiRagnts, ehRCR Dis-indepeidEnNRs¢lectad frompirom ogpQ) -
-SO, or -S

branched h%péc b‘;['Pr}gr W°h$ﬁﬁ@)§?{ (ggg%tégﬁg%(%[ 6%6@%36%\1%%?2: nO(r)ne or

t th t | € db
o, ety ne=enh e acR mECRolOnS Ly @R HTieperomLlg, JCIERloed by

embodi nent s, C(@)@H’z |Oet9}b€(@}¢é{3Re group is hydrogen. In sone enbodi nents,

Zis -NHC(O dj h Re is
i Sdependent IC§/ ?se ?egdl%%%d?%l%%ﬁs a k‘%ﬁa%?%\f% ?% g{o@g’, k?ﬁ‘ﬁ} %‘?pot,hgﬁg
- NHC( 0) CH=CHaubjecttPnelitephitic @ﬂ:@]ﬂéﬁ:l&“smta% l@am@-grouﬁ( i@)a(]ﬁbm(bihl
- C(0) OCHzF, CgO) OCH2CN C(0) CH2C, £ %‘}j’a
- CH2C( 0) CH3. group that ireadibt diFplacedhc drsiie lncﬁ@ﬂ}gsc*’ﬁ f“é’bﬁl% S‘I“’i%ﬁ? iy group,

e a groyp t th% rﬁ&e@%ﬁjaﬁgﬁrgtefng oRHRLERPRIithife ?Ea§91|g%?&gﬁ'yre whll ks abihe

| eavi ng group group that Is readil E aced by a desired
i ncom ng cheanitcag., se@i 'eddeascﬂdl”O@ntcr@meﬁﬁﬁm 'bJenszeIth i)!f 4, ppstdi . of

interest. Suitable |le u re.we kno the ar, see,
"Advanced Or §AHy Wléﬁéﬁ# g?‘FSy%rS? SP?}SafleﬁEP%ﬁmuBW %Sre %tilmggeﬁ‘qo’\]ohn W ey
and Sons, \ 18P DptibedINAabsthtted alkg1saphohyleky,@ptibrally

hal ogen, al koilO%E%%ﬁgnsy%O% %'?t |polnal H’%Sijbstl tg(t@,edqgllokyl s%??honyl oxy,
optional |y swiistiiuted alkerglsotingyloxy, foohylllQiLYySUb%ﬁ@ﬁeéﬁﬁ/]lf}“}'f%ﬁll%i’al acyt apd

arylsulf 8? y! gi( omgr%yr{u’)leges. Examples of suitable leaving groups include chloro, iodo,
bromo, fluoro, acetyl, methanesulfonyloxy (mesyloxy), tosyloxy, triflyloxy, nitro-
phenylsulfonyloxy (nosyloxy), and bromo-phenylsulfonyloxy (brosyloxy).
In certain embodiments, the following embodiments and combinations of —
L-Y apply:
30 (a) L is a bivalent C,.4 straight or branched, hydrocarbon chain wherein L has

at least one double bond and one or two additional methylene units of L are

optionally and independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO-, -
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25di azoni um noi eti es. Exanpl es of suitable |eaving groups include chloro,

i odo, brono, fluoro, acetyl, nethanesulfonyl oxy (nesyloxy), tosyloxy,
triflyl oxwo 2niovesgshenyl sul f onyl oxy (nosyl oxy), and bronpcphiseglomsdotdnyl oxy
(brosyl oxy). In certain enbodi nents, the follow ng enbodi nents and

conbi nati on L- 0( val gt C2r

br anched, %S fNRbo%{ 3ﬁgbn mﬁé 3%C&p égog ’fé%%?“@ﬁggﬁou gaggngrand one
or two addl t@(@)aj arldeY Wﬂlﬁiﬂ@gdﬂlmrt@45Qflplhatﬁr@tl@ﬂdllmabtltweaIWith m@enﬂag&m Iy
repl aced by - %b C(O0)NR-, -N(R)502-, -

2010/ 028236%@1@5 9’F056025 S®2N(R) -, -S, -S( 0)-, -S@-, -0C(0)-

- C(0) 0-, cyclopr a 3 r Cl 6
al i phatic opti onapyiiqgﬁ lsvtg%ﬁj?je%ﬁfﬁl%m%g%am}hed ggder?r{%{rﬁ]&?%(ﬁ)r?g’ﬁ egl L r (b) Lis
a bi val ent (B&sat lshsrtamgldbutﬂe b&nchmdl’zedbasmdmhylbmmmmhafhimphaeedqby_ 5has at

o), - Nrero. NERAO TR C Ny B0 SRS D S5 Sy e OGR! ™ 7

-0C(0) -, or drCth% aa@@Jn@&etwadumnaﬂqeﬁlyraﬁ@hmmm&%%uyﬁmrysanaf L are
opti onaIIy and i ndependently replaced by cycl opropyl ene, -0-, -N R)-, or

-C(0)-; and n«dﬁsnﬂ\%nﬂlryogldachrby&lycwpmnytﬂmeﬁ d}i@R)amal CSO)SLﬂéEitY fsuted with

0XO0, haloge ent

br anched, hDHPB%&EPB’BEI%PW‘WBﬁ%ﬁW“ e?sx on%ge(% é bond(gand at
| east ong met hyl e@pL 4 bivafent-Ci. §stfa@glit@f38ﬁnﬂ}éd- B{d@pcarb@nchadn@hereint Waas

addi ti onal nethylene units of are optionally and i ndependent lé repl aced

by cycl opr op%}ll@ﬁbone-mble tN@F‘{)f“i‘d aleast e{lﬁ)wthya?ﬁ’é upitiof Lijy grndrsed by rCEd
al i phatic op %ndé)gl% k‘¥VV(§ H@cﬁ{%{)ﬁa&'hﬁﬂl ntehmg%( 8ELE?E! (ggﬁ)'ﬂall 1n95 %nt 15( d L
n he a

is a bivale strai rbon’ chai n ereln L has at

| east one dqubﬂaeedalgn@omjﬂo@ﬂedeea@t -Nﬁé)mrt@f@)enmdmm hyxfrogcmcsr(hepl aced by -
C(0)-; and Y is hydrogen or, C1 6 aliphati Igtjt(ignall substituted with oxo,

hal ogen, NO2 IPSPU‘C?PU%‘PHY substituted with gyo, ha °§e v &F ent %€2-8 straight or
branched,s hydr OC?\{(}PQQS EIBWaﬂ":nW& E?ﬁ‘eﬂgﬂt 0?%%396:@5y4h%@9§5019&%n@%@ﬂeﬁ1 kond and

at Ieast one met ene unit of IS replaced é - ; and Y is hydrogen
or Cl_6 ali pluatat kastpine doable posditist attleaseonanethy n@unuhafbgaawpm Yyor CN. or
f (():Hlé NIREI( b;\l E&@)’_ 9+ §@%0%6 alip hatlg CI_@)na’lly substt %tg_o'g_izlg)a'l(’)gen

NO,, or CN; or

(e) L is a bivalent Cp4 straight or branched, hydrocarbon chain wherein L has

20  at least one double bond and at least one methylene unit of L is replaced by -OC(O)-
:and Y is hydrogen or C.¢ aliphatic optionally substituted with oxo, halogen, NO,,
or CN; or

(f) L is -NRC(O)CH=CH-, -NRC(O)CH=CHCH,N(CHj3)-,
-NRC(0)CH=CHCH,0-, -CH,NRC(0)CH=CH-, -NRSO,CH=CH-,

25  -NRSO,CH=CHCHS;-, -NRC(O)(C=Ny)-, -NRC(O)(C=N2)C(O)-,
-NRC(0)CH=CHCH,N(CHj3)-, -NRSO,CH=CH-, -NRSO,CH=CHCH,-, -
NRC(O)CH=CHCH,0-, -NRC(O)C(=CH,)CH,-, -CH,NRC(O)-,
-CH,NRC(O)CH=CH-, -CH,CH,NRC(O)-, or -CH,NRC(O)cyclopropylene-;
wherein R is H or optionally substituted C, aliphatic; and Y is hydrogen or Cis

30 aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

(g) L is -NHC(O)CH=CH-, -NHC(O)CH=CHCH,N(CHs)-,
-NHC(0)CH=CHCH,0-, -CH,NHC(O)CH=CH-, -NHSO,CH=CH-,
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25 - NRSQ2CH=CHCH2-, -NRC(0)(C=N2)-, -NRC(0)(C=N2)C(0)-,

- NRC( 0) CH=CHCH2N( CH3) -, - NRSQ2CH=CH-, - NRSQ2CH=CHCH2-, - NRC(0) CH=CHCH20-,
- NRC( 0) C(wQiaa)omii236 - CH2NRC( 0) -, - CH2NRC( 0) CH=CH-, - CH2E@HZNRS(0)5602Hr

- CH2NRC( 0) cycl opr opyl ene-; wherein Ris Hor optionally substituted Cl-6

10 S IO Bl Ly i
- NHC( 0) Ci—I:CI—.IQP[:m@ FCHCHNTOD), QNIWH—CHMWZWQ@I@HZ— - NHSO2 CH=CH- ,

; NHSO2CH=CHCHZ- “NHC(0) ( C=N2) -, - NH —\D
- NHC( 0) CH=CHdHg CC( Eﬁx@sc%’&%@-@ %&é@g ) (O). NHC( 0) CH=CHCH20-
- NHC( 0) O( =CHp: P ) an.

C( 0) C( [)rg]g éiﬁ s & ‘Bé{nggl T ht%%}féﬁ%c )@’y@ ) and 9r

- CH2ZNHC( 0) cyc ropy ene-; ogen or al 1 phatic optionally
subst i t utsed iwhydrogetoor Giad Dipbatic dEdpaldy smltu@d with oxo, h(ih))%emz N@.. gr 6V al ent
C2-8 straight or branched, hydrocarbon chain wherein L has at |east one

al kyl i denyI ®oubl e bond and at |l east one nethylene unit of L is replaced by

-C(0) -, - NR(( 0) (8) £G93 Bﬁalent & Rttt or bRERINIRhydrocdPbon elafiOWherein 10 SO2- ,

-OC(O) or - and one or two additional nethylene uni tfs of L are

opti onal ly ahasat hdspuend&mldwd épmlé@bwwdcqtéqaéwr@ﬁwbﬁém U@to N(R -, or

-C(0)-; and Y dr ed vm th
oxo, hal ogen® pl‘lﬁﬁ%{%’or& I%{Cﬂ)) @(U)ﬁi BN 2b| vaI KR)S - Sts(?? ai ght or
branched,y hysinpcasd@)- @hacm)@lemm dnelorhes aﬂl&ﬂbndtleaahylemummqfllearbond and

one or two additional nethylene units of L are optio and egpendent |y
repl aced by mza@eld»)andmdxm fratly replaggdsfyocyclopeeny 8 ]gE/R Stjg(? - SCp-,

-0(0 itffe ,Yor
c(0) - %%g‘ﬁzsoh)gf q of dé 2 aﬂﬁ@f&%@ﬁo&ﬁly@gf@ 84 B%ﬁltdx%f ?Qﬁg&ﬁmd Yy

substi tut ed
i s- CEECCH2N( CBlopr opyI ) - NHC( 0) C1=- CCH2CH2-, 20 CH2-, -C=CCH20-,

-CH2C(0) G - - EC G 6
al i p%t |) c opti onaql]cl(y 1%%5%’?56%?%&1“%‘%& Obg%@nc}l‘?g%%déﬁcagméh%mh%gﬁgg‘%hf%r

(k) L isja bivalephe tﬁ%‘legocﬁltdra%ﬁg)m oPfwdiEIEdR O methy thhe aaltbenL akadptiondlsyr ei n
one nmnet hy ene unit o I's replaced by cycl opropyl ene and Og\f(Rg R%(
N

addi ti onal nmmﬁmdcmlytrspl@ted_b}’arﬁ\&(ﬂ epEHABYRY NP Par et
G 0}0c ana s ShiarapinPoR o Hspen R At el
0x0, hal ogeng,y¥RitedWitlebiko, Halogdn, NOJ, ®r @N;@val ent bond and Y is sel ected
1;|r ck)?nyl(I 2)ptc: ogafi: Eﬂu;gﬁé&é%gaﬂ\éﬂil?wggp%ﬂw 88’2%@0?%?%(}% (dolré ( |C|2| ;3
C2_6 al kynyl ptignalhy subst,ttdjcd-Wdd)exe., Satngee=0yoC-odind Y is
hydrogen or C.¢ aliphatic optionally substituted with oxo, halogen, NO,, or CN; or
(k) L is a bivalent C,.g straight or branched, hydrocarbon chain wherein one
methylene unit of L is replaced by cyclopropylene and one or two additional
methylene units of L are independently replaced by -NRC(O)-, -C(O)NR-, -
25 N(R)SO;-, -SO:N(R)-, —S-, -S(0)-, -SO;-, -OC(O)-, or —C(0)0O-; and Y is hydrogen
or C; aliphatic optionally substituted with oxo, halogen, NO,, or CN; or
(1) L is a covalent bond and Y is selected from:
(i) C.¢ alkyl substituted with oxo, halogen, NO,, or CN;
(if) C,.¢ alkenyl optionally substituted with oxo, halogen, NO,, or
30 CN;or
(iii) Cp.¢ alkynyl optionally substituted with oxo, halogen, NO,, or
CN; or
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CN; or (iv) a saturated 3-4 nenbered heterocyclic ring
having 1 heteroatom sel ected from oxygen or nitrogen wherein said ring is
substi tutwdzwia_ﬂdstMZ Re groups, wherein each Re is as deCirnsdooalossnes and
ﬁefcrlbedlhereln h (v) a saturated 5-6 nenbered
eterocyclic ring havinp
wherein said ring is sgvgg%?tt%ra?%d?w%%%ﬁ%t&%}gcﬁcsr{n%\sa?gm gﬁ&éggﬁefﬁgr?gegs
defined aboweleatd fidasextygerdr hmrogemwhafeu(slaﬁ) ting iS(sEbs)titutEd Nit)- 122 RNBroups,
(vi) \ O(/5C( 16\1- 11 -2,-2 XMerelqleach R Q Z and Re is as
deLLned abov@“ﬁﬁﬂeﬁ%&%r@@éédﬁgpé¢ﬁve@Fi scribed erelnOr(vn) a saturated 3-6
menber ed carbocyclic i i 4 Re
groups, wherein each I&gﬁ?ﬁat‘ggéggf?ﬁ%ﬂbgrgg\}%&(ﬁ c%gggglﬁ%\ggy%g%e:mémg%
(viii) aSparsb]eaﬂeﬁfroumsmgﬂn@t eifroges wirerrrevédirinp soohgitiied Withgl -h &V igFyps- 3

het er oat ons i ndependently d fromnitr oxygen, or sulfur,
wher ei n sai dVhsg °p ‘6?‘?5?’{’1‘?@ %\(}W? "Pf“q&e&cr&ée 3}66% y\gllxlnerei n each Re is as

defi ned above and 15descr| bed he%)ej n; or (R®,, (ix) a partially
unsaturated 3-6 nenber caélgocyol\/t\c ri ng, n saidring is substituted
\r/]\net h 1-4 Reoggoij/pcs, I'n eacg/Re above and descri bed

rein; or O- i
above and oy 2(XI) £ nw EJ}3(r:erfn eRa?chIIi (?,SZ,%%II' ned

R® is as defined above and described herein; or
(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is
10 substituted with 1-4 R® groups, wherein each R® is as defined above and described
herein; or
(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-
3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein each R is as defined above and
15  described herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein
said ring is substituted with 1-4 R® groups, wherein each R is as defined above and
described herein; or

0-3

—_— TRt
(x) z R )1'2, wherein each R° is as defined above and

20  described herein; or
(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-
2 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said

ring is substituted with 1-4 R groups, wherein each R® is as defined above and

described herein; or
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20descri bed herein; or (xi) a partially unsaturated 4-6 nenbered
heterocyclic ring having |- 2 heteroatons independently selected from

ni t rogen,woxynang23er sul fur, wherein said ring i s substipCutusdoogiosdn2d-4 Re
groups, wherein each Re is as defined above and described herein; or
wherein each R and Re is as defined above andpdescribedgjherein; or

(xiii) a 6-nmenmbered aromatic Bi ng having 0-2 t rogens erein said 5ring
is substituted with 1-4 R&ggﬁ{;)s wher ei n ?/ag‘h Re gro is as defined

above and described herei s Nor p./.------- % RONN, -.J3--
7(Re) 1-471T-(Re) 1-4 TI-' - TJ(R‘Bn{Re)l ‘l : ]) ; (ri V)NN
wherein each Re is as &efl d above and des( RE), L bed her(ge (xv) a

5- menber ed heteroaryl f’hg aving 1-3 het eroatons 10in 1ependen‘fly sel ected
from ni trogen, ®xygen, or sulfur, wherein said ring is substituted with 1-3

Re groups, wherlein_each Re group is as defined above and descri bed herein;
or RRRR N < \ ¥ =sc N
).
(R%)12

wherein each R and R is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said
5  ring is substituted with 1-4 R® groups, wherein each R® group is as defined above

and described herein; or

g: T R%)14 gv (R)1.4§ \(Rehsg‘\)(R)wg'\ )(Re)w

(xiv)
wherein each R® is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
10  independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-3 R groups, wherein each R® group is as defined above and

described herein; or

\ ( w ( \N _( l‘ )
(le) B— (R N1-3 g_\\——N\(Re)LZ g—“ /\(Re)1_2 g N__// R

[VAvAV h J'\;f\: l
1

N N} N\ N\N
} / N ~<pe
i\ /l/ (R%1.3 X.WRQN-Z §\ T (R®)12 <N——” R

<° <3 <
\ / N e
s SL TR SN R 3 CT R SR-TR
S S S< EN
< < ¢ N N
3—\\ >\; (R®)1.3 (RO g_'\\___l/\(Re)1.z B N—7 R

wherein each R and R° is as defined above and described herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or

aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
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N1 N-V' -7/-(Re)13---V, __ /'\1 (Re )1-2--G-,--(Re)1_2-i-;", Re a-?A, 1
NN (Ne (Re)l 3(Re)i-2N....1"\i// (Re)i-2 00,00, 5 ((NN 15T .11 37
\L-N (Re)wo2oiviessyl 2 1\S --2 IR--Tk........ ss7W e) 1- PBrRs»d3/0S0b5 wher ei n
ea(r:ﬂr; R and Re is as defined above and described herein; or (xvii) an 8-10
menber ed bic L G, . " rEd aldd v une d - apyl i avi ng
0-5 het er oat St ehsEah S ss ARk TIAAYE uhBley s of WSy

sul Lu][ V\gerﬁomsladcﬂesblﬁb@ﬂaeiﬁubstitut ed with 1-4 Re groups, wherein Re is
as defined above and described herein; (m L is -C(0)- and Y is selected
from (i) CL 6 al®@iL suhdO)randeqisaelasiedy®mhal ogen, NC2, or ON; or

(i) C1.¢ alkyl substituted with oxo, halogen, NO;, or CN; or

5 (if) C1.6 alkenyl optionally substituted with oxo, halogen, NO,, or
CN; or
(iii) C,.4 alkynyl optionally substituted with oxo, halogen, NO;, or
CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom
10  selected from oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups,
wherein each R°® is as defined above and described herein; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom
selected from oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups,
wherein each R is as defined above and described herein; or
(R®)1-2 (R®)12
ZQN/Q'Z ‘%%_:/5 NR QN%’
15 (vi) 12 , 12 or 12 wherein each R, Q,
7, and R is as defined above and described herein; or
(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups, wherein each R is as defined above and described
herein; or
20 (viii) a partially unsaturated 3-6 membered monocyclic ring having 0-
3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R groups, wherein each R® is as defined above and
described herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein
25  said ring is substituted with 1-4 R® groups, wherein each R® is as defined above and

described herein;

0-3
/
(x) <2" — R )1’2, wherein each R° is as defined above and

described herein; or
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5(ii) C2_6 al kenyl optionally substituted with oxo, hal ogen, NO2, or CN; or
(ii1) C2_6 alkynyl optionally substituted with oxo, hal ogen, NO2, or CN;, or
(iv) a savonratedsl64 nmenbered heterocyclic ring having PChaiSesoas@ns

10sel ected from oxygen or nitrogen wherein said ring is substituted with

1-2 Re groups, wherein each R S ef' nd descri hed. herein; or
(v) a saturated 5-6 ne @rpeaatlﬁ]é’ arEVg %f@?eﬁ'aoi % 2’? g

sel ect ed frozmaéﬁb%ﬁls%dégehaaﬂ@@emtm@oﬁq aabgeﬂ oR@dnS oS4k, Whtrélfl sudt h 1- 4
Re groups, wherein each Re is as defined above an descri bed herein; or
(Re)i - 2(Re) n:nm l@szm(futquethulyf Bigmyes.-whergip each B is apdelinedpbeywetndr Q  z,
and Re is as lel 'Z‘leh%r Qove and described herein; or (vii) a
sat ur at ed S%e mer e carbocycllc ring, wher ei n sai d ring is substituted

with 1-4 Re groups, wherein eagch Re is as defPned aboveOand descri bed
herein; or 20(viii) a partiallly unsaturated 3 6 menber egl nonocyclic ring

havi ng 0- 3 heteroatons ”Eiﬁ ently sele om ni rog;an oxygen, or
sul fur, wherein said ring-is\s Etutedvvl %}4 Re Q_ wher ei n each
Re is as defined above and t i bed? her ei 1. 7) (ix) a

partiallys unsaturated @6 nenbered car bocyc(RF)@zrl ng, MAeeein 2&said ring is
substituted with 1-4 Re groups, wherein each Re is as defined above and
descri bed hereifp; 0-3 (x), wherein each Re is as defined above
and descri bed r et or (xi) a partially unsaturated 4-6
menber ed hete ocyr¢T c ring having 1- 2 heteroatons independently selected
from nitrogen\g_z(xgen or sulfur, wherein said ring is substituted with 1-4
Re groups, vv?er each Re is as defined above and described herein; or

wherein each R and R° is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said
ring is substituted with 1-4 R® groups, wherein each R® group is as defined above
10  and described herein; or

(xiv)

\‘ l(Re)1 3

N
3 R4 3\/ (ng (Re)”g\/(R)”gk

wherein each RE is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
15  independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-3 R® groups, wherein each R® group is as defined above and

described herein; or

R R R §
} ( \N _\( ll e
(xvi) ?'(T__// (R%)13 3 \\‘——N (R%)1-2 BU(Re>12 3 N—"R
N
N S R®
; S(R%)13 <_\ R%12 ; T (R%12 <N_J/ R
0
O ~N
¢ €N
20 g\\\___//l(Re)1-3 g_\‘—-N\(Re)m g_ (Re)12 3 N7
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wherein each R and Re is as defined above and described herein; or

(xiii) a 6-menmbered aromatic ring having 0-2 nitrogens wherein said ring is
substi t utwo 20it28B64 Re groups, wherein each Re group i Caaisd@bios@ds above
10and described herein; or (xiv) rrre -(Re)1 4-(Re)1_3 N
wherein each Re_is as defined gbove and described herein; org B B
(xv) a 5-nenb%f§glheteroaryl«flﬁg havi ng 1-%/ B, er oat ons %%rndﬁpendently

selected fro n, OXxy oRegyl fur ? ereiRay, said r SRS uUb
_ - , 0 ?e@, [ , gWher; k | /SRSubstituted
with 1-3 Re rBUﬂs, Wier ei n“ eachl Re group Ts aé %e??ned a.gge and descri bed

herein; or RRRFeieReN RAnd ° i2ds dfiaed hddve ald udckibed Békein’ or
sfYY" N, N, (Re)l3 cN 20
(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or
aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
5 sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined
above and described herein;
(n) Lis-N(R)C(O)- and Y is selected from:
(i) C1.6 alkyl substituted with oxo, halogen, NO,, or CN; or
(ii) C,.¢ alkenyl optionally substituted with oxo, halogen, NO,, or
10 CN;or
(iif) C1.¢ alkynyl optionally substituted with oxo, halogen, NO,, or
CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom
selected from oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups,
15  wherein each R is as defined above and described herein; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom
selected from oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups,

wherein each RE is as defined above and described herein; or

(R®)12 (R%)12
o N~ G2 gi\/\NR XN
(vi) e, 2 or 2 wherein each R, Q,

20  Z,and R is as defined above and described herein; or
(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R¢ groups, wherein each R® is as defined above and described
herein; or
(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-
25 3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as defined above and

described herein; or
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5((S N\----1/----(Re)i -3h?J-- Re wherein each R and Re is as defined
above and descri bed herein; or (xvii) an 8-10 nenbered

bi cycl i c,weabiuwessd, partially unsaturated, or aryl ri ng@Chaweng/ 086035
het er oat ons i ndependently sel ected from nitrogen, oxygen or 55u|fur,

wherein said ring i s suhst Re rei.n |s as

defi ned above and desceg eéc?&%lilal ellm\r,:%thfa d-f6 mengﬁ(?%)gmcyghc "% |seresuél ected
from said ring is subst{tiited &Ath6l aIRRgfm@sl,bsﬁdr&lufe@@ Rf §shas dxfnedidbogam  NO2,
or CN; or (ii) C2-6 al kenyl optionally substituted

Wi th oxo, haf&sg@hed Y™ or 10 O\ or (iii) C2-6 al kynyl
optionally substituted wth;oxo, hal ogen, NO2, or CN, or

(iv) a saturated 3-4 nenb heterocycllc ring having 1 heteroatom

sel ected from oxygen or @Ec%ggq wherein said ring is substituted with 1-2
Re groups, 15 wherein @& i's as WesreinsachBolpas datinedeahore pedl herein; or

(v) a satwura red heterocyclic ring having 1-2 heteroatom
selectedfyro%§§y%§§ﬁﬂ§€qﬁltrogen wherein said ring is substituted with 1-4

Re groups, wherein eac(rxz)l%e;)arﬁalamrdethrau@mabmtﬁb@aﬂhejescydlbedlghmwmlgri or
Re)i -2 QZ L ( NR\ (4. 1\1 1-21-2 ,
or1-2 | Mer%hﬁe@a&mwd@en@@ﬂz selepgd o witrggeny OKY 8 oL BHE %‘%F&elaéélérl bed

herein; or ipgijg sybstituted with 1(—¥R'°)gr Pwﬁ&aﬁ%gc@laﬁs%me%%% heeyelic
ring, wher ei N sai ring is substituted wth groups, wherein each Re

i s as defi nedesablmdeheasio; @escri bed herein; or

10 (xiiy O (R)12 (R12 or

(kz

Re)1 2
wherein each R and R° is as defined above and described herein; or

(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said
ring is substituted with 1-4 R® groups, wherein each R® group is as defined above

15  and described herein; or

(xiv)

; (Rm 3\/, <R>M§\/.<RE>13§\/<R>13§K 2 Res
wherein each R® is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
20  independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-3 R groups, wherein each R® group is as defined above and

described herein; or
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(viii) a partially unsaturated 3-6 nmenbered nonocyclic ring having 0- 253
het er oat ons i ndependently selected from nitrogen, oxygen, or sulfur,
wher ei n swodorovmege3ss substituted with 1-4 Re groups, wheceius2@aoboRe i s as
defined above and descri bed herein; or (ix) a partially
unsaturated 3-6 megbered carbggyclic ring, erein said ringgis substituted
nnth 1- 40Rg ?r?upsN wherein eath Re is as dggjned above and escri bed
erein; vCh; Re) N X \2 Mhereln each
Re is as defj ?% ahdv & 4rd %B_Esgr {Robd her e%u Br(R%)12 9 a
partially unsaturated 4-6 nenbered heterocyclic ring havi ng 1 2
het er oat ons Lnﬁgpendent&gLselectegnfron1nltrogenﬁﬂoxygen or sul fur
wherein said nfng i s supstituted wqth 1-4 Re graolNs, wherein each Re is as
defi ned abovg T),ddescm\ heregn;ror 00 Ao(rﬁl\a‘tlfl)l 2(1-1-(j) 1 -2
(Re) _1-2(Re)i (Rfther diny d&oh? R\a RB1bs as def--hel above and descri bed
her ei n; (XIII a 6-nenbered aromatic ring having 0-2
nltrogens mher dzﬁsald ring ks Zzbstltuted h 1-4 Re grogps\thereln each
Re group is (IR@)ed abov Sethgkefescr i b%@eﬂz or 3 S TR

(xiv) rcrNr

S S S
AT ST
g \_J (R®)1.3 LN (R%)1-2 ; 7 (R®)q2 N— R

5  wherein each R and R° is as defined above and described herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or
aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R° is as defined
above and described herein;
10 (o) L is a bivalent C,.4 saturated or unsaturated, straight or branched,
hydrocarbon chain; and Y is selected from:
(i) C1.6 alkyl substituted with oxo, halogen, NO,, or CN;
(if) Cy.6 alkenyl optionally substituted with oxo, halogen, NO,, or
CN; or
15 (iii) Cy.¢ alkynyl optionally substituted with oxo, halogen, NO,, or
CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom
selected from oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups,
wherein each R is as defined above and described herein; or
20 (v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom
selected from oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups,

wherein each R° is as defined above and described herein; or
(R)12 (R®)1-2

‘ < N—Q-Z (%(T\_:ISNR QN:%'

1-2 12 wherein each R, Q,

(vi) . , 12 or

7, and R® is as defined above and described herein; or
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NT-(Re)1 4 --T(Re)1. 3 T-(Re)1_ 3 c'c'N Nwherein each Re is as defined
above and descri bed herein; or (xv) a 5-nenbered heteroaryl
ri ng haviwg 20t0@28Bber oat ons 20i ndependent |y sel ect ed fr egTniskeomsd2s oxygen,
or sulfur, wherein said ring is substituted with 1-3 Re groups, wherein

each Re group is as defi.ned abov nd descri hed herein; .or. 1 .N.N VN, N,
SR 1 2 (FRe N o1/ ik s aA3-F gt aisey At ELinpreig S HBE K wher ei n
each R and RepisuRd wigf 1-29¢ fhgsewRidindasik RF Rad deAh&] Abovehnd described

(xvii) an 8-10 nmenbered bicyclic, saturated, partially unsaturated, or aryl

ring having mﬁgnh@terpatons i ndependent|y selected fromnitrogen, oxygen,
'S 25 defined above arHaaariBgRbistel G sttt doRSy M CHRE p DS T2
sat ur at ed or3 hse@htonatifdepeaddntlygblected flomaimabgeh, oRygHnOcasudn wiatinsaidr i d Y
's selected rfirggoirsnsubstituted with 1-4 R® groups, wherein each R° is as defined above and
described herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein
said ring is substituted with 1-4 R® groups, wherein each R° is as defined above and

10  described herein;

0-3

/
— e e
) <2" R )1'2, wherein each R° is as defined above and

described herein; or
(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-
2 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
15 ring is substituted with 1-4 R® groups, wherein each R is as defined above and
described herein; or
o) Q 0
o~ /“\ (”\O (U\ NR
§S i ’/\(Re)m £<‘7/\\'/('/)1:2 ‘??/\\_/‘(J% 2

(xiiy O (R%12 (R®)1-2 or

o)
e
).
(R%)12
wherein each R and R° is as defined above and described herein; or
20 (xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said

ring is substituted with 1-4 R® groups, wherein each R° group is as defined above

and described herein; or
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(i) C1,6 alkyl substituted with oxo, hal ogen, NO2, or CN,

(i) C2,6 alkenyl optionally substituted with oxo, halogen, NO2, or CN, or
15(iii1) GrRoeosldegrsgl optionally substituted with oxo, hacogseeooNsd2s or CN;
or (iv) a saturated 3-4 nenbered heterocyclic ring having 1
het er oat om sel ect ed frF\(g oxygen or nitrogen wherein said ring is
substituted with 1-2 méroups wherein each Re is as defi ned above and

descri bed her?,% or 20(v Na saturataq_ 5- 6 merpar\ed ter clicring
havi ng 1-2 er a{R?ém sef ect) ?Rf org_m t Q‘%’l ®)said ring is
substit uted ’tbxl 'Q\g}u’ i @N eac% d above and

descri bed herein; or (Re)|-2(Re)|-2 QZ NR (V|) (T61 2 (61 2chN , orl-2 ,
wher ei n eacrw]R;rei@,eacgh RZs aaddfiiel dbovagndiddscnieal l&ln@'n;eorand descri bed herein;

or (vij] asat rat d 3-6 cyclic ring, wherein
said ring is substitut d&&tf’df’%mge Vé’?ge gé‘ﬁ?—i@sl s as defined
above ang deiﬁaépeh@éinmrewadfwinnmogen oxygen, b¥&dlfut, whdd@htshidlrlng isnsat ur at ed
3-6 menbered nonocyclic ring having O- %% het er oat ons i ndependent |y

sel ected frombsiituicdgath 1-8:8) geenpsovherainfeagh Riveupiinasstafined phryciasdsubst i t ut ed
with 1-4 Re gro wherein each Re is as defined above and descri bed
herein; or &Scrﬁ%ﬁherem’ Or(ix) a partially unsaturated 3-6 menbered
carbocycllc ring, vvhereRn said ri ngﬁls substitutedRwith 1-4 Re groups,

wherein each Re is as(el f\17ned abO\(e apd 10descr|péﬁ\here| n; 0-3/

(--c13----(Re) 1'é ) ~_ 7 (R%13 \——N R®)1.2 g T (R®)
R
£ N
SR_TR
I N ‘ <
(— < N { N
10 R )13 R12 \_T~(R%)12 N—7
0 0 N
( 4 7 Y _( N
- 7 T(R%13 TRz T (R B N—7 R
S S S. S\
< < 2 v N _{ N
g_\“ ,l, (R®)1.3 _\\__N\(Re)vz g_\\ T (R%)122 3 N—Y R®

wherein each R and R¢ is as defined above and described herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or
15  aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined
above and described herein;
(p) L is a covalent bond, -CH,-, -NH-, -C(O)-, -CH,NH-, -NHCH,-, -
NHC(0)-, -NHC(0)CH,0C(O)-, -CH,NHC(O)-, -NHSO;-, -NHSO,CH;-,
20 -NHC(O)CH,0OC(0)-, or -SO;NH-; and Y is selected from:
(i) C1. alkyl substituted with oxo, halogen, NO,, or CN; or
(ii) Co.¢ alkenyl optionally substituted with oxo, halogen, NO, or
CN; or
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OC), wherein each Re is as defined above and described herein; or

(xi) a partially unsaturated 4-6 nenbered heterocyclic ring having 1- 2
het er oat owe 20ndepsadent |y sel ected from nitrogen, oxygemrCTarS2@alobaons
wherein said 15ring is substituted with 1-4 Re groups, wherein each Re is

as defined above and desctibed herein;. or. .0 O0..ANR (j-/)1:2/1')12
(Re) 1- 2(Re) 1- 2or Wnegéff% Zééﬁwnﬁ%ﬁ’d’nw ?@Stégl?ed@?’iﬂh%ﬁo’ggi(%ee&éﬁ 2’(%)scri bed
herein; or 20(xiii) a 6-nmenbered aromatic ring having 0-2 nitrogens wherein

said ring is substituted with 1-4 Re groups, wherein each Re group is a
defi ned above and desc(r'w')bé@ltul’?é‘?cbfb-ﬁ;mmberefgh?tef@%lif _ri,%l(arseiél)gﬂ-hﬁ%fe?tg@l N Sr

vr. Nec, I\ 1selected from oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups,
5  wherein each R¢ is as defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom

selected from oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups,

wherein each R is as defined above and described herein; or

(Re)\1\-2 (R%)1-2

~Q-Z N XNy~

o N ‘%L NR N3

(vi) 2 12 or 12 wherein each R, Q, Z, and R is as

10  defined above and described herein; or
(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups, wherein each R* is as defined above and described
herein; or
(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-
15 3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein each R¢ is as defined above and
described herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein
said ring is substituted with 1-4 R® groups, wherein each R° is as defined above and
20  described herein;

0-3

)
— T e
x) <2" R )1'2, wherein each R® is as defined above and

described herein; or
(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-
2 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
25  ring is substituted with 1-4 R® groups, wherein each R® is as defined above and

described herein; or
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Nr -() / 3tL.Re 1-3 wherein each Re i
herein; or (xv) a 5-nenbered heteroaryl
5i ndependeot2bi/meedsect ed from nitrogen,
Is substituted with 1-3 Re groups,
above and described herein; or <<e (XVi

s as defined above and descri bed
ring having 1-3 heteroatons
oxygen, or sul f uPCTises08iosc03Ri d ri ng

wherein each Re group is as defined

) s(Re}" ri (NlaNIAsrvAlel 10

R

<?>\_(_/12

Re)1 -2 (Re)1 2

c --jr(Re)1,3 j.&wzN, -7/--¥(Re)i-2 srijA
BS" N
7 (R%)12
(xiiy O

ekz

Re)1 2

or

wherein each R and R° is as defined above and described herein; or

(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said

5 ring is substituted with 1-4 R® groups, wherein each R group is as defined above

and described herein; or

(xiv)

g\/ (R®)14 ;

TR § \

(R®)13

(Re)13 3'\/ (R)13§K )

wherein each R® is as defined above and described herein; or

10 (xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-3 R® groups, wherein each R® group is as defined above and
described herein; or

A §
e e e,
N
¢ N
15 TR

A S S

N . N
@(Re)m &%(Re)rz H(Re)1_2 <N_TNRE
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e N (Re)i-2 00, 5 (0.71?1Re kL2-N---(Re)i-2 e)i-2 zSS, s71...\JRe
\\ 3"(Re)1 3 wherein each R and Re is as defined above and descri bed
her ei n; owo(xawii2¥23an 8- 10 nenbered bicyclic, saturated, PREMS2E0I056025
unsaturated, or 15 aryl ring having 0-3 heteroatons independently sel ected

fromnitrogen, oxygeg, or sulfur, wgerein said rlngls substituted with 1-4
Re groups, wherei (Re\}s as defi qd abhove and d s¢riked herein; (13)

L is a coval ent bgng, 7=@d -, NHE 91)12 , FRIGH2-, - NHC(O0) -

- NHC( 0) CH20C( 0) - -CHZNHC( 0) -NHSO NH802 2-, 20 - NHC(0) CH20C( 0) or
_S2NH-; and Y is sePected from (|) G _6 al kyl

substituted with _-,\ﬁ'leogen, NO2, or CN, or (i1) C2-6
al kenyl optionall Nu—l%’s%i tuted with oxo, hal ogen, NO2, or CN, or (ill)
C2_6 al kynyl opti onaISIy substitutedgwi th oxo, halogen, N, or CN, or

(iv) a saturated 3-4 nbered het g é,ycllc ring Qaw Ro 1 heteroatom

sel ected from oxyé trogengvv\n_g rF)Sal d rg (Fyhstituted with 1-2
Re groups, 5mhere|n each e’ is a N ned above‘an descrlbed herei n; or
(v) a saturated 5- Serbered heterocyclic ring having 1-2 heteroatom
selected from oxyg Qltrogen wherein said ring is substituted with 1-4
Re groups, wherei radhRRe is as defined above and described her ei n, or

5  wherein each R and R° is as defined above and described herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or

aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R is as defined
above and described herein.

10 In certain embodiments, the Y group of formula I is selected from those set
forth in Table 3, below, wherein each wavy line indicates the point of attachment to
the rest of the molecule. Each R group depicted in Table 2 is independently

selected from halogen.

15 Table 3. Exemplary Y groups:

0 0 's) 0] (0]
a-Nﬁ =< J a-rﬁ( a-rf;:( a-Nﬁ( ’ a-N;I ot
o) OI} O CHs o ¢ o ¢ 0 CHg
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NQ(CHa CN N -CN 0
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(Re)i-2(Re)i-2 \\..... , N@Z ( NR (vi) \( 61-2,¢(
1-2, or\( 61._2 , wherein each R Q Z, and Re is as 10defi ned above and
descri bedwbenming23er (vii) a saturated BCE/USRIDRF@®AS
carbocyclic ring, wherein said ring is substituted with 1-4 Re groups,
wherein each Re is as defined above and descri bed herein; or

(viii) a partially unsaturated 3-6 nenbered nonocyclic ring having 0- 153
hetero atoms independently selected fromnitrogen, oxygen, or sulfur,
wherein sai dgri is subshituted with 1-4 Re groups N(’M’IEI‘EI n each Re is as

defi ned above desgri hedrhergin;, orf part| ally

unsaturated% errblc r|n ereln s |d ing is

substituted Wwth 1-4 R groups\ ARe d Nabove and
whe

20descri bed her di n, 03/ rein each Re is as

defi ned abovesandndescri bed herein; (xi) a partially
unsat urated 4-B nenbered heter ocycl i c ring having 1- 2 het eroatons
i ndependent |y lected fromnitrogen, oxygen, or sulfur, wherein said

25ring is substituted with 1-4 Re groups, erein e h R is as fined
above and descri bed her ein; % wh W x C}ﬁ
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0 NR (1-1.01-2 (Re)1-2(Re)1-2o0r wherein each R and Re is as defined above
and descri bed herein; or (xiii) a 6-nmenbered aromatic ring
havi ng O-worntwmgshs wherein said 5ring i s substituted WRCThuSecd/oR®28r oups,
wher ei n each Re group is as defined above and descri bed herein; or

(xiv) rrNr , -(Re)1l-4- 7(R |-3 (Re) 1- ﬁR )1-3 whqgeln each Re is

as defined abqye nd desgrihed he 10( 5- ne teroaryl
ring haV|ng 1- Rbat hs Nndepe de E}T r gen oxygen,
or sul fur, n sal is s tuted Sl 3 Re’ roups, wherein

each Re group |s as deflnedRabove and descrlbed herein; or NN S (xvi)es
<ecs( N (R )1 3(R)1-2
bbb
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NN . 71.\JRe
NNNN 7/ N c. .

15 1 ain, ,firt,1
...7-(Re)1-2 c-iislRe)1-2( ....LA --/-r(Re)i-3NN 000 ' (

(Re)1-2 ,v0p2bho/028%88-' Re 5 (S ( Re )1_3 (SN 5 wherein each/uRz@m@dsd@@s5i s as
defi ned above and descri bed herein; or (xvii) an 8-10 nenbered
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3

het er oat ons i“‘ﬁ‘epende

gen,-r sul fur,

sel ectyped from nitrQgen, 0
wher ei n sai ing istituﬁd\ydth_:l-4 |Re gr ps, whelrein Re is as
defined above d dg Bed h I“/n. 101 n I n rrbodirz% s, the Y group
of fonnula I Ks selectéd froomtﬁ\éﬁe set forth in Tabl € 3, kel ow, wherein
each wavy Iine\\i ndi cates the point of attachnent to \\

Jili kkkk 11/ mmmm nnnn
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In certain embodiments, R! is -C=CH, -C=CCH,NH(isopropyl),
-NHC(0)C=CCH,CHj, -CH,-C=C-CHj, -C=CCH,0H, -CH,C(0)C=CH, -
C(0)C=CH, or -CH,0C(=0)C=CH. Insome embodiments, R’ is selected from -
NHC(O)CH=CH,, -NHC(O)CH=CHCH,N(CHa), or -CH,NHC(O)CH=CHo.

In certain embodiments, R! is selected from those set forth in Table 4, below,

wherein each wavy line indicates the point of attachment to the rest of the molecule.

Table 4: Exemplary R! Groups
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s N Cl % Cl
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the rest of the nolecule. Each Re group depicted in Table 2 is

I ndependently sel ected from hal ogen. N1 ,,,..1C H30_ ,CN!2)4N'5.4
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10 In certain enbodinents, R is -CECH, -CECCH2NH(i sopropyl),

- NHC( 0) Cxg0HROH38236 CH2- C=C- CH3, - CECCH2OH, - CH2C( 0) CECHPCT/USe@pQOETRE oOr
-CH20C(----0)CG--ECH. I n sone enbodinents, Rl is selected from -

NHC( 0) CH- - - - - CH2, - NHQ(0) CH=CHCER2N( CH3) 2, ,or - CHZNHC( 0) CH=CH2,,,,15 | n
certai n enb8di nments, R is selected fromthose set forth in Table 4, bel ow,
wherei n each wavy |ine indicates the point ofyattachment to the rest of the
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wherein each R° is independently a suitable leaving group, NO,, CN, or oxo.

Structural models of candidate inhibitors that contain a warhead can be

prepared using any suitable method. For example, as described and exemplified
5  herein, warheads can be built in three dimensions onto a reversible inhibitor

template using a suitable molecular modeling program. Suitable modeling programs
include Discovery Studio® and Pipeline Pilot™ (molecular modeling software,
Accelrys Inc., San Diego, CA), Combibuild, Combilibmaker 3D, (software for
producing compound libraries, Tripos L.P., St. Louis, MO), SMOG (small molecule

10 computational combinatorial design program; DeWitte and Shakhnovich, J. Am.
Chem. Soc. 118:11733-11744 (1996); DeWitte et al., J. Am. Chem. Soc. 119:4608-
4617 (1997); Shimada et al., Protein Sci. 9:765-775 (2000); Maestro™,
CombiGlide™, Glide™ and Jaguar™ (Modeling softwar packages, Schrodinger,
LLC. 120 West 45th Street, New York, NY 10036-4041)). Warheads can be

15 attached to each substitutable position that is adjacent to a Cys residue in the target
polypeptides, or to selected substitutable positions or a single substitutable position
as desired. Warheads can be attached to compounds using any suitable method or
program, such as FROG (3D conformation generator; Bohme ef al., Nucleic Acids
Res. 35(web server issue): W568-W572 (2007).), Discovery Studio® or Pipline

20 Pilot™ (Accelrys, Inc., San Diego), Combilibmaker 3D (Tripos, St. Louis), SMOG
(DeWitte and Shakhnovich, J. Am. Chem. Soc. 118:11733-11744 (1996); DeWitte et
al., J. Am. Chem. Soc. 119:4608-4617 (1997); Shimada et al., Protein Sci. 9:765-775
(2000)), and the like. Warheads can be attached manually, as for example with
Discovery Studio®, or in automated fashion, as for example with Pipline Pilot™

25  (Accelrys, Inc., San Diego).

In some preferred embodiments, structural models of a plurality of candidate
inhibitors are produced. The structural models including compounds in which the
warhead 1s attached to a different substitutable position, and attachment to each
possible substitutable position is represented by at least one compound.

30

D) Determine proximity of warhead to target Cysteine
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The invention comprises determining the substitutable positions of the
reversible inhibitor that result in the reactive chemical functionality of the warhead
being within bonding distance of the Cys residue in the binding site of the target
polypeptide when the candidate inhibitor is bound to the binding site. Structural
models of candidate inhibitors are analyzed to determine which substitutable
positions in the reversible inhibitor result in the reactive chemical functionality of
the warhead being within bonding distance of a Cys residue in the binding site of the
target polypeptide. Cys residue — substitutable position combinations that result in
the reactive chemical functionality being within bonding distance of the Cys residue
in the structural model can be identified using any suitable method of determining
intermolecular distances with or without constraints. For example, Cys residue —
substitutable position combinations that results in the reactive chemical functionality
being within bonding distance of the Cys residue can be identified using a suitable
computational method in which 1) the target polypeptide is held fixed except the
Cys side chain is allowed to flex, and the candidate inhibitor is held fixed except the
warhead is allowed to flex, 2) the target polypeptide is allowed to flex and the
candidate inhibitor is allowed to flex, 3) the target polypeptide is allowed to flex and
the candidate inhibitor is held fixed except the warhead is allowed to flex, or 4)
target polypeptide is held fixed except the Cys side chain is allowed to flex, and the
candidate inhibitor is allowed to flex. Preferably, the target polypeptide is held fixed
except the Cys side chain is allowed to flex, and the candidate inhibitor is held fixed
except the warhead is allowed to flex.

Several computational methods that are suitable for identifying Cys residue —
substitutable position combinations that results in the reactive chemical functionality
being within bonding distance of the Cys residue are well-known in the art. For
example, programs that are suitable for computing intermolecular distances,
molecular dynamics, energy minimizations, systematic conformational searches and
manual modeling, are well known in the art. Suitable programs include, for
example, Discovery Studio® and Charmm (Accelrys, Inc. San Diego), Amber
(Amber Software Administrator, USSF, 600 16th Street, Room 552, San Fransico,
CA 94158 and ambermd.org/) and the like. Computer programs that can evaluate

compound deformation energy and electrostatic interactions are available in the art

- 49 -



CH3CH2CH3CH2CH=CH2 - 46 - Kkkkkk11111 nnnnn00000PPPPP99994 0 CH30 CH300
H3CCH3 H Srrrrrti /1111111211111 VVVVVWWWWXXXXXYYYYY zz-22z 0 )CN (O
NH WO 2010/028236 PCT/US2009/056025

10

15

20

25

30

and include, for example, Gaussian 92, revision C (M. J. Frisch, Gaussian, Inc.,
Pittsburgh, Pa.); AMBER, version 4.0 (P. A. Kollman, University of California at
San Francisco, Calif.); QUANTA/CHARMM (Accelrys, Inc., Burlington, Mass.).
These programs may be implemented, for instance, using a computer workstation.
Other suitable hardware systems and software packages are known to those skilled
in the art. Docking of candidate inhibitors may be accomplished using suitable
software, such as Flexx (Tripos, St. Louis, Missouri), Glide (Schrodinger, New
York), ICM-Pro (Molsoft, California) and the like, and followed by energy
minimization and molecular dynamics with standard molecular mechanics

forcefields, such as OPLS-AA, CHARMM or AMBER.

E) Form a covalent bond

The invention comprises forming a covalent bond between the sulfur atom of
the Cys residue in the binding site and the reactive chemical functionality of the
warhead. Identifying Cys residue — substitutable position combinations that results
in the reactive chemical functionality being within bonding distance of the Cys
residue identifies candidate inhibitors that are likely to covalently modify the Cys
residue. However, spherical proximity of the reactive chemical functionality and the
Cys side chain in the model alone is not a sufficient indicator that a covalent bond
will form between the reactive chemical functionality and the Cys side chain.
Accordingly, in the algorithm and method of the invention a bond is formed between
the reactive chemical functionality and the Cys side chain, and the length of the
formed bond is analyzed. A covalent bond length of about 2.1 angstroms to about
1.5 angstroms, or preferably less than about 2 angstroms, for the bond formed
between the sulfur atom of the Cys residue in the binding site and the reactive
chemical functionality of the warhead, indicates that the candidate inhibitor is an
inhibitor that will covalently bind a target polypeptide. Preferably, the length of the
bond formed between the reactive chemical functionality and the Cys side chain is
about 2 angstroms, about 1.9 angstroms, about 1.8 angstroms, about 1.7 angstroms,
about 1.6 angstroms, or about 1.5 angstroms. Suitable methods and programs for

forming a bond and analyzing bond length are well-known in the art, and include
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wherein each Re is independently a suitable |eaving group, NO2, CN, or oxo.
St ruct ur avorrotal2g23ef candi date i nhibitors that contai n acrarsh@ads@an be
prepared using any suitable method. For exanple, as described and

exenplified Ry h&ah t di,nensj ons_onto a
reversibl e |%%|€ |tgrS te@ g usi ng&&wﬁg In%ﬁgh%géogu%ﬁe%‘%gﬁ?ng pr ogram
Sui t abl e nodéd)ﬁt\mgemdmgnmtmtor ME3SH) 600 sthBirey RSoools 53 Shn Bresibh paeA ionessi | ot TM

| ecul of t | | San D e Combj bui | d,
Con 11 bk ST LEOHARARES B OA AP et h e B) W aliaelor 'OS' L.,

St. Louis, M@2o2SMIahs Wkt oARLERWbS/L cIbpaL desi gn
program DeWtte and Shal chnowlch Il?l/) Qo Cﬁanl]toza;Sd pﬁ41018 11793) 44 (1996)

DeWtte €tal covalﬁnt mnklr@mngramd&oﬁwm@bﬁbm@m@&m bncshlvrmaﬂa) et al.
? QSL:L ‘rI]'MS((: :\/b F3 rg)ngl\/l?fR(RaK? Odg;c I?gg ggg“aéw ﬁb% F‘Oflt‘ﬁ ac}iafﬁs %’E\g‘ﬁ&%ﬁ
Street, New IYDCk,IZMWeJSOQ)ﬁﬁ-S‘ﬁQéth)Bw mm&dﬁ)ogmob@.
If desired, the compounds designed using the method can be further analyzed
and/or refined structurally. For example, if desired, the invention can include the
10 further step of determining whether the binding site of the target polypeptide is
blocked (i.e., ligand, substrate or cofactor is not able to bind to the binding site)
when a covalent bond is formed between the sulfur atom of the Cys residue in the
binding site and the reactive chemical functionality of the warhead. This step can be
performed using a structural model of the target polypeptide - irreversible inhibitor
15  that covalently binds a Cys residue complex. It is possible that the binding of the
inhibitor to the target polypeptide will be altered upon formation of a covalent bond
between the reactive chemical functionality and the Cys residue. However, in most
cases, the compound will still block the binding site of the target polypeptide and
prevent ligands, substrates or cofactors from binding to the binding site. Alterations
20  in the binding mode of the inhibitor upon formation of a covalent bond, and whether
the binding site remains blocked, can be determined by analysis of the structural
model of the inhibitor complexed to the target polypeptide after covalent bond
formation using suitable methods and programs disclosed herein.
In another example, compounds designed using the invention are further
25  analyzed for favorable or prefered characteristics, such as the conformation of the
covalent bond formed. As described in Examples | and 6, covalent bonds formed
between a Cys and an acrylamide warhead can have a cis-conformation or trans-
confomation of the amide, with the trans-conformation being preferred. In another
example, preferred compounds are selected from compounds that have similar
30  structures based on the energy of product formed by reaction of the warhead and the

Cys residue, with lower energy products being preferred. The energy of the
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15 attached to each substitutable position that is adjacent to a Cys
residue in the target pol ypeptides, or to selected substitutable positions
or a singweeubesissut abl e position as desired. War heads pcarusb@oasdoathed to
conpounds usi ng any suitable nmethod or program such as FROG (3D

conformation ; QHBE . al l,ei ¢ Agl ds, Res.. 35 b server
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(Accel rys, | mechanBanr Biodg)ar nféohdnidsi bmaker 3D (Tripos, St. Louis), SMOG
(DeWtte and Shakhnovi ch, Am Chem Soc. _118:_11733-11744?19,9%; DeWtte et
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9:765-775 (2098024 ¢ fyhentdeE- 1. ly, as for
exanple with Di scoa\ﬁéri?/’oS\:?S%|5 gﬁ) ,OM%{HQ%ﬁcgzﬁl%%@ga@ma%ﬁ?%%?mgg or exanpl e
wi t h Pi pl3 nebikilingtsifdvoLth¢ Amgetl poyspeptidee . It isSaefeBieé ¢u) the Cys resitlwe thenfermps ef er r ed
enbodi nents, structura els,of a plurality .of candidate inhibitors are
pr oduced. Th%c%‘fareiﬂligﬁ? \i& e‘f‘}é’%ftﬂrc‘il%ﬁnﬁ f‘%@%ﬁ%fﬂ@ei“hv%?‘?:ﬁ Yhe warhead is
attached to endédhE@IERE pfoilia trhhity et SorRasd %Qﬂge@ﬂy@?ﬁé& hBE Rk @rarch

possi bl e substitutable position is represented by at [east one conpound. 30
D) Det er mi ne prosesidhe poidieinggdneersied. ot is apgpehle @yermapm@romiscuous repgesiblavent i on
conpri ses de i ni he .substit ut abl sitiaon f .the reversible

Con b or ¢ napitnetPfich MyRERRLeY tfeR BRI T P EY e v hea
bei ng wi 1hi nirkeadibiginditsoanekicRinHibiefetes nfeafethid dven k Bigglei mehbg oFitiee of the
target polypeptide when the candidate inhibitor is bound to the binding
site. Struct?oln EWilel s of candidate inhibitors are analyzed to determ ne
whi ch substi tutab AR ' i a]a o) r k:p the
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di stance of at@itg. Feséxdumld,thd tagebpolgdpepgids ictiebod kinhee, hargedsepoich pept | de.
Cys residue -, substitutabl e position conbinations that result..in the
reactive ch_e}‘r‘ir%é’FOtf’ft‘fﬁ{:al ﬁ?ﬂ?ﬁﬁgw ‘?)re(?tﬁed REHRf H&l?ﬁhﬁrgﬁf B@éﬂ?@‘%?‘ai he Oys
residue 1 i fhedibGe SlvitGtiuis plerired flat BRITRGcdideat for@8 28T Aeht O MhiRS! €

met hod of determ ning internol ecul ar di'stances with or wi thout constraints.
For exanpl e, infijtor desighed accagdingttd thetintsinsiop ésidtiasatabidietenidid. Jasert#iat results

in the reactive chem.,cal functi.onality .bei ithin bondin I of the
Oy resi dao PARTE TUGAETIT R EF Ry et relEr skl ur e My HeBhACES: o

whi ch 1) t heat@sidebr pRtyRERI-bakediishibigdrdwhickee: @xitepts rehatiddbRym thé de chai n
is allowed to flex, and the candidate inhibitor is held fixed except the
war head i s aPlosess @f ependyae copyerting asubsyiate ipl 3 eptantmariavaen s the 1 ex
and the ndj inhihitor is allowed to flex, 3) the target polypeptide
is all ov\%oél1 t%ac@%g%b%%&t he candi date inhibitor is held fixed except the

war head i s al | oweBreferatll ethe redversitle irhilgeir bpalsype pit¢ diethesarget mhlypepede except

the Cys side chain.is allowed to flex, and the 2Q candidate inhihitor is
al l owed to f the 1.5_33}“_%‘?1% sits 19 afigang. gpigstor Bb?%@?}f’i g%”_‘?“ﬁ‘ﬁ@f%ﬁf’?&@‘apq@;?cept
the Cys si deis%hhéhe&e,' i réi@%&itﬁa?t}felr@%%ésifﬁliégr;ﬁitﬁoﬂﬁﬁk@' St%fr ehibrat WithQhe | s hel d

fixed except the warhead is allowed : _Several conputational
met hods t hat AdPebisding sit ef the kinaste riidrfeyample s revssdibla énhibisariser [riteraetb| e

position, conbinatians that resul i.n.the reactive chem cal functionality
25bei ng th}NHHEIBWP%egre&O&Oﬁ%eAE? IR ¢ esi due are wel | -known in the

art. For exanple, TR¢ ﬂgbﬁm iftirhetdb @ dedetibabh&eih@an 60 ppifbinied usitigahdrol ecul ar
di stances, nol ecul ar dynanics, energy mnimzations, systematic

conf or mat i onetmpletsrsiesrexnidherbindig sip @biherigrzctpabyreetife R sitvctugef ar ¢

Chccarryst | ABiL MRS Obfbnis B8 Fucie PR s Al RLADRRTT
600 16th Strees of tRobMdRRPsite SAMthdtnARSpalPpepGae MdbSidard varhehnalgaityi)isand t he

| i ke. Computer prograns.that can eval uate conpound defqrnati on energy and
el ectrost tiEeerW’éga@t théneptioneths yhies dipneasiogal grigntgtion of the Cys residue and

the reversible inhibitor are the same as they are in the presence of the rest of the

structure of the binding site of the target polypeptide. Once an irreversible inhibitor
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and include, for exanple, Gaussian 92, revision C (M J. Frisch, Gaussi an,
Inc., Pittsburgh, Pa.); AMBER, version 4.0 (P. A Kollmn, University of
Cal i f or niwoab108ase3kr anci sco, Calif.); QUANTA/ CHARWM ( Ac®elrrg290906625
Burlington, Mass.). These prograns nay be inplenented, for instance usi ng

a conputer i r dwar. S S ware
packages are noaﬂta{tegﬂte o%le eQE&PFtB‘;‘d& %Qi‘g‘he (i ‘{% ?{gy”?r a(g ‘%fo
i nhi bitor s n’alyldimg ste.abenplll mbéxd olﬁﬂwrtgnditlg bigdtam teafohvdéred, i§ UesiredStoF! exx

(Tripos, M ssour (Schrodi nger, New Yor K)., 1CM Pro
(Mol sof t, CaP’iof" lSjrer?fig 10 ﬁcﬁtrtuﬁ‘%-:”ql .ﬂk‘jenn%twa @SICPW%?‘%W@Y idenihnstericzat i on and

mol ecul ar  dygaies thatkdddcSHAO AGH Her B! f ds, such
as OPLS- AA, CHAISM\/Iaor AIC\/BER E) F%rr msgﬁégg‘géelgﬁsﬁg gﬁaIr]]\’gllllr%ugﬁ |ﬂgén conprl ses
formng & covathend bcbogmhtlbet bmlémgtdlealmldﬂarc)atlmmaﬁmdlﬁghm Qyighe esinghles i n t he

binding site;a mcal function of the rhead

t t
| denti fyi ng Sgrdl?ee eaﬂé‘ elg'iégg WF&B?%“BF} Cf’f’%& ’ET%B? MEGUHRE f}ﬁ’at resul ts
i n the react feversitiefihibalor Atk (BB tHeybiRBhN Gt thé &rgé?rﬁ@ly?gptﬁiestﬁ%ce of the

Cys residue identifies candidate inhibitors that are |lik to covalently
nodi fy the c%pr@ase|sawssfvl@men¢éuced§pné¢rslbm mlptbmsmfsgzve@eﬂ target podgepiides.

chem cal fun chal n.t.h del alone is not a

suffici ent ‘;’il ca rwﬁa{}qt&%bg?/é‘? nSbon erevFﬁSI ¢ }’nhﬂbtg){%@% W¥Re reactive

cheni cal 1(f unxdbnmﬁmﬂ inttlye work debﬁﬂ@;dﬁn sttt amiplis Was Agallf b thgbditibial t he

al gorithm and net hod of th% invention a bond is forned between the reactive
£

cheni cal funcASEHEP hafmighi be frapespd byithefullipede] ofithg bingling disgveredpt t he f or med

bond is anal yzaed, vht EANGh&RheRRRLd engt h of about 2.1 angstrons to about
251.5 angstrons, or preferably l'ess than about 2 angstrons, for the bond

formed bet ween t horswhiemerstohe steps disth©glgoriden dnemiethot] aee desoribeddhesdii e and

the reactive. chem,c functionality of the warhead, .indi cates that the
candi dat e |n1’i’|ar5’|qr%erra%‘asl HHWF ﬁ%%‘il%Pn‘?ﬁ%‘%m%qeﬁcr%\?a|0émq19"661“:98 a target

pol ypeptisle. HEwel&! whilyit id fehea@{a*a R méh6d Bepdark géﬁﬁ%éa%wﬁ‘e%ﬂaﬂpﬁl reactive

chem cal functionali ty an s side chain is 30about 2 angstrons, about
1.9 angst rontzbe ogdspdesctibgd, almysmmo perfyomgt i anyy suiigblerondns, Fabemmpie, 6he

angstrons, nast o Sui ab met hods ,a

formng a bon %98 Qna%% erﬁ) d%g(glmfle%g ﬁncilg%tw\fﬁ??“i?ﬁb\ﬂﬁaﬁi ﬁé{éf%ﬂ ud' and

i nclude Di smcmewnaadmtt Qﬁﬂ)he@fbﬂ)n@fhgrtlliﬁﬁv(nﬁ@é‘d?iorayﬁl,bstﬁtﬂ&blesgﬂﬁltﬁhQﬁQhe Amber
(Anmber Software Adm nistrataqor, USSF, 600 16th Street, Room 552, San
Fransi co, CAcyarsibe lﬁhﬂ’ltﬁfatoﬁtl?llaélﬁﬁhwfﬂh aligksr. Guassi an (340 Qui nni pi ac St.
Bl dg 40,ogl I'ingford CT 06292 USA and www. gaussi an.conl), Qsite
(Schrodinger Inc., New York), and 5 coval ent docking prograns (BioSolvlT
GrbH, Gernanljmmobtammg war}teadig)rrevlbbseiﬁe nﬂffth‘tormm«m@@teim and Jaguar TM
(Model i ng sof twar,_package Schr odi n 2 st 45t h ree

York, NY 10036- 401211%) inveition alyorrelgiesite Ve’is #ﬁ 1&?&@@%&68&&?{9 t he

method can b&n Hﬁﬁéi‘&fnﬁ@g&?édyel%ﬁg? %g%l ?runrs% %@%—Jm FW‘E@#&%‘Ptlo’ﬁ%‘is oexanpl e, if

desired, the inventionh tcan etermni ng
whet her t he pladitogolyipe@idefcohjugateafoymied bpltl)mepcttloﬁhe)flaszobju(gaﬂeédméne e

| i gand, substrate, or, cof .S _not abetobndt eb|nd|n e) when
2 Goval et DEHASRE b d bt HERHONHESHIF bR PADBRRGR: ERETESAC PEBSTte | n t he
bi ndi ng si tereaapbetfh&uoﬁame!s\fm@a%mnq% sthiRGEL ene# -CHE-. s é@ﬁfcpg@d This

step can be performed using a structural nodel of the target polypeptide -
i rrever si bl ecapdaipgittode linear, branched or cyclic chemical moiety. Enones provide the

advantage that they are generally of low reactivity and do not react with the ~SH of

cysteine in solution. However, when positioned within bonding distance of a Cys in
30 apolypeptide, the enone can selectively react with the —SH of the cysteine residue.

Thus, conjugated enones can be used to provide highly selective warheads and

irreversible inhibitors.
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15t hat covalently binds a Cys residue conplex. It is possible that the
bi nding of the inhibitor to the target polypeptide will be altered upon
f or mat i orwof20m/e828al ent bond bet ween the reactive chem ealr/useoons@asl ity
and the Cys residue. However, in nost cases, the conmpound will still block
t he binding site (Qf | - e | strates
or cofactors fr0&ﬁgP%Eﬁﬁ%eﬁgg%ﬁﬁgﬁ%ﬁﬁﬂﬁﬁﬁﬁ{%ﬁhé%%%iéﬁ?%h%ﬂagﬁrﬁﬁ¥ﬁe

bi ndi ng node of the inhibitor upon formation of a coval ent bond, and

whet her the binding site remains bl ocked, can be determ ned by anal ysis of
the structural nodel of the inhipitor conplexed to the target polypeptide
after coval ent bond for i on usihng suitabl e nethods and prograns disclosed
herein. I n another exanpl desi gned using the invention are
further 25analyzed for fa ¢ or prefered characteristics, such as the
conformation of t C ent bpnd forned. As described in Exanples 1 and 6,
coval ent bonds fo Neen Cys and an acryl am de warhead can have a

ci s-conformation or transconforfition of the amde, with the

trans- conf or L.on, bgin r I 0 : ef.e onpounds
are selectedw‘%%ﬁﬁ%ogﬁgﬁ%gé%%ﬁéégﬁ%¥@ﬂ§|X@%ggLigﬁggﬁggtﬂﬁgkbbgg h%h t he
ener gy of5 predulssiinfted wittl -DIRxReaRikiadd Refaré hrlepardbeddhalrogdnhe QS dlegi due,
with | ower energy products being preferred. The energy of the_ _products can
be det er mi ned usﬂﬁ&maﬂyy§ﬁFb%ﬁﬁéom@?ﬁﬁﬂ?C@NB%“%%“H?FﬂﬁﬂW%bhﬁU&@nechanics or
nmol ecul ar mechani cs. The jnvention can be used to design inhibitors that

with a Cys residue in a
preferred that
i nhi bi tor designed a 0 the invention is~not conserved in the
protein famly that containslghe target pol ypeptide. By virt&® of the Cys
resi due not being conserved, It is possible to converQ)proniscuous
reversible inhibitors whiOch inhibit several nenbers ofjja protein famly
into nore selective 10 itjreversible inhibitors which ijphibit fewer nenbers
or even a singte otein fanily.ggf | i cations
of the inventi g, y ti de has a-tat For
exanpl e, the tar‘get polypeptide can be a kinase, a protease, such as a
viral protease, a phosphatasg., or other enzyme. Wen the t&mdget pol ypeptide
has 15catalytic activity it is prefered that the Cys reside that fornms a
coval ent bond with the ionhi bitor designed according t vention is not
a catalytic residue. Injicertain preferred enbodi nents reversible

i nhi bi tor deskgned usin ention i s not | _suicj hani sm based
i nhibitor, whi® J sul ting fron;§§ proc enzyne
converting a substrate into a coval ent inactivator during the

I-e
0 l Q '
N ~ \/“\/\/ N
35;/\\\V//JL\\$§;?\\\/// AN 55) ™~
I-g I-h
10 The invention relates to irreversible inhibitors that comprise a conjugated

enone warhead that forms a covalent bond with cysteine residue of a target
polypeptide, such as irreversible inhibitors designed using the algorithm of the

invention. In some embodiments, the conjugated enone warhead is of formulal. In
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20cat al ytic process. Preferably, the reversible inhibitor binds to a
site on the target polypeptide that is a binding site for a |igand,

cof act or wo 2018238t €. \When the target pol ypeptide is aPKTnss@9/054025 s
preferred that the reversible inhibitor binds to or interacts with the
ATP- bi ndi ng Si.& f - K] e r.ey L ple ixnhibifor can
Tnteract 200t et Rr eI odrileo A gt R QLS RLE

al gori t hm andd,net, kddndiégcri bed herein can be performed using the conplete
structure of the hinding. site 0{9 the target polypeptide and the structure
of a reversible ihHiB'E PP%&TF FFéltW,fneEfr%‘%ﬁFa%etrﬂ by iphibiig atakgst si bl e

i nhi bi tor angl) f eTe I D dihe o tide is
consi dered \r,\‘goeﬁﬁ%pﬁg& gfé%?ﬁ%%@%%bgg% gglrt%%itg% aﬁ%nc%ﬁ?gﬁ%%?lﬁ%aﬁ QQ:#' tgﬁltg hr ee

di mensi orfal weidenwithjapnrrefersible idyibitorgbatdumpsing a domjugetedrenpid watheld that or ar e
the sanme as fhey are.in,th ence.of the rest of the structure of the

bi ndi ng si te%ogpg? ﬁ%vatlgﬁgygflgﬁ}gﬁhsﬁ%ﬁsf%&re 3%0§ °idre vB&gP?ﬂt':éei Sr’!‘ﬁﬁﬁftor or
candi dat e i rgfiver&kblEinhibitoPddsinell Sisidlg ShaNestithy SARSInd8ktiddd only the Cys of
the binding site, the full nodel of the binding site can be considered, if
desired, to provi Hee ayentionase reletes e pely Repidaean vartds darmaddycha seacapmes t hat

may identify | I CEeS. J L futabl.e
positions t h%?énﬁ Ejl’al?ed(r:éengﬁ%]? g?t%ﬁ%e@agar“ﬁg‘é%t}%e%%? ﬁ?%%’g%‘%ﬂ&ﬁ% Pél% ance of
a Cys i nl( hecdnjupdiendrase & earidty of tes.e Kanglaapld @scamdmt ohesmpudatedithgerl gori t hm
was performed considering the structure of the reversible inhihitor and the
Cys of the bPHURSRIeTalaVGtlo taeony galndiangs) RURAPTER In arpiiologiah PRl

successful | yopuadyRes d SdiRieths bk %eérﬁt@%a‘?é&@{tﬁ af frr SR @ nhi B Blat

pol ypepti des. The nunber of substitutable positions on the reversible

i nhi bitors tdmtaines eonj@atkelrniohe adrhiead tdebenmel taeglor ddraat (erg. tdueniyanpl es was

small, so the, additipnal constrai that night be inposed by the full nodel
of the bi ndi Airtee GG il Febvih ofititritoa DR R sbe B ' oy
conveni efxce, odineatl iR shofortibg al gori t hm and nmet hod are described herein in
an order that allows for a clear and conci se description of the invention.
15 However, whil eXiM-§-€Harkeferred that the nethod steps are perforned
sequenti al | yw'genr tnhe order described, they may be performed in any suitable
order. For eX rrp'l e, the method can be performed by form ng a bond between a
war head and a CysXriesthbdmeicilandietyrtharbiadidu clie, biadidg sieof Dangk paypéridaar head
to a substitutable position on the reversible inhibitor, optionally through
a |inker. 20Wherewehe bindaigits Gomapagyseing f¢sidisr si bl e i nhi bitors and

conj ugatgs The 'Wﬁ%'n%hiﬁéﬁﬂoi%g'f%gédﬁ (b O EHE BoRkife b Rbbhghsy that have
a war head that contains a conjugated erione, an a, p u saturét d carbonyl .
The i nventi o¢ghoatsontlims esrhtad grohy pethtthasulbonjonyaf @8 éyotemdrebidue;he reacti on

of a conjugated e .25 warhead with the -SH of. steine residue in a
pol ypeptji dg. Enong'g]'g?r‘ét e Wlft?‘é‘é‘&etﬂi‘x}%nefQﬁ?@idlacé’%}qetrf’séguefIaf‘é contain
the structure - Q(R)is ErShhinddffSheSthfddEpsIySeptian. be part of a linear,

branched or cyclic chem cal noiety. Enones provide the advantage that they
are general |y of Insamesadiodimenys, ahrdcaipugatsd eneretonkpiningtwasheadis of cyst ei ne
in solutjon._ Ho er en .positiqned w thin bonding distance of a Cys in
30a pol epthB'B\,‘,l\Fat\ih@idetﬁgﬁ%m@%%e éseq(%g%’ini’dy%hy react with the -SH of the
cystei ne residue. R

/c:H2
o) k R
R,
)(,,,———((3**2)0‘6
Ry II
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Thus, conjugated enones can be used to provide highly selective warheads
and irreversible inhibitors. 1|n one aspect, the warhead conprising a
conj ugat estoenomesisas the formul a R3l wherein R, R2 &0u/ul3002/086025

i ndependent | y hydrogen Cl-C6 al kyl, or Cl1-C6 alkyl that 5 is substituted

Wi th - NRxRy; Rx r@ﬁ }@'isea& ?rﬁgaqeno%ltyatrﬂ?/n%r ?cgfﬁ% b?r'idl?g ﬁgﬁofafalt lyggt Exerrpl ary

war heads conpr|5|ng conj uga I nc
TS5S) I-f | -polypeptide, wherem the binding site contains a cysteine residue;

S-CH; is the side chain of said cysteine residue;
R is the remainder of the target polypeptide;

5 R1, R; and Rj are independently hydrogen, C;-Cs alkyl, or C;-Cg alkyl that is
substituted with -NRxRy; and Rx and Ry are independently hydrogen or C;-Cs
alkyl.

In particular embodiments, the conjugate has a formula selected from Il-a, II-

b, lI-c, II-d, I1-e, II-f, II-g and II-h, wherein X and R are as defined in Formula II.

x///N\\\///JL\\V///\\\S//’ . S
II-a R -/R
o S//’ 0 S
///\\\v//JL\\V///L\\\ X\\\///JL\\V/’/L\\\
X
/\/(ﬂ\/k \/IU<
R X R
X S/ S

II-f
R
0 s—R Q S l
l X \/['k/K/ N
N
« /\/“\/k/ N ~
0 g Il-h
EXEMPLIFICATION

15 Example 1. Irreversible imatinib
Imatinib is a potent reversible inhibitor of cKIT, PDGFR, ABL, and CSFIR

kinases. Using the design algorithm described herein, this reversible inhibitor was
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l-g I-h 10The invention relates to irreversible inhibitors that conprise a
conj ugat ed enone warhead that forns a coval ent bond with cysteine residue
of a targw®D2pomloepspti de, such as irreversible inhibitorectascguessoasi ng t he
al gorithmof the invention. In some embodi nents, the conjugated enone

war head is o ar. enbo rrets t eco' ted enone
war head is g Fg%?%% %ggﬁ?cmR%ﬁ%%%H? nqve ﬂnorp g €b§%ﬁfwg

i nventi on al €8FiRkataes. tin addited,iod sBiBwh EHaeﬂférs&bjlébtymétﬁbd Richiifigs Whdraik get

pol ypepti de by con actln a pol ypeptide containing a binding site that has
a cysteine 5?%&08% e\ TR ‘é C‘?IPVFE\?éF‘é?rEP@ inhiR} e for targghinte ghpravesidla

conj ugat ed ep@nfoYss haddr h%»\f ' ne
resi due of the tgrgert po %eypeptl ﬁﬁﬁgéﬂgﬁlngibrre ‘gr%lp rfngl?r}ﬂ%%{m%
desi gned “usi tatget ABlal gori t hm of the |nvent|on The invention also

relates to pol ypepi de conjugates formed by the reaction of a conjugated
enone- cont ai ni ng war head vmth tne -SH grou s)residue. Such 10

conj ugates have a variety N ple, tLh\/raqount of conjugated
target polypeptide relativ un uga ed target pol ypeptide in a
bi ol ogi cal sanpl e obt ai ned pati en? that has been treated with an
0
£y

irreversible inhibitor that ntalns a conj ugated enone warhead can be used
to tailor dosing (e.g., quantmty adm nistered and/or tinme interval between
adnlnlstratlons) In one a the 15conjugate has the formula X-M S CH2-R
wher ei n: is a chemcal noiety that binds to the binding site of a

t ar get polypeptlde, wherei n the bindi Agagiibe contai ns a cysteine residue.
20Mis a nodifiser gpfety forned by the coval ent bonding of a conjugated

Design Method
10 The coordinates for the x-ray complex of cKIT bound to imatinib (pdbcode
1T46) were obtained from the protein databank (world wide web rcsb.org). The
coordinates of imatinib were extracted and all protein Cys residues within 20
angstroms of imatinib when bound to cKIT were identified using Discovery Studio
(v2.0.1.7347; Acccelrys Inc., CA). This identified seven residues Cys660, Cys673,
15 Cys674, Cys788, Cys809, Cys884, and Cys906. Then 15 substitutable positions
were explored in three-dimensions on the imatinib template (Formula I-1) to
determine which could be substituted with a warhead so that the warhead would
form a covalent bond with one of the Cys residues (Cys660, Cys673, Cys674,
Cys788,Cys809, Cys884 or Cys906) in the cKIT binding site.
20
Design Method 1.1
In this method, warheads were manually built on the imatinib template and
then molecular dynamics was used to assess the capabilities of the warheads to form
bonds with the Cys in the binding site of cKit. Acrylamide warheads were built in
25  three dimensions onto the imatinib template using Discovery Studio. The imatinib
template is shown in Formula I-1. The structures of the resulting compounds were
checked to determine the position of the warheads and to determine if the warheads

could reach any of the identified Cys residues in the binding site.
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enone- cont ai ni ng warhead group with the sulfur atomof said cysteine
residue; S-CH2 is the side chain sulfur-nethylene of said cysteine residue;

and R is wbeorsizsisader of the target polypeptide. PCT/US2000/0S6@0E
enbodi ments, the conjugated enone-containing warhead is of 25fornula I, and
the conjugate is of formula Il: /CH2 5 11 erein Xis a chem cal

noi ety that binds to the binding site of aRtaré{e
bi ndi ng site&gmaladins a cysteerEe re|§| d;ﬁe - CﬁZ [ e side chain of said
cysteine residue; Ris the re r~g aryget Yypol Rpepti de; 5RI, R2 and
R3 are independently hydrogen, C1XCH pal 1- & al kyl that is ’
substituted with -NRxRy; and RRiand]RRare mBépendentIy hydr ogen or Cl-C6
al kyl . In particular enb®e Rit hids conj ugate has a fornul a
selectedsfromll-a, Il-b, Il-c, Ild,)Il-e, 11-f, Il-g and Il-h, wherein X
and R are as defined in Fornul &, Z11-aR 0 Il-c 10ll-gll-h

EXEMPLI FI CATI ON

%bptide, wherein the

In order to sample the ﬂexibil‘i'ty of the warheads and the side chain
positions, a molecular dynamics simulation of the warheads and side chain positions
was performed and analyzed to determine if the warhead was within 6 angstroms of

10 any of the Cys residues in the binding site, and whether there were steric clashes
between the warheads and the residues. Standard settings were used in the Standard
Dynamics Cascade Simulations protocol of Discovery Studio for the molecular
dynamics simulations. The MMFF forcefield in Discovery Studio with a 4ps
simulation was used. The coordinates of the non-warhead positions and the Cys

15  main-chain atoms were held fixed during the molecular dynamics simulation.

This simulation identified three template positions which were near Cys788

and two near Cys809 of cKIT. (Table 5).

Table 5.
g$§?§§ ;Or Can Bond be Formed
Position Placement CYS809 CYS788 CYS809
R OK YES NO
R, 0K YES NO
STERIC
Ra CLASH
R4 OK YES NO
STERIC
Rs CLASH
STERIC
Rs CLASH
R TOO FAR
Rs TOO FAR
Rg TOO FAR
Rig 0K NO NO
Rij OK NO NO
STERIC
Ri2 CLASH
Ria TOO FAR
STERIC
R4 CLASH
Ris STERIC
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15Exanple 1. Irreversible imatinib Imatinib is a potent reversible
inhibitor of cKIT, PDGFR, ABL, and CSF1R ki nases. Using the design

al gori t hmvoesora2kzsd herein, this reversible inhibitor waeT/usagoasep2and
efficiently converted into an irreversible inhibitor of cKit, PDGFR and

CSF1R kinases. In additiof,df i$ shown that -mmw identifies
\Ahenitisﬁref—pﬁssﬂ—b&%(—e—r—eadijy—eemfeﬁ——a— i itor of a
target into an irreversible inhibitor of that target, as was the case in
the ensuing exanpigest @ive itdiRblhRipdsiabas WhR tRerd Aibget toABknal filleBihheQuifed CKI T
Desi gn Met hod 10The coordinates for the x-ray conplex of cKIT bound to

i matini b ( pdhebdie aaryle)idosaetigbprailve ¢otld dmfeimeddrepvesnihelearalidatc (worl d wi de
web rcsb.org) . r.cH 3 i4Rtinih re, extract and al.l protein
Os 1 oot dueomiAr A ERE S IR FRTCo R Rp i R i e e taafe
identified usfleg (RS2 aN@iymStuditiz@ sfandafd oléaddr dyhasid!sintslalitre . ThiGA) . Thi s
identified seven residues Cys660, Cys673, 15Cys674, Cys788, Cys809, Cys884,
and Cys906. aMewamtledjhree terpplatspesigons. Kiofsa babilh pryCysresidue,

t hr ee- di mensg 80yl kIR 1L RISt m ne whi ch
coul d be subs?ﬁ%ut eJ l\lgvlh%teh&(gﬂv\ﬂlg h(salgl Ms)lé@e{ gggﬁﬁlgm\xglrvhgéﬁcf ‘\&%B?ﬁfs%grm a

coval ent bonposndns Raraad & it todvebyescis-esnfomesioh Of si6OnidEgsBipf tiywaihidad,

Cys788, Cys809, . Cys884 o s906) in.the cKIT binding site, 20 Desj Met hod
1 " nbisteS et Wt e 2oad et B RL AR hGR & poiehE: MrRLER b
tenpl at ej@nd, (ReNcIHPbBEHEbA LS EHRENBITHE 8rotB Of HREFarhQdABRASs ple€erf@pabi | i ti es of
the warheads to formbonds with the Cys in the binding site of cKit.

Acryl am de war heads were built in 25 three dinensions onto the imatinib
tenpl ate using Di scave t udi,0o. The imatinib tenplate is shown in Formula
1-1. The structur@gs'%'?W%gmri’gul ting compounds were checked to deternine

the position of thehahiiRedlsvaRehdt Wettetedmativally ddbRd warhemdsinttoul d reach

any of the identified Cys residues in the binding site. A WO 2010/ 028236
Fornul a | -1 tmplate and then molecular docking was used to assess their bond forming ability

15 with the Cys in the binding site of cKit.

The warheads were built on the imatinib template using the Accelryes
SciTegic Pipeline enumeration protocol, which resulted in 13 virtual compounds
from 15 possible virtual compounds. This was due to R, and R4 as well as R3 and
R;s (Formula I-1) being equivalent due to symmetry, and therefore only R; and R;

20  were evaluated further. These compounds were then converted into 3D using the
ligand preparation protocol in Discovery Studio. These 3D virtual compounds were
then docked into the cKit xray structure using the CDOCKER protocol of Discovery
Studio. A constrained docking algorithm was used in which the core of imatinib as
defined in the xray structure (Formulae I-1) was used as a constraint in the docking

25  procedure. Ten conformations of each virtual compound were produced and the top
conformation of each compound was assessed for its proximity by distance to the
Cys in the binding site of cKit. After applying the distance filter (< 6 angstroms),
only two of the compounds, with warheads at R; and R, were found to be close to a
Cys in the binding site. These two compounds were both near to Cys788 and they

30  were then assessed for bond forming capability. The protein and compounds were
held fixed, but the side chain of Cys788 and the warhead were not constrained.

After the minimization was completed, the newly formed covalent bond and the
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R141 In order to sanple the flexibility of the warheads and the side chain
positions, a nolecular dynam cs sinulation of the warheads and side chain
posi ti onswoasiopesizer ned and anal yzed to determ ne if theCharsh@adssas w t hin
6 angstrons of 10any of the Cys residues in the binding site, and whet her
there were steric¢ clashe : uaWith AR wast4LRshe Bf andar d
settings vveP%teﬁtéagﬁn?r yt“ﬁge an égip e\]ﬁegﬁl?gﬁgscadg Si mul ati ons protocol of
Di scovery Shpuiiéh #vay rahkel asahemokeprefdyndni cs si mul ations. The MVFF

forcefield 1n Discovery Studio with a 4ps.sinmulatio . The

coor di nat es of tﬁédﬁ@ﬂf’@\h‘?lﬁgaﬁmp%f’s‘?m“(?ﬁgwgﬁ@?ﬁlgﬁa&@e%@%ﬁgﬁﬁggﬁgﬁ’n at ons
were held fij ' EsUlvafe MR &BaRl sivlvattd athibit cKit.  Thi s

si mul ati on Fggl%to?#(li Ilegg(% Erlaglggﬁllénpl at ee S(gosi ti ons which were near Cys788 and

two near5Cys809 of cKIT. (Table 5). Table 5. Position Placenent Distance

to CYS788 or. CYS809 %am Bond be For ned CYS788 CYS809 R1
Synthesis of Compounds

| EtOH
N — e
= i + MeO\( ~ - Z | " “ NO,
N OMe  80°C, 16-18h. <N Ny
iPrOH, NaOH N
—— e
+
80 °C, 24h. Z
NOQ N N
H,N NO, EtOH, HNO; NH
Ij + HNCN ————— Iy
B0°C16-18h KT Y SnCl,.H,0, HC!
rt, 30 min
O, 0. L0 H
R? AR NN NH,
R! 0...0 “ \II/
4 P\\ SN
NN P SV Andi
” TD R® = pyridine, rt, 16-18h. N
~N 0 " g
1
7z R
x lN HO l /\’R“ Intermediate A
0
Synthesis of Intermediate A
10 Step 1: 3-Dimethylamino-1-pyridin-3-yl-propenone: 3-Acetylpyridine (2.5g,

20.64 mmol) and N,N-dimethyl-formamide dimethylacetal (3.20 ml, 24 mmol) were
refluxed in ethanol (10 mL) overnight. The reaction mixture was cooled to room
temperature and evaporated under reduced pressure. Diethyl ether (20 mL) was
added to the residue and the mixture was cooled to 0 °C. The mixture was filtered to

15 give 3-dimethylamino-1-pyridin-3-yl-propenone (1.9 g, 10.78 mmol) as yellow
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OK YES NO R2 OK YES NO R3 STERI C CLASH R4 OK YES NO RS STERIC

CLASH

WO 2010/028236 PCT/US2009/056025

10

15

20

25

crystals. (Yield: 52 %.) This material was used in subsequent steps without further
purification.

Step 2: N-(2-Methyl-5-nitro-phenyl)-guanidinium nitrate: 2-Methyl-5-nitro
aniline (10 g, 65 mmol) was dissolved in ethanol (25 mL), and concentrated HNO;
(4.6 mL) was added to the solution dropwise followed by 50% aqueous solution of
cyanamide (99 mmol). The reaction mixture was refluxed overnight and then cooled
to 0 °C. The mixture was filtered and the residue was washed with ethyl acetate and
diethyl ether and dried to provide N-(2-Methyl-5-nitro-phenyl)-guanidinium nitrate
(4.25 g, yield: 34 %).

Step 3: 2-methyl-5-nitrophenyl-(4-pyridin-3-yl-pyrimidin-2-yl)-amine: To a
suspension of 3-dimethylamino-1-pyridin-3-yl-propenone (1.70 g, 9.6 mmol) and
N-(2-methyl-5-nitro-phenyl)-guanidinium nitrate (2.47 g, 9.6 mmol) in 2-propanol
(20 mL) was added NaOH (430 mg, 10.75 mmol) and the resulting mixture was
refluxed for 24 h. The reaction mixture was cooled to 0 °C and the resulting
precipitate was filtered. The solid residue was suspended in water and filtered and
then washed with 2-propanol and diethyl ether and dried. 0.87 g (2.83 mmol) of 2-
methyl-5-nitrophenyl-(4-pyridin-3-yl-pyrimidin-2-yl)-amine was isolated. (Yield:
30%.)

Step 4: 4-Methyl-N-3-(4-pyridin-3-yl-pyrimidin-2-yl)-benzene-1 ,3-diamine
(Intermediate A): A solution of SnCl,.2 H,O (2.14 g, 9.48 mmol) in concentrated
hydrochloric acid (8 mL) was added to 2-methyl-5-nitro-phenyl-(4-pyridin-3-yl-
pyrimidin-2-yl)-amine (0.61 g ,1.98 mmol) with vigorous stirring. After 30 min of
stirring the mixture was poured onto crushed ice, made alkaline with K,COs, and
extracted three times with ethyl acetate (50 ml). Organic phases were combined,
dried over MgSOy, and evaporated to dryness. Recrystallization from
dichloromethane resulted in 252.6 mg (0.91 mmol) of 4-methyl-N-3-(4-pyridin-3-yl-
pyrimidin-2-yl)-benzene-1,3-diamine (yield: 46%) as an off-white solid.

Synthesis of Compound 1
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R6 STERI C CLASH R7 TOO FAR RS TOO FAR Rg TOO FAR
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PCT/US2009/056025

H
N
el
=N (@]
AN

N

Compound 1

Step 1: 4-(acrylamido)benzoic acid A solution of 4-aminobenzoic acid
(1.40g, 10 mmol) in DMF (10 mL) and pyridine (0.5 ml) was cooled to 0 °C. To
this solution was added of acryloyl chloride (0.94g, 10 mmol) and the resulting
mixture was stirred for 3 hours. The mixture was poured into 200 ml of water and
the white solid obtained was filtered, washed with water and ether. Drying under
high vacuum provided 1.8g of the desired product which was used in the next step
without purification.

Step 2: 4-(Acrylamido)benzoic acid (82 mg, 0.43 mmol) and Intermediate A
(100 mg, 0.36 mmol) were dissolved in pyridine (4 ml) under nitrogen and stirred.
To this solution was added 1-propane phosphonic acid cyclic anhydride (0.28g, 0.43
mmol) and the resulting solution was stirred overnight at room temperature. The
solvent was evaporated to a small volume and then poured into a 50 ml of cold
water. The solid formed was filtered and a yellow powder was obtained.
Purification of the crude product by column chromatography (95:5 CHCl; : MeOH)
provided 30 mg of 4-acrylamid0-N-(4-methyl-3-(4-(pyridin—3-yl)pyrimidin-2-
ylamino)phenyl)benzamide (Compound 1) as a white powder. MS (M +H+): 251.2;
'H NMR (DMSO-Ds, 300 MHz) & (ppm): 10.42 (s, 1H), 10.11 (s, 1H), 9.26 (d, 1H,
J=2.2 Hz), 8.99 (s, 1H), 8.68 (dd, 1H, J = 3.0 and 1.7 Hz), 8.51 (d, 1H,J =52 Hz),
8.48 (m, 1H), 8.07 (d, 1H,J = 1.7 Hz), 7.95 (d, 2H, J = 8.8 Hz), 7.79 (d,2H,J = 8.8
Hz), 7.45 (m, 3H), 7.19 (d, 1H, J = 8.5 Hz), 6.47 (dd, 1H, J = 16.7 and 9.6 Hz), 6.30
(dd, H,J = 16.7 and 1.9 Hz), 5.81 (dd, 1H, J = 9.9 and 2.2 Hz), 2.22 (s, 3H).

Synthesis of Compound 2
4-Acrylamido-N-(4-methyl-3-(4-pyridin-3 -yl)pyrimidin-2-ylamino)phenyl-3-

(trifluoromethyl)benzamide
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OK NO NO R11 OK NO NO R12 STERI C CLASH R13 TOO FAR R4
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Compound 2

1) Methyl 4-acrylamido-3-nitrobenzoate

1) Mel, K2003, DMF
CFy 2) Hp, Pd/C Fy

3) CH,=CHCOCI H
/©/ MeO O

0]
Methyl iodide (1.4 g, 9.86 mmol) was added dropwise to a stirred solution of

HO.C

4-nitro-3-(trifluoromethyl)benzoic acid (1.0 g, 4.25 mmol) and potassium
carbonate (1.5 g, 10.85 mmol) in 30 mL. DMF at room temperature. The mixture
was stirred at rt overnight. Diethyl ether (120 mL) was added and the the mixture
was washed with water, was dried over Na, SO, was filtered and was
concentrated under reduced pressure to give 1.0 g of crude methyl 4-nitro-3-
(trifluoromethyl)benzoate. A solution of 0.87 g (3.49 mmol) of methyl 4-nitro-
3-(trifluoromethyl)benzoate and 0.2 g 10% Pd/C in 30 mL methanol was stirred
under hydrogen (40 psi) at rt overnight. The mixture was filtered and was
concentrated under reduced pressure to give 0.8 g of crude methyl 4-amino-3-
(trifluoromethyl)benzoate as a white solid. Acryloyl chloride (0.35 mL, 3.65
mmol) was added to a solution of 0.8 g of methyl 4-amino-3-
(trifluoromethyl)benzoate and triethylamine (0.9 g, 8.9 mmol) in 40 mL of
dichloromethane at 0°C. After stirring for 3 hours at rt this solution was washed
with successively saturated aquous NaHCOs3, and saturated aqueous NaCl. The
dichloromethane solution was dried over Na,SO, and was concentrated in vacuo
to give a crude product, which was further purified by chromatography over
silica gel using 1% CH3;OH-CH,Cl; to give 0.818 mg of the title compound as a

white solid.
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STERI C CLASH R15 STERI C CLASH These five tenplate positions
were then subject to a final filter that required that the acryl am de
reacti on woaduwaszseul d be forned between the candi dat e iPamiuszeons@2sl t he
Cys residue (Cys788 or Cys809), which involved form ng a bond 5of |ess than
2 angstrons using a standard nol ecul ar dynam cs sinulation. This constraint
|l eft three tenplate positions, RI, R2 and RI, but only one Cys residue,
Cys788. O th%§e4gg |agli€o-RaBirébe@RGic atide bonds that invol ved the war heads
at positions and R4 involved a cis-conformation of the am de group of

t he war head, which is |es
position Rl involved 10
war head, which is prefe

$ preferred, The bond that igvolved the warhead at
tr ans- conf 0 Hion of the a ”ﬁﬁ group of the

N n 2 \ s net hod,
war heads were aut Qi c el ed on the i matjigib pl abe and then
nmol ecul ar docki ng wasjused to assess their bond fdrmng ability 15with the
Cys in the binding sibe of cKit. The war heads were built on the
imatinib tenpl ate.using .the Accelr i ¢ Plpel] tgzon
protocol it ch riecut by o RS iR bl ERE ThRLPB R EY 20V rtua
conpounds. Thi gyRpindiwent THE2wansided 2asnivet | Nelsi(RB selntiorRT he Fesultinga | - 1)

bei ng equivalent due to symmetry, and therefore ly R2 and 0,were

eval uat ed furt b@ntiomyasac ﬁﬁ‘}i)&w{_@é Wig bo{oﬁgwoeék@r%éavaﬁ ﬂfe(t)‘ e%aﬁgq ng the

|i gand pr epar at g0, ot ghgobohilnPhEGAYEIYS! Uk omBes anFRckiakd dalaccompounds
e | y

tl
were then dOCk&HBIntO t Xxray structure using the CDOCKER protocol of
Di scovery St udinas wAslednsith sitretd dqudous dadll,goasi driethonesNaSed, vas lgreh t he

f imatinib defi ned | h t t F - d
25 & Constrai nEmd e HEBERTH BBeT BaRIDrB A e bl TP ok S

virtual]%onpougqﬂ%@ggh&rOQUped and the top conformation of each conpound
was assessed for 1ts proximty by distance to the Cys in the binding site
of cKit. After applying the distance filter (<6 angstrons), only two of the

conpounds, w t rheads. at and R2 were.fal 0. gég%gﬁmhg éayys in

t he bi ndi ng siBé&ﬁfﬁgggnF@dvg%ﬁﬁgaﬂg%m' fgm%gﬁﬂﬁﬁgg?&to s78§ﬂén5 t hey 30
were then assessegrifijdroReihgl)beizaiiid: capability. The protein and conpounds
were held fixed, but the side chain of Cys788 and t he warhead were not

constrained. After the m nimzation was,conpleted, the newy forned
coval ent bond and the (J
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15 To a stirred solution of N-(4-methyl-3-(4-pyridin-3-yl)pyrimidin-2-
ylamino)phenylamine (87 mg, 0.31 mmol) and 4-acrylamido-3-
(trifluoromethyl)benzoic acid (95 mg, 0.37 mmol) in 10 mL pyridine was added
250 mg (0.39 mmol) propylphosphonic anhydride. The resulting solution was
stirred at rt for 72 hr. The solvent was removed in vacuo and the residue was

20 stirred with 50 mL water to give a yellow solid that was isolated by filtration.
Purification of the crude product by silica gel chromatography using 5%
CH;0H-CH,Cl, gave 101 mg of the title compound. '"H NMR (DMSO-dg, 300

MHz)  (ppm): 10.41 (s, 1H), 9.90 (s, 1H), 9.28 (d, 1H), 8.98 (s, 1H), 8.69 (d,
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- 59 - WD 2010/ 028236PCT/ US2009/ 056025 potential energy were exam ned. The
virtual conmpound with the warhead at the Rl position was ranked as the npst
preferredwo0 2010/028236 detail ed bel ow, two ¢ onmpounds w t hpPam/usecooplosswsie at
the R1 position, Conpound 1 and Conpound 2, were synthesized and shown to

10Step 10 3 b dDhg R TR HEE B0, LI T e T A
20. 64 nmol ) andnN3NHG7m8tByIH) 6rsorad,del)ds. aetchyllages &l (dd3189 24 (s24uymol )

were refluxed in ethanol (10 mL) overnight. The reaction m xture was cool ed
to roomtenperature and evaporated under reduced pressure. Diethyl ether

(20 nL) was ?ﬁ}ﬁ"f‘ ‘ﬁ‘n‘e‘ﬁﬁ? due and the m xture was cooled to 0 C. The

m xture was tere ve 3-di met hyl am no- 1- pyri di n- 3-yl - propenone
(1.9 g, 19.78 m‘rDC))msuxycbslWe‘:rWassaygdSatsahmbn()rYioébd{ITE%uf@})unTehi r&cdﬁilblﬁﬁrit@l- was
used in subs St out further urlflcatlon ep 2:

N- (2- Met hyl - ghu\?? ﬁ‘ﬁgﬂﬂ}]mmBEﬁ& G Rber 49 QHWHV‘PUE%WH ro aniline
(10 g, 65 nu n NC3 5
(4.6 1) msﬁﬁ%%z%@%é‘g? R e R R SN 2

sol uti on of Wan@nutde 100 MTHIEDES (k7 SpdOtmMaMaCkt UneMIBES Ty &6 139% &dlij-

over ni ght awgi g ooled to. 0 C. The m xture was filtered andthe resi due
was washed wh{RNEt H§I“1\’éé\él"t Patvéthand VYiTh@Ph‘?Ft comperndg nfhegiepeipn wasgtasieddy

N-(2- Met fyl - §dcﬁ¢% hg -Pheivd 111 ﬁé ?éfnl' P} }oog'F EFﬁ)éraaﬁ'eg he ¥eglcﬁiq_13 éfg's A .

10Step 3: 2-net -5-ni trop eny ri m am ne:
a suspensi onteohindtedi byethégddtiomof s’lenobmﬂfejlcnnﬁwﬂxg m(brleHﬁxPESJ(pHW 9,3®.6 mml )

2 pr opanol (9 FE et BE R R MR Phosb e o™ ne resul 11 ng.

m xture was fifHoupRelyI1hRE sdtktite WA epAARHHIRhAE LYhE R EoFIRALERIMbRIR C and

the resulting
shift. Product formed was compared to control wells to determine inhibition or

15  enhancement of enzyme activity. ¢c-KIT inhibition data for Compound 1 and
Compound 2 is provided in Table 6.

Table 6. ¢-KIT Inhibition Data

Compound # % Inhibition Concentration (uM)
1 82 1
2 88 1
20 B. PDGFR
Design Method

Using the coordinates for the x-ray complex of cKIT bound to imatinib (pdbcode
1T46) as described above, a homology model of PDGFR-alpha kinase (Uniprot
code: P16234) was generated. The homology model was built using the Build

25  Homology module in Discovery Studio using the cKIT-PDGFRa alignment shown.
Then the 15 substitutable positions on the imatinib template were explored in three-
dimensions to determine which could be substituted with a warhead so that the

warhead would form a covalent bond with the Cys in the binding site. The
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15 precipitate was filtered. The solid residue was suspended in water and
filtered and then washed with 2-propanol and diethyl ether and dried. 0.87
g (2.83 mwol2p1oa28836 PCT/US2009/056025
met hy1- 5- ni trophenyl - (4-pyridi n-3-yl -pyrimdin-2-yl)-am ne was isol at ed.
(Yield: 30%) ,Ste d 814 ble
4- Met hyl - 3'2 ethpdg &lg?/d(i'ler?ugeﬁ} hre%/tem 4 ROSQUOIT) Ryl and Ry and Gyssitare
20(Inter ”Edbﬁfd?mﬁ) a ébv%ﬂinubmﬁhwﬂlﬁ aﬁa@y&nﬁdmmm 1af gi,esthemla’ﬁml ) in
concentrated hydr ochl oric acjid WES added. t

WAL

2- et hy1- 5- mp$1¥1®33pﬁ@rﬁﬂmdf(ﬁlab1§iWPldFﬁimﬂ§ %dﬁmeﬁsﬁlozlsﬁ)anﬁﬁrh‘évoéﬁd& g ,1.98
ol ) with vigor Stvhich i @sd prefeficdt The was
poured onto lcsrgcg)sﬁgglaﬁéﬁegﬂhgglen g%&r%f‘?ﬁgth\%w%ﬁgad ‘th,c and eli}teract ed three
tinmes wish ebhythaaiebhie tiesOarhiad at@ogition & phabed ajene-centopnaiéen of2Beir i ed
over MgSH, and evapor ted to dr ecr ystal lization from

di chl or orret ﬁﬁh@%r@%Pf Waghepgow lcﬁﬂ)slf Fz mml) of

4- et hyl - N-3- (4-pyridin-3-yl pyrimdin-2-yl)-benzene-1, 3-di am ne (yield:
4699 as an off-white solid. Synthesis of Conpound 1 Conmpound 1 Step 1:
4- (acryl am do) banzol c acid A solution of, 4-am nnh«nrx?uG rIK;;Sam d.B(1.40g, 1
mol ) '”Wmél MLYT IR0 H B LR EASE NS 52 1L 4 QRIS K S Did) i@ dle 156 2B Wk v Ko vichar

sol uti on“vvas lea of —acryroyl chlori de (0.94g, 10 mm)) and the resultl ng
m xture wgs sti lﬂn‘ﬁUTéM'ALWSEH(ﬂU[QLGMMIMIXIIGUEEI was, uﬁedvslontrﬁtzg)s);os“

wat er andmhewvxlr. . A s wat er—and

et her . Dy ng. under T g vacuum brovr gt L 5 to1T1:he e 1o EFHAEL wni ch
was used Piabhe SB&kC SRR AN A Ot pur T T Cat T O, Step 2

4- (Acryl ami do) benzoi =6 it : AnthRt e EEes A E00 Ny,
0. 36 moliwer e dmssmquemuxnowrapdnmsﬁwsmesraummew_&nﬁ_t-’rf@géh—aﬁﬂﬂ?t—l—#r ed. To
this solution was added 1-propane phosphonic, acid cyelic.anhudri . 289,
0.43 mmlgn and tHee e {TiIgn SY7: atx;cwa@@%ta&“féa“:d@émzwm;;;iﬁﬁ

t enper atd’ Arhe—t5sot VENU Was evapor at ed to a small volune and then poured
into a 50 ) 1 of gekdryvatersy—The SO forned was TiTtered and a yel | ow
powder Wasw:@b@alsriedﬁ Purification of the crude product by colum ‘
chronatog)raphy (95:5 CHC13 : MeOH) provided 30 ng of

4-acryl am dog *%ﬁ?ﬁ&h@kﬁﬂ Sé@(mm@dl)n 3-yl) pyri nidin-2-

yl ani no) phengf b @5 AdphahiSEE) IONGEZ). MB (M + H#):
251.2; 20 | 300 M—|z) 6 ?pprr) 10.42 (s, 1H), 10.11 (s, 1H),
9.26 (d, 1H, = . 99 (s, 1H), 8.68 (dd, 1H, J = 3.0 and 1.7 Hz),
8.51 (d, 1H, Pgﬂf‘%.‘é“ﬁ@"“‘g“ﬂ% (m 1H), 8.07 (d, 1H J = 1.7 Hz), 7.95 (d,
2H, J = B58 Fethod’a:79 (d, 2H, J 8.8 Hz), 7.45 (m 3H), 7.19 (d, 1H J =

8.5 Hz), 6.47 (dd, 1HJ:167and96 nd1.9
Hz), 5.81 (dd, 1HCompeumisgvespassgyes fﬁz‘)]hlb*éo‘)ﬁ of ?P%}c@{b" d ’i‘%“@% n‘ﬁ%’gﬁ“é“
Conmpound 2 similar to the method described by Invitrogen Corp (Invitrogen Corporation, 1600

Faraday Avenue, Carlsbad, California, CA; world wide web

invitrogen.com/downloads/Z-LYTE_Brochure_l 205.pdf) using the Z'-LYTE™
20  biochemical assay procedure or similar biochemical assay. The Z'-LYTE™

biochemical assay employs a fluorescence-based, coupled-enzyme format and is

based on the differential sensitivity of phosphorylated and non-phosphorylated

peptides to proteolytic cleavage.

Compound 1 was tested at 0.1 pM and 1 uM in duplicate. Compound 1

75  showed a mean inhibition of PDGFR-o of 76% at 1 uM and 29% at 0.1 pM.

Method B
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4- Acryl am do- N- (4- met hy1- 3- (4-pyridin-3-yl)pyrimdin-2-ylam no) phenyl - 3-
(trifluoronethyl)benzam de Conpound 2 1) Methyl

4- acryl amvoaeBrymsi3sobenzoate Me0 HO2C 50 Met hyl
mol ) was added dropwi se to a stirred sol ution of

4- ni - 3- i fl . b i i 0.9, 4.2 I i
carbonate (1.5 g. DAGTRd AR i iar e (BNES o e chipor 4L GPOOBRRE  mi xt ur e
was stirred ﬁ{dYI2-SM>@b&t%tsubﬂa%%gngbﬁrw&lﬁgpﬂl\%a in'Ps kRdded g the the

m xture 10was washed with water, ried over 2SA, was filtered and
was concent r bitféat condgmgradd0oed Trise pblt & MMl 10nM BETAL HideMifet hyl

4-nitro-3- (trifluoromet ) benzoat A.s ti 0 . 87 ) of
et hyl 4-ni { PSPPI Ry0] Do uaite Riffa8) a0 FaMdrEpROaE Ry

nmet hanol S i fer ( 4 i el ol : > m xture
was fil tesrlv{:ald5 ?ﬁdJ f\;cvaﬁ%#é;g]gﬁcﬂg%ﬁ%tg e dEnn%grgﬁiﬁ%gdﬁ%gzi)pggggﬂ%’gem%ltg’ %—%e 0.8 g of

crude mnet hyl bikdmgisoda@ mictatitéd plae ¢0eining, NOO 030 miast 27°@Rvithea 8.61uld.
Acryl oyl chloride %0 was added to a solution of 0.8 g of

.35 nl, 3.65 Mol )
met hyl ~ 4- ani ¥jume o é?%fWéﬁ%mWPl})b@zhﬁ%ﬁ@nwdﬁ preppisd AP V8% g, 8.9

mmol) in 40 Lehl gg;? . 0C - Af t er I L rS.at rt
this soluti O?n&gére\%ggﬁlg%eg W ﬁ&gggg%esegd\l}gny&ég%l? éﬁﬂéggz}gﬁga:sgr @%@éﬁ and
sat ur at ed aqp&mide sikathte niixeandinedtioEneiehad®9 selouts fon 60asingtes &d over Na2SO4
and was concentrated in vacuo to ?i ve a crude product, which was further

purifiedby bnitendly Beniynstasr piag readerdeam G lek YomeekoY OHAEYS t o gi ve
0. 818 ny of il el j i 12 : -

4- Acryl am do&gh—%h%s%otrno ee%zm gwgg{f@%s@ c}%‘%’e&r;ﬁogpésa![c ??’Vreed eggleﬁ%r?lgﬁd g(%r hrrrl\g?rhyl

4- acryl am doredetinrt kindten aodifie stalst®s ng, 2593confdence intarval ahtolTieisumad added 20
mL of 1 N LiOH solytion. The resultin olutiopn.was acidified to pH 1 with
10% aqueous ?—ﬁt‘j‘i‘feé}. nigialvelorlly @;{’%‘P‘é‘&f E’gz +?‘W”f%?§8mf@%eaﬁ%?q 8hs of ethyl
acetate. ThejgemhaeHoRithyblopest @é%gt EXELACE NUeRsaashat Wstis@tibnes)ed
aqueous NaCl, was dried over Na2SO4, was filtered and was concentrated to
dyness i 15 vasubthewplyited agaifs inhibiforichaceniratien ©aypmaied Castrom log[Inhibitor]

vs Response, Variable Slope model in GraphPad Prism from GraphPad Software

i odi #eT(UB2¢h9456095 86

(San Diego, CA). [PDGFRa] = 2-5nM, [ATP] =60 uM and [Y9-Sox peptide] = 10 pM
(ATP Kpapp = 61 uM)
PDGFR inhibition data for Compound 1 and Compound 2 are set forth in

20 Table 7.
Table 7. PDGFR Inhibition Data
Compound # | % Inhibition | Conc. (uM) | ICsy (nM)
1 76 1 172.94
2 91 1 22
PDGFR Mass Spectral Analysis of Compound 1
25 Mass spectral analysis of PDGFR-a in the presence of Compound 1 was

performed. PDGFR-a protein (supplied from Invitrogen: PV3811) was incubated

with 1 pM, 10 pM, and 100 uM Compound 1 for 60 minutes. Specifically, 1 puL of

0.4 pg/ uL PDGFR-a (Invitrogen PV3811) stock solution (50 mM Tris HCI ph 7.5,
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10a white solid. 3)

4- Acryl am do- N- (4- net hyl - 3- (4-pyridi n-3-yl)pyrimdin-2-yl am no) phenyl - 3-
(trifluorwoebtwi2¥isenzam de 15To a stirred sol uti on of PCT/US2009/056025

N (4-nmet hyl- 3- (4-pyridin-3-yl)Pyrimdin-2- ylamno)phenylamne (87 ng, 0.31

010 e pyr Fal SR Ackm b Ard @OF 38t PO Enf SR eer sy or e,
The resul tingaspldeit®9 WSt SIrhpddd 18h 108, DRISO &M contlRrsRn\dENt e r enoved
in vacuo and the residue was 20stirred with 50 nL water to give a yell ow

solid that wabl,asdled pN)bwffer 60 natites 9 (Ruof 30 ;ma kmmoafunt beadounate, 3 oduct by
silica gel chronat Oﬁr,aphy usi.ng 5% CH3OH CH2C12 gave 101 ng of the title

conmpound. 1HNIOR® pslofsetanidy iyP)mbl f(%‘ﬁﬁ‘}“.umllﬂ?%@m(%’% any) Mlgofgy (s, 1H),

9.28 (d, 4dH) 9 8.68 (dd, 1H), 8.49 (m 1H),
8.29 (s, %H)?g/g‘.lzﬁyészﬁw%j@‘}deg?‘g%o%g?erf Hohz"29, (m 3 H). 7.23 (d, 1t|)|),
6.59 (dd, 1H), 6. 28 {rdstic dikdst was 8dal{£d byldliss speclnieter (BIALDEKOF) Aol bi ti on
Assay 5Conpounds were assayed as inhibitors of c-KIT using hunan

recombi nant BM. Kirthe diye g sieine resistwenfqunt piothe PLRGE Rtcoprotiimiewr af4hg59) and

moni toring the. phosphorylati.on .of .a fl.uore i.n-1.abel ed ti substrate
(s T RSPRERRNRL A Mhafha & beilg MERG Rty BSRaEnheE WoflE PR,
MC12, 1 MM BReindredillbdmBs ijoddted Bnte a0pdunkdM]. MER spetih agiigkivbithout t est

conpound, The reaction was started by 10 adding the ATP and incubating for
1 hour al0 r oBKPHcHERstRYET EnsiFicat w&’a@%m?uwéé bemgeoralerily bpnd e PRGERi on of

ana. 5% DVBO, TRRAEBR gFated TS armaghl be sarc el ffimed edeedl L 00 o,

char ge usi ngtiel@shgoepbarOysgimwbi | ity shift. Product formed was conpared to
control wells to determne inhibition or 15 enhancenent of enzyne activity,
c-KIT inhibition data for Conpound 1 and Conpound 2 is provided in Table 6.
Tabl e 6. c- KEOL-pKidbiulardirobfgratiomdseaind # % | nhi biti on Concentration (uM 1

82 15 EOL-1 cells purchased from DSMZ (ACC 386) were maintained in RPMI

(Invitrogen #21870)+ 10% FBS +1% penicillin/streptomycin (Invitrogen # 15140-
122). For cell proliferation assays, cells in complete media were plated in 96 well
plates at a density of 2 x 10* cells/well and incubated in duplicate with compound
ranging from 500nM to 10pM for 72 hours. Cell proliferation was assayed by

20  measuring metabolic activity with Alamar Blue reagent (Invitrogen cat # DAL1100).
After 8 hours incubation with Alamar Blue at 37°C, absorbance was read at 590 nm
and the ICsg of cellular proliferation was calculated using GraphPad. Dose response
inhibition of cell proliferation of EOL-1 cells with reference compound and
Compound 2 is depicted in FIG. 5.

25
EOL-1 Cell Washout Assay
EOL-1 cells were grown in suspension in complete media and compound was added
to 2 x 10° cells per sample for 1 hour. After 1 hour, the cells were pelleted, the
media was removed and replaced with compound-free media. Cells were washed

30  every 2 hours and resuspended in fresh compound-free media. Cells were collected
at specified timepoints, lysed in Cell Extraction Buffer and 15 pg total protein lysate

was loaded in each lane. PDGFR phosphorylation was assay by western blot with
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12881 20B. PDG-R Design Method Using the coordinates for the x-ray
conplex of cKIT bound to imatinib (pdbcode 1T46) as descri bed above, a
honol ogy woael0/823PDGFR- al pha ki nase (Uni prot code: Pl628#)useeis/og@ner at ed.
Ere honnlogy gpdel was built using the Build 25 Honol ogy nodule in
scovery udi g, usi ng the TI- PDGFRa al i.gnment . t. 5
sybstlputabﬁﬁnﬁggpfﬁg dgﬁéﬁﬁ%“}ﬁﬁ%ﬁﬁ?B%fgﬁg?§ﬂ§n%gﬁﬁgg§%9§§€dn?#ﬁt ree-
di mensi ons  tyhedek & oM@ tidtir€lhti GOl BMISO cnbrs! ardrbadewvdrsibleaefsasmicead so t hat
t he warhead woul d forma coval ent, bond with the Cys in the in i site.
The net hodsPogyuidi&enimoned 2 mrigained pyacenpbEian G GIRR in ﬁg ﬂﬁ% R4, and
Cys814 capa%l e LO‘LaSB M RG, (?H&B%%c?ﬁ'ﬁloﬁrgnd. with an acryl am de war head. O
these tenpl ate positions, e bonds that involved the warheads at positions
R2 and R4 involved a cis-conformation of the ami de group of the warhead,
?hlcr |3 Iefs Q[qjgpymd. The 5bond that involved the warhead at position Rl
nvol ved a trans-conformation of the am de group of the warhead, which is
preferred. ' CKl T PoimnrMdatimda t GNNI VWY | DP TQLPYDHKWEF PRNRI 5F G (T | GAGAF

GK MAT AYGL | K5 VKM : A/
K v VEI T AYGL 53@%%%%{2%&@%%@&@%5%% fatikit-GRVI GSGAR

(KIT SAEEXEWEumwlmM WbibteCAGTmblog@rTodel of[EYEIRYkDasq (UMIPRRKR- - -
-, pX, ; TARSSEK

Homology module in Discovery Studio using the cKIT-CSFIR alignment shown.
Then 15 substitutable positions on the imatinib template were explored in three-
dimensions, to determine which could be substituted with a warhead so that the
warhead would form a covalent bond with the Cys in the binding site. The

15  methodology identified two template positions (R, and R) and Cys774 that could

form a bond with an acrylamide warhead.

; I . i . i . 1 \ 1 . 1 - 1

CKIT GNNYVYIDPTQLP\'DRKWEFPRNELS‘FGKTLGAGAFGKVUEF\TRVGLKKSDA%MTVAVKMLKP}
CSFIR GNSYT‘FIDPTQLPYN‘&KWEFPRNNLQFGKTLGAGAFGKVVEATAFGLGKQDR?LKVRVKMLKSl:;
: 1 . 3 : ! . ! . 1 : g :
CXIT SRHLTEREALHSELKVLS?LGNHMNIVNLLG#CTIGGPTLVITEYCCYGDLLNFLRRKR---—g?
CSFIR TAHADEKE#LMSELKIMSHLGQHENIVNLLGACTHGGP§'~LVITEYCCYGDLLNFLRRKRPPGLL%
1 . ] . i ; 1 N 1 . 1 . g
CKIT I 95FLAL{)LEDLLSFSYQVAKGMAFLASKNCIHRDLAARNILLTHGR!,TKICDFGL;
CSFIR ?EYSYNPSHNPEEQLSﬁRDLLHFSSQVAQGMRFLASKNCIHRDVAARNVLLTNGH?#KIGDFGL‘,
: Y . 1 . 1 . 1 - i . ) — T
CKIT {ﬁiARDIKNDSNYVVKGNARLPVKWMAPESlFNCVYTF,ESDVWSVGIFLWELFSLGSSPYPGMPVDS
CSFIR §§ARDIMNDSNVIVKGNARLPVKWMAPESIFDCVYTVQSDVWSYGILLWEIFSLGLNPYPGIL'JNE
) 1 ) A . J : 1 1 ! . ] i

CKIT §SKFYKHIKEGFRML‘ASF'EKAPAEMY&‘IMKYCWDADPLKRPTFKQIVQLIEKQIﬁEﬁTN

CSFIR §SKFYKLVKDGYQMP«QPAIF'APKNIYSIMQACWALEPTHRPTFQQICSFLQE'QAQEBRR

20  CKIT: human CKIT (SEQ ID NO:1)
CSF1R: human SCF1R (SEQ ID NO:3)
CSF1R Inhibition Assay

Compounds were assayed as inhibitors of PDGFR in a manner substantially
75 similar to the method described by Invitrogen Corp (Invitrogen Corporation, 1600
Faraday Avenue, Carlsbad, California, CA) using the Z'-LYTE™ biochemical assay
procedure or similar biochemical assay. The 2X CSF1R (FMS)/ Tyr 01 Peptide
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arr D5F LAIDLEDL LSE 5YQV AKGVAF | ASK NCIHRCOL A ID
DGFRALpHAQRS5LVDRPASYKKKSM . D5EVKI UL L 5011 /NSEIT | _ I DL L 5F TVQVARGVEF
LASKNCVFIWROI2010/028236 PCT/US200085402% LI H
GR I TK | CDF G ARDI KND5NY V VK GNARL PV KWWVAPE5S | FNCV VI F E5DVW% VGE

ARNV L LAgA ¢.VK | CDF d . .ARDIM TE LBV, I IINeY T T
LSDWEYG S R ST AR A A N VA ST B

| KRPTFKql  pC o RATAIATH I AF DO TIP Kinh /IR0 cphiisste &Ko Gy Rk 3ARHASF BE VYE 1| W
CWNSEPEKRP5FYI -1 L CKITVQL | EKQ . 5E5TN pDEFRALPHA L5EI VE 10 CKIT: human
CKI T (SEQ | mmsmm&mﬁem@mswwwgé&%ﬁw&%% BREG . BONeM2)
PDGFR | nhi bi tj : inaseW R :

i nhibitors o?\h I %E%%%N%Lﬁe%?ﬂlseﬁlb%%uérﬁlpegl 'y gt%qﬁ%%'glgn’ﬁg@éggﬁgzg

descri beds by dilowert ofdger]dpotgnt Reagent Bogsrad@at.por at i on, 1600 Faraday Avenue,
Carl sbad, California, CA, world w de web

i nvi trogen. com doWohngadsd ZshoWéd Broedftibiciod 2@8npdfJF IRsdtnguihandZ” - LYTETm 20
bi ochem cal assay procedure or similar biochem cal assay. The Z"-LYTETm

bi ocheni cal &®sppuadpisbysed8P idrbitionpgany4sddR 8dQpMed- enzyne format and
is based on the differential sensitivity of phosphoryl ated and

non- phosphoryl at ed peptides to proteolytic cleavage. Conpound 1 was tested
at 0.11.IMa1rM 1(9§ l\(liln duplicate. Conmpound 1 25 showed a nean inhibition
of PDGFR-a of138sPEtr4l apabps 4883 2906 at 0.1 1. 1M Method B Briefly,
10X stockoof PDGFRaast Bye&alanaBRzsynm, uséd doddetdiitnd ABEBAT orapslind 2w&0x pept i de
substrates (KCZ1001) was prepared in 1X kinase reaction buffer consisting

of 20 mM Tri sovaent malifig ofitd S 81 L S RefOr (9argALD) svagtimcibated Wi opp@ysgRat e, 5%
glycerol ( 10)(<1\/lsv$ § %17)@%@6‘)& fad}gegdegs r@grqg Eyf)t[i%:sgi%%é’?oh. Iodoacetamide was

used as the alkylating agent after compound incubation. For tryptic digests, a 2pl

aliquot (0.09ug/nl) was diluted with 10 pl of 0.1% TFA prior to micro C18 Zip

15 Tipping directly onto the MALDI target using alpha cyano-4-hydroxy cinnamic acid

as the matrix (Smg/ml in 0.1%TFA:Acetonitrile 50:50).
For tryptic digests, the instrument was set in Reflectron mode with a pulsed

extraction setting of 1800. Calibration was done using the Laser Biolabs Pep Mix
standard (1046.54, 1296.69, 1672.92, 2093.09, 2465.20). For CID/PSD analysis the

20  peptide was selected using cursors to set ion gate timing and fragmentation occurred
at a laser power about 20% higher and He was used as the collision gas for CID.
Calibration for fragments was done using the P14R fragmentation calibration for the
Curved field Reflectron. Database searching of the tryptic digest of CSF1R
identified it correctly. Incorporating the Compound 2 modification (518.17) also

25  identified the target peptide expected NCIHR (MH+ 642.31+518.17=1160.48) as the
only modified peptide present. PSD analysis of this peptide signal (1160.50) gave
enough fragments to allow for a database MS/MS ion search which verified the

sequence of this peptide.

30
D. ABL

Design Method
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55 JAL of enzyne were pre-incubated in a Corning (#3574) 384-well, white,
non- binding surface mcrotiter plate (Corning, NY) for 30 mn at 27C with
a 0.5 tL wol2om2843650% DMSO and serially diluted conmpoumrds/uyse@pas@dsi n 50%
DMSO. Kinase reactions were started with the addition of 45 pt of the

ATP/ Y9 or Y12- Sox i ' [ .30-.9. seconds

for 60 m nutes at "%ﬁ%{hg%gg@%%sﬁg?h?ﬁ §§g§1r?g}r% gfzggrg%) g&fdété %Stu?ip om Bi oTek
(W nooski, VTpdbcade tl hé6 cariebartied abefe, @ homohpgayodepoDYBEISnaE (VRPrdtr om each
wel | were exanm ned for |inear rgﬁiéi on kinetics and fit ,stgtaj stics (R2, 95%
confi dence i rfPdFVAPI19) Bes pERcsate ¢ hagelqgrgyedel wias built ugiag $ig BYld 0 ni nut es

to 20+ m nut §3dmblo@IMRAGH ih BAEINET Wadio Heihe il am-ﬁeggali;gaﬁleﬁd BGmof a plot

of relative fluorescence units vs'tine (mnutes) 15an hen pl otted agai nst
i nhi bi t or Scondentin diréadimensions.ithat esubssmtablapasitmgl lon thdintatin}b tempRéesponse,

Vari abl e Sl ope _nuodel | aphPad Pri.smfrom G aphPad Sof tware .(San Di ego,
CA). [PDGFRa]™&® E’-‘@"Wﬁﬁo gi?‘gj’n acty ‘é(ﬁfcﬁle%@- 8y aﬁQﬁ*ﬁF‘&‘eﬁoné Wi ‘?‘F QIEY] EATP
Kmapp =61 p, Nh the binding site.PDQ%Beihamlb'%f- identifled o feRipl 40 pORYN o} adbfatffenpound
2 are set forth in 20Table 7. Table 7. PDGFR I nhibition Data Conpound # %
| nhi bition Cdre.thityomd heasedifiedy) 1 76 1 172.94 2 91 1 2.2 PDGFR Mass
Spectral Analysis of Conpound 1

1
i Py 1 | | K

i ¢ " 4 1 . ) —— ! ; , 1 .
CKIT JGNNYVYIDPYQLPYDHKWEFPRNRLSFGKTLGAGAFGKYVEATAYGLIKSDAAMTYAVKMLKP |
ABL j----GnHDPSSPNYD-KWEMERTDLTMKHKLGGGQYGEVYEG ----- YWEKRYSLTVAVKTLKE

]
Kl
1 i i i

i ; N 1 X N " i s
KHT SAHLTEREALMBELKYLSYLGNHMNIVRLLGACTIGGPTL

{ .
TEYCCYGDLLNFLRRKRDSF E

TLYI L
%& E%T"MEVEEFL&EAAVM&EIK’HPNLVQLLG?CTREPPFY!ITEFMTYGNLLDYLRECNR--Qﬁ
b i
¢ I . L . 1 . 1 . 1 . L i
CKIT }RLQLEDLLSFSVQV#KQMRFLASKNCIHRDLAARNILLTﬂGRITK!:DFGL#RD{&NDSNYVV£
nBL IE¥SAVYLLYMATQISSAMEY LEKKNF IHRDLAARNCLYGENHLYKYADFGLSRLMTGDT - YTA
! ! :
: ﬁt , 1 . t , i , 1 . ] . 1 i
CKIT ;*G&ARLPVKWMAPESIFNCVYTFESDVWsYGIFLWELFsLGSSPYPGMPV&SKFYKMIKEGFRi
ABL IHBAGAKFP IKWTAPES LAYNKFSIKSDVWAFGYLLWEITATYGMSPYPGIDLS -QYYELLEKDYR !
;E
; . 1 . o . L . ) - 1 , i .
CKIT {HLSPEHﬂPAEMVBIMKTCWDRDPLKRPTFKQIVQLIEKQI&ESTN ------------- b
1&& gMERPEGﬁPEK?YELMRRCWQWNPSQRPSFAEIHQAFETMFQfSSISDEVEKELGKRGT

CKIT: human CKIT (SEQ ID NO:1)
ABL: human ABL (SEQ ID NO:4)

15 Example 2. Irreversible Nilotinib
Nilotinib is a potent reversible inhibitor of ABL, ¢cKIT, PDGFR and CSF1R
kinase. Using the structure-based design algorithm described herein, nilotinib was
rapidly and efficiently converted into an irreversible inhibitor that was shown to
inhibit cKIT and PDGFR.
20
F3
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25Mass spectral analysis of PDGFR-a in the presence of Conpound 1 was
performed. PDGFR-a protein (supplied fromlnvitrogen: PV3811l) was incubated
with 11. WD 20020282886 and 100 t M Conpound 1 for 60 m nut e®CTESe@vif@as |y, 1
tL of 0.4 1.1.g/ tL PDGFR-a (Il nvitrogen PV3811) stock solution (50 nM Tris
HC1 ph 7.5, - 67 - 150 M NaCl, 0.5 nM EDTA, 0.02% Triton 100, 2 nM DTT,

50% gl ycerol) was added to 9 uL of Conmpound 1 in 10% DVSO ( i‘na
concentration of 1 uM 10 uM and 100 uM. After 60Q nlnutes 9 uL of 50 MM
amoni um bi carbonate, 3.3 uL of 6 M i odoacet ami de R G

bi carbonate, and 1 uL of 35 5ng/ uL trypstan was gdded tQ e reaction
The tryptic digest was analyzed by mass spectronf | ) at 10 uM
O the five cysteimg residwes fou S PDGF%!a, pr otlg] of the
cyst ei ne residues wer f Qe T i i ¢ gde, while
the fifth cysteine resi ified by the conpqmnd 1. SS spegtra

anal ysis of the 10 tryplli c di gests wag igtent with Conpbund 1 being
covalently bound to P Vein ] B/ M5 anal ysiBiof the tryptic
di gests confirned puesenceYof theR&Conpouny 1 at Rys814. EQL-1 Cellul ar
Proliferation Assay 15ECL-1 cells purchaspd from DSMZ (ACC 386) were

mai ntained in RPMg(Invitragen #23870)+ 1R% FBS +1% peni cillin/streptonycin
(I'nvitrogen # 15140- | I” proliferation assays, cells in conplete
media were plated in 96 mell ates at a density of 2 x 104 cells/well and
incubated in duplicate with c ound ranging from500nMto | OoM for 72
hours. Cell proliferati was-Mssayed by 20 nmeasuring netabolic activity
with Al amar Bl ue r®&gent (Whvitrogen cat # DAL1100). After 8 hours

i ncubation with Alamar Blug at 37C, absorbance was read at 590 nm and the

| C50 of cellular prollferakgon was cal cul ated using GraphPad. Dose response
i nhibition of cell prollferatlon of EOL-1 cells with reference conpound and
Conmpound 2 is depi ct ed Nibothlifeniplat2 BI-HPL- 1 Cel | Washout Assay EOL-1 cells
wer e grown |n susp ﬁﬁlon in conplete nmedia and conpound was added to 2 X
106 cells per sanﬁ$ for 1 hour. After 1 hour, the cells were pelleted, the

medi a was renoved BRGLRIMALS R %Metxhr? ﬁl&&%ffnﬁlﬁﬁmﬁ%@hﬁd td &bl (PdRiE Was hed
30 every 2 hours and resuspended in fresh conmpound-free nedi a. I'Ts were

col | ect ed>at 3} iwas thamedrém ﬂlesorotleylghl@hbamk (Xedmld E)@ter\wbt licon o f Thﬂ: and 15

1.1.g total protegin | ded osphoryl ation
was assay by \R@%ﬁ%ﬁlﬁ Cﬁfnglpgw T e’é‘gﬁftgd é?‘bgﬁ ‘?lﬂg&? e uf%”Ptg“ #ﬂe results
of this ex permFafﬁmmmrdﬁmm% bounfkSABS. wbrehi@enitifiell S TREQWA shbakuthigk at i ve
to DMSO control and to a reversible reference conpound, Cbnpound 2

mRi nt ai ned erP§ieNs A ihsiniogAibdempatHE- 1 iweeiexplogss in shrae-dispensigas kout *  af t er

0 hours and 4cRouER wiciFeotPbd Ritafld wik taraﬁf?)roacetamlde warhead to form a

10 covalent bond with the Cys in the binding site. The methodology identified no

template positions or a suitable Cys that could be modified

B. PDGFRa
A homology model of PDGFR alpha kinase (Uniprot code: P16234) was
15 produced using the x-ray structure of nilotinib bound to ABL as a template (pdbcode
3CS9). The homology model was built using the Build Homology module in
Discovery Studio using the ABL-PDGFRa alignment shown. Then, 14 substitutable
positions on the nilotinib template (II-1) were explored in three-dimensions to
determine which could be substituted with a warhead to form a covalent bond with

20  the Cys in the binding site. The methodology identified one template position (Ry;)
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Usi ng the coordinates for the x-ray conplex of cKIT bound to imatinib
(pdbcode 1T46) as descri bed above, a honol ogy nodel of CSF1R ki nase

(Uni prot WO 20e823P07333) was generated. The honol ogy mpdEIUSaM@s/0bwRdt usi ng
the Build Honol ogy nodule in Discovery Studio using the cKIT-CSFIR

al i gnment sh : [ L gopl ate
wer e expl Ore?@ﬁ“%%éégﬁﬁﬂgg%ﬂgﬁg ??éﬁdggerﬁaﬁ%ﬁvﬁﬁ% ouclrﬂg) ar% gmb Stituted
wi th a war headarbeadt Madmpdvad Bawhehdonnitsd dhivroactantidaheny;, \bmnvble‘slhed,he Cys
in the binding site, The 15nethodol ogy identified two tenplate positions

(Rl and R2) amcdw@ys%Mnn 1 war head. i

12 1,1. ,1GNRyvLYl JAYG L

| KSDAAMT V AVkodéMe 1TEENSYG M AT AFGL
GKEDAY 1, V AVKM.KS JVNL LGACT 1
GPTLVI TEYCCY,@LML HADEKE AGVBEr KT VBR = GaRESNTIVNL  LGACT
HGGPVKLY 1 T B V COY-EOEENF—ERRK-RPP—G i

[ 135F 1 AuBLEDlsr
EY SY NP SHNTE’EEQ L~ 3
I G:]:Gl ’PDGzRN.PHA .
E45DVWSYA F L’\‘?\ELFSL

T GBDWASYG L AME.| FriSHEENERYRGE: 1 WKts XK RIMEREAPR
TOWDAPP LKRP F FKQI“¥4 O <L PSTRIN Y SR EERECYCRMAR AT R RRN | Y5 | MOACWA
LEP T 1- 1RP T.EQR - : NG 1) CSFIR

hunman SCF1R (“BEQ | D*QRG’B')QECSFDIR IEh"ﬁi“’dl tion Assay Corrpounds wer e fassayed as
inhibitors of PDGFR in a manner substantially 25simlar to the nethod
described by Invitrogen Corp (Invitrogen Corporation, 1600 Faraday Avenue,
Car | sbad, 5CalHDGFRA&PHEA) hunsinRDGRR e ptiYApha( BEQADEY®@al assay procedure
or simlar bixBbhehumah ABIS@GEQ Mhal(RX) CSFIR (FMS) / Tyr 01 Peptide Mxture
was prepared in 50 mM HEPES pH 7.5, 0.01% BRI J-35, 10 nM Mgd 2, 1 mM EGTA.
The final 104 Ki ngsepffeaction consisted of 0.2 - 67.3 ng CSF1IR (FM5) and 2
i.tMTyr 01 Peptide in 50 mM HEPES pH 7.5, 0.01% BRI J-35, 10 mM MgC12,1 mM
EGTA. After the 1 AbomokignaseleRefAcSl dhkinasubhiprongods: PO13385 was firod@&d

10 using the x-ray structure of nilotinib bound to ABL as a template (pdbcode 3CS9).
The homology model was built using the Build Homology module in Discovery
Studio using the ABL-CSF1R alignment shown. Then, 14 substitutable positions on
the nilotinib template (II-1) were explored in three-dimensions to determine which
could be substituted with a warhead to form a covalent bond with the Cys in the

15 binding site. The methodology identified one template position (R;;) and one Cys
(Cys774) that could form a bond with a chloroacetamide warhead.

| : H !
JCSFIR §GNSYTFIDPTQLPYNEKWEFPRNNLQFGKYLGAGAFGKVVE&Y&FGLGKEDAVLXVAVKMLK
K

5
p.Bt ; GAMDPSSPNYD-KWEMERTDI TMKHELGGGOYGEYYEGYWKKYS-- - - - LTYAVKTLKE
1 I . I
CSFIR ‘TkHADEKEALMSELKIM:’SH&GQHENIVNLLGACTHGGPVLVITEY CYGDLLNFLRRKRP
JABL ;D?’ -MEVEEFLKEAAYMKEIK-HPNLYQLLGYCTREPPFYIITEFMTYGNLLDYLRECN-

L
: ! i . 1 : 1 ! 1 L . :
o 3 O A S A B A I B NI I AN NN PGLEY - -~ «- -~ -
ABL Tttt
: " 1 i L 1 1
;FsFm R SYNP- - - - - oo SHNPEEQLSSRDLLﬂPSSQ‘VAQGMAFLASKNCIHRDVA
ABL I e At RQEVS&VVLLVNA}'QISS&MEYLEKKNFIHRDL#
| i
N 1 i | t :
ksEiR ;ARNVLLTNGHV&K150FGLARDIMND$~V1vKGNﬁRLvawMAPEsIFDcvavQSDvwstI
ABL (ARNCLYGENHLYKYADFGLSRLMTGDY - VT&HRGAKFPIKWTP-PESLAVNKFSIKSDVW&FGV
: : 1 " i i i
;;CSF]R GLLWEIFSLGLHEPYPGIL VNSK#YKLYKOGYQMAQPAFRPKNIYSIMQACWALE:PTHLRPTF QQ1I
M ;LLWEI&TYGM&PVPGI L5- QVVELLEKD‘YRMERPEGCPEKVYSLMRACWQWNPSURPSF AE I
S i . t i . I , L . i
CSFIR CSFIQEQAQEDRR- -~ - - -TTTT

ABL HHQAFETMFQESSISDEYEKELGKRGT
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5 dilution of Devel opnent Reagent B was added. Compound 1 showed 72%
i nhi bition against CSF1R at 101.tM and Conpound 2 showed 89% i nhi bition
agai nst CG8B2RARSBOL. t M Mass spectral anal ysis data 10PETAISI@OO5602%

anal ysis was used to determ ne whether Conpound 2 was a coval ent nodifier
of CSF1R. CSF@{B? ﬂ%&%éﬁ ted wi th Conmpound 2 (Mwv 518.17) for
3hrs at 10X ex %mt%%?‘t é(érp ﬁkFy' stion. |odoacetam de was used as
the al kyl ati ng agen ound ncubation. For tryptic digests, a
21.11 aliquot (O. 0911.g/|||) was diluted with 101.1.1 of 0.1% TFA prior to
mcro Cl8 Zimpl5 Tigai ng directly onto the MALDI target using al pha
cyano-4-hydroxy cinnamc acid as the matrix (5nmg/ml in 0. 1%FA: Acetonitrile

50:50). For /txhywplquaw@é@%cKltTH@nasnéUnmwpdmd’slOgét)wns Reducedt r on

node with a 0 usi ng
the Laser Bio I%qg?bg )%I Clt gglﬁéf n?@Bﬁ%ndéﬁ Aoebg%g tfgnpq%g%éd b‘ggée g@%@

2465. 20) . ForTI@IHa/an‘&Eg}amadi@{Sﬂfas butieuszt); the Build¢omeslogemedledn Dedcoge UFSOFS to
set ion gate timng and fragnentation occurred at a Iaserbﬁower about 20%

hi gher and HeOWM#ES “é%‘gdheaéBi‘HéG&ﬂ ’Igfl%‘ieBtrf'h@% flden.diipubgtipialeosigiang on
fragnents was,dpigidist 1&9%113%% ng@@@@ M&mlﬁéhglglﬁsggg;og&@m&%gl Curved

field Refl ectron. Dat abase sea e tryptic
identifidd®i tcwkﬁrbeaubktyuteﬂmdrq)dﬂabammﬂde w@oingad tion tbrd avedbiafentadridowitlf 518. 17)

al so 25identifi ide e d NCl HR

545 314516, 174 E8piniBs bita wRO AN oot Rrda fubisrtmo PESER (RPLS! ysi s
of this peptichg @ygrgs). (1160. 50) gave enough fragnents to allow for a

dat abase Ms/ i on search which verified the sequence of this peptide. 30

D. ABL Design Method WD 2010/028236PCT/ US2009/ 056025 Usi ng t he coordi nates
for the x-ray conplex of cKIT bound to imatinib (pdbcode 1T46) as gescri bed

above, a hongogy neHel; of T 2ABL RIS S L FoTCEEride: T POSE9)y s L Dpner at ed.

The honol ogy nodel Wwas bth using the Build Honol ogy nodul'e in Digcovery
St udi 0 usi ng whe ck gﬁlﬁ*ﬁeBlsMalgsg rggn@ns g ﬁThsenwunsvtch\rceet-wmwemrgf , the

MEVEEFL 1K-HPNYL REPPFYIITEFMTIYGNLLDYLRE

sy
QL G
15 substi tut a%l e pOSI[I ons-on- the rHatihr D tenprate were exptored §o place
an acryl am dewwar heamh it O THaae G Ot e » oD e T Wi A T 41 ,.m. oo imiey pi ndi ng
AVY ATQI-SSANEY Lﬁi D AARNCL ¥ RM A
site. The rretéﬁodolo\ det &Y Shprrat et post Rt ér e st '1e Cys
t hat coul d bemrmdl ftﬁdRLPkaﬂlPESIFNCVYTFESDVWSY:;IFLWELFS CSTPVPCHPVOSKEVEMTREGFR Sl
H&QAKFPlKWTAPESLRYNKFﬁIKSDVWAF‘GVLLWEIAT YGHMSPYPGIDLS -Q¥YELLEKDYR
E!CKIT EMLSPEHQPAENYDIMK?CWDADPLKRPT KQl VQ Eﬁ‘,QlSESTN-~-|<‘—'-—----| El
E,QBL EMERPEG#C;F‘EK'I\‘EI.MR#‘\CWQW‘!\IPSORPS AEIHQAFETMFQESSISDEVEKELGKRGT

15  CKIT: human CKIT (SEQ ID NO:1)
ABL: human ABL (SEQ ID NO:4)

Synthesis of Compound 3

20

Scheme 3-A
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vy 0 1L, r rNNY VY 1DPTQLP YDH (WEFPRKRI . _5FQ CT L GAGAFXKV YEAT Ay G |
KSDAM T V AVKNI LKP :, ;- - - - GAMOPS$PNyD- KWEMVERTDI JI | KHI ( LGQYGEVYE- G
VWKKYS L T\WOKD 10KES236 11 i11i SAHL TEREAL_MSE LK YLSY LGRENNIS2088105d0GACT I
GE3P T L V1TEYcCYGDL LNF LRRKRDSF L ipT - -nEvEEFLACEAAVT AXElI K - HPNI .
LGYCTREPPFY/ | TEFmI, YGNL LDYLRECHR , ," ,rll i1 ALEI LEDL

L5FSYQVAKAMAR HRDLAA B -84BLT | K- ND5 va
LyMATQ SSAI\/EY%%E@J)k B%[].A%leh% ﬂ AD?G_@%[ L% Aﬁ\/]/l% 111
liii;,)(FPI KW LAy NKFS| KSDVV\AE@V NMe;

yGrSPYPA DL5-- QVYE. | . LEKIFrR I ,ilrll ..

P, | LSPEFI f | VPAETt | yDI M(TCV\DADP LI CRPTFKCI | Vi r EK, QL5ESIN pl E RPEGCP
EKVYELMRACWOMWP SoRPSFAEI HQAFE TMFitIE SS 1|5 DE VEKE L &K RGT CKIT:
human CKIT (SEQ ID NO 1) ABL: human ABL ¢8EQ|I D NGO 4) 15Exanple 2.
Irreversible Nilotinib ¢

H Q H Q
‘ N\\rN OH | N\\rN O/
=N & =N

=N

Intermediate C

a) NH,CN, EtOH/HCI, 90 °C, 15 h, b) DMF-DMA, ethanol, reflux, 16 h, ¢)

NaOH/EtOH, reflux, 16 h

Step-1: To a stirred solution of the aniline ester (5 g, 30.27 mmol) in ethanol (12.5

5 mL) was added conc. HNO; (3 mL), followed by 50% aq. solution of cyanamide

(1.9 g, 46.0 mmol) at rt. The reaction mixture was heated at 90 “C for 16 h and then

cooled to 0 °C. A solid precipitated out which was filtered, washed with ethyl

acetate (10 mL), diethyl ether (10 mL), and dried to give the corresponding

guanidine (4.8 g, 76.5%) as a light pink solid which was used without further
10  purifications.

Step-2: A stirred solution of 3-acetyl pyridine (10.0 g, 82.56 mmol) and N,N-

dimethylformamide dimethyl acetal (12.8 g, 96.00 mmol) in ethanol (40 mL) was

refluxed for 16 h. It was then cooled to rt and concentrated under reduced pressure

to get a crude mass. The residue was taken in ether (10 mL), cooled to 0 °C and
15  filtered to get the corresponding enamide (7.4 g, 50.8%) as a yellow crystalline

solid.

Step-3: A stirred mixture of the guanidine derivative(2 g, 9.6 mmol), the enamide

derivative (1.88 g, 10.7 mmol) and NaOH (0.44 g, 11.0 mmol) in ethanol (27 mL)

was refluxed at 90 °C for 48 h. The reaction mixture was then cooled and
20  concentrated under reduced pressure to get a residue. The residue was taken in ethyl

acetate (20 mL) and washed with water (5 mL). The organic and aqueous layers

were separated and treated separately to get the corresponding ester and Intermediate
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Nilotinib is a potent reversible inhibitor of ABL, cKIT, PDGFR and CSF1R
ki nase. Using the structure-based design al gorithm described herein,

ni | otini bwaasiwegisddl y and efficiently converted into anPCTriSe@oosdke

i nhibitor that was shown to inhibit cKIT and PDGFR. 20 Nilotinib R1

Ni lotinib terpl - rydj rhhe oXer of
N otin b bodpEetidy %&&%%@%&@%ﬁa@%ﬁ%ﬁ%@ 'S Wh@éb&g}%‘ﬁx
dat abank (worwiknva editeesblid pedrigitagdd. okh&he pascitiitaat eas ffterdd) diiddindiexdess

extracted and all protein s residues wthin 20 angstrons of nilotinib
when bound t OVABL WA r EMOYEH 4 i28ePTOPHe (1SRN, 9¥EY tt‘%f‘%ﬂﬂ £38smloks 8t t he

nilotinib te ol r | I 0hi f QRS tgnd i ne
whi oh coul o' BeLURLt T Ged By Th B e samit s LM R AR, Qo EhEh T,
coval ent Bondppin):2.3hés, B3, 1.36 (e =bl W4 Hg, Bil}, §.53Tlde) red. $voHia] bigy 7kdan fi ed

mn:l : Hal tigy, 7
oot ony - o o) ohas . aton Bt s 0 b Atk Bras8ab Hiamd st Bhonaced
usi ng the x-rgyg ghsr 1gy,9r1& Qf 11, '99|5i(5',i 1hi)b01%%rg£ﬁ£@hra%§wa? %mha@ﬁ pmgbcode

3CS9) . The honol ogy nodel was built usi'ng the Build Honol ogy no ein
Di scovery St ddimlusiing NaSOaBandOEcRetra¢d gndee me¢dushd pressuft ém getlthe ester of

substi t ut abl 0Si t.i 0 on the nilotini enpl at.e, (11 - were explored in
t hr ee- di nensﬁgﬁgn?%atﬁrekf & i Sahde it ‘é’%?‘lﬁhﬁé PUTIHEY i%é’ &%‘iﬂ“%ﬁ%ﬂt P¥ad to
form a caval 8t0H60d 20intid3h 20EOL/EME 1, N 0V918 tdbodhdest& dfantelhRaiRE Co@0I400y
identified one tenplate position (RI') and one Cys (Cys814) capabl e of

formng a covareAteboMaoNd-t h a chl or oacet ani de war head. Conmpound 3, which
contains a chloroacetam de at Rl1l, was synthesized. ,iitltl

Scheme 3-B
O,N CF
2 \C[ 3 Step-1 ON \(:[CF:, Step-2 HoN CF,
NH; a b (:[
N(Boc)z N(Boc),
15  a) (BOC)0, DMAP, Et;N, THF, b) H,, Pd/C, CH30H

Step-1: To a stirring solution of the nitroaniline (0.15 g, 0.7 mmol) in THF (0.3 mL)
was added E;N (0.11 mL, 0.73 mmol) and DMAP (0.05 g, 0.44 mmol). To it was
added BOC anhydride (0.33 mL, 1.52 mmol) and the reaction was allowed to reflux
20  for 5 h. The reaction mixture was then cooled, diluted with THF (15 mL) and
washed with brine (5 mL). The organic phase was separated, dried over Na,SOy,
filtered and concentrated under reduced pressure to get a crude mass. The crude
product was further purified by column chromatography (SiO,, 230-400 mesh,
Hexane/EtOAc : 8/2) to get corresponding di-Boc protected aniline (0.25 g, 88%) as
25  awhite crystalline solid which was taken for next step without further purification.
Step-2: A solution of Boc protected aniline (0.25 g, 0.62 mmol) in MeOH (5 mL)
was hydrogenated (Ha, 3 Kg) over 10% Pd/C (0.14 g, 0.13 mmol) at 20 °C for 12 h.
The reaction mixture was passed through a short pad of Celite®, concentrated under

reduced pressure to get the corresponding aniline as an off-white solid (0.18 g,
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?0..,, 1GHEY | YYDPMALPYOSRWEEPRDLVAGRYLGSGAECKYVEGTAYGLSRSQPVIMKVAVKM KP -

- - GAMDPS55, PNYD- KWENI ERTDI TAKI 4K L GEGQYGEVYEGWIKK VS LTNAVK T LKE I'l1'1 It
lt..... I'WORSOEKEEM SE LKI I | THLGPHLNI VNL L GACTKS, GP | PR’TJUSIZOOTE?{@ESKGC]_VNY
Lti KNR1) 5F L OT- - MEYEEPI XEAAVM LCl K - HPNLVQLLGV, CTREPPEY |

L SFERNCDNOMKCRDTT MR RRy AR Mrpd Bt 5pyc 1328 AT,

PR5L YDRPASYKK¥&IVE D3aviKD) LSDONSEGLT LI DL L5FTYQVARAMEFL ASKNCVHROL A , 4
RQEVSAWL LYMATQLS5A- MEYLEKNFIHRCL A .. tltll1l

ARNVLLAI gq4ki VKI _CDFGLARDI MHD$NYV5- 1( 4: $5FLPVI CWWAPESI EDNLYTT LSDYWsSVA
ARNCLVSEE41- %M@F@_SRLMI’GDT- YTAHAGAKEPI KWTAPESLAYNKFSI KSDVWAFGV |, 1 i

1lti
H CF;
[ &(N/\OCOOH ’ N(BOC),
N H, CF, step 1 ’K(
AN + N\C[ a | N
l N(BOC), i

~N

=
Intermediate C Sty | ~N
CFs b

NH,
H
| N
_N

IS

5 | N Intermediate D

a) HATU, DIEA, CH;CN, 85 °C, 16 h, b) TFA/CH,Cl,, 0 °C to 1t, 3h

Step 1: Coupling of Intermediate C with diboc protected aniline in the presence of

HATU, DIEA in acetonitrile can provide the corresponding amide

Step 2: Deprotection of the Boc groups to give Intermediate D can be accomplished
10 by treating the amide with TFA in methylene chloride at 0 °C and then warming up

to room temperature.

To a stirred solution of Intermediate D (0.1 g, 0.22 mmol) in THF (10 mL) at

0 °C was added Et;N (0.033 g, 0.32 mmol) under N,. Chloroacetyl chloride (0.029 g,

15  0.26 mmol) was added dropwise with stirring and the reaction mixture was allowed
to come to room temperature and was stirred for 12 h. The reaction mixture was
concentrated under reduced pressure to give a residue, which was taken in EtOAc

(10 mL). This solution was washed with water (2 mL) and the aqueous layer was
again extracted with EtOAc (2x10 mL). The EtOAc fractions were combined and

20  were washed with brine (2 mL). Following drying over Na,SO; and filtration the
EtOAc solution and was concentrated under reduced pressure to give crude residue,
which was then purified by column chromatography (SiO,, 60-120 mesh,

CHCl3/MeOH : 9/1) to give III-14 (50 mg, 43%) as a pale yellow solid. 1H NMR
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. il. LVE | FS | GGTPYPGUWOSTr YNKI | ( S4AYRMAKPOHA T$: EYYE

| MVKCW SI SEPt' CRPSF Yttl, A OANE | AT YGVSPYPA DL5 Q(YEL
LEKOYRNERPE@GR/(EWELNRAQAQANPSDRPSF AEl ., i 1111 ; BETIUS2000Q56M23$
ETMFQESS | SDEVEKE LGKRGT PDGFRALPHA: human PDGF Receptor Al pha (SEQ I D

(Uni pr ot cood DRI 98% Pl ?ﬁ?"&k@fﬁméﬁﬁ R IR Rt s b "o

nilotinib bowes-890ABL 1S $04 @rmlzaﬁz@}(zpdh% Ie9 BCoH). 8131@1 Uw@b@% IirHslel was

built using the Build Honol o dule in scovery Studi o using t

ABL- CSF1R al idgtthidnd =shbwHz, ﬁ67;(dd shiibs0i& di7adie lblc)s? 16 endHarp. 261@ J=
| ot bt e on hr eez di ns to determ ne
ni lotini erﬂf’iﬁEblsl{l Pz;%) 5 e E@W\k\lalﬁg f Vs S34 f@&iﬁ

whi ch coul d bé su ormi & coval ent bond with the
Cys in thé 15binding site. The nethodol ogy identified one tenplate position
(RI") and one Cys (Cys774) that could forma bond wth a chl oroacetam de

war head. CSFI%&EN?MW‘E]LPYNEKV\EEPRHNLQEG CTLG GAFCKVVEATAFGL4KEDAV
LKVAVKPI LK5 A6t - ?&Iﬁ@lg@dg}@@gluﬁg Bl IMdkr LHG \‘{%gg Y3 %’gg AVK T
LKE CSFI RTAHADEKEALt el E’LK | GQ—I(I)ENI Vt(|£ L L % é I CCYCEt |
LNFLRRKRP - [ife cK NBvkibitiotEAdy- MED GFK inhibiNoiGksal GACTIREPRPYanpld EF Whe YGNL
LOY LRECN- - da’%ssllzllovRved that Compound 3 was a potent inhibitor of ¢cKIT (ICs9 = 0.7 nM) and

10  PDGFR (ICs = 9 nM). (Table 8)

Table 8. Compound 3 Inhibition Data

Target ICsy (nM)
cKIT 0.7
PDGFR 9

PDGFR Mass Spectral Analysis

15 Mass spectral analysis of PDGFR-a in the presence of Compound 3 was
performed. PDGFR-a (43 pmols) was incubated with Compound 3 (434 pmols) for
3 hours at 10X access prior to tryptic digestion. lodoacetamide was used as the
alkylating agent after compound incubation. For tryptic digests a 5 ul aliquot (7
pmols) was diluted with 10 pl of 0.1% TFA prior to micro C18 Zip Tipping directly

20 onto the MALDI target using alpha cyano-4-hydroxy cinnamic acid as the matrix
(5mg/ml in 0.1%TFA:Acetonitrile 50:50).

The tryptic digest was analyzed by mass spectrometer (MALDI-TOF). Mass
spectral analysis of the tryptic digests was consistent with Compound 3 being
covalently bound to PDGFR-« protein at Cys814. (FIG. 7) MS/MS analysis of the

25  tryptic digests confirmed presence of the Compound 3 at Cys814.

¢-KIT Mass Spectral Analysis
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ABL PGEY SHNPEEQL. 55RDL LHFSSQYAQGVAFL ASKNC | HRDy A
VSAVYL LYMANI SSAMEYLEKKNF | FI RDI A ARNV L LI NG_HVAK | GDFGLARDI MNDSNY |

VI (611ARMWONKINARE6l F DCY Y T VQBDVWSYA ARNCL VGENHLVRUADSGWSBENETCDT - Y
TAHAGAKFP 1 KW APE L AYNKI KSDWMAEGY L LWE | FS LYPG LV

VPG - QIYEL LEKOYRERPE SRR B PR S monlF aeST roncenr
ABL! 1- 1QAFETMetilafibed. SHiakifidEHy, k- KAKRGdse (86 pmols) was incubated with Compound 3
(863 pmols) for 3 hours at 10X access prior to tryptic digestion. lodoacetamide was
used as the alkylating agent after compound incubation. For tryptic digests a 5 ul
5 aliquot (14 pmols) was diluted with 10 ul 0of 0.1% TFA prior to micro C18 Zip
Tipping directly onto the MALDI target using alpha cyano-4-hydroxy cinnamic acid
as the matrix (5 mg/ml in 0.1%TF A:acetonitrile 50:50).
The tryptic digest was analyzed by mass spectrometer (MALDI-TOF). Mass
spectral analysis of the tryptic digests was consistent with Compound 3 being
10 covalently bound to c-KIT protein at two target cysteine residues Cys788 (major)

and : Cys808 (minor).

c¢KIT Washout Assay
GIST430 cells (See, Bauer et al., Cancer Research, 66(18):9153-9161
15 (2006)) were seeded in a 6 well plate at a density of 8 x 10° cells/well and treated
with 1 pM compound 3 diluted in complete media for 90 minutes the next day.
After 90 minutes, the media was removed and cells were washed with compound-
free media. Cells were washed every 2 hours and resuspended in fresh compound-
free media. Cells were collected at specified time-points, lysed in Cell Extraction
20 Buffer (Invitrogen FNN0O11) supplemented with Roche complete protease inhibitor
tablets (Roche 11697498001) and phosphatase inhibitors (Roche 04 906 837 001)
and 10 pg total protein lysate was loaded in each lane. ¢-KIT phosphorylation was
assayed by western blot with pTyr (4G10) antibody and total kit antibody from Cell
Signaling Technology. The results are depicted in Table 9 where it is shown that
25  Compound 3 maintains ¢-KIT enzyme inhibition in GIST430 cells after “washout”

at 0 hours and 6 hours.

Table 9. cKIT Wash Out Assay

Treatment Relative cKIT phosphorylation (%)
DMSO control 100

Coumpound 3 11

0 hours washout
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CSF1R: human CSF1R (SEQ ID NO 3) ABL: human ABL (SEQ ID NO 4) D.cKIT 5A
honol ogy nodel of cKIT kinase (Uni prot code: P10721) was produced using the
X-ray strwotoro®2ef3eni | otinib bound to ABL as a tenpl at ePCpaise@dos@®es9). The
honol ogy nodel was bUI It using the Build Hormol ogy nodule in Di scovery
Studi o usin &ﬁp =CKRr T argnment—sho Them,—I4substitutable—positi ons
on the nilotjin terrpl ate (I1-1) were ex Iored in three-di nensions to

det er m ne whicloutOwaeshotd be substituted with a chl oroacetam de war head to
forma coval ; ! -ndi i-te. i i
one tenplate position (RI') and one Cys (Cys788). Ililli "NNY VY |
DPTQ. PY DHKWEFPRNRL 5F GKT' L GAGAFGK MAT AYGL | K5J; TAAMI V AV KM KP 1- -
- - GAMDP55PNYD- KWEMERTDI TMK HK 1 GGGQYGE V YEC WKK- Y51 TVAVK T LK E

11i i1 15AHL TEREBIVBE UkrévieSibleGRK-b8MI VNL LGACT | GGP T L VI T EYCCY GDL

L' NF LRRI KRDS F. . _MVE_VE v PNLVOLLGY, CTREPPEY | | T
EFMIYGNL LOY LR Eéﬁg‘@o@ T‘P?tFEﬁre)&‘T_r e %bﬁgﬁf%}g@el_ TOGARIRT
LLTHGRK | 5CDRbaGd AR MVscir e BONinY VX 680/ NAT Rlbafh aMEYerleRHy NF | HROL
AARNCL VGNH VKVADEGL5RI M GDT- V TA ii 11,

. KNARL PVKWWWARES Fteh TP BB v eeyeh ElivEbite) @3 AYPGVPYDSKYKM KEGFR : 1- | AGAKEP |
KWI APESAYNK E51 KSDWWAE GV L lmyxEN AT YGVBP YP G DL5 - QYEL LEKDYR I111il
til L SPEHAPAEMYDI MK T CWDADP L ER\ PTFKQ VQLIEK Q $E5 TN

hﬁu@ '
Q

VX-680
The binding mode of VX-680 to FIt3 was determined by inference from the

10 binding mode of VX-680 with the related Aurora Kinase, as the crystal structure of
the Aurora Kinase complex with VX-680 has been determined. A homology model
of FLT3 was built using the x-ray structure of Aurora Kinase (pdbcode 2F4J) using
the protein modeling component in Accelrys Discovery Studio (Discovery Studio
v2.0.1.7347, Accelrys Inc). The alignment used for the model building was based

15  upon the structural alignment of the x-ray complexes of FLT3 and Aurora kinase.
The high structural similarity between these two proteins, and the high similarity of
the binding site positions further supported the homology modeling strategy.

Structural alignment between FLT3 (1RJB) and Aurora Kinase/VX-680
complex (2FB4) with 256 structurally equivalent positions with an RMSD of 3A.
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, | E RPEGCPE KVYE | MRACWQANPS5DRPSFAE | HQAFETMFQESS | 5DE VEK E LGKRGT 15
CKIT: human CKIT (SEQ ID NG 1) ABL: human ABL (SEQ I D NO 4) Synthesis of
Conpound 802010/028236 Schene 3-A WD 2010/ 028236PCT/ US2009/,05432&9/05602% ep- 3

Internediate ¢ a) NH2CN, EtOH HC1, 90 C, 15 h, b) DV DVMA, et hanol

16 h, c) NaOH EtOH, reflux, 16 h Step-1: To a stirred solution of the

aniline ester (5 g, 30.27 mmol) in ethanol (12.5 5 nlL) was added conc.
foll owed by 50% aq. solution of cyanamde (1.9 g, 46.0 mmol) at
16 h and then cooled to 0 C A
acetate (10

(3 m),

The reaction m xture was heated at 90 C for
solid precipitated out which was filtered, washed with ethyl

refl ux,

HNG3
re.

m.), diethbyl. gt Elﬁrpn(na&@uzmqn)mxaﬁﬁaovdivh@ﬂxxtﬂ —gh\/ﬂﬁvxﬁ'xjﬁﬁarﬁ@%ﬁﬁ)ﬁg%fj' ng guani di ne

(4.8 g,
10puri fi
82.56
in ethan
concentr
taken in
correspo

6.

2

10

15

20

Frepal A

0 as latipyr hltm ipkiigiolipdiiwhi chiiwastusediwittthout: f urt her

a’t’ionssgasf“’“m e “fg’r"?yé‘iff““‘%i’ Ut GH O ST ac Bty Byicdi ne (10.0 g,

and hhrneth%lfornanlde dlﬁEtQ% acetal (:12..8 g, 96.00 mol)
11

Luked G0 IR

11111131111131111111111 11311111131121121313111131311311131313111311%

Chain 2: 812 LAARNVLVTHGKVVKICDFGLARDIMSDSNYVVRGNARLPVKVUMAPESLFEGIYTIKSDVYSYGILLWET

Chain 1: 433 ATYGMSPYPGIDLS-QVYELLEKDYRMERPEGCPEKVYELMRACWQWNPSDRPSFAEIHQAFETNHF

11111113131131311 111113311112111213111131313121131311331121311113112133111111

Chain 2: 882 F3LGUNPYPGIPVDANFYKLIQNGFKMDQPFYATEEIYIINMQSCUAFDSRKRPSFPNLTSFLGCQL

Chain 1: human Aurora Kinase (SEQ ID NO:5)
Chain 2: human RAF (SEQ ID NO:6)

The homology model of Flt3 with VX680 identified six Cys residues in FIt3
that are within 20 angstroms of bound VX680 (Cys694, Cys695, Cys681, Cys828,
Cys807, and Cys790). Then, 7 substitutable positions on the VX-680 template
(Formula III-1) were explored in three-dimensions to determine which could be
substituted with a warhead to covalent bond with one of the identified Cys residues
in the FLT3 binding site. The warheads were built in three dimensions onto the VX-
680 template using Discovery Studio, and the structures of the resulting compounds

were checked to determine if the warheads could reach a Cys in the binding site.

Formula I11-1 HN/N

\\

\

Ry

In order to sample the flexibility of the warheads and the side chain positions

a standard molecular dynamics simulation of the warheads and side chain positions
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solid. Step-3: A stirred mxture of the guanidine derivative(2 g, 9.6
nmol ), the enam de derivative (1.88 g, 10.7 nunol) and NaOH (0.44 g, 11.0
nmol ) i n woharnal28(387 nL) was refluxed at 90 C for 48 h. PChaSe@ansioeh

m xture was then cooled and 20 concentrated under reduced pressure to get a
residue. The »Gaerf?e%ﬁné’é?in&a‘f Red b &L "Hb 58888 §.af 6QmiTd I?sgoms ”‘
water (5 nl) € organi c an agueous lTayers were sep hr Ate

separ at el y t ah@wentfiel cymfeaa@@ridltlﬂbgaxﬁ&hgelteansiaﬂldﬁrewﬁﬁlgsame u§éd’1@3}i€Ct [ veI y.
The aq. layer was cooled and acidified with 1.5 N HCL ((}fH-B 4) when a white
sol i d preci pitadet Bypamigheagpade Pl afons RERLOGql 1of Acerdrys Riscayeryintiudioc ess
water was renpuedl7hy; @aROYORL forbtodbl fof Aol 19pdL) to get
Intermediate C (0.5 g?gcgsrr}é pa er yeH SW%oﬁpé?Hﬁ?%gﬁa“?%%é@%ﬁe@h%o VHz) 6
5 (ppm: 2. 3Zo¢slinagdd)of the 186 -yarheddpdsitiohd ahtt thelEy)s, maAinsBaihditondswéredeldz, 1H),
760-7.72 (m 5.8.28 (s,, 1 d J=6.84 Hz, | H, 8.64 (d, J=

10. 28 Hz, 1H)f2XHéd*i‘8ng§‘ %‘%""E‘Bﬁgldj_yﬁ?m“‘é(sﬁ%me%on 1H), 9.35 (s, 1H). The organic
extract was washedriy fdbndidd ™ tefopldid-positrsq R, (Ra2RH)) vanch GerGRAL rat ed under
reduced pressure to get the ester o Internediate C'as crude solid. It was
further puri fG>e&283y(T@bledr9h Tbmedmpb@rmﬁgﬂns_we(@mect ®0 fird fltesthat MeOH CHC13

: 10/90) to get e ter t er nedi at I|d
schene 3-8 toquted g Phchonumql Bl TR Rl ity 5 el B LRI RS 1o
a stirring SQhMbit@ﬂmeC}IsB% mﬁlém@nbllvb@ﬁ)rﬁﬂngwb@qd &rlzssrmaaizamgatrzﬂﬂEuéﬁgB m.)
was added Et3N (0.11 niL, 0.73 mmol) and DVAP (0.05 g, 0.44 nunol). To it
was added BO@ Si§ripelscylar dymapics simalation nbhiy capriraing avas surcessibinas al | owed
to reflux 20 hy n teg W th
THE (15 L) Anokied Sy RRR e Bt iy MR AR Ry BB et | o
dried over Na'Q;Sp@éx,ﬂothseyﬁHemmi. concentrated under reduced pressure to get
a crude mass. The crude product was further purified by colum
chromat ography (Si 02, 230-400 nesh, Hexane/EtOAc : 8/2) to get
correspondi rgr@je BPC_protected aniline (0.25 g, 88% as 25a white
crystalline|solid which was taken for next step w thout further
purification.PoStiep- 2: APkobmtnton Ji)lﬂnt;e[ﬁmntém ed abarl Borel §F@ed, | 0. 62
nmol ) in Me( rS—Ry-er-ogenad H2-—3—Kegr—ever—10%Pdi-c{(6-14 g,
0. 13 nunol) 1'20 Cforr 12 h. The :r g%‘i on m xtureg was passed through a
short pad of el Te(T) | SeRR@RYS af efhsHnder reduced pressure to get |the
corresponding aniline as an off-white solid (0.18 |g. WO
2010/ 028236R®E/ US2009/ 056025C1Zsh 699 . 1H NVR (CD30D, 400 MHz) 6 (ppm): 1.36
(s, 18 H), 6.84-6-87 (@ LH6:9b-6.-97(-m—2H)-
Ry "OK

Yes
Rs OK No
Rs OK Yes
R~ OK Yes

15
Synthesis of Compound 4

HN/N

-

Step 1.4,6-dichloro-2-methylsulfonyl pyrimidine
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Schenme 3-C | 5internediate D a) HATU, D EA, CH3CN, 85 C, 16 h, b)
TFAJCH2C12, 0 Cto rt, 3h Step 1: Coupling of Internediate C with di boc

pr ot ect edwartoio/me23bn t he presence of HATU, DI EA i n acet eqirtuszéoe/os@ns pr ovi de
t he correspondi ng am de Step 2: Deprotection of the Boc groups to give
Internedi ate D can be acg¢onplished 10 by treating the amde with TFA in

net hyl ene chloride at 0O andthe%warm %pto roomtenpgrature. To a
stirred solution of |ntermedi ate 3’% 22 nunol) i F (10 n) at O
C was added Et3N (0.Q3 0. 32 mol nder N2—tChtoroacgt yll chloride
(0.029 g, 15 0.26 mo¥P) S Cfaﬂclded dropwi se with sti rrlﬁg ahd €he reaction
m xture was allowed to come to roomtenperature and wWas @tirred for 12 h.

The reaction %)ﬂldﬂ&ro\#@c&neth?l@lﬁﬁ}pyﬁﬁﬁﬂ (mgjarlzsﬁdm)c\e@ Q8B SO@msfve a
resi due, whi ch %ken i.n Et OAc (10 ... This solution was washed with

water (2 ni) Gdlenedgqtissngsandige athaMe@g%hl‘?fOE%P?‘fd@Pé@C%PlﬁNaIEIUOﬂ@%@k)lO
m.). The EtO phne (2
m_g. Fo?l oW ﬁga(fr ;a/i&?l%lgo er I\‘ger}é%?mag%amrléfgﬁt%rrﬁ%‘é@%uggse%é# P |4 (glh aEld was
concent r ated \mscthkuterde\dmlm éﬁzﬁbeammm then geated with 36%t WsiSdQeNalidiGsBol@snt hen
ified b h to i 02, 6Q-120 CHC13/MeOH : 9/1) to
S:J\rxle 111- 14 ( ”%méancﬁéﬁ’ 3¢ %@de&@éfmeﬁ@ﬂwu"‘f%% ried ovey pvsO- dZS)
gpggT 82184( (m5M§§®Q and w?a@ (tl(e‘ﬁ ﬁlt%'r'gd ﬂerﬁ@va?oﬁfbﬁ)l\(éﬂ uﬁ’(@r ’\/ac?uu?ﬁ;ylzldzé af)éﬂt 211?)

Hz, 1H), 8 54of(tl@¢utjftcosnm@mﬂ+zsailg)ltptgplerotomﬁsqhd 1 6 & 4 76 Hz 1H) 9. 16

(s, 1H, Hz, 10.50 (s, 1H) LCMS: me
541. 2 (I\/Hrl) %t%grzg]éet W?f\)’l_% %ngptOI%l ﬁ‘éarg%%%%l ty of Conpound 3 to inhibit
CKIT or PDGFR was assessed using the cKIT inhibition agsay or PDGFR

04

i nhi bition assay describ Hoxanpl e 1. The dat a-Showk qrph?( Conpound 3
was a potent inhibitor I T (4 CS@OC:):OO.J—nM an
10 HS HS

4-Aminothiophenol (25g, 0.2mol) was dissolved in 250ml of EtOAc. The solution
was cooled with an ice bath and di--butyldicarbonate (48g, 0.22mol) was added
dropwise with stirring. After stirring for 1h, saturated NaHCOs in water (200ml) was

15 added. The reaction mixture was stirred for overnight. The organic phase was
washed with water, saturated aqueous NaCl solution, was dried over MgSQ,, and
was then filtered. Removal of organic solvent under vacuum yielded about 68g of
yellow oil, which was treated with hexane to yield about 50g of the title compound
as a yellow solid.

20 Step 3. Tert-butyl 4-(4,6-dichloropyrimidin-2-ylthio)phenylcarbamate

I
)\jl Q A T “'L/L
sl S/kN/ cl
O O
A mixture of fert-butyl N-(4-mercaptophenyl)carbamate (5g, 0.022mol) and 4,6-
dichloro-2-methylsulfonylpyrimidine (5g, 0.026mol) in 150ml of /-BuOH was

25  heated at reflux for 1 h and then NaOAc (0.5g) was added. The reaction was heated

at reflux for an additional 14 h. Solvent was removed under vacuum and the residue
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10 PDGFR (1 C50 = 9 nM. (Table 8) Table 8. Conpound 3 Inhibition Data
Target 1 C50 (nM cKIT0. 7 PDGFRO PDGFR Mass Spectral Anal ysis 15Mass spectral
anal ysi s WO 2PD@EER3a i n the presence of Conpound 3 was pecTarsaed/05MRE-R- a
(43 pnols) was incubated with Conpound 3 (434 pnols) for 3 hours at 10X
access prior e | kyl ati ng
agent after c‘g%p&éisﬁ Pg%g%gf%tg{r??@ I{Ih‘L’ 8% e ﬁh%ggd‘lg'gséw?%e&gﬁccf%tlﬁetl%wtguot (7
prmol s) was diKit@dsohitioh ailﬂkattu?at@if aqﬁledl%N'eKA, phd diied @erMESDACARA ZiapthEhppi Ng

directly 20 o VAL DI et usi pha cyano-4-hydroxy cinnam c acid
as the matri fqteﬁ?fj;%ﬁﬂ’ov Qfﬂ?fb W“Abf?ﬁ‘g% ag?‘t‘tl% fé%h@s@t)le Compound?ﬁéelﬂ(?‘y’ptl c

di gest was angliyzed by nass spectroneter (MALDI-TCF). Mass spectral

anal ysis of the tryptic digests was consistent with Conpound 3 being

coval ent |y bditepl4t dePHEFERA4prhdereitn(GametBy b 8i4yr{z6l-G:ylahinMipykBidinal-ysi s of
the 25trypti 01%03 ts cq)nfl rmed presence of the Conpound 3 at Cys814. c-KIT
Mass Spectral 0 ?@eﬁyg‘:a Mass spectral analysis of c-KIT in the
presence of Conpound 3 was perfornmed. Specifically, c-KIT kinase (g6npnols)
was i ncubated with Conmpound 3 (863 pnols) for 3 hours at 10X acces/%@wor
to tryptic digestion. |adoacetam de was used as the alkylating agént~ after

conpound_iogcu iLan. For tryptlc dk‘ egts a 51ii, | i quot. (14 p\l S) was

di l uted-w thi 10 f 1oTFA+pr| icro-CL8] Zi §i Ti ﬁLretly onto
the MALDI t &P get i ? cya.qm— =Hydr oxy ci nnami © ac &7 rix (5
ng/m in O0.1%FA acetonltrl e The tryptic digest was anal yzed

by mass spectroneter (MALDI -TG:) I\/ass spectral analysis of the tryptic
di gests was o‘bsdiltid)revdftexm'rl:tduyl@e(mﬁadimliloﬁo;iyeihﬁ@inil)ybhaa}p&amylyarbmmd(I@Dnﬁg, KIT

protein t ar C |ne re ues and : Cys808
(minor). q@KI \{bo%/-é’%rﬂgﬁ K@H;f 5}133@9?@?852’@?3 )et al ., Cancer
Research, 66(g; 3@9‘@) d 1 at a
density of 8 xlgﬁ%géyggm?%%ﬁﬁand t%ag\g?iag (S\ftg%% OB%I\I/?I(I:Iglr%p\Qg&r%MSf@(}@FUt ed in

conpl et e nediveasfheatedat 3 ﬂjﬁoeéhtﬁvélom)gcm%aﬁddémncﬁmm ROhdsof dthd nedi a was
renoved and cells re washed W|th oundfree di a. Ils re washed
every 2 hoursac%fﬁtﬁ & VA YVP E%‘?’?'EJ%YHH“? é@t?@@ﬁé?‘m&? s were

col l ected at agp&sfis 1'Na@l(l', WasBidaQjvet MngYt,SEIQi Wik feh FiEeH RGhRI of solvent in
15 vacuum yielded about 120 mg of crude product, which was purified by silica gel
(30% EtOAc/hexanes) to yield 64mg of the title compound.
Step 5. Tert-butyl 4-(4-(3-methyl-1 H-pyrazol-5-ylamino)-6-(4-methylpiperazin-1-
yD)pyrimidin-2-ylthio)phenylcarbamate

H HN _ H HN
T, W — TG

A mixture of fert-butyl 4-(4-chloro-6-(3-methyl-1H-pyrazol-5-ylamino)pyrimidin-2-
ylthio)phenylcarbamate (61mg, 0.14mmol) and 1ml of methylpiperazine was heated
at 110°C for 2 h. The reaction mixture was diluted with 20 mL ethyl acetate. The

organic phase was washed with water, was dried over MgSO4, and was then filtered.

25 Removal of solvent in vacuum yielded about 68.2mg of crude product as light
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20 Buffer (Invitrogen FNNOO11l) supplenmented with Roche conpl ete protease

i nhibitor tablets (Roche 11697498001) and phosphatase inhibitors (Roche 04
906 837 OWO)oemis8BO |ig total protein |ysate was | oadedPCm/usa@/of@ne. c-KI T
phosphoryl ati on was assayed by western blot with pTyr (4GL0O) anti body and
total kit anty : | i ng: b T | t. epi ct ed
in Tabl e o wipar reid SRigas RN AR BOATRGRESH dife 3

i nhi bi tion i Pf@GTEESGng@uhd. MEIRHH WIAs " at 0 hours and 6 hours. Table
9. cKIT Wash Qut say Treatnment. Relative cKIT phosphaorylation (% DMSO
control 100 éﬁ%ﬁé@ﬁﬁ'@nwaﬁﬁyghw&g\ﬁ&we@ﬂ1(7((5’?/2@1 POIERBEPETLAUS2009/ 056025
Conpound 315I@ﬁﬂgﬁﬁénﬁgﬁhﬁg%wgﬁﬁmpugmﬁneIrreversible VX- 680 VX- 680
is a potent reversible inhi'bitor of FLT3 kinase. Using the structure-5based
desi gn al gorithm descri bed hemN-® VX-680 was rapidly and ?ﬁfggigntly
converted into an irreversibl e4phibitor of FLT-3. ~

T H oo " .HN'VX- 680 The bindi ng node of

det er mi ned ngMhieN:;'s fro e 10 bi ndi ng not-Q -680~with the related
Aurora Kinase, a tst | gtructure of The Au Ki'pasg conplex with
VX- 680 has been &%ter‘-n-g. IP'egy nodel of FLT3 W N/ﬁﬁing t he
X-ray strycture of Aurora KinaseL&gr code 2F4J) using the proinggnndeling
conponent °i n Accel rys Discovery Studio (Discovery Studio v2.0. 177347,

Accel rys | nc)A sdlhorabf rgrrrbringl 4uSe@-rhethy - he-pyedel-Sylanhidlo ng-(vas based 15 upon
the structural alignnment of the x-ray ¢ | exes of FLT3 and Aurora ki nase.
The high st rJdegt lawegaizm-l-abp}zrym wﬁw@a leaphgmptodionge) madkadfe hi gh
simlarity ofvihA WRisttaRE with EnPOSIN HeISwWhEt TE waUWRBREH Btk hb SaRaige! 09y

nodel i ng strategy.
material remained, the reaction mixture was diluted with ethyl acetate. The organic

10 phase was washed with NaHCOs, and saturated aqueous NaCl, was dried over
MgSO;, and was then filtered. Removal of solvent in vacuum gave about 32.1mg of
the title compound. 'HNMR (300 MHz, DMSO-dg): 8 11.68 (s, 1 H), 9.65 (s, 1 H),
9.25 (s, 1 H), 7.60 (d, 2 H), 7.45 (d, 2 H), 6.00 (s, 1H), 5.43 (s, 1H), 2.38 (m, 4 H),
2.20 (m, 2 H), 2.05 (m, 2 H), 1.52 (s, 6 H), MS (M+H"): 397.18.

15 Step 7. N-(4-(4-(3-Methyl-1H-pyrazol-5-ylamino)-6-(4-methylpiperiazin-1-
yl)pyrimidin-2ylthio)phenyl)acrylamide

g

HN™N HN
HNM H HNN\
HzN\©\ /’ﬂ\\/ +/\”/Cl . /\WN\Q\ J\Jj
S N N/\ © © S N/ N/\
N K/N ~
Acryloyl chloride (6.85 mL, 7.33mg, 0.08 1mmol) was added to a solution of 2-(4-
aminophenylthio)-N-(3-methyl-1H-pyrazol-5-yl)-6-(4-methylpiperazin-1-

20 yl)pyrimidin-4-amine (32.1mg, 0.08 1mmol) in 3 ml of CH,Cl, at 0°C. After 30 min
the reaction mixture was diluted with ethyl acetate. The organic phase was washed
with NaHCO3 solution, saturated aqueous NaCl solution, was dried over MgSO4,
and was then filtered. Removal of solvent yielded the crude product, which was

purified by silica gel to give 20mg of the product. MS (M+H"): 451.36.
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Struct ural

(2FB4) with 256 structurally equivalent positions with an RVBD of 3k
Chai n 1: w02010/028236 PCT/US2009/056025
PNYDKVEMERTDI TMKHEL GGEQYGEVYEGWKXYSL TVAVKTLKEDTMEVEEFLKEAAVIMKELI -

11111211212121112112121212121112121212712111212121212111121212112111 Chain 2:

EYDLI OJ EFPRENL EFCKVL GSGAFCKVMNATAYAE SKTGVSI WAVKALKE- - - - REALMSELKMMIQLG
298iochemical Testing

KRPNLVQLLGVCT REPPFCYI I TEF%E%%I?X%&EP}IWMWL%Y}\MT? F% AKEYLEKKNFI| HRD

Chai n 1:
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ompoun for inhibition o 3 phosphorylation

in the FLT3 biochemical assay. VX-680 had an IC50 of 10.7 nM in the assay.

FLT3 Biochemical Assay

A continuous-read kinase assay was usedto measure activity of compounds
against active FLT-3 enzyme. The assay was performed in a mannor substantially
similar to the method described by the vendor (Invitrogen, Carlsbad, CA, world
wide web invitrogen.com/content.cfm?pageid=11338). Briefly, 10X stocks of KDR
from Invitrogen or BPS Bioscience (PV3660 or 40301) or FLT-3 (PV3182)
enzymes, 1.13X ATP (AS001A) and Y9-Sox or Y12-Sox peptide substrates
(KCZ1001) were prepared in 1X kinase reaction buffer consisting of 20 mM Tris,
pH 7.5, 5 mM MgCl,, 1 mM EGTA, 5 mM B-glycerophosphate, 5% glycerol (10X
stock, KB002A) and 0.2 mM DTT (DS001A). 5 puL of enzyme were pre-incubated
in a Corning (#3574) 384-well, white, non-binding surface microtiter plate (Corning,
NY) for 30 min at 27°C with a 0.5 pL volume of 50% DMSO and serially diluted
compounds prepared in 50% DMSO. Kinase reactions were started with the addition
of 45 pL of the ATP/Y9 or Y5-Sox peptide substrate mix and monitored every 30-
90 seconds for 60 minutes at Ax360/Am485 in a Synergy” plate reader from BioTek
(Winooski, VT). At the conclusion of each assay, progress curves from each well
were examined for linear reaction kinetics and fit statistics (R?, 95% confidence
interval, absolute sum of squares). Initial velocity (0 minutes to 20+ minutes) from
each reaction was determined from the slope of a plot of relative fluorescence units
vs time (minutes) and then plotted against inhibitor concentration to estimate ICsg
from Log[Inhibitor] vs Response, Variable Slope model in GraphPad Prism from
GraphPad Software (San Diego, CA).
[Reagent] used in optimized protocols:
[PDGFRa] = 2-5 nM, [ATP] = 60 uM and [Y9-Sox peptide] = 10 pM (ATP Ky, = 61
HM)
[FLT-3] = 15 nM, [ATP] = 500 uM and [Y5-Sox peptide] = 10 uM (ATP Kty = 470pM)
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Chai n 2:
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digestion. lodoacetamide was used as the alkylating agent after compound incubation. For
tryptic digests a Sul aliquot (7 pmols) was diluted with 10 ul of 0.1% TFA prior to micro
C18 Zip Tipping directly onto the MALDI target using alpha cyano-4-hydroxy cinnamic
acid as the matrix (5Smg/ml in 0.1%TFA:Acetonitrile 50:50).

The mass spec instrument was set in Reflectron mode with a pulsed extraction
setting of 1800. Calibration was done using the Laser Biolabs Pep Mix standard (1046.54,
1296.69, 1672.92, 2093.09, 2465.20). For CID/PSD analysis the peptide was selected using
cursors to set ion gate timing and fragmentation occurred at a laser power about 20% higher
and He was used as the collision gas for CID. Calibration for fragments was done using the
P14R fragmentation calibration for the Curved field Reflectron.

The modified form of the tryptic peptide with the sequence ICDFGLAR with
Compound 4 attached formed a peak at 1344.73. The control digest did not show

evidence of the 1344 peak that represents the Compound 4 modified peptide.

Example 4.  Irreversible boceprevir

Boceprevir is a potent reversible inhibitor of Hepatitis C Virus (HCV)
protease. Using the structure-based design algorithm described herein, boceprevir
was rapidly and efficiently converted from a reversible inhibitor into an irreversible
inhibitor of HCV protease.

The coordinates for the x-ray complex of boceprevir bound to HCV protease
(pdbcode 20C8) were obtained from the protein data bank. The coordinates of
boceprevir were extracted and all protein Cys residues within 20 angstroms of
boceprevir were identified. This identified five residues Cys16, Cys47, Cys52,
Cys145 and Cys159. Then, 4 substitutable positions on the boceprevir template
(Formula IV-1) were explored in three dimensions to determine which could be
substituted with a warhead so that the warhead would form a covalent bond with the
Cys in the boceprivir binding site. Acrylamide warheads were built in three
dimensions onto the boceprevir template (Formula I[V-1) using Accelrys Discovery
Studio v2.0.1.7347 (Accelrys Inc, CA) and the structures of the resulting compounds
were checked to see if the warheads could reach one of the identified Cys residues in

the HCV protease binding site.

-87 -



11112111212121121212212121212112121211212121212121217121212112112121111 Chain 2:
882 FSLGVNPYPG PVDANTYKLI QNGFKVDQPFYATEEI Y1 | NQSCWAFTSRI MPSFPNLTZFL GCQL
Chain 1: Wormar/oasaser a Ki nase (SEQ ID NO 5) Chain 2: humeoTRAE00SED23 D NO 6)
5The honol ogy nodel of F1t3 with VX680 identified six Cys residues in F1t3
that are within 20 angstrong_ ofwe bound VX680 (Cys694, Cys695, Cys681,
Cys828, Cys807, and Cys790).\ihen, 7 substitutable positions on the VX-680

template (Formula 111-1) werg—rexplored in three-di mensions to deternine
whi ch coul d be substituteg W tIa
i dentified Cys residues 1 i n''thg FL3T3

admi, 0 coval ent bond with one of the
inding site. The warheads were
built in three di S J Re 680 tenpl ate using Discovery Studi o,
and the structuresrof t resul ting cBnpounds were checked to determine if
the warheads could reach’ a Cys in the binding site. 15 20 Forrmula I11-1
In order to sanple the flexibility of the warheads and the side chain
positions a standard nol eculE¥rmyladdid cs sinul ati on of the warheads and side
chain positions - 81 - was perforned, and checked to see if the warhead
was within 6 angstrons of any of the identified Cys residues in the binding
site. Standard setlhiondss toveaneple gedldxibilityerf ShawaihesdsRDydale side €asicpokstions
Si mul ati ons proto?ol f Ac&elrys Di scovery Studi o v2,0.1.7347 (Accelrys
Inc) prot dcol V¢ B iormied @ stagrardyilps i dynamicssipationrpfghe warheads and side

chain positions and checked to see if the warhead was within 6 angstroms of any of

the identified Cys residues in the binding site. This identified 2 template positions
(R; and R3) which were near Cys159. (Table 11) These two template positions
were then subject to a final filter that required the reaction product to be formed

10 between the candidate irreversible inhibitor and Cys159, which involved forming a
bond of less than 2 angstroms using a standard molecular dynamics simulation. This
constraint left one template position, R3. Compound 5 was synthesized and shown
to have an ICso_app 0f 1.3 uM in a biochemical assay (HCV Protease FRET Assay )
and was shown to inhibit HCV replication in a replicon cellular assay with and

15 EC500f 230 nM.

Table 11

Position | Placement Distance to CYS Can Bond be Formed
Ry OK No

R, Steric Clash Clash

R3 OK Yes

R4 Too Far

Synthesis of Compound 5

- 88 -



5 coordi nates of the non-warhead positions and the Cys nain-chain atons
were held fixed during the nol ecul ar dynam cs sinul ati on. Thi s

i denti fi edlO20t08n2pd3at e positions (R4, R6, and R7) whi ch ReTaSa@a056095828.
(Tabl e 10) These tenplate positions were subject to a final filter that
required that the acrylam de reacti o product could be fornmed between the
candi date 10 inhibitor and Cys828, mhﬁﬁh i nvol ved form ng a bond of |ess
than 2 angstrons using a standard nolgeul ar dyganics sinulation. This
constraint was successfully satisfiedfﬁggﬁaﬂl r e, posi ti ons. Conpound 4,
whi ch contained an acrylamde at the posi td onjjwas synt hesi zed. Table 10

Position Placenent Distance [ _ Bona\be®Formed Rl Too Far R2
Steric Clash Cdash R3 Steric|d i : R4 XK
\NH

P

Compound 5

Compound 5 was prepared according to the steps and intermediates as

5  described below.

Scheme 4-A
oH
H;N NHzMe\/Me Me\v/Ma
Me_ Me o S OH oH
Me\/Me \/ H H
3 N NH, N NH,
LioH N ANHC
> R, 0 o
H

OMe N HATU, DIEA Boc © ° HC!
N |
iBOC 0 Boc © 4b 41

4a
Me Me

H " n o
on o s 6 4NHa LN NN
o Loy g T
B o =
Y o B Snn

N N
\H/ ! 9 .
X | E\ lllH HCI 4e
NH Boc 4d
BOC Me Me
\v/ Me\/Me
$ % OH N
H H f
N NH, Dess-Martin
Acrylic acid N —— " N
HATU, DIEA H H o o Pericdinane K
—_— - o
0

0)\/ af . )\/ Compound 5

N
0
[}
NH

Step 1: Intermediate 4a
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Yes RS OK No R OK Yes R OK Yes 15 Synthesis of Compound 4 HN---N H N

N NS N
WO 2010/028236 PCT/US2009/056025

Me
\/

Me
OH
N
A1
(4
o]

_7<

To a solution of (1R,2S,5S)-3-tert-butyl 2-methyl 6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2,3-dicarboxylate (0.30 g, 1.1 mmol) in 4 mL
THF/MeOH (1:1) was added 1 N aqueous LiOH solution (2.0 mL). After stirring

5 atrt. for 10 hours, the reaction mixture was neutralized with 1.0 N HCL. The
organic solvents were evaporated under vacuum, and the remaining aqueous
phase was acidified to pH~3 using 1.0 N HCI and was extracted with EtOAc.
The organic layer was washed with brine, and was dried over anhydrous
magnesium sulfate. After removal of solvent, 0.28 g of Intermediate 1a was

10 obtained: MS m/z: 254.2 (ES-).

Step 2: Intermediate 4b

To a solution of the product of step 1 (0.28 g, 1.0 mmol) and 3-amino-4-

15 cyclobutyl-2-hydroxybutanamide (0.27 g, 1.3 mmol) in 10.0 ml of anhydrous

acetonitrile was added HATU (0.45 g, 1.2 mmol) and DIEA (0.5 ml, 3.0 mmol)

at r.t. under stirring. TLC analysis indicated completion of the coupling reaction

had occurred after 10 hours. A 50-ml portion of EtOAc was added in and the

mixture was washed with aqueous NaHCO; and brine. The organic layer was

20  separated and was dried over Na,SO4. After removal of solvent, the crude

product was subject to chromatography on silica gel (eluents: EtOAc/hexane). A

total of 0.4 g of the title compound was obtained (88%). MS m/z: 432.2 (ES+,
M+Na).
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Step 1.4, 6-dichloro-2-nmethylsulfonyl pyrimdine )1\j Cl CG3H SNCI NCI 00
4,6-Di chl oro-2-(nethylthio)pyridine (24g, 0.123npl) was dissolved in 500mL
of CH2Cl2younoenssti rri ng and i ce bath. Met a- chl or oper orgharszavosaes d
(about 0.29n01) was added slowy in a period of 40 min. The reaction

m xt ure was ir/gﬁﬁléfor 4 h 5 was diluted with CH2C12, and was then
treated with 5B %‘3‘}' I—‘P(‘ECB sol ution. The organic phase was washed with
saturated aqueous NaCl, was drie# ogver MgSO4, and was then filtered.
Renoval of solvent under vacuum yisgl ded about 24g of the title conpound as
a light purple colored solid. Step 2. Tert-Butyl

N- (4- mer capt ophenyl ) car bamat e AN i ¥nol (25g, 0.2nol) was

di ssol ved in 250m. of EtOAc. The sl utii ont wag cooled with an ice bath and
di -t-butyl di carbonate (48g, 0.22nu®) was d dropwise with stirring.
After stirring for 1 h, saturated NaHCOB i ter (200nl) was 15added. The
reaction m xture \;Lﬁ% stirred for qvernight. The organi c phase was washed

with water, satur dPragisé gy NSEZ @A I mmigld Waf idisgolyedin R8od Nand was
then filteredjcReM¥Rhnd fTHR! GATLE @%‘ YR MnEeTr 301'1515?.' Xﬁgll %Q?\%P%W 68g of
e about 50g o

yellow oil, which was treated wth hexane to yie the title
conpound &s aolmehtspow 19ahl chor@@SoePCM Wasr poupert ul followed by evaporation to

Certburyt ek, Bibptimings Bod) BATAD PRGBS symstyiiais ped
di chl or o- 2- mabhwiised foové RYdsidleGbRE whndh whk @28 MREdtly for HROMkt Hept MBYCOH Was
m/z: 310.1 (M+H").

10 Step 4: Intermediate 4d

To a solution of the product from step 3 (0.10 g, 0.28 mmol) and (S)-3-
(tert-butoxycarbonylamino)-2-(3-tert-butylureido)propanoic acid (0.10 g, 0.33
mmol) in 3.0 mL of anhydrous acetonitrile was added HATU (125 mg, 0.33

15 mmol) and DIEA (0.17 mL, 1.0 mmol) at r.t. under stirring. After one hour, 15
mL of EtOAc was added in and the mixture was washed with aqueous NaHCO;
and brine. The organic layer was separated and was dried over Na,SO,. After
removal of solvent, the crude product was subject to chromatography on silica
gel (eluents: EtOAc/hexane) to afford 103 mg of the title compound (60%). MS

20 m/z: 595.2 (M+H").

Step 5: Intermediate 4e
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25 heated at reflux for 1 h and then NaOAc (0.5g) was added. The reaction
was heated at reflux for an additional 14 h. Sol vent was renoved under
vacuum amaiotzhw/nesdue WO 2010/ 028236PCT/ US2009/ 056025 paadisdétsssdoeed i n
et hyl acetate. The organi c phase was washed successively with K2CO3

sol ution and saturated aqueous NaCl,,wag, dri ed over MgSO4, and was then
filtered. Renobval of the solvent vyiel Eise/d about 5g of the title conmpound as
yel l ow solid. 5Step 4. Tert-butyl i oH

4- (4-chl oro- 6- ( 3- net hyl - 1H-pyrazo| i pAudi N- 2-

yl t hi o) phenyl car bamat e oI u i ofy of te t - butyl

4- (4, 6-di chl oropyri m di n- 2- car barvat e (100ng, 100.27mol ),

3- et hyl - 5- am no- 1H pyrazol % 0. 3mol ), i sopropyl et hyl ar ni ne
(41.87nmg), and Nal (48.6ng, O. 324?m*r01\)m.;n 1 n DMF was heated at 85C for
4h. Follow ng cooling and dilution wthy20 nL of ethyl acetate, the organic
phase was washed successively with water and saturated aqueous NaCl, was
dried over MySO4, Tsdrodust faanstep Hi(éF e, Oﬂémal)wdsﬁﬁbvémnﬁmgf/‘bcuum

yi el ded abouty 120 1w SRl HUIPRETOMIGE wathlichy VRS RUET B8 e sl 67, 9°)

(30% Et OAc/ hexanes o'yie e corrpoun ert-butyl
4- (4-(3-net h)of-s&HeWI a3 ahk poytia@ndMOT M wad powied yh lﬁ@lhﬁﬁeﬁZbyﬁe\ﬂaporatlon to
yl) pyri m di n-2-yl t hiq) phenyl carbamate HN-NHN-N ). ----- 0--- HNHN /
5 d ness. This process of DCM addition followed by evaporation was repeated
three times to give a light brown solid and was used directly for the next step.

MS m/z: 495.2 (M+H").

Step 6: Intermediate 4f
\/

0 o)v

Acrylic acid (13.6 mg, 0.19 mmol) was coupled with the product from
step 5 with HATU (65 mg, 0.17 mmol) following the procedure described in
step 2 to afford the title compound (60 mg, crude). MS m/z: 549.3 (M+H").

15 Step 7: The crude product from step 6 (60 mg, 0.11 mmol) was dissolved in 5
ml of dichloromethane followed by the addition of the Dess-Martin periodinane
(60 mg, 0.15 mmol). The resulting solution was stired for 1 h at room
temperature. The solvent was then removed and the residue was subject to
chromatography on silica gel (eluents: EtOAc/Heptanes) to provide 13 mg of
20  Compound 5. MS m/z: 547.2 (M+H").

Mass Spectral Analysis
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20 A m xture of tert-butyl o

4- (4-chl oro-6-(3-nethyl- 1H pyrazol - 5-yl am no) pyri m di n-2- .

yl t hi o) phwoyboankmrat e (61ny, 0. 14nmol) and Il of et hpCpiysesanseves was
heated at 110C for 2 h. The reaction mxture was diluted with 20 mL et hyl

acetate. The orga ﬁ@ﬁ : ed ov S, and
was then filter edng%Sp%ermv owgﬁg E&n‘“@%‘% I'esenc ??é”dmé’ . 2ng of
crude productpearedhisingbthewfoliseling ,pr(ytbctcﬂhfms MSB/HAl eﬁldbbypsl(kvt):awagd (30%

Et OAc/ hexanes) t ive 49.5 of the title conpound. M5 (MtH): 497.36. Step
6. 2- (4- Ani noBHEHAdIAT &) RE p 30%elokl acoess ofyrempaund.- 5)/10ar:fpwm %ul]gadxquots -_
nmet hyl pi pera m o olution of te uty

A- (42 (3- et hzdlfn% %%%@zolv{;%g c’]gﬁéﬁzcﬁ IH)BI Q!_'of 0.1% '%“F% prior to micro &5

net hyl pi per aZZ@Tible@ pyteéthd cdinfo ahylmmm@gw @@h@ambﬁn(éﬁc@m i 5 m of
MeOH was treated with 2pll of 5N HC1l. When TLC was showed that no starting
material remdAcA¥RNIOR MAtie G mgminnyg [freel Kivd caioniirlsdd 0t ®h Etehwtﬂem@ttate The

organi c 10 phgse qyas, Washe (Wet PSIP?%ISC ant?a%Flgﬁ aste‘tatg] %yeé)éijSOd\jaag&

dried over MpSH4, and was t ermva of “solfvent i vacuum gave
about 32. 1ny ambniyhglobmt hsetmostpmiamdi to Thlibiivie (hBOﬁleﬂentDl\B(Qél@@[)zedl_tf th% gg ES

1 H, 9.65 .2 7.60 (d, 2 , . 7.45 (d, : S
1H)H? 5. 43 (g ﬁri‘ﬁ) éﬁﬁ‘lﬁpﬁl’é) £ the pepteiny m%‘hﬁ}eﬂ) with qupgound ) reagted > (s, 6
H, M (NbH)siondfdan @1 to Jp5(§§u%9 a’new species Wthh Is a prmflmately 547 Da eaV1er
N-(4-(4-(3- I\/Et% 1- 1H pyrazol - 5-yl am no) - 6- (4- pl peri azi n-

yl) pyrim di n-thb}lILHﬁNoprptﬁteWmO}wlatnntdmﬂth masi‘oﬂCompound 5 at 547 Da. HNHN

Additional analysis of Compound 5 using a mutated form of HCV
protease in which Cys159 was mutated to Ser, showed that Compound 5 did not
modify the mutant HCV protease.

15
Single chain HCV protease (wt) peptide expression and purification

The single-chain proteolytic domain (NS4A;;3,-GSGS-NSs3.63;) was
cloned into pET-14b (Novagen, Madison, WI) and transformed into DH10B
cells (Invitrogen). The resulting plasmid was transferred into Escherichia coli

20 BL21 (Novagen) for protein expression and purification as described previously
(1, 2). Briefly, the cultures were grown at 37°C in LB medium containing 100
ug/mL of ampicillin until the optical density at 600 nm (OD600) reached 1.0 and
were induced by addition of isopropyl-p-D-thiogalactopyranoside (IPTG) to 1
mM. After an additional incubation at 18°C for 20 h, bacteria were harvested by

25  centrifugation at 6,000 xg for 10 min and resuspended in a lysis buffer
containing 50 mM Na;POy, pH 8.0, 300 mM NaCl, 5 mM 2-mercaptoethanol,
10% glycerol, 0.5% Igepal CA630, and a protease inhibitor cocktail consisting
of 1 mM phenylmethylsulfonyl fluoride, 0.5 ng/mL leupeptin, pepstatin A, and
2mM benzamidine. Cells were lysed by freezing and thawing, followed by

30  sonication. Cell debris was removed by centrifugation at 12,000 x g for 30 min.
The supernatant was further clarified by passing through a 0.45-uym filter
(Corning) and then loaded onto a HiTrap chelating column charged with NiSO,
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ON .------ ", SNNSNNN,, Acryloyl chloride (6.85 nL, 7.33ng, 0.081lmmol)
was added to a solution of 2-(4-

am nophenybt2hiogsade ( 3- met hy1- 1H pyrazol - 5-y1) - 6- ( 4- net hpCpigsesoansee2i- 20
yl)pyri mdin-4-amne (32.1ng, 0.081mml) in 3 m of CH2C12 at 0OC. After 30

mn the reaction m xtye was di.luted wth ethyl acetate.  Th r.gani ¢ phase
was washed V\ﬁ(‘fxﬁleﬁg hg%’i’a(fllef %}1,0%5@( uﬁéet rel)c? uﬁ%u%%)gesmN‘g esllgf:&l;tl&gﬁ,%was dried
over MySO4, ametavels sbligidnfih lat @0ad.S0RaNOV Bhead for&iddny eSdletéeird@ibnt Reerer ude
product, which was purified by silica gel to give 20 of the product. M
(MrH+) 451, 360 threngeNe picelimrmegemag eephp sod aveze ealyzgd anash0Grsodium )\ f or

i nhibition of ' i E) ot T3 b ' - 680
nad an 1 G50 oPUEST FRRRF RISPYRRd R ol f Iegpbrilc HRET s ARG 037
cont i nuous- r ebdtrkplnasses assay 126 IBBPNGEegdunad atien viraysfated ampounds
agai nst active FLT-3 enzyne. The assay was perfo in a nnor, .

subst anti al | )}“%‘?CFH-II—P’QFC P&Wﬁ@%&ﬁﬁoﬂ?@é‘ém @561%?/5 gﬁgvl\figﬁ‘a‘o&%t Pﬂ?)ﬁ‘? ogen,
Carl sbad, CAyusiBrhnokfordl G itMiRsi dpMinke NQ@DPM&%;@OI@@;‘Z%%%@F;1338) :
Briefly, 10X stocks of KDR from I nvi tro%en or BPS Bi osci ence” (PV3660 or

40301) or FLThem{lmyuBEs@nce ity ideche)l wigXharppradisbBogetayidassconmedest gnat Y12- Sox

pepti de substrates (KCZ10 %3,)2{ re prepared.in | x. kinase.reacti.on huffer
consi sting ofangﬁn?ﬂ%ﬁ%ib,og &g%r’ce)g aW%ﬁEﬂlaﬂ in)i‘r%fh@éT ih e5prr'ﬂt\t/ffm was
0- gl ycer qphosphasted abstatedaergol e 10X 15 stock, KBOO2A) and 0.2 nM DTT

(DSO01A). 5 pit of enzynme were pre-incubated in a Corning (#3574) 384-wel |,
whi te, non-binding surface mcrotiter plate (Corning, NY) for 30 mn at 27C

Wth a 0.5 PiuXAlUTR Qa0 FR-VIHeRRU Ald 1984 Vigheomounds prepar ed

in 50% DMSO. KinasSe reactions were started wt addi tion of 45 pit of
t he ATP/ Y9 or Y5- Sdutapie DINAlefrapnisits af aN$d A/Nw3d wennigtmaradd evye PCR3@rd 20 90

seconds for 60 m nutes at X x3605,485 |jn a Sypergy4 pla reader from
Bi oTek (W nosed IW)PETAFXRTH%’I%YR?F%Si‘%ﬁerotfanégfﬁ’%é%%éﬂ;? ﬁ@dg‘?"gg’oﬁteebrves

from eachS""e'cltellé’,"?ﬁceex?cf)@s'ﬂoﬂexgasf Ruded VAR TPIRRESr PRodts. "Bl §3-180R d fhidion

statistics (R2, 95% confidence 1 nterval, absolute sumof squares). Initial
velocity (0 mrotaineswer 20rifind nusirgs )affimigmoehuin rielewed bynasizedexdnsidmed from
t he sl ope of | ot of, relative fluorescence units 25 vs tinme (mnutes) and
then plotted Cgb‘g?aﬁ%%rai’%i bi tor concentration to estimate | C50 from

Log[ I nhibitor] vs Response, Variable Sl ope nodel in GaphPad Prismfrom

G aphPad Software (San Di ego, CA). [Reagent] used in optimzed protocols:

[ PDGFRa] = 2-BioelmipaiRisay 60 | LM and [ Y9- Sox peptide] = 101AM (ATP Kmapp

S 0 B L PLTsehies: MM pRET A RONICY Msandh 1/ Bnsiite RERD! ABH) = 10

i _tM (ATP Kmapp = ectr ana

was used. The following protocol was used to generate “apparent” IC50
(IC50_APP) values. Without wishing to be bound by any particular theory, it is
believed that IC50 APP, contrasted with IC50 values, may provide a more useful
indication of time-dependent inhibition, and are thus more representative of binding

25  affinity. The protocol is a modified FRET-based assay (v_03) developed to evaluate
compound potency, rank-order and resistance profiles against wild type and C1598,
A156S, A156T, D168A, D168V, R155K mutants of the HCV NS3/4A 1b protease
enzyme as follows:10X stocks of NS3/4A protease enzyme from Bioenza (Mountain
View, CA) and 1.13X 5-FAM/QXL™520 FRET peptide substrate from Anaspec

30  (San Jose, CA) were prepared in 50 mM Tris-HCl, pH 7.5, 5 mM DTT, 2% CHAPS
and 20% glycerol. 5 uL of each enzyme were added to Corning (#3575) 384-well,
black, microtiter plates (Corning, NY) after spotting a 0.5 uLL volume of 50%
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F1t 3 was incubated with Conpound 4 for 3hrs at 100X excess prior to tryptic
di gestion. |odoacetam de was used as the al kylating agent after conpound

i ncubat i om0 2Bw02823¢pt i ¢ di gests a Sul aliquot (7 pnols) paaasdeodose@ds with 10
ul of 0.1% TFA prior to mcro 5C18 Zip Tipping directly onto the MALD

target using yangs 4-.hydroxy cinnam c aci t trix (5mo/ml in
0" 15 FA Acer dvRO P ERRLTHINET SR LT BTRE R A0, Tk AR TR,
Ref | ectron nogige whinBdiatePubtmeel €k efsinhcoqd ds@int witly tHefaddB10@.of Galpilbsfahé on was

done using the Laser Biolabs Pep Mx standard (1046.54, 1296.69, 1672.92,
2093. 09, 2465 Righ subsgate apnpgored {pyf-20 muputgedteyt Wk B0 b atSyaeriget ng 10
cursors to s I td: M . n I > | aser power
abot 2056 hi gt PRdg e T BB O A e R A o BB 2 br a1 o
for fragmdnt progsssdonesdsinngachhvecl RLéR ekarages fidrdincanreaatidniiadticoand it t he
Curved field Refl.ectron., The nodified formaof the tryptic peptide
with the sequftERes @épf@%ﬁ%@%cwaﬂﬁ&'baoqaﬁepsa@rfédqwﬁe&@ SEleRirRyd
1344.73. The (o0t @ 154 B8Skesd iSnlOlch 38RW01 RAY hdeREBe@frolRe 434 0PSBl t hat
represents the Conpound 4 nodified peptide. Exanple 4. Irreversible
boceprevir  of relaBaciynreseencei wita vpdinentmineiger midshen platiédagamst philttkopatitis C

Virus (HCV) protease. Using the.struct - based design al gorithm descri bed
bor o barelPBvTeaumAC Pedstriry Mes hitbiiar R e nd s Sl Rt

reversi bli@ i nppitehtOIC S0FEd &3] InhiteeesiRdsBorisB W &idbld Siepe oVelnh @regtgad The
coordi nates for the x-ray conplex of boceprevir bound to HCV protease
(pdbcode 2ooé3rlsmfr@mdb1aaﬁl?¢éo€0rfw Y98 Diegn. €140 dat a bank. The coordi nates of

boceprevir were extracte nad .aj .l . in s resid it hin 20 ,angstrons
of “2Bbocepr ovi 1 war iy RRAAnbRY R/ BrofdkSs LERLRIES) HEH 3 MRy RNES
Cys47, CysS52,aséysl45 and Cysl159. Then, 4 substitutable positions on the
boceprevir tenplate (Formula IV-1) were explored in three dinensions to
det erm ne which could be substituted with a warhead so that the warhead

woul d form a t nd with the Cys in the boceprivir binding site.
Acryl am c}g] walgﬁ’gg 'g%v%%g built in three 30 dinensions onto the boceprevir

t enpl at e ( For nul a Thé-cbimpoandsgwdie asdaygdtoldvalmareahy arffiviiell actiwzty@nd. 7347
(Accelrys Inc, CA). and_ the structures of the resulting conmpounds were
checked to sé¥lqi¢Xipihecigantonpds %Igar&pkga’cﬂﬁ?rwaé?wtleﬁ%%g?tafém TR oty s
residues in tdggd HERTAE EFS R NDETS! Hich idEKurhBHERT Rflaforha/cch e or der
to sanple the flexibility of the warhéads and the side chain positions 5 we
performed a shardatathsmplCVIRA¥A dgpliami sthsi stablatucderasd (tuaprepartéremdshmad si de
chain po;iti onﬁ a%gi claecked to.see if the warhead was within 6 angstrons of
any of thd | FEREPFISRIERLSBUARRSS in the binding site. This identified 2

tenpl ate positi onsrHeRIT 8dIMliRBNasto6R iMBuEeBERE nfodiledbssenfialthedid 1) These two

tenpl ate positions were then subject to a final filter that required the
reaction prodMEM) K&6 fefalheyine serum (FBS), 1% penicillin-streptomycin (pen-strep),

1% glutamine, 1% non essential amino acid, 400 pg/mlL G418 in a 5% CO2
incubator at 37°C. All cell culture reagents were obtained from Invitrogen(

25  Carlsbad). Cells were trypsinized (1% trypsin:EDTA) and plated out at 5 x 10°
cells/well in white 96-well assay plates (Costar) dedicated to cell number
(cytotoxicity) or antiviral activity assessments. Compounds were added at six 3-fold
concentrations each and the assay was run in DMEM, 5% FBS, 1% pen-strep, 1%
glutamine, 1% non essential amino acid. Human interferon alpha-2b (PBL Biolabs,

30  New Brunswick, NJ) was included in each run as a positive control compound.

Cells were processed 72 hr post compound addition when the cells are still

subconfluent. Antiviral activity was measured by analyzing replicon-derived
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10 between the candidate irreversible inhibitor and Cys159, which involved
formng a bond of less than 2 angstrons using a standard nol ecul ar dynam cs
si mul at i owo 20tw@szsenstraint | eft one tenpl ate position, PRBUSSmIPSMRE 5 was
synt hesi zed and shown to have an |1 C50 APP of 1.3 tiMin a biochem cal assay

(1, Pr ot casa, S A8, o s SOOI b A RL) I LAGRL on 1 @
Pl acerrent Di sNzIamm W) @Efdﬁrﬁag tBmanufaeufeds rimiruBﬁon OkhdNQurZer S e¢listin héts h
G ash \ﬁevsvas%eterr-lr-nned by Cell Titer Blue Assay (Promega). Compound profile was
derived by calculating applicable ECs (effective concentration inhibiting virus
5  replication by 50%), ECy (effective concentration inhibiting virus replication by
90%), ICsq (concentration decreasing cell viability by 50%) and Sls; (selective

index: ECs(/ICsg) values.
Compound 5 inhibited activity in this assay with an ECsy_app of 230 nM.

10 ExampleS. Irreversible Inhibitor of Hepatitis C Virus protease
Compound V-1 is a potent reversible inhibitor of HCV protease (ICsp_app of
0.4 nM in the biochemical assay described in Example 4.)

S \N\\o

/

koiufrfﬁ
Vo (V-1)

15 The coordinates for the x-ray complex of boceprevir bound to HCV protease
(pdbcode 20C8) were obtained from the protein databank (world wide web
rcsb.org). The crystal structure of HCV protease has been determined with over 10
small molecules peptide-based inhibitors bound to it, and there are significant
structural similarities in their binding modes. The structure of boceprevir was used

20  to model-build the structure of V-1 in HCV protease using Discovery Studio.

All protein Cys residues within 20 angstroms of V-1 in the model were
identified. This identified five residues Cys16, Cys47, Cys52, Cys145 and Cys159.
Then, 4 substitutable positions on V-1 (using the V-2 template) were explored in
three dimensions to determine which could be substituted with a warhead so that the

25  warhead would form a covalent bond with an identified Cys residue in the HCV
protease binding site. Warheads were built in three dimensions onto the template
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Synt hesi s of Conmpound 5 Compound 5 was prepared according to
the steps and internedi ates as 5descri bed bel ow. Schene 4-A Step 1:

| nt er mediwOe0 28136 To a solution of (1R, 2S,5S) - 3- Pertushanwpbeo2s net hyl
6, 6- di met hy1- 3- azabi cycl o[ 3. 1. 0] hexane- 2, 3-di carboxylate (0.30 g, 1.1
mmol) in 4 ) X . S L ol ution 0 nm).
After sti rrr}](gxﬁgélg/ﬁp rﬂ 1%5]‘11%1 %P@gvﬁgﬁﬁgl&{%%%&gg&%i g‘lﬁ&') %{%1(?]5 rsgl%lﬁtfgrses(o%the
neutral i zed wesditidg Gnpddads wEteecheclgdno ceesidkheenirheat could\ragubront od thender
vacuum and the r i ni ng aegue%%.]%ﬂase, was acidified to pH3 using 1.0 N
HCL and was &%tH SWFEEHeEdD A DIndiRE Higani ¢ | ayer was washed with bri ne,
and was dried over anhydrous nagnesium sul fate. After renoval of solvent,
0.28 g of Internediate |a was 10obtained: Ms miz: 254.2 (ES-). Step 2:

| nt er medi &t e BismNENE-2/ To a sol ution of the product of step 1(0.28 g, 1.0
mmol ) and 3-am no-4- 15 cycloputyl-z-hydroxybutananide (0.27 g, 1.3 mmol)
in 10.0 mM of anhydreus acetonitrile was added HATU (0.45 g, 1.2 mml) and
DEA (0.5 mM, 3.0 a t. under stirring. TLC anal ysis indicated
conpl eti on of the coupl kng—+eaction had occurred after 10 hours. A 50-m

Na2504. After % f solvent, the crude product was subject to
chromat ography onh silifcaigel (eluents: EtOAc/hexane). A total of 0.4 g of
the title conpound was ined (889%. M5 miz: 432.2 (ES+, MtNa). Step 3:
| nt er medi ate 4c —~ "

o

NaHCO3 and bri ne. 'Fie\’rr ani c | ayer was 20 separated and was dried over
a

In order to sample the flexibility of the warheads and the side chain positions
a standard molecular dynamics simulation of the warheads and side chain positions
10 was performed and checked to see if the warhead was within 6 angstroms of any of
the identified Cys residues in the binding site. This identified two template positions
(R and R3) which were near Cys159. These two template positions were then
subject to a final filter that required that the acrylamide reaction product could be
formed with between the candidate inhibitor and Cys159, which involved forming a
15  bond of less than 2 angstroms using a standard molecular dynamics simulation. This
constraint left one template position, Rs.
Compound 6 was synthesized and shown to be potent inhibitor of HCV
protease (IC50 0.4nM) and shown to modify HCV protease on Cys159 (Figure 4).

20  Synthesis of Compound 6
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The product fromstep 2 (0.40 g, 1.0 mmol) was dissolved in 5 nL 4 NHCL in
di oxane. The m xture was stirred at r.t. for 1 hour. After renoval of 5

sol vent s,we 200/azk23porti on of DCM was poured in foll owedPby/usSe@pos@s on t o
dryness. This process of DCM addition followed by evaporation was repeated
four tinmes to give a residue solid which was used directly for the next
step: MS mz: 318 (MtHL.~10 Step 4: Internedi ate 4d To a
solution of the \g omstep 3 (0.10 g, 0.28 mml) and (S)-3-
(tert-butoxycarbonyl an¥nd) - 2- (3-tert-butyl urei do)propanoic acid (0.10 g,
0.33 mmol) in K Q nmL ot anhydrous acetonitrile was added HATU (125 ng, 0.33
15 nmmol ) and EAE(O. VY mL, 1.0 mmol) at r.t. under stirring. After one

hour, 15 nL of Et ~yads added in and the m xture was washed w th aqueous
NaHCO3 and brfﬁﬁ. e prgani c | ayer was separated and was dried over

Na2SO4. After-penoval < of| _sélxent, the crude product was subject to

chr omat ogr aphy! on sili ¢@: eIX ents: EtOAc/ hexane) to afford 103 ng of
the title conmpound (6089. Ms 20 nfz: 595.2 (Mt H+). Step 5: Internedi ate 4e
The product fromstep 4 (75 ng, 0.12 mol) was dissolved in 3 nL of 4 N HCL
i n di xoxane and the reaction was stirred for 1 hour at RT. After renoval of

solvents, a 3-nL Q@{@[pﬂh&&hﬁ@%@%@&n&&ﬁﬂf?gggg%gﬁk@w%ﬂhQMJPMQQﬂfatiOn to 5

dryness. This Erocess of DCM addition fo y évaporation was repeated
three tines t@Ry#IE7-methoght2-phreownd-guinotindpakylhsprabdd -athine:¢therfydiN-t he next
step. M5 i z:, A95, 2, ( Mk ep,6: Internediate Af .. 10 Acrylic acid
(1576 . 0. 18R IsG o MIEC R AT R Hhpne R BE e s ub e Wi b
(65 ng, 0. 17 prepakdd dcebldmy taghd fiepshindGREn&lidess deb@tbedberivep 2 to afford
the title conmpound (60 ng, crude). M5 mz: 549.3 (M-H+).

Intermediate 5-1
'
0 N
P9
0
o
%=o
e

10 Ethyl-1-[[[(2S,4R)-1-[(1,1-dimethylethoxy)carbonyl]-4-[(7-methoxy-2-

OOEt

Iz

=

phenyl-4-quinolinyl)oxy]-2-pyrrolidinyl]carbonylJamino]-2-ethenyl-(1R,2S)-
cyclopropanecarboxylate: To a solution of (1R, 2S)-1-amino-2-
vinylcyclopropane carboxylic acid ethyl ester toluenesulfonic acid (2.29 g, 7.0
mmol) and N-Boc (2S, 4R)-(2-phenyl-7-methoxy quinoline-4-oxo)proline (3.4 g,

15 7.3 mmol) in 100 ml of DCM was added HATU (3.44 g, 9.05 mmol) and then
DIEA (3.81 ml, 21.9 mmol) under stirring. The mixture was stirred at r.t. for two
hours. After the complete consumption of starting materials, the reaction mixture
was washed with brine twice and dried over MgSQy. After removal of solvent,
the crude product was subject to chromatography on silica gel (hexane:EtOAc =

20 2:1).3.45 g of the title compound was obtained: R¢ 0.3 (EtOAc:hexane = 2:1);
MS m/z: 602.36 (M+H").
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15 Step 7: The crude product fromstep 6 (60 ng, 0.11 mmol) was di ssol ved
in 5 mM of dichloronethane followed by the addition of the Dess-Martin
peri odi name 208028136 0. 15 mmol ). The resul ting sol uti on wrag/ustemweskdr 1 h
at roomtenperature. The solvent was then renoved and the residue was
subject to ¢ hy on silica gel (eluents: EtOAc/Heptanes) to

provi de 13 ng%g%egg%gﬁpwound 5. M5 mz: 547.2 (MtH+). Mass Spectral

Anal ysi s Bss spectronetric analysis of HCV in the presence of
Compound 5 was p ormed using the follow ng protocol: HCV NS3/4A wild type
(wt) was incubatgd for 1 hr at a 10X fold access of Conpound 5 to protein.
2111 aliquots of ensanpl es were diluted with 10111 of 0.1% TFA prior to
mcro C4 5 ZpTippggdigectly onto the MALDI target using Sinapinic acid
as the desorption matr (10 mg/ M in 0.1% TFA: Acetonitrile 50:50). The

i nstrunment was Sey in Ii'near node using a pul sed extraction setting of
24,500 and apo | obin as the standard to calibrate the instrunent.

Conpared to tfe ;E«wwithout Conpound 5, the protein incubated with

Compound 5 react ed jonificantly to produce a new species which is
approxi mately 54 heavi er than HCV protease and consistent with the nmass
of Conpound 5 -H(2S4R)Daf(1,1-dimethAldiokly pasdonanal-j 3 insethéxyRpR&GHNG- 5 Using a
nmut at ed form of HCV protease in whi cz 3129 was nut atyeqdl to Ser, showed

that Conpoundigading)eretl-Zrpurelidincarhensiiminels2 silsnsbd R 285 Si ngl e chﬁi_n HCv
o1 ot col yt o GRMaP P URSTIOL, dor ek Aelihd bf Bt Bisesotlprs g Risa 14 "

(Novagen, Madig0m, 2\8B)mmaak) it t40hsil of TWHE/H O/ BIeDHI (9B 1 56 Mlas addeaMithivagen) . The
resulting plasnd.was transferred into Escherichia co/i 20 BL21 ( Novagen)
for protein ZSYB]FOé%‘ga‘BﬂmﬁW r%ﬁrﬂ-?ﬁ% iCOR™RY)- AESEFHRY aprlelaraddioprsi 1, 2)
Briefly, the fildti@SmBRirR vl AkrAlzed (fth 1IN0 Nﬁi@?@h%%}[%ﬂms%'l%h&% g0 p. g/
of anmpicillin until the optical density at 600 nm (0D600) reached 1.0 and
wer e i nduced eygpaaltdil undar vetuiing,cpd dlpylenbily dqreogaplast vpy pdddsilde (| PTG to
1 MM After ap,additi lncubation at (18 2Q.h, bacteria were

har vestec}gby przat%clésmgrﬁﬁﬁggw% qes %‘tﬁﬁﬁdm&r%‘g‘%(}?ﬁ ARl PYL MéSended in a
lysi's buffer vwapédivith BeindhndMAIZEPyeriihPdrBus BEEndIMMNaThte. 2 TEM

2- mer capt oet hanol , 10% gl ycerol, 0.5% | gepal CA630, and a protease

i nhi bi tor codr®aydl of selyendt 1.A¢ dtthertitle ¢aupstad yagebtayieduRf @Ryl f 1 uori de, 0.5
p. g/ mL | eupepti . atqinn 4, . idine. Cells were |ysed by
freezing andRFh@a%'ﬁg, ollloo&gygggﬁér@gﬁﬁ%ﬁ?q&n. Cell debris was renoved by
centrifugation at 12,000 x g for 30 mn. The supernatant was further
clarified_by passing through a 0.45-p.mfilter (Corning) and then | oaded
onto a Hil¥r agntesBiediateg-X ol um charged with NiSO4 (Anmer sham Phar maci a

Bi otech). The bound protein was eluted with an imdazole solution in a
100-t0-500 mM | i ndar gradient. Selected fractions were run through N 2+
col um chr omat og y and were anal yzed on a 10% sodi um dodecyl sulfate

( SDS) - pol yacryl arm el. The purified protein was resolved by 5

el ectrophoresis in.a SDS- PAGE gel and then transferred onto a

nitrocel | ul ose nenbrang he protein was anal yzed by Western bl ot anal ysis

usi ng nonocl on nti bodfes agai nst N53. Proteins were visualized by using
odi

a chem | um nesc e kit (Reghe) with horseradi sh peroxidase-conjugated goat

anti - nouse arffb «/%&;PI @- as secondary anti bodi es. The protein was
=4 M

10al i quot ed and s? orediat /=80 C. Cl oning and expression of HCV protease and

C159S vari ant "ar¥P2 DNA fragments of NS4A/NS3 were generated by PCR

and cl oned i ] r er transformgtjon into BL21
conpet ent 12\? -@%P—E&Sﬁﬂl&%@g (rggrgéﬁgl%?%éﬁif[qaﬁlgéaxmﬁi%enﬁﬁdé for 2 hours. The
Hi s-tagged f ysimotinpjadyilnprolvriearpinbiX-¢thehylN-(thead kilfidyy)-a®.,28m ol | oned by

si ze excl usi on chromat o%r aphy. Bi ochenical Assa )
cyclopropanecarboxamide: To a solution of the product of Intermediate 5-2

20 (1.24g, 2.16 mmol) in 20 ml of DMF was added HATU (0.98 g, 2.58 mmol) and

DIEA (1.43 ml, 8.24 mmol), the mixture was stirred for one hour before adding
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20An HCV Protease FRET Assay for HCV NS3/4A | b Enzyne (1 C50_APP) was used.
The followi ng protocol was used to generate "apparent” 1C50 (1 C50_APP)

val ues. WvOhowro2si3shi ng to be bound by any particul ar t ReDUB20000056035
believed that 1050 APP, contrasted with I C50 val ues, nay provide a nore

useful indicatjon. of -tine- n t i RRi b, tion £ thu re
representati \?‘egog’ﬁlo iorg F?\Zﬁng‘q‘%gt%ggﬁgﬁiq 38 g’r%‘téél &%‘B@M‘ﬁla&@ﬁ i ed
FRET- based ass@ayl)@ud OBU de¥epohechrhel) GvEd mabEDMATSOE: q@otiat&ytor r ank- or der

and resistance profiles against wild type and C159S, Al 56S, A156T, D168A,
D 68V, R155Rddiioapifeuphourhdhersackian miurevay Glusedkwite F)Ae apd way| | ows: 10X

stocks of N5 i C i ) and 1.13X
o FAM OLTES0 PREF BanTss erns rARE U CE A AR Ot it 21 oi c
prepared Bn FRingM e dryhighvePMgBOR and raié RN dt sob¥nCirlpiS prodhic20% gl ycerol . 5

pl| of each enzyne were added to Corni nlg %3575 384-well, black, mcrotiter
pl at es ( Cor nilgFPiR¥gd By addingsonst rarpep of IBCHY, (The Ailtrate wes compomtraigsendingd

serially dil j QNS wer e
e at ol'y Srar oA e eRLe A b O B B R RO YOt % e
FRET subst r at(é:lath®).nArtbtaboe @.76qz ofdBe Hfle nompdes veds dbeadkBHRk013620 i n a

Synergy4 pl at ader fromBioTek (\\ e VL) he concl usi on of each
assay, 5progr(EE(éX%g?wg"fME’zz'wggm@ é&ﬁﬁﬁﬁdﬁﬁ M'inear reaction
kineticsignd fit statistics (R2, 95% confidence intervals, absolute sum of
squares). Initial velocity (0O mnutes to 15+ m nutes) from each reaction
was det er m ndatermediatp8-4| ope of a plot of relative fluorescence units vs.
time (mnutes) and then plotted agai nst inhibitor concentration as a
percent of the nP inhibitor and no enzyne controls to estimate 10 apparent

| C50 from |l og[ Iphhbitor] vs Response, Variable Sl ope nodel in G aphPad
Prismfrom G aphpPad, Software (San D ego, CA). Conpound 5 had inhibited HCV
protease with an\IO of 1.3 IIMin this assay. 15 Replicon Assay The
conpounds wer e @assaygd Yo evaluate the antiviral activity and cytotoxicity
of conmpounds using repktcon-derived luciferase activity. This assay used
the cell lin (I uc-ubf -neo/ ET), which is a human Huh7 hepatoma cell |ine

that contains anyHgV B plicon with a stable luciferase (Luc) reporter
and three 20cel b ¢ ur daptive nmutations. The ET cell line was
grown in Dul bec myd$Fki ed essential nmedia (DVEM), 10% fetal bovine serum

FBS), 1% Lcillin- i en-. st 1% gl ut am ne, . 1%
(oS 1Pl Dot P LRe Bl aSEly bk Do dihner
cel | cul ture (ERAGRANIGENIRI & SBLAIcNGAoShembAiA00RDL sdafas bebad)  Cel| s

were trypsinized (1% trypsin: A) and plated out at 5 x 103 cells/well in
whit e 96-1%el Ipredistiroml lateonedi@sstam 3Gt pCRCM was addsiddrepmibe t 5 (b vt ot oxi ci ty)

or antiviral tivity assessnents. unds re added .at, six 3sfold
concent rat {ord b HAERS RaS TBRGa sTIOP BT RR Ak Resaradn il 0o rep, 196
gl utam ne, 1%IRtiassEDCMaaapauRed mbﬂow&dugsaevdpafaeibﬁ% @fynadspiias2b ( PBL
Bi ol abs, 30 New Brunsw ck, NJ) was included in each run as a positive

control  conpduergss @dPEM additionfolewed by evaporation s rernsise e tBeH t i on when
the cells ar Ll f Lviral LVi by

anal yzing r egfloi?%ég h(%f;%\cl‘g% Achgég%?de@gé géﬂét((g:\{%fi\})?t% &5%6;%1%09&"@%1&%? %?350?0 o]

Luci f er age Asemtsyf shie nydlEpaveegasidvadias anidifidld) inedt 9 pditig doovderasuf act urer' s
i nstruction. e nunber .of cells in each well s. determned by Cell Titer
Bl ue Assay (Iff}ho"h%%e .th%%mw()% %@U&Qr&wmgﬁw_ aredeaiiligd

appl i cabl e EGGfh (£iC6¢ i YRabIRCH EGhpRd! RM.@'(IBCMNYéd}P%I@FI?PMSca“ on by
50%, EC90 (effective concentration i nhibiting virus replication by 90%,

| C50 (concentm/atélenbd@ddtidasi ng cell viability by 50% and SI50 (selective
i ndex: EC50/1C50) val ues.

25  Intermediate 5-5
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Compound 5 inhibited activity in this assay with an ECS0 APP of 230 nM 10
Exanple 5. Irreversible Inhibitor of Hepatitis C Virus protease

Conmpound wWeooim2s23pot ent reversi bl e inhibitor of HCV preceaseocplosses APp of
0.4 nMin the biochem cal assay described in Exanple 4.) (V-1) 15The
coordi nates for the x-ray conplex of boceprevir bound to HCV protease
(pdbcode 2008) were obtalned fromthe protein databank (world w de web
rcsb.org). The crystal huct ure of HCV protease has been determ ned with
over 10 small nol ecul es~pepti de-based inhibitors bound to it, and there are
significant structural s arjties in their binding nodes. The structure
of boceprevir was used20°to gel -build the structure of V-1 in HCV

pr ot ease using D scov St ud Al'l protein Cys residues within
20 angstronms @fc¥ed | he nDdeI re identified. This identified five

resi dues Cysl6, Cys @Q,OC%;:§5 and Cys159. Then, 4 substitutable
positions on V- Bx(t¥i Yot he npl ate) were explored in three dinensions

to determ ne which coul e $p¥kituted with a warhead so that the 25

war head woul df rm ent. b identified Cys residue in the
HCV pr ot ease [ﬁd %ﬁ%a%ovﬁfﬂggﬁgﬁ%ﬂﬂgﬁga(V?I%n t hree” di nensi ons onto the
tenpl ate - 9@Ilmeth()@)’cﬁﬂbbﬁyl‘jén:ﬁho}-lElalftﬁlyﬂ-(@)séf-wf}ﬁé/th&)uglpheﬁﬂmce| rys Inc, CA)
and the structures of the resulting conmpounds were checked to see if t he

war heads coul @irdaghowd-srolylhkbaminori-etheay-Nyehangbsutford)-(IR.2He bi ndi ng
te. 5 Fg
war heads and ¢ igbidPgccarbaxah T isohioR B ebrbdife b ferlcbialp’s Ti0.1 3¢

ions a s
si mul ati on ofg, DHESwanbBaddé NaBokc- S+(Hﬂloejaanﬁb-paﬁaﬂm©(m1&vcg \@aZsS xﬁmbf)ciﬁ med and

checked to see |f t.he warhe(EFéi s. wthin 6 angstrons a Vé of the
i dentified o0 QfEP%Ewaﬁa iRy L dng. Q. 22FHnmo]) gg @0t\Bet enpl at e

posi ti ons (Rly gnchaf3R) bl GlAGMEI AL AT (URIAR indRERE LIPICBHBEALe POSI ti ons

were then subject to i nal requi red that the acryl am de
reaction pr ocdwoplimprehctidnchafl @comdedpiften ob@hmeh 20krel patidin dBE®©O Aaadbi t or and

159, h I f 15 i
St andar d 1ot deltredn g hEnar e 2eAGH wihe LEEG BIEG: SeONERCBRE enplat e
posi tion, R3.NaHCO; afPbmeyasi Ga¥\@Se BN nﬁg@@eﬂlﬁamnﬁy%msbp«eﬁﬁtr&ot ent

|nh|b|tor of HCV protease (1C50 0.4nM and shown to nodify HCV prot ease on
Cys159 ( Fi gurcsudg)oil product was subject to chromatography on silica gel (eluents:

EtOAc/hexane). A total of 0.12 g of the title compound was obtained : Ry 0.4
(EtOAc:hexane = 1:1); MS m/z: 1021.56 (M+H™).
15

Intermediate 5-6

HoN N

NH O

Boc=NH 0 O ~ Q
__ [ HN-sO,

N-[(1,1-dimethylethoxy)carbonyl]-3-amino-L-alanyl-(4R)-4-[(7-methoxy-2-

phenyl-4-quinolinyl)oxy]-L-prolyl-1-amino-2-ethenyl-N-(phenylsulfonyl)-
20 (1R,2S)-cyclopropanecarboxamide: A solution of 110 mg of the product of

Intermediate 5-5 (0.108 mmol) in 1ml of DMF with 12 % piperidine was stirred
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20 Synt hesis of Conpound 6

N-[ (1, 1-di net hyl et hoxy) car bonyl] - 3-[ ( 2- propenoyl ) am no] - L- al anyl -

(4R) - 4- [ (Wormetamgase 2- phenyl1l- 4- qui nol i nyl ) oxy] - L- pr ol y1- PcardaSa@o@s@henyl - N-
S(phenyl sul fonyl) - (1R, 2S) - cycl opr opanecar boxam de: The title conpound was
prepar ed accapfl} Biobfl d P Ak AR VA EEETSIARES R ARDS LhdRh RELOW

10Et hyl - 1- [ [ [red@etiRys titfatdd With hesenbiettet oX)ybodelt G0 ydd ofkh¢ (ifle met hoxy- 2-

phenyl - 4-qui nol i nyl ) oxyls;2-pyrraolidiny|]ca n ethenyl (1R 29) -
cycl opr opanec&WBﬁ?ﬁl'gffégzﬁ@?éAgg\ﬂ?fghdnid)f)’ E"?@WZ&? @L’ilﬁd

vi nyl cycl opr opane carboxylic acid ethyl ester toluenesulfonlc acid (2.29 g,
7.0 mmol ) and N-Boc (2S, 4R)-(2-phenyl -7-methoxy quinoline-4-o0xo)proline
(3.4 g, 15 7.Gompewdd fn 100 nl of DCM was added HATU (3.44 g, 9.05 mmol)
and then DIEA (3.81 m . 21.9 mml) under stirring. The m xture was stirred
at r.t. for two hours. After the conplete consunption of starting
materials, the reactio i Xxture was washed with brine twi ce and dried over
MySO4. After renoval o | vent, the crude product was subject to

chromat ography on silic hexane: Et 0Ac = 202:1). 3.45 g of the title
conpound was obt ai ned: 0 Et OAc: hexane = 2:1); M5 nfz: 602.36 (MH+).
| nt er nedi at e §- C]—I 1~

[[(2S,4R)-1-[(1, yl et hoxy) car bony1] - 4-[ ( 7- met hoxy- 2- pheny1- 4-

qui nol i nyl )oxy] r ohi-gjin ]bonyl j am no] - 2-et henyl - (1R 2S)- 5

cycl opropanecardaewa ic acjeg=Toyra& sol uti on of the product of Internediate

5-1 (1.70 g, 2.83 nmol) 'n 1'#08% of THF/ H20/ I\/EOH (9:5:1.5) was added

l'i thi um hydr nohyd 22.6 After stirrin r.t.

for 24 hour s%‘t[ﬂ Bathyle S‘(*Erg‘i’@’?lﬁg'i(%%rﬁi’?% 2@inalile ﬁlallyltf4ﬁl)‘l4|(f 7 The

organi ¢ sol vqaétﬁowez@@@M’{@ﬁﬁﬂ]mgﬂug?aNypmanﬁWenﬁnwﬁm ni ng agueous
0

phase was acidified usi'ng 1 and was extracted with
Et OAc. The or(gmnytsulfaysdb (%gs)f\as@ﬂra:domnttarwaan'ede aAdry\Irm chloridel (1dvidr,

anhydr ous .ma ul f at fter. of . sq g the title
corrpoundsl\(/?/fasgbn d@ . Way adsled (Eivﬁﬁcat@(ﬁ—lfo-a %’(5‘6 ut’l%oﬁxég gé’/fzh%G (Mr11) .
151 nt er nedi at}ﬁocﬁlcgfrom Intermediate 5-6 in 3 ml of DCM containing 3 eq. of triethylamine.

The reaction mixture was stirred at r.t. for 1.5 hrs and then was diluted with 10
ml of DCM. The resulting solution was washed twice with brine and was dried
over magnesium sulfate. Removal of solvent afforded the crude product, which

15  was purified by chromatography on silica gel eluting first with hexane/EtOAc
(1:3 ~ 1:5) and then with DCM-methanol (50:1 ~ 25:1)). A total of 36 mg of the
title compound was obtained: R¢ 0.25 (DCM:MeOH = 25:1); MS m/z: 892.55
(M+H™).

20  Mass Spectral Analysis
Mass spectral analysis showed modification of WT protease but not C159S
mutant which supports specific modification of the targeted Cys by Compound 6.
Mass spectrometric analysis of HCV wild type or HCV variant C159S in
the presence of test compound was performed. 100 pmols of HCV wild type
25  (Bioenza CA) was incubated with compound for 1 hr and 3 hrs at 10-fold access

of Compound 6 to protein. 1 pl aliquots of the samples (total volume of 4.24ul)
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C HN-so2 N-(1, 1-di net hyl et hoxy) carbonyl) - (4R)-4-[ (7- met hoxy- 2- phenyl - 4-
qui nol i nyl )oxy] -L-prolyl-1-am no-2-ethenyl-N(phenyl sul fonyl)- (1R, 2S)-
cycl opr opaipeocavds2sam de: To a sol ution of the product ofPCirniSesoapsioas e 5- 2
20 (1.24g, 2.16 nmmol) in 20 M of DV was added HATU (0.98 g, 2.58 nmol)

and D EA (1.43 m., 8.24 L xt.ur e was irred for,.one hour before
2dding - o9 -WerluBa ST S IETEN BPE R B ZBPphEendiT g "D
(1.0 g, 8.24 thaMALRIErdBLkihd SHEApBhic &&idtad B UdsdrptioktmitixQf oMml it i rri ng

continued for additional four hours. The reaction m xture was diluted with

Et 0Ac and wad-lWvashéaeatamtrdgp@els Aradyses Bgfef rarforped en a Shirgadsn BiokeiHCO3
| uti d 5 hri ' : . of- t
roduct pr eci/Biay Y Shi Rl T BT ol B IR P iR ® PO

concent r ated Tamd-dffidighe@ALO IVBGF )3udys epéctidnieter c Mhe smho grogpdure oias si | i ca gel
usi ng hexane/ Et 0Ac (1:1-1:2) tal of 0.76 g of the title conpound was
obt ai ned: Rf Wﬁ@ Q%i@%%l?é’@ﬁ(gy51,58@81%9?’71@( Riotqags fory hryals 36
(MrNa+) . 10 Ijptgidadiats c%nélpo'ﬁh%%@grotem. .

(4R) - 4-[ (7-met hoxy- 2- pheny1-'4-qui nol 1 nyl ) oxy] - L- prol y1- 1- am no- 2- et henyl - N-
(phenyl sul f ony1) - (ARPECVayoteoprwprdet Miborb24 46  willocarespdndingon of t he 15

product fromlnternmediate 5-3 in 30 m, of adde ropwi.se 15 m of
TEA The m wistPR G i F ety popurping poh ol M HioheR Refocblait “o -

sol vent s,j0a 3fkcorfdrafdét bf @%um\amomqwg deburtcdl pRABENEY newaRkation to
dryness. This process of addition foll owed bé evapor ati on was repeated

four tinmes. TPSshiwhichisapppyimgiady 88860 Raduighse M \28d2Gy S EMApOFlati on to

dryness. Two ts..of this. I ve _a.residue th olidified into
0.5 wii t e pouday PasnyRink e np o R p 3Bl ek L bpl e of the
TFA salt was Sigiificalt reaedombddurida E&Baficd 1 dlbtanthe 10kReokdehirgticiospound: Rf 0.4

fzﬂ :VFOEO: . ]@gm_]ﬁ%)u@wglﬂqj ngz:arlng'o?;r'lpGICSte (C(I\)/g\wr-gibn §f5terI 3?1trse artr{l?g Il(%;[ gon%éliral-tiogp 0 -
15  The C159S variant form of the enzyme did not show any evidence of
modification which confirms that the compound is modifying the Cys 159.
The mass spectral analysis confirmed that addition of Compound 6 to HCV
protease resulted in a mass shift of 853 Daltons, demonstrating that an adduct of
HCV protease with the compound was formed. Also, Compound 6 did not form an
20 adduct with a mutated form of HCV protease in which Cys159 was changed to
serine, as expected based upon the differential reactivities of Cys and Ser with the

acrylamide warhead. These data demonstrate that the methods described herein

have been used to design a specific irreversible inhibitor of HCV protease.
25  Biochemical and Cellular Data
Compound 6 was tested in the biochemical and replicon assays described
in Example 4. Compound 6 had an ICs_app in the biochemical assay of 2.8 nM,

and an EC50 in the replicon assay of 174 nM.

30 Example 6. Irreversible Sorafenib

- 103 -



HN- SO02 N-[ (1, 1-di net hyl et hoxy) carbonyl1]-3-[[ (9H-f | uor en- 9-

yl met hoxy) car bonyl ] am no] - L- al anyl - (4R) - 4-[ ( 7- met hoxy- 2- phenyl - 4-

qgui nol i nywoxyio/a2860l y1- 1- am no- 2- et henyl - N- (phenyl sul f @ayA)S2¢02R5S -

5cycl opr opanecar boxam de: To a solution of the product of Internediate 5-4

(0.15 g, 0.178 . -3-(F am no- L« i.ne (0.107 .g,. 0,25 mmol)
300 m o ove et BRRGR G e bR B85 A 9 i s ey
0.895 mmol ) adesigntalgovitite desitibed hérgin, Jdr&Fenibakyssiapidiynaidcatieidntbpedlvetiign of
the coupling reaction had occurred after one hour. A 20-m portion of EtOAc
was 10 pour ecIFe¥sizioleHBhikitex of i lhas washed with a buffer (pH 4,

AcONa/ AcOH), NaHCO3 and brine, and was dried over MgSO4. After renoval of
solvent, the crude oil product was subject to chromatography on silica gel
(eluents: EtOAc/hexane). A total of 0.12 of the title conpound was
obtained : Rf 0.4 (EtOAc: hexane = 1: 1) 1021. 56 (MtH+). 15
Internediate 5-6 H2ZN- ' Boc-NH 0 O 4l
N-[ (1, 1-di met hyl et hoxy) car
phenyl- 4- qui nol i nyl ) oxy]

s

ny1l] --3<am®o- L- at'anyl - (4R) - 4-[ ( 7- net hoxy- 2-

am no- 2- &t henyl - N- (phenyl sul fonyl)- 20

(1R, 2S) -cycl opr opanecar box ; solution of 110 ng of the product of
Internediate 5-5 (0.108 imlIm of DMF with 12 % pi peri di ne was
stirred - 5101 - for 1.5 hours at r.t. and then was evaporated to dryness
under high vacuum The residue was trituated with hexane/ether (4:1) to
yield 70 ng of the title compoundora@nip 25 (Et 0Ac: MeOH = 10:1); MS ni z:
798.9 (M+H+). 5 Conpound 6 Hy- so,
N-[ (1, 1-di met hyl et hoxy) car bonyl] - 3-[ (2- propenoyl )am no] -L-al anyl - (4R)-4-[ (7
- A homology model of ¢cKIT kinase (Uniprot code: P10721) was produced using the

e R T T
mol ) wag paddpethdls b wak blilGus e Btg%lﬁ %cﬁ&éw&b%e % gﬁsga@% f@ftucfi(l;'e

product fromInternediate 5-6 in cort ai ni ng
tri et hyl am newingiike elebct BeRAFiakigumentwhews belomedltan, 1Q subsfimtable fositians and

then was dil ut Wit Q m, of e.resul ti,ng,sol,uti on was washed tw ce
wieh berne aid e Sr@nbdebiar e IR iR b SherSEny e,

af forded t he detesiheprigeiveduld Bo e tidedNREh B Wakida8 do hat BRI WAREQOKERAY ON
silica gel eluting first with hexane/EtOAc (1:3 - 1:5) and then with

DCM net hanol fpmwa govalam beng with thytus inghe Bmding sije- T he methodelogy igratified was

obt ai ned: sKf t&o%én}gl%'\éoléﬁgh' (Ry ani l%?o) alord? éys (%%&8%? chtl_e.Ddf forming a

covalent bond using an acrylamide warhead. However the bond involving the Ry

position involved adoption of the cis-amide which is less preferred, while the bond
involving the Ry position was able to form the trans amide which is more preferred.
Compound 7 was synthesized which tested the importance of having a warhead at

20 the Ry position.

A I . { i L

p " i L " .
RAF DOWETPOGQITVGQRIGSGSFGTYYKGRWHGD - « « -« - -« YAVYKMLNYTAPTPQQLQAFKNEYGYL
LIt VEﬂK:WEFPﬂﬂaif:?GKTLGAGAFGK—‘VVE&JAYGiIksakkMTVAVKMLKPSD\HL'YEREALMSELKVL
. i IS— 1 1 . i : I . :
RAF ;:RKT~R;7HVN1LLFMGIY%T~A:PQLAIYTQWCEGS“SVLVHQLHIIE-TK --------------- FEMIK
“CKIT EYLGHNHMNIVNLLGACTIGGP T LVITEYCCYGDILINFLBRERDSFICSKTISPAIMEDDELALDLED
) S 1 i 1 . { L i 3
RAF ;glljgiﬂRQ{,AQGMDVLHAKS‘TXHRDLKS,”NIFLHEQLTVA,,KIGDFGL&TVLS}Q ------------ 51t
ar %ELSFSYQ?‘AKGMAFLASK“,CIHRDL&#KN!LLT&GRIYXlCDFGLARDIK“DSNYVVKGNARLPVK
2y . t R L . I . L . t . L

RAF (WHAPEVIRMQDKNPYSFQSOYYAPGIVLYELMT -GQLPYSNINNROQIIFMYGRGYLSPDLSKYRS
m’( WHMAPESTIEN- - -CYYTFESDVWSYGIFLIWELFSLGSSPYPORPYOSKFYKMIKEGFRAMLEP - - - - E
- R i el 1 I 1 R L i
RAF (NCPKAMKRIMAECLEKKROERPLFPQILASIELLARSLPK - -

QINQLIEKQISESTHHI

ERIT HAPAEMYDIMKY CWDABPLKRPTFK



20 Mass Spectral Analysis Mass spectral analysis showed nodification
of WI protease but not C159S nutant which supports specific nodification of
t he targewedoyesizy Conpound 6. Mass spectronetric anal ysiraisedootsdd2sv | d
type or HCV variant C159S in the presence of test conpound was performnmed.
100 pnol s of W A | a CA) was incubated with conpound for
1 hr and 3 hgggg;H%%g?gf%ggégéggNggﬂébnpound 6 to protein. 1 vil aliquots
of the sanpl eSKIIt: civmharVOKUNESED 1B NaZwy) - 102 - were diluted with 10111 of
0.1% TFA prior to mcro C4 ZipTipping directly onto the MALDI target using
Sinapinic acid as the desorption matrix (10ng/nml in O.1%FA: Acetonitrile
50: 50). Anal yses were perforned on a Shi 9Bi ot ech Axi ma TOF2 ( Shi madzu
I nstrunents) matri x-assisted-1aser desorp /ionization 5 Time-of-Flight
(MALDI - TOF) mass spectroneter. The dte was carried out on 100
pmol s of HCV C159S nut ant cg HCV p B hrs at 10-fold excess of
Conmpound 6 to protein. I : occured at M+ of 24465

w th correspondi ng si napl nkc
hi gher. A stochionmetri & 1Q/

ot €l
v dducts ‘occurring about 200 Da
Joration of Conpound 6 (MNof 852 Da)
occurred, producing a new peak Which is approximtely 850-860 Da
hi gher (M of 25320-2532Q). IG 9) This is consistent with incorporation
of a single roregls B-b Coffpourid 6. Significant reaction occurred even
after 1 hg at the 10x concentration of conpound with nearly conplete
conversion after 3hrs at the 10x concentration. 15 The C159S variant form
of the enzynsysitldesisatf (SGhmpowandy7 evi dence of nodification which confirns that

t he conpound } d@i i .th 159. he. s spectral analysis
confirmed théft'&ﬁ 'f‘iéﬁpﬂqléﬁg%@‘@emﬁl)@yﬁm p¥9ifted in a nmass
shift of 853 MghylBitelindaidenstrating that an adduct of HCV protease with the
conpound was fornmed. Also, Conpound 6 did not forman 20 adduct with a

nmut at ed form of HCV protease in ich Cysl159 was changed to serine, as
expect ed based upon the diff i reactivities of Cys and Ser with the
acryl am de warhead. These data de strate that the nmethods descri bed

herei n have been used to design €ffic irreversible inhibitor of HCV
prot ease. 25 Bi ochem cal and Cel r Data Conmpound 6 was tested in

t he bi ochemi cal and replicon assays described in Exanple 4. Conmpound 6 had
an | C50_App in the biochem cal a of 2.8 nM and an EC50 in the replicon

assay of 174 nM 30 Exanple 6. Irreversible Sorafenib - 103 -

Sorafenib is a potent reversible i ANNorRgr o i T ki nase domain. Using the
design al gorithm descri bed herein, so dni bllwa ra‘,ﬁ)i dly and efficiently
convert into an irreversible inhibitor ~of oKl T ~

10 )

Step 1.C,C’-Bis-tert-butyl N-4-amino-2-trifluoromethylphenyl)iminodicarbonate

Fs CFs CFs
NH, DMAP N(Boc), N(Boc),
+ (BOC)ZO —_— ——
02N O2N HZN
15 To a stirred solution of 4-nitro-2-trifluoromethylaniline (4.12 g, 20 mmol) in 1,4-

dioxane ( 50 mL) was added 4-DMAP (1.22 g, 10 mmol) and Boc anhydride (13.13
g, 50 mmol) at room temperature. The reaction mixture was heated at 110°C for 2 h.
The reaction mixture was cooled, concentrated under reduced pressure and the
residue was dissolved in EtOAc (25 mL). It was washed with 10% citric acid

20 solution (5 mL), water (5 mL) and saturated aqueous NaCl (2 mL). Drying over
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5 sorafenib A honol ogy nodel of cKIT kinase (Uniprot code: P10721) was
produced using the x-ray structure of sorafenib bound to B-Raf as a

t enpl at e Wpdboads236UWH) . The 10 honol ogy nodel was bui | Cwgispgpoobe@28ui | d
Honol ogy nodul e in Di scovery Studi o using the cKIT - B-RAF alignnment shown

bel ow. Then, Zgﬁdv@ ﬁ}bt& Q%ﬁt}dnolﬂﬁef&dg\gfdeﬁr%gsﬁéee mﬁ?reg%n;’gls ?ég Wiy mul a

VI-1) were exp ree I mensi ons cou
substituted vwasfplmfwdrHye&dhrﬁmchﬂ@&tatdglﬁ@h\yIE(Sf@zadO-\WO phtfedfeﬁb&yl:@c\b@dt&rﬁ/@bond

with the sin.th ndi n met hodol o yldentlfled 15 two
tenpl at e [%SI P Q¥ ? a@é I%T“é)aﬁ‘fdthﬁﬂé s-Bps 1pieya Etf’ s alaup ¥sllgy %(&&meﬂ?gS a
coval ent bondysiilgwad @Rs6NEaThds) War heaghnorovey V\ﬁrthfshs%hﬁ dyhddy ﬁfbglgl dt he

R9 position involved adoption of the cis-am de ess prefer ,
while the 5borvdmo$ph©tevwaﬁgadd@é ama qmls(&m@) foldosvalhyeirom pbwden ({178 g, rl&@nsg-ani de

which is nore rred...Co S nt ' |chte d the
i rr;:)ortiance oft ée%?rhgg \Aﬁe@t“%{ﬁ z@@ ? %\W RS %?‘?F@Iﬁo% RAF
1; 2KI'T RAF LKérhp &ﬁﬁre ehdl was ﬁliefﬂaaf@-ou UL 6D G GTNY Mtk s \OXEMPNATAP

TPQQ. LOAFKNEVGVl VEFPRNI R1. 51. GKTLGAGAFCKVVEATAYGL 1K5DAAMIVAVKMLKPSAHL -
TEREAL MBELKY under reduced pressure and the residue was diluted with EtOAc (30 mL). It was

washed with water (2 mL) and saturated aqueous NaCl (2 mL) and dried over
10 Na;SO4. Concentration under reduced pressure gave a residue, which was further

purified by column chromatography (SiO,, 60-120, pet ether/ethyl acetate, 6/4) to

give 3.19 g of the title compound as an off-white solid.

Step 2.4-(4-(3-(4-amino-3-(trifluoromethyl)phenyl)ureido)phenoxy)-N-

methylpicolinamide

15

NH,
CF,

) COCl,

N(BOC)z Hp_N TFA
Q & L

To a stirred solution of C,C’-bis-fert-butyl N-4-amino-2-
trifluoromethylphenyl)iminodicarbonate (0.5 g, 1.32 mmol) and Et;N (0.6 mL, 5.97
mmol) in toluene (5 mL) was added phosgene (20% solution in toluene, 0.91 mL,

20 1.85 mmol). The reaction mixture heated at reflux for 16 h and then was cooled to rt.
4-(4-Aminophenoxy)-N-methyl-2-pyridinecarboxamide, (0.32 g, 1.32 mmol) was
added and the reaction mixture was heated at reflux for 2 h. After that the reaction
mixture was quenched with water (5 mL) in a fume-hood, extracted with EtOAc
(2x20 mL). The ethyl acetate extract was washed with saturated aqueous NaCl (15

25 ml), was dried over Na,SO4 and was concentrated under reduced pressure to 0.62 g

of the title compound.
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RK T -P.F11, 141 L LFMGYl -APQL Al VTOQACEGS5JYHVAHL | e- TK FEM K 5Y L
GNHWNLVNL LGACT 1GGP TLVI TEYCCYGOL Iti.F. 1. RRKRD5F | CSK T SPA | MEDCE L
ALDLED WO 20 ARIRQGVDYLNAKS11HRDLKSKNI F1. 11E01. VKGDFGL PAT/U8R009/056025
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To a stirred solution of 4-(4-(3-(4-amino-3-
5  (trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (0.1 g, 0.22 mmol)

and pyridine (0.035 g, 0.45 mmol) in DMF (5 mL) was added acryloyl chloride
(0.03 g, 0.33 mmol) at 0 °C. The reaction was allowed to come to rt and further
stirred for 12 h, quenched with ice-cold water (10 mL) and extracted with EtOAc
(2x20 mL). The ethyl acetate extract was washed with saturated aqueous NaCl

10 solution (5 mL), dried over Na,SO4 and concentrated under reduced pressure to get
crude CNX-43. The crude product was purified initially by neutral alumina column
chromatography and then by prep. HPLC to give 18 mg of the title compound as a
white solid. "H NMR (MeOD) & ppm : 2.94 (s, 3H), 5.82 (d, J= 10.0 Hz, 1H), 6.37
(dd,J=1.76 & 17.16 Hz, 1H), 6.50 (dd, /= 10.28 & 17.16 Hz, 1H), 7.06 (dd, J =

15 2.6 & 594 Hz, 1H), 7.11-7.15 (m, 2H), 7.45 (d, J = 8.64 Hz, 1H), 7.56-7.61 (m, 3H),
7.67 (dd, J=2.24 & 8.48 Hz, 1H), 8.0 (s, 1H), 8.45-8.55 (m, 1H); LCMS : m/e 501
(M+2)

BIOCHEMICAL TESTING

20 Sorafenib had an IC50 of 50.5nM against inhibition of ¢cKIT phosphorylation
while Compound 7 had an IC50 of 31nM against inhibition cKIT phosphorylation.
Biochemical testing was performed using the assays described in Example 1 for

cKIT.

25  GISTS8S82 Cellular Assay
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', MAPAEMYDI MK -

t 4CPKANVKRVVRED/028236 KKROERPLFPQL1, A5| ELARSI RK - - TOWDAOPCKRB2009/056025

TFKQ VQLIEKQ 5e' 5INHI - 104 - RAF: human RAF (SEQ ID NO.7) CKIT: hunan
CKIT (SEQ I D NO 1)

-(trifluoronethyl )%%R@??e‘ﬁiﬁzvﬁgéf%ﬁg@g%g“@Hﬁ’[‘%{gﬁg é?f‘ ﬁﬁg%gl@miﬁg%g‘%ép 1.
G, 3 5 iy ndiaionga) kopnutaml st ¢
mol ) in 1, 4complete media for 90 minutes. After 90 minutes, the m)f/:dia was removed and c%ils
were washed with compound-free media. Cells were washed every 2 hours and
5 resuspended in fresh compound-free media. Cells were collected at specified
timepoints, lysed in Cell Extraction Buffer (Invitrogen FNN0011) supplemented
with Roche complete protease inhibitor tablets (Roche 11697498001) and
phosphatase inhibitors (Roche 04 906 837 001) and lysates were sheared by passing
through a 28.5 gauge syringe 10 times each. Protein concentrations were measured
10 and 10pg total protein lysate was loaded in each lane. cKIT phosphorylation was
assayed by western blot with pTyr (4G10) antibody and total kit antibody from Cell
Signaling Technology.
Sorafenib and Compound 7 were tested for cellular activity in a GIST882
cell line at 1 micromolar. Both compounds inhibited cKIT autophosphorylation and
15  also downstream signaling of ERK. In order to understand whether there was a
prolonged inhibition with the irreversible inhibitor the cells were washed free of
compound. For the reversible inhibitor, Sorafenib, the inhibitory activity of ckit and
downstream signaling was overcome whereas the irreversible inhibition of
Compound 7 persisted for at least 8 hours. This data supports the superiority in

20  duration of action of the irreversible inhibitor Comopund 7 over the reversible

inhibitor Sorafenib.

Mass Spectral Analysis
¢-KIT (15 pmols) was incubated with Compound 7 (150 pmols) for 3hrs at
25 10X access prior to tryptic digestion. lodoacetamide was used as the alkylating
agent after compound incubation. A control sample was also prepared which did not
have the addition of Compound 7. For tryptic digests a 2ul aliquot (3.3 pmols) was
diluted with 10 pl of 0.1% TFA prior to micro C18 Zip Tipping directly onto the

MALDI target using alpha cyano-4-hydroxy cinnamic acid as the matrix (Smg/ml in
30 0.1%TFA:Acetonitrile 50:50).

Instrumental:
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di oxane ( 50 nL) was added 4-DVAP (1.22 g, 10 mmol) and Boc anhydri de
(13.13 g, 50 nmol ) at roomtenperature. The reaction m xture was heated at
110C f or woOmo10fi28236eacti on m xture was cool ed, concentr acedsardascoeeduced
pressure and the residue was dissolved in EtOAc (25 nL). It was washed with

10% ci t d 2 t t NaCl
(2 m(zl) r :D(r:y?(r:]IQ ovgr ?%%%8&%%{1%&%{:? WE{Sdq GEH %%%é%’? rlgéc?eoﬁgu%gw&%%duced
E)rS _eg ; ur 2001; f2 gkeabt@nrs?ﬁin@uﬁ XM@OCﬁaM\Bﬁn@UWalﬁ idege hymgolhamnseu: iBmllags Beyp Mlla?lyf .

i 02, - et her ac e 0 e
bi s- Boc i nt eske Qt(éo‘%?ss‘é é&%%%&ﬁ%%g%@%%ﬁ %ﬁg%g%%é’lr Cipma’éﬁm%h\?ed in
50 nL net han?%pth%g\v%sme&c%l déiﬂg%rs‘é?sdﬁrsepfohrggﬁecﬂnélg% ﬁ%%h&tl%%c&ﬁ%@d

acetic acid | owed by iron powder (1.71 g, -atom.
reaction fi xturdaseapowenttoit 20%y bighéroand?Hh wasassed @o Itlmjwlbsmmgm fanplt.at ur e

and was filt hrau acelite(r) bed., T i.ltrate.was .concentrated
under reducegfaﬁg’@i‘gﬁg%‘glg?‘?&n ew?se(i(?%fdlé“\%atge H?‘f']%lﬁ@gn\ﬁn?ﬂorfif%%é&l‘@gghﬁf | t
was washed wictihvawetad ReBedtton. and sat urat ed aqueous NaCl (2 nlL) and dried
over 10 Na2SO4. Concentration under reduced pressure gave a residue, which

was further purifildd paptidethahivas penssigd 6y bapiedifiedityComprund 7 hag ghe

et Pe%ﬂ gy'sol & tegéf?NC%ﬁ) atPw @ HRerved % MR o 1816 FHR RHTRUHO. ARsS¥

4-(4-(3-(9- amdmmo%nﬂUrwéslmorldr}emmohﬁpahecnyItl)dﬂo@trdbc)xgémnﬁxmlﬁ Which did not

rrethylplcollnamde 15 a stirred solution of C C -bi rt-butyl
N- 4- am no- 2- 1B¢l§dq WB%@@%@W@M@)%%@%PE%P%%Q% wsye@k ?hefé 81 )~ and

Et3N (0.6 ni, Suggiegt%d M%ﬁeré Hla%m) n(réodirﬁéaﬁ%}%f Q%@ﬁ@de%ﬁﬁ@@ﬂl‘ﬁt h4QRe sol ution

in tol uene, The reaction xture heated at refl ux
for 16 h and stdiencadEDEGDARI t o rt.

4- (4- Am nophenoxy) - N- net hyl - 2- pyri di necar boxam de, (0.32 g, 1.32 nmol) was
added and the reaction m xture was heated at reflux for 2 h. After that the

reactionRi XipAe 189, FHRVERRMe MKiDit¥RbEHepitHLC ViFuspriotdiBe hood, extract ed
wth Et OAc (2x20 nL). The ethyl acetate extract was washed with saturated

aqueous NaCl (15 2% desyribedds Edpmnplt So¢emprandisl inipaien revens Blstirhibiéer ainder
reduced pres Sﬁ’(’:‘@ pr(g)tease G%S%goej mgdeq-bull{ &t?uc%ﬁggp Vr-.'ldfn HCQ’ p@otease (see, Example

5), all protein Cys residues within 20 angstroms of V-1 in the model were
identified. This identified five residues Cys16, Cys47, Cys52, Cys145 and Cys159.
20  Then, 4 substitutable positions on V-1 that could be substituted with an enone
warhead so that the warhead would form a covalent bond with an identified Cys
residue in the HCV protease binding site were explored in three dimensions. The
warheads were built in three dimensions onto the template (Formula V-2) using
Discovery Studio (Accelrys Inc, CA) and the structures of the resulting compounds
25  were checked to see if the warheads could reach one of the identified Cys residues in
the binding site.
In order to sample the flexibility of the warheads and the side chain positions
a standard molecular dynamics simulation of the warheads and side chain positions
was performed and checked to see if the warhead was within 6 angstroms of any of
30 the identified Cys residues in the binding site. This identified two template positions
(R, and R3) which were near Cys159. These two template positions were then

subject to a final filter that required that the enone reaction product could be formed
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WO 2010/ 028236PCT/ US2009/ 056025 Step 3.
4-(4-(3-(4-Acrylam do-3-(trifluoronethyl)phenyl)urei do)phenoxy) - Nnet hyl pi co
| i nam de WO 200/0B823a stirred sol ution of 4-(4-(3-(4-am n®@C3AIS2009/056025
5(trifluoronethyl)phenyl)urei do)phenoxy)-N nethyl pi colinam de (0.1 g, 0.22
mmol ) and pyr.j.di . : : ' oyl
chloride (0. ﬁﬂg&%&%ﬁﬂ%da& ﬁglﬂg@%%bgselgg Yé‘?hv%va‘)s()la %E% ob%glgi(r)g to rt
and further désstliaad® drgstrdids hsmguetaﬁhmdnvdlédmlaraienmicdsmﬂmon( Trhigrl) and
extracted with Et OWi‘ﬁgZXZO . The ethyl acetate extract was washed with
saturat ed aqyebii! oney igmg, t%P‘?Sé)ﬁ‘Pn( 3mL), dried over Na2SO4 and
concentrated undefcgiueed vpis%%m&ﬁzédoana%ho&ﬁme%@nbmeomem pr oduct
was purified initi aI I'y by neutfal alum na col umm chronmat ography and t hen by
prep. HPLE t prgtase (8o app ©6.50ND and shevie torpodifid HEY profelase en €p$1is@.. 1HNMR
(MeOD) 6 ppm: 2.94 (s, 3H), 5.82 (d, J= 10.0 Hz, 1H), 6.37 (dd, J=1.76 &
17.16 Hz, 1H), 6.50_(dd, J= 10.28 & 17.16 Hz, 1H), 7.06 (dd, J= 152.6 &
5.94 Hz, 1H), 7.11 , b 7.45 (d, J = 8.64 Hz, 1H), 7.56-7.61 (m
3H), 767(de 4~&('8. 2, 1H), 8.0 (s, 1H), 845855(m1H) LCVS
me 501 (M+2) BI OCHEM CAL /T “TI NG 20Sor af eni b had an | C50 of 50.5nM
agai nst i nhi bition of cKIT\phosphorylation while Conpound 7 had an | C50 of
31nM agai nst i,nfkbiti on CKIST phosphorylation. Biochemcal testing was
performed usin ssays~described in Exanple 1 for cKIT. 25 G 5T882
Cel l ul ar Ass ) G ST882 cells were seeded in a 6 well plate
at a density of.38 cells/well in conplete nedia. The next day cells
were treated withiluM eonp g dlluted in conplete nmedia for 90 m nutes.
After 90 m nut °the medt'a e;{éVed and cells were washed with
conmpound-free dia. Cells Fe wa every 2 hours and 5resuspended in
fresh conpound-free nedia. (Cell were col |l ected at specified tinmepoints,
|l ysed in Cell Extraction Baffer (Invitrogen FNNOO11l) supplenented with
Roche conpl ete protease inhibitor tablets (Roche 11697498001) and
phosphat ase i nhi bitors (Roche 04 906 837 001) and |ysates were sheared by
passi ng through a cz&mﬁz gauge syringe 10 tinmes each. Protein concentrations
wer e nmeasure and (gl oé al protein |lysate was | oaded in each | ane.
cKIT phospho%}' ‘?SHrP ipound

Compound 8

10 tert-butyl-(S)-1-((2S,4R)-2-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)-4-(7-methoxy-2-phenylquinolin-4-
yloxy)pyrrolidin-1-yl)-7-methyl-1,5-dioxooct-6-en-2-ylcarbamate: The title
compound was prepared according to the steps and intermediates as described

below:
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assayed by western blot wth pTyr (4Gl0) antibody and total kit antibody
fromCell Signaling Technol ogy. Sorafeni b and Conpound 7 were tested
for cell uweromaRs2rty in a G ST882 cell line at 1 m cr omOTAIS200B054925
conpounds inhi bited cKIT aut ophosphoryl ation and 15 al so downstream
signaling of ERK In order to understand whether there was a prol onged
inhibition with the irreversiple inhilft

conmpound. |For the ersi bl e oghibiNnto oraf eni b, the | ory activity
of ckit aNd ¢ steam si gnal i \| over cone whereas th i ble

i nhi bition &g pound 7 persistedyfor ab be Aednis. Thes dava supports
the superioritylin 2 at,j b1 of a@t«@be r réowes si bbe i nhi bitor
Comopund 7 over VEers i nhib r raf eni b. Mass Spéct ral Apal ysi s

c-KIT (15 pnols) was infubdt es’with Coreurid 7 (150 pnol s) 40
2510X access priQr c?; ypt H¢l 0¥ gestdhef. Fodoacet anmi de was Tsé
al kyl ati ng agentgﬁ‘fot er” conp®UBfE@Ai ncubati on. A control sa
prepared which did #ot haveé®®he additiorf'of Conpound 7. For pt Ft di gests
a 2111 aliquot (3.3 pnmols) was diluted with 10 fil of 0.1% TFA prior to
mcro C18 Zip Tipping directlygonto the MALDI target using al pha

cyano-4-hydroxyn$[Ln amc acid as—the matrix (5ng/nl in
300. 19TFA: Acet on b+ her 50: 50). { ndtnunpatal : - 108 - For tryptic
di gests the instrunen set Im\ Re ron node with a pul sed extraction

setting of 2200.9ali brgtion was done using the Laser Biolabs Pep M x

standard (1046.54, 1296. 89, 1672.9 2093. 09, 2465.20). For ClI D PSD
anal ysi s the pepti dearwaisa sel ect ed{ugi gursors to set ion gate timng and
fragmentation occurred 5 4at a_.l asef pgwe 58ut  20% hi gher and He was used

as the collision gaS%r Cl D. “gdNBrat ijon N dr fragnents was done using the

P 14R fragnentation cali braL\_iTom for e Curved field Reflectron. The
pepti de that was expected to beéﬁ(:i fi e(gmgyndg:onpound 7 has the sequence
NCl HR, and was observed at Mo | 1141.5." (The nonoi sotopi ¢ mass of 10
Compound 7 was 499.15.) In conpartson, the control digest of cKIT which did
not include Conpound 7 showed the conpl ete absence of this mass peak. The

data al so suggested that there may have been nodification of a peptide
pepti de that Ineaniddéate8cuence | CDFGALAR. 15Exanple 7. Irreversible Inhibitor

< o botent - eveiBmETrBRtise 57 (A" Foaremen i Bartd Bvionts SRR

structuresof apil Iy HQV7RhAbHATRe hiifbre FAANR& R} on@/hbuPb&bRi MdiySa T esi dues
wi thin 20 angstrons of V-1 in the nodel were identified. This identified

five resi duesolyion6ef QyebapropytydfRramPestii® gnd Cyned. DBYTHRAC ml, 1.8
substitutabl g RO LA &/, § Bdforf B4 2t MRS Th HiGfinthiRupl wabone
stirred at 600C for 10 hours. The reaction mixture was diluted with EtOAc and
was washed with aqueous NaOAc buffer (pH~5, 2x10 ml), NaHCO; solution
10 and brine. After drying over Na2SO, and removal of solvent, the residue was
subjected to chromatography on silica gel using hexane/EtOAc (1:1~1:2). A
total of 0.8 g of Intermediate 8-1 was obtained: R¢ 0.3 (EtOAc:hexane = 3:1),
MS mvz: 677.2 (M+H").

15 Intermediate 8-2:
Intermediate 8-1 (0.8g, 1.18 mmol) was dissolved in 5 ml of 4N HCI in
dixoxane and the reaction was stirred for 1 hour at RT. After removal of

solvents, a 20-ml portion of DCM was poured in followed by evaporation to
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war head so that the warhead would forma covalent bond with an identified
Cys residue in the HCV protease binding site were explored in three

di mensi o0 20tod28m6 heads were built in three di nensi onsPomtus2a0a®sdehpl at e
(Formula V-2) using D scovery Studio (Accelrys Inc, CA) and the structures
of the resulty4 [ uld

O e el e OOHALS, 200D ANFBIA Y RES, L Ry PR ¢

order to sanphee tihestd gwelintermydmte 8 BaswaH(dads. MSdn/tzhé77sI ¢ef+ERRi n
positions a standard nol ecul ar dynam cs sinulation of the warheads and side
chain positions was perfornmed and checked to see if the warhead was within
6 angstrons qhtamedelte 8:he identified Cys residues in the binding site.
This identified two tenplate positions (Rl and R3) which were near Cys159.
These twoSt el atselysiosi afi Hrﬁomreglm@nc 991911 €k23 ol & mmo)b)l inf 10.0em! vhat

requi red that reac be for

bet ween the éghg‘ﬁﬁﬁ i A7 b ogaén §OPS 'en%ﬁl?] Wé’dd‘? g(??nwr[néna bond

of |ess than RHRMYEL[ DEn6H)AY-73 St sdevdigr GheRlaega mxtdaénvmlsﬁﬁre@ ifgyul @t i on.
This constraint_|eft one tenplate position, R3. Compound 8 was

synt hesi zed @#hd’%Hewh N BBd250nBradupensi toiuton wes M@@d@nértm @ag@ue( MescLApp <
0.5 d 1 th

0. g(';/bnpgﬂn dsgfb&l%po Sgg&igf,i ) RPVTRE BHSAR GaRBNE 3%y 1 N N HEPRQWAEE §a0Y Nt hesi s
tert-but yD- ( Hhehr @ﬁﬁvé&ﬁn@r@h&;ﬁﬁhndﬂ(eaymlanmg)@qdesuﬂ anytterrddebyopCM 2-

vi nyl cycl opr | car 1 7- netho - phenyl gui nol i n- 4-

yl oxy) pyr r ol |(g$én2q mﬁnﬂ%e é@?ﬂ‘%llaﬁeré""’dl dufer é‘}/aéﬁa 1%%?"6%%%9”@% title
conmpound was Vp,{sq,aﬁg@éatag) cOad {plg chi?letptﬂ&‘du%F eps and i nternedl ates as descri bed
below. - 110 - Internediate 8-1: solution of Internmediate 5-2 (0.9 g,

1.57 mmol) in 6 mM of DW was added 5 CDI (0.28 g, 1.7 mmol ). The m xture
was stirred for one hour before adding a solution of cycl opropyl sul fonam de

(0.25 g, 2.0 UnNBU (0.26 M, 1.8 nmol) and DIEA (0.9 i, 5 nml) in 2
m of DMFs Th&trlﬁﬁwL(fS)Jlg((m XRWE((MQ,QS)ilJ(E)Vc%bl'@byﬁﬁﬂ@)fl@irbltﬁlom)lvﬂ- . The
reaction mxture was diluted wt Ac and was washed w th aqueous NaOAc

buf f er (pHSVl%ﬂMlQﬁl}’PYKBMYE!bﬁﬁYMh‘HY Zopdremylgninolint4-er dryi ng over

Na2SO4 and r§m§ I v f i3S, Syl 0 r t ogr aphy

on silica gel ?;#r? léiignle Ochm(i'l l%sqqg?‘oc ?IF?SJII&%E% & ﬁ{% e

| nt er medi at e cSmj:omﬁBw@d)madenb}dmdﬁhn@ Idtefintdidce &e)aad(intér&ediia,te S/B wing: 677. 2
M+H) .

( ) HATU following the coupling reaction described for Intermediate 5-5 in the

20  synthesis of Compound 6.

A total of 70 mg of the title compound was obtained (65%): R¢ 0.5 (EtOAc);
MS m/z: 844.2 (M+H").

Biochemical Data
25 Compound 8 was tested in the biochemical assay described in Example 4,

and shown to be potent inhibitor of HCV protease (ICsy_app < 0.5nM)

Mass Spectral Analysis
Mass spectrometric analysis was performed as described in Example 5.
30 The analysis confirmed that addition of Compound 8 to HCV protease resulted
in a mass shift of approximately 844 Daltons, demonstrating that an adduct of

HCYV protease with the compound was formed. (FIG. 11)
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15Internediate 8-2: Internediate 8-1 (0.8g, 1.18 mml) was dissolved in 5
m of 4N HCl in di xoxane and the reaction was stirred for 1 hour at RT.
After remwoabioaRssel vents, a 20-nl portion of DCM was pearas2e00/08@k$ onwed by
evaporation to - 111 - dryness. This process of DCM addition foll owed by
evaporatio eat i Lve lnternediate 8-2 as its HCL
sal !to VS ?Sﬂ@]}éﬁé’ (M é&ggﬁré{reggi%l?%‘g@g?v@ 04 sol ution of

N- Boc- pyr ogl ut am cTldg exhnfifle @8ngnstrats applidatiom ofl the Aesikn afgosithny aiidmsthbtiF was

added 2-net hyl prap-1- enyl ) magnesi um brom de (0.5 Min THF, .5 nL, 2.5 mol)
at -78 C sl oW ?Slg%BO‘F%‘éE)FV‘Hg‘bﬁE \pibyars ansting frpidavargblegniibiters Al C 1 N HOL
(2.5 m) aquefsdrsfbbivedpiegyadded and the mxture was slowy warmed up to

RT. The pH was adjusted to -3°by 1 N HC1. The THF was 10 then renoved under
vacuum and the remai ni ng aqueous was extracted by DCM (3X 20 nl). The

organi c |l ayer was drie v.e filterd and the solvent was renoved to
provi de the crude ég?bd @g?b'&%iﬁ%@se

15tert-butyl - (S) - ISR 124 (weiRk 2)erstbll SHEDIRRPBYL Rish oyl ce8 RRMBIXA - 2-

vi nyl cycl opr opyl car banoy1l) - 4- ( 7- met hoxy- 2- phenyl qui nol 1 n- 4-

yl oxy) pyr r ol itdeghemigal pssay remtihy [UsingShel stovcdare thasededesZznyal graitirantasceibed he titl e
conpound was nade coupld ng I nternediate 8-2 and | nternedi ate,k8-3 using
HATU f ol | owi nh§ rctl‘}re@%g%opqnlar?lgW%ergﬁlleyo?r{]%c?éﬁ%‘F?t e‘éPanS?CC{ ché?l}fé{ﬁvﬁrlsg’l%- 5in the
20 synt hagi s ighibforgr@tkd 6. A total of 70 ng of the title conpound was
obtained (65%: Rf 0.5 (EtOAc); M5 mz: 844.2 (MrH+). Bi ochem cal Data
25Conpound 8 was tested J c-BNQcEMm . cal assay descri in Exanpl e 4,
and shown to be potent i protease (1 C50 APP < 0.5nM Mass
Spectral Anal ysis Mass S Al ysis was perfogied as described in
Exanmpl e 5. 30 The anal ysi $*Confi r ned at™naddi ti on ok”Co und 8 to HCV
protease resulted in a mass shift of approxi mately 844 Daltons,

denonstrating that an adduct of HCV prot witht conmpound was forned.
(FIG 11) N|
L
N N
Compound 9

The binding mode of Compound 9 in Btk was obtained through the docking

method using the Btk apo structure (pdb code: 1K2P) and the co-crystal structure of
15 EGFR inhibitor (pdb code: 2RGP) with the protein modeling component in
Discovery Studio (Discovery Studio v2.0.1.7347, Accelrys Inc).

The binding model of Compound 9 with Btk identified five Cys residues that
were within 20 angstroms (Cys464, Cys481, Cys502, Cys506, and Cys527) of
Compound 9. In the three dimensional structures, however, four (Cys464, Cys502,

20 Cys506, and Cys527) out of the five cysteines were blocked by side chains or the
protein backbone. Those cysteines are not easily accessible due to the steric clashes.
Therefore, only one cysteine (Cys481) was reachable and within a preferred
distance. One substitutable position on the Compound 9 template was explored in
three dimensions (R; in Formula VIII-1). The warhead (acrylamide) was built onto

25  the Compounds 9 template using Discovery Studio, and the structure of the resulting
compound was docked into the Btk using Accelrys Discovery Studio v2.0.1.7347

(Accelrys Inc). The final three dimensional structure was checked to determine if the
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- 112 - WD 2010/ 028236PCT/ US2009/ 056025 Exanpl e 8.1 nproved Pot ency Through
Coval ency. This exanpl e denonstrates application of the design algorithm
and met hoaot2o10de8i3gn potent irreversible inhibitors staPCrAg2600086025
reversible inhibitors with noderate or weak potency. 5 8. A Inhi bitor of

(1 G50 5. o1_1 ks SRRRERADs e B MERAL R EREhf bk Pl 8 8hulhy b L. pacea

desi gn al gori@ysn descri bed herein, Corrpound 9 was rapidly and efficiently
converted into an irreversible 10i nhibitor of Btk. N NO

Sael
5 ol

This approach confirmed that the selected R; position on the Compounds 9

Formula VIIIA-1

template was near Cys481, and that the distance was less than 6 angstrom. The
acrylamide reaction product was formed between the candidate inhibitor and
Cys481, which involved forming a bond of less than 2 angstroms using a standard

10 molecular dynamics simulation. This constraint was successfully satisfied for this
position.

Using the methods and assays describec below, Compound 10, which
contains an acrylamide at the R; position, was synthesized and shown to be a potent
inhibitor of Btk kinase with an ICs 1.8 nM in the biochemical assay. This is a

15  significant improvement in potency relative to Compound 9 (ICsy 8.6 uM). The
activity of Compound 10 was also assessed in a Ramos cellular assay. Because
Compound 9 was such a week inhibitor of Btk in the biochemical assay, it was not
expected to have any inhibitory activity in the cellular assay. However, when used
at a concentration of 1 pM, Compound 10 showed 85% inhibition of Btk signaling

20 in Ramos cells. These data show that the algorithm and method of the invention
were used to improve the potency of of a weak reversible inhibitor (Compound 9)

and that the potent irreversible inhibitor (Compound 10) had activity in cells.

Synthesis of Compound 10
25  N-{3-[6-(4-phenoxyphenylamino)-pyrimidin-4-ylamino|phenyl }-2 propenamide
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N NN Conpound 9 The bi ndi ng node of Conpound 9 in Btk was obtained through
t he docki ng nmethod using the Btk apo structure (pdb code: 1K2P) and the

co- cryst avozorouesasse of 15 EGFR i nhi bitor (pdb code: 2REPYx/uskao/osdees pr ot ei n
nodel i ng conponent in Discovery Studio (Di scovery Studio v2.0.1.7347,
Accelrys Inc). The bindi ng rmdel of Conmpound 9 with Btk identified five Cys

residues that were within gs ‘ (Cys464, Cys481, Cys502, Cys506, and
Cys527) of Compound 9. In thre ensi onal st r/ﬂELgr//es, however, four
(Cys464, Cys502, 20 Cys506~&nhd Cysd qHt of the-Afl cysteines were

bl ocked by side chains or the protein backbone. THose cystei nes are not

easily accessible due to the steric cl . ThepefqQre, only one cysteine
(Cys481) was reachable and within a preferred di ce. One substitutable
position on the Conpound 9 tenplate wa I 20 three dinensions (RL in
Formula VI11-1). The warhead (acryl am de) wasNbui It onto 25 the Compounds 9

tenpl ate using Discovery Studio, and t@wngdundapure of the resulting
conpound was docked into the Btk using Accelrys Discovery Studio
v2.0.1.7347 (Accelrys Inc). The final three dinensi onal structure was

bindi ng (vias hed MugEol {8 Ephenbpten WAL rEAUL LR Brci il VO
"..,, BNNS5Thimg,dpproedhand tricthyleding {480 tige 1 §6ImeabdbB dn Rimp e iTtHPowaostirtdie
Conmpounds 9 t e s48 and. that the distance was | ess than 6
anggt rom Th@?gg] 31 QH?mgeChr é@@t(% &8&8’6‘9”\% aﬂé?cﬁ@&) ﬁ‘@tr%é‘ﬂnfr% WESHS; dat e

i nhi bi tor andt Y$é8led AMRITCHH 'IHMCVS%%eBPWHl R eB B9 Fa@lun 894HokdidR afd the

angstrons using a standard 10nol ecul ar dynam cs sinmulation. This constraint
was successf iride praducs was gufibed b iflastpdepmatograpblsiongilicagehwithddeAafCMssays

descri bec bels%ernt synpe LY aff%rd l\f\g'mg r840% yield) of the title compound as a light colored
10 solid. MS (m/z): MH" = 424. "H NMR (DMSO): 9.14 (s, 1H), 9.10 (s, 1H), 8.22 (s,
1H), 7.89 (s, 1H), 7.52 (d, 2H, J = 9.0 Hz), 7.35 - 6.92 (m, 11H), 6.42 (dd, 1H, J, =
10.1 Hz, J, = 16.9 Hz), 6.22 (dd, 1H, J, =1.9 Hz, J, = 16.9 Hz), 6.12 (s, 1H), 5.70
(dd, 1H, J, = 1.9 Hz, J, = 10.1 Hz) ppm.

Omnia Assay Protocol for Potency Assessment Against Btk

15 The protocol below describes continuous-read kinase assays to measure
inherent potency of compounds against active forms of Btk enzyme. The mechanics
of the assay platform are best described by the vendor (Invitrogen, Carlsbad, CA) on
the world wide web at invitrogen.com/site/us/en/home/Products-and-
Services/Applications/Drug-Discovery/Target-and-Lead-Identification-and-

20 Validation/KinaseBiology/KB-Misc/Biochemical-Assays/Omnia-Kinase-
Assays.html. Briefly, 10X stocks of 5 nM Btk from Invitrogen, 1.13X 40 uM ATP
(AS001A) and 10 pM (ATP KMapp ~ 36 mM) Tyr-Sox conjugated peptide
substrates (KCZ1001) were prepared in 1X kinase reaction buffer consisting of 20
mM Tris, pH 7.5, 5 mM MgCl,, 1 mM EGTA, 5 mM B-glycerophosphate, 5%

25  glycerol (10X stock, KB002A) and 0.2 mM DTT (DS001A). 5 pL of enzyme was
pre-incubated in a Corning (#3574) 384-well, white, non-binding surface microtiter

plate (Corning, NY) for 30 min. at 27°C with a 0.5 pL volume of 50% DMSO and
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contains an acrylam de at the Rl position, was synthesized and shown to be
a potent inhibitor of Btk Icinase with an 1C50 1.8 nMin the biochem cal
assay. Thwe 208/@8bsi gni ficant inprovenment in potency r@eCauisSe@Ins60eHMpound
9 (1C50 8.61_1M. The activity of Conmpound 10 was al so assessed in a Ranps
cel lul ar assa e |nh|btor of Btk.in the
bi ocheni cal aé‘é‘%‘?f lﬁ#e%sfn%&n %Rrﬁg%rwgbn 5&2ﬁ)ﬁ§6eﬁquﬁﬁqaﬁ OIS 8BS ty i n
the cel | ul ar \ASS&Y addigVEVELS mﬂlmw/m S@x%ﬁ@&ruubauwﬁlu@andlmmtor@&npound
10 showed 85% i nhibition of Btk signaling 20 in Ranpbs cel I . These data

show t hat t hevalygdr9Q saeprdsdfoned hoelites att 6®/Mé|8f> iima Syeerey uﬁetd reaglei frpmove

potent 1 rr evar el EVIANGY TXF' Rl et et g by pdch "

Synt hesi s50f whperd I&darinﬁlea%ﬂ\lme{iﬁreactlon kinetics and fit statistics (R%, 95% confidence
[ 6-(4- phenoxyphen}ll am no) - pyri m di n-4-yl am no] phenyl } -2 propenam de - 114
- Conpound nigrval, egsalute sRmaH squares). Initial velocity (0 mirutes to ~30 minutes) from

346- (4-ph - | 0.7
ool ) and tr ePheRU R BHA 441 R BOMBIRAN ok ERhocd, °,
RT. Acryl oyl WJhllm:ﬁ’(Ind&utéﬁanChjhen(pl&tﬁﬂl’ﬂghi)nsﬂ\ﬁhlbaddﬁdlcbﬂiﬁﬂmhh& estamae i@gla m xt ure
and it was st RT for t was re by vac

evapor at i on f%la“&?}hb@é] ‘ﬁrl%f‘dﬂ‘é‘ise %“agllﬁ §£P%81099 lf‘@%ﬂ)éﬂ)r/dh‘ﬁ’c %‘Paphy on

silica gah WdApkQAYHXM ERhMSRL 2Ygfemto afford 115ng (40% yield) of the
title conpound as a light colored 10 solid. M5 (mz): MH# = 424. | HNMR

(DVBO): 9.14 (s, 1H), 9.10 (s, 1H), 8.22 (s, 1H), 7.89 (s, 1H). 7.52 (d,

2H, J = 9.0 ladtcandafa 11H), 6.42 (dd, 1H, J1 = 10.1 Hz, J2 =
16.9 He), G.MMS Hz, J2 = 16.9 Hz), 6.12 (s, 1H), 5.70 (dd,
1H, J1 = 1.9 ¢#mpolddsCNX-85 ki) aRR &l inQamhey HSSAYB UKL 1960hoha CelROtFRME,

Assessnent Agal nst Bt k 15The protocol bel ow describes conti nuous-read
ki nase assaysellp wekagione innfispansionpiot BROytlasks.comp slonas reryspanded axbimls f or ns

Che venads”{ Pt BB BRI Tadby Ui P AR RLFAEG Gobas) pesribent
i nvi trogen. cosfusi freé¢ urdrnohofid Rondnahiseraoldl, 3ot W.CE s A9l udat Ramss B¥lisg- Di sc

overy/ Target - and- Lead- | denti fi cati on and- 20 ) )
Val i dat i on/ Ki'fi$ érmugws Gy RECAPROUN S| %rchgwcwaslﬁ«g‘sa&ygy ayhesusrenied dd 88ys . ht nd

. i efl ! cala. v 0 an
(001 "and 8T NF DATS Kimn e 60 ARG 9Tl of ekt fdP R A

substrat es (Hg¥ilafd inewbnated prrepar &ot 10 niiXutks nasetivaéad? icoll tecdpitar mgmimgsti ng
of 20 mM_Lris H7.5.5 .MyCl1 1. nM EGTA mM f | cerophqgsphat e, 5%
25 ol ycerD) (iR oRier KEREDRSS Dt el Bermm e pRsonAy BEGRE Hendyscgonon. y e
was pre-inculad @Gkhi MvArdgeh r@dngﬁt#é*o%ﬂ)bu%@fl e gtowl?ﬁ&emn@&nhymésn@e&urface

mcrotiter plate (Corning, NY) for 30 mm at a 0.51.1,L, volune
of 50% DVBO deatled o8l and blots were probed for phosphorylation of the Btk substrate PLCy2.

8.B. Inhibitor of HCV Protease
25 Compound 11 is a weak reversible inhibitor of HCV protease (ICsy of 165
nM in the biochemical assay). Using the structure-based design algorithm described
herein, Compound 11 was rapidly and efficiently converted into an irreversible

inhibitor of HCV protease.
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serially diluted conpounds prepared in 50% DMSO. Ki nase reactions were
started with the addition of 454 of the ATP/ Tyr-Sox peptide substrate m x
and noni twoediogeezdy 30- 90 seconds for 60 m nutes at ke, PBEAISE@/08@25i n a
Synergy4 plate reader from Bi oTek (W nooski, VT). At the conclusion of each
assay, progress curves fromeach 5wek] were exam ned for linear reaction
kinetics and fit statistics (R2, 95% c9nfi dence interval, absolute sum of
squares). Initial velocity (0O mnutes to -30 m nutes) from each reaction
was determ ned fromthe slope of a p pf relative fluorescence units vs
time (mnutes) and then plotted agai R nhi bitor concentration to estimte
| Cso fromlog[lnhibitor] vs Response, i @bl e Sl ope nodel in G aphPad
Prismfrom 10 G aphPad Software (San Dkggg A Bt k Ranbs Cel | ul ar Assay
Conmpounds CNX-85 was assayed i n Ranog huifan § tt |ynmphoma cells. Ranobs

Z d pun down, resuspended in

50mM s 15 serumfree nedi a d i nculyat 1 Tour. Conpound was added to
Ranpbs cells in serumfree ig to ' concentration of 1, 0.1, 0.01,
or 0.001[M Ranps cells wer€ ingubated\wi,th c ound for 1 hour, washed
again and resuspended in 1(90u1 serym fAeezmedra.oCells were then stimulated
with I[tg of goat F(ab')2 Ant i - Hunmgh Pg { nciub on ice for 10
mnutes to activate B cell receptor sigga ngNZO'ID"lp s. After 10

m nutes, the cells were washed once wth PBS andth ysed on ice with

Invitrogen Cell Extraction buffer. 1$:vt% ]t“& Jﬂ protein fromlysates were
| oaded on gel and bl ots were probed +6FPB E orylation of the Btk
substrate PLCy2. 8.B. Inhibitor of HCV Protease 25Conpound 11 is a weak
reversible inhibitor of HCV protease (1 C50 of 165 nMin the biochem cal
assay). Using thdhscrystd strectivas etiHA¥sPrgteasd igeompleax wigls ovdrd@dniadr ei n,

ICﬁrr’]rlngUP gr (])'f W@%&%&ﬁgg—g%ﬁ&%&&&gh%n%gﬂ\égt%ﬁge&n&na tRile iaulr’ers(leéln? 1gain?| €
structural similarities in thee binding modes of the inhibitors. The x-ray structure of
the complex with boceprevir (pdbcode 20C8) was obtained from the protein
databank (world wide web rcsb.org) and used to model-build the structure of
Compound 11 in HCV protease using Discovery Studio.

10 All Cys residues of HCV protease within 20 angstroms in the docked
compound in the model were identified. This identified five residues Cys16, Cys47,
Cys52, Cysl145 and Cys159. Then, one substitutable position on the Compound 11
template (R; in Formula VIIIB-1) was explored in three dimensions to determine if
it could be substituted with a warhead so that the warhead would form a covalent

15  bond with an identified Cys residue in the HCV protease binding site. The warhead
(acrylamide) was built in three dimensions onto the template (Formula VIIIB-1) and
the rest of the reversible inhibitor was kept unchanged. The structure of the

resulting compound was checked to see if the warhead could reach one of the

identified Cys residues in the binding site.
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The crystal structures of HCV Protease in conplex with over 10 snal

5nol ecul es pepti de-based inhibitors have been determ ned, and there are
signi ficawmD2etwvaas3dral simlarities in thee bindi ng nodesTafS2400856025

i nhibitors. The x-ray structure of the conplex with boceprevir (pdbcode
2008) was obtained fromthe proteindatabank (world w de web rcsb.org) and
used to nodel -build the structure of @onmpound 11 in HCV protease using

Di scovery Studio. 10All Cys residues’Qf HCV protease within 20 angstrons in
t he docked conpound in the nodel we dentified. This identified five

resi dues Cysl6, Cys47, Cys52, Cysldy apd Cys159. Then, one substitutable
position on the Conpound 11 tenplatel{RI Nn Fornula VIII1B-1) was expl ored
in three dinensions to deternmine if 4§ _cguld Qe substituted with a warhead
so that the warhead woul d forma c@val nd with an identified Cys
residue in the HCV protease binding rhead (acryl am de) was
built in three dinmensions onto the tpnpl ate ormula VI11B-1) and the rest
of the reversible inhibitor was kg unchanged. The structure of the
resul ti ng conpound was checke seg_if, theswarhead could reach one of the
identified Cys residues in the b\di#g sites -4117 - In order to sanple
the flexibility of the warhead an e exchai n/posytions, 5 a standard
nol ecul ar dynam cs sinulation of th eadN aﬁchal n positions was
performed and checked to see if the marhead wag W n 6 angstrons of any
of the identified Cys residues in the b|nd|r ite. This approach confirned
that the R position on the tenpl at &R Y4 €y5159. Thi s position was
then subject to a final filter that reqU|red that the acrylam de reaction
product could be forned between the 1lOcandi date inhibitor and Cys159, which
i nvol ved formng elnbcﬁitdt%$amré@§16tﬂ$arbllztyawﬁ§sﬁtwmad1@dﬁbe sids chain aesitions, ecul ar
dynam cs gimyl ati he e onst r ai nt

descri bedgbel o%m d%gi mdecu \ia\l/glécsssglrrr% %é%n Qit& %ﬂ%ﬂgﬁ gaén}%?lgﬂ?s

i nhi bitor of M@ﬁeﬁbﬁh@ﬁﬁﬁl chéa(aﬂ)wtsélfﬁ tige \Ozirh@mi)@ﬁ\ﬂﬂhlﬁ% angstroms of any of
(2S,4R)-1-(2- aeryl am doacetyl) - 4- (7- met hoxy- 2- phenyl qui nal i n- 4- on§y) N((1R

, 2S) - 1- ( phenyhsiderigiisd @w@aﬁwﬂyl@b}pmgéw%ﬁ@wm rmed He
b d
car boxant e pogiftop e ERRALAL A2x (NG ER): sy L e ARBOHTA e

ﬁlter that required that the acrylamide reaction product could be formed between the

Ald

10 candidate inhibitor and Cys159, which involved forming a bond of less than 2
angstroms using a standard molecular dynamics simulation. These constraints were
met by Compound 12.

As described below, Compound 12 was synthesized and shown to be potent

inhibitor of HCV protease.

15
Synthesis of Compound 12
(2S,4R)-1-(2-acrylamidoacetyl)-4-(7-methoxy-2-phenylquinolin-4-yloxy)-N-
((1R,2S)-1-(phenylsulfonylcarbamoyl)-2-vinylcyclopropyl)pyrrolidine-2-

carboxamide:
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Internediate 8.B-1 OOEt NOi.--0

Et hyl -1 -R1(2S, 4R) - 1-[ (1, 1- di net hyl et hoxy) carbonyl11-4-1(7- nmet hoxy- 2- phenyl-4
- 10qui n wbi2oloes2s8¢] -2-py rrolidinyl] carbonyl] am no] PCZASRIvENYI028 1R, 2
S)- cycl opropanecar boxyl ate: To a solution of (1R,

2S) - 1- am no- 2- vi nyl cycl opr opane carboxylic acid ethyl ester toluenesulfonic
acid (2.29 g, 7.0 mmol) and N-Boc (2S, (2- phenyl - 7- met hoxy

qui nol i ne- 4- oxo) proline (3.40 : P n 100 mM of DCM was added HATU
(3.44 g, 9.05 nmmol) and then D , 21.9 6m)l 15 under stirring.
The mixture was stirred at r.t.NMorsfwo hours. »%t/e ye conpl ete
consunption of starting material s, n X ;

dhe reaqti 2 was washed with
brine twice and dried over MgSO4. Aft’ var—t sol vent, the crude
product was subject to chronatography SHN{ gel (hexane: Et0Ac = 2:1).
3.45 g of the title conpound was obtai ned:q .3 (EtOAc: hexane = 2:1); M
mh: 602.36 (MrH). 20 Internedi ate 8. - 119 OH

1-111(2S,4R) - 1-1( 1, 1- di et hyl et ho carbonyl1- J [ (7- met hoxy- 2- phenyl -4- q u
in olinyl)oxy] -2-pyrrolid inyl] "c aob onyl] am no] -2-ethenyl-(1R 2S)-
cycl opropanecar boxylic acid: To sol ut(’* ?ﬁﬁ%}’ product of Internediate
8.B-15 (1.70 g, 2.83 nmol) in 14Y™RPUY OH (9:5:1.5) was added
| i t hi um hydr oxi de nonohydrate (0.95 g, 22.6 nmol). After stirring at r.t.
for 24 hours, the reaction mxture was neutralized with 1.0 N HC1. The
organi ¢ sol vamestie cempoupsh Vs cprepgé racoerdingnio dbed stepe and igtesmadiates aSous
phase ‘A’assaCidgLJrfbgﬁlel%pr3 using 1.0 N HC1 and was extracted wth EtOAc.
The organic l'ayer was washed with 10 brine, and was dried over anhydrous
magnesi um sul fate. After renoval of solvent, 1.6 g of the title conpound
was obtained: Rf 0.2 (EtOAc: MeOH =_10: 1); NS nfz: 574.36 (MtHt).
Internedi ate 8.8-3 15==JHN-s02  Intermediate 8.B-

Ethyl-1-[[[(2S,4R)-1-[(1,1-dimethylethoxy)carbonyl]-4-[(7-methoxy-2-phenyl-4-
10  quinolinyl)oxy]-2-pyrrolidinyl]carbonyl]jamino]-2-ethenyl-(1R,2S)-
cyclopropanecarboxylate: To a solution of (1R, 2S)-1-amino-2-vinylcyclopropane
carboxylic acid ethyl ester toluenesulfonic acid (2.29 g, 7.0 mmol) and N-Boc (2S,
4R)-(2-phenyl-7-methoxy quinoline-4-oxo)proline (3.4 g, 7.3 mmol) in 100 ml of
DCM was added HATU (3.44 g, 9.05 mmol) and then DIEA (3.81 ml, 21.9 mmol)
15  under stirring. The mixture was stirred at r.t. for two hours. After the complete
consumption of starting materials, the reaction mixture was washed with brine twice
and dried over MgSO,. After removal of solvent, the crude product was subject to
chromatography on silica gel (hexane:EtOAc = 2:1). 3.45 g of the title compound
was obtained: Ry 0.3 (EtOAc:hexane = 2:1); MS m/z: 602.36 (M+H").
20
Intermediate 8.B-2
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N- (1, 1-di net hylet hoxy) car bonyl) - (4R)-4-1(7- met hoxy- 2- pheny1l- 4-

qui nol i nyl ) oxyl - L-prol yl-1-am no- 2-et henyl - N- (phenyl sul fonyl) - (1R, 2S) -

cycl opr opaipeocsrdsesam de: To a sol ution of the product ofCiraisesnpsioats e 8. B- 2
(1.24g9, 2.16 mol) in 20 mM of DWF was added HATU (0.98 g, 2.58 mmol) and
20 DIEA (1.43 m, 8.24 mol ), the mxture was stirred for one hour before
addi ng a solution of benzenesul fonam de7(1.30 g, 8.24 mmol), DVAP (1.0 g,
8.24 mml) and - 120- DBU (1.29 g, 8. ) in 15 M of DW. Stirring
continued for additional four hours. reaction mxture was diluted with
Et OAc and was washed wi th aqueous NaOAc jbuiifer (pH5, 2x10 nl), NaHCC3
solution and brine. After drying over %504 renmoval of solvent a pure

product precipitated by addi ng one paortjon o DCM The filtrate was

concentrated and the resi due was subj ed to chromat ography on silica gel
usi ng hexane/ Et 0OAc (1:1-1:2). A totgl 0412517-2 g of the title conmpound was
obtained: Rf 0.3 (EtOAc: hexane = 3:1), : 713.45 (MtH), 735. 36
(MtNa+). 10Internediate 8.B-4 HN-s02 . OH

(4R)-4-[(7-net -2-ph 1-4-quinolinyl)oxy]-L-prolyl-1-am no-2-ethenyl-N
phenyl sul f on Iaﬁ?%ﬂ,ﬁiﬂfﬁgﬂ‘g‘ﬁﬂyﬁﬁﬁB’c%?Fﬂ&?gﬁlffé[(gﬂet "%?Tﬂﬂeﬁﬁl'_'f t he
product fromduihSidyBRk £ pSridinylcafodilyl @il Waengdded dropwpgasp M of
TFA. The 15 m xturé was stirred at r.t. for two hrs. After renpval o

sol vents, a 2@clepremmecanbosylioavmind® peivtean ¢frthé prdduvice Inyeraveabiate $:Bdn t o

dryness. Thi ocC of itio V.2 atio .f.epeat ed

four times. Foilene (20 Ry acoduldh i e e Ol Srahshyv g JehER" o

dryness. Two HyapaaleSmbhoHyldiSe €095 @, gazenmor)egheﬂ@tiﬁihgtat 30! foelDf itRdrs Heo 0. 9

g white powder as TFA salt of the title conpound. A 20 small sanple of the

TFA salt was IfastiPRanpdeg wet mepadized wish ob® aNnHEhe The targanie spbignd: Wre 0. 4

(DO NEOH = 10: o M3l o iR Miihhing! SR G5 Gaublaftcn s O\
using 1.0 N HCI and was extracted with EtOAc. The organic layer was washed with

10 brine, and was dried over anhydrous magnesium sulfate. After removal of solvent,
1.6 g of the title compound was obtained: R¢ 0.2 (EtOAc:MeOH = 10: 1); MS m/z:
57436 (M+H").

Intermediate 8.B-3

15
N-(1,1-dimethylethoxy)carbonyl)-(4R)-4-[(7-methoxy-2-phenyl-4-
quinolinyl)oxy]-L-prolyl-1-amino-2-ethenyl-N-(phenylsulfonyl)-(1R,2S)-
cyclopropanecarboxamide: To a solution of the product of Intermediate 8.B-2
(1.24g, 2.16 mmol) in 20 ml of DMF was added HATU (0.98 g, 2.58 mmol) and

20  DIEA (1.43 ml, 8.24 mmol), the mixture was stirred for one hour before adding a

solution of benzenesulfonamide (1.30 g, 8.24 mmol), DMAP (1.0 g, 8.24 mmol) and
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/[0---i --A O

(28, 48)-1-(2-t-butoxycarbonyl am noacetyl)-4-(7-nmet hoxy-2-phenyl qui nol i n-4-
yl oxy) - NWOpRAR8MB6 ( phenyl sul f onyl car banoyl) - 2- vi nyl cyclPepruspgoo)psoes ol i di ne
2-carboxam de: To a solution of the product of Internediate 8.8-4 (0.10 g,

0.15 5 mmol) oc- cine. 0 .mmol ) _in 3. .0f
acetonitrile wa (il'gge% %%tﬁn(?géé gsn%SlSO%DEgF ‘@brfl?g gé?imb'leé&gf g& (Bgon l,fOlB. 5

mol ) at RT wadel Thé kdactimidiie wandihitehwithXitOne abdswat wished Wit agdebus LC- M5
and TLC anal ysis indicated conpl etion of the coupling reaction. A 20-nL of

Et 0Ac was pouYaé¢ Bufferd (Rhed, A« Punb, Wbl Gfss prdutioy apd %Tibﬁrf fdter dptipg over
AcONa/ AcOH) , nd brine, ;and 10 was,dried. over, . Na2S4. After r val
of sol vent ' MNE-G tCpesal mrohBBes iredio L] PERIRHER I ERIE o reffort ge
(el uents: sEt (FcMhegagefiltre t alagl cohcefirdttdgand tHie rfebiithe cappoubjebwhsto
obtained : Rf 0.2 (EtOAc: hexane = 2: lé‘% Ms mlz: 770.3 (MrH+). Internediate
8.8-6 15 1Cbvmytogapin) on siliga gak wing bexpns/EHO Ay (hdrhdky Aot ohyP-dbigndl i n- 4-
yloxy)-N((1 = 1- I i,nyl-c 0 D)purg<ol i di n
I R L A s S B e G B i St
was di ssol vedM- "2, 7815.36f(MHN4IC1 i n di xoxane and the reaction was stirred
for 1 hour at 20 RT. After renoval of solvents, a 3-nL portion of DCM was
poured in followed by - 122 - evaporation to dryness. This process of DCM
addi ti onpol | oned by evaporation WastelmbgatES Bl ree tinmes to give the
compound Internmediate 6 as its HC1 salt (0.10 g). M5 mz: 670.2 (MrH+ ).
5Conpound 12 (CNX-221) 0,,y 0 0 \/S™&H

HN
NH O
i
_ HN—SO,

(4R)-4-[(7-methoxy-2-phenyl-4-quinolinyl)oxy]-L-prolyl-1-amino-2-ethenyl-N-

(phenylsulfonyl)-(1R,2S)-cyclopropanecarboxamide: To a solution of the product
from Intermediate 8.B-3 in 30 ml of DCM was added dropwise 15 ml of TFA. The

15  mixture was stirred at r.t. for two hrs. After removal of solvents, a 20-ml portion of
DCM was poured in followed by evaporation to dryness. This process of DCM
addition followed by evaporation was repeated four times. Toluene (20 ml) was
added and then removed by evaporation to dryness. Two repeats of this cycle gave a
residue that solidified into 0.9 g white powder as TFA salt of the title compound. A

20  small sample of the TFA salt was neutralized with NaHCO; to obtain the title
compound: Ry 0.4 (DCM:MeOH = 10:1); MS m/z: 613.65 (M+H").

Intermediate 8.B-5
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HNO HN ri O (2S,4R)-1-(2 -acryla md oacetyl)-4-(7-m ethoxy-2

- phenyl qui nolin-4-yloxy)-N((IR, 2 S)-1-(p henyl sul fonyl ca rbanoyl)-2

-vi nyl cycwopoompeBdspyrrol i di ne-2- carboxam de (1-27): Thecriush@onssmpdbund was
made by coupling Internediate 8.B- 10 6and acrylic acid using HATU
followi ng the coupling reactions described for Internediate 8.B-5. A total
of 0.10 g of the title conpound was obt d 87%: Rf 0.5 (5% MeOH in DCM ;
MS mz: 724.3 (M+rH+). Bi ochefig 3 &k ul ar Dat a 15C0npound 12 was
tested in the replicon assay d i bed in Exanpl e 4 onmpound 12 had an
EC50 of 204 nMin the assay, wh 3 rever5|ble »d 11 had an EC50 of
greater than 3000 nMin the assay. ﬁ?ot A T Assay for WIld
Type and Mutated NS3/4A | b Enzynes Zggiéﬁgz? The protocol is a
nodi fi ed FRET-based assay (v_02) fro esi stance Studies of HCV

Serine Protease Inhibitors, 2004, JBC, , No. 17, ppl7508-17514.
| nherent potency of conpounds was a ed agaw st Al56S, A156T, D168A, and
D168V nmutants of the HCV N53/4A | ot ease enzyne as 25 follows: 10X

stocks of NS3/4A protease enzynme/\froth Bi oenza (Muwuntain View, CA) and 1.13X
5- FAM QXLTnb20 FRET peptide substrate from Anaspec (San - 123 - Jose, CA
ver e prepar ed25A4R30-@M-MHEPES;arhbhyla giin dgetyhiv-Ka @k th axyrdvp by lguiaoin %

glycerol. 5 L,of enzy. r e-i ncubat rnln #3 7 384-
Oel TS bl ek, T EARCA T Butogrib BBk Feyroorar bty st Soc
with a 0.5 i J-éarbokaniiRle?ToR0%HNGRD fRE p@tucabt Fatekhedied SIBHDC(UHQSg rigpar ed
in 50% DMSO. 5 Protease reactions were started with the addition of 45 L

of the FRET sumsbrad&-Baershisinet(©r08d & 820 mmohiimalanl af asctagirilonps addadr ough
Quad' ”D“OChfp?X’?he(g? %ﬁo Y Hﬁﬁ&)(éncpb%& (HPBYEL. 6§r e g?&f ﬁ\‘f L(q\ﬁf:m&ﬁhg V).

At the conclusion assay, ' progress curves
exam ned for Then&aétldxeaﬁkuueen v\basrmirtedsfoarm HitC-a$itandt TES 4fd;sisahgiidatdide sum

of squares). Ini velocity (0 mnutes to 30+ 10 minutes) from each
reaction was 98P ’r‘PPn‘éfdthFr“t?HP]t“Pﬁ’er%aPB?}é f20amp of EHAT srastrapeed Nk &cence

units vs ti ”ﬁn&fﬂr@%@%)asﬁﬂﬂwhﬁ%%&fe?h% 184 %ﬁﬁkcb@bﬁhﬁ@bg%ﬂﬂ%ﬁ%rzﬁﬂ on to

estimate 1C50 from | ogf | bitor esponse, Var | 'e Sl ope nodel
G aphPad 1Pr i swasfdroh dSealai . &ﬁdr wemeval Sﬁmolmmgme a@4de priedsaitvasaubjept ®sent ed

in Table 12. chromatography on silica gel (eluents: EtOAc/hexane). A total of 0.11 g of the title

compound was obtained : R 0.2 (EtOAc:hexane = 2:1); MS m/z: 770.3 (M+H").

Intermediate 8.B-6

e :l.” Ny |ilm

H2N

O

15
[0001] (2S,4R)-1-(2-aminoacetyl)-4—(7-meth0xy—2-phenquuinolin-4—
yloxy)-N-((1R,2S)-1-(phenylsulfonylcarbamoyl)-2-vinylcyclopropyl)pyrrolidine-
2-carboxamide: The product from Intermediate 8.B-5 (0.11 g, 0.13 mmol) was
dissolved in 2 mL of 4N HCI in dixoxane and the reaction was stirred for 1 hour at

20 RT. After removal of solvents, a 3-mL portion of DCM was poured in followed by
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15Tabl e 12. Conpound tested Enzyne / Assay | Cso (nM Conpound 12 WI 0. 30
HCV D168A 17 Reversible Conmpound 11 WI 165 HCV D168A G eater than 3000

The dat a wbamwtst3eConpound 12 whi ch contai ns a war head PChatS2@omwadoeht | y

bind HCV protease is a potent inhibitor or wild type and mutant HCV

protease, whelg %g‘i&hetora‘?kéﬁe{s?'ﬁli? %g@&%o%@cﬁxladdﬁio%oﬁogoz%r Bf et SRERlAGFOf all
patents, published applications BRd“Pet erences ¢t 6d’ReT &1 § dre
I ncor por at ed rbyeatedfthreenigesito divreihe cenipotsd ¥ntebifiediatd 61as itk MEINhit@0.10ag. been
particularly shown and described with references to exanpl e enbodi nents
thereof, it WP Bed 1ra@¥sHodd by those skilled in the art that various
changes in formand details nay be nade therein wthout departing fromthe
scope of the invention 25 enconpassed by the appended cl ai ns.

5 Compound 12 (CNX-221)

(2S,4R)-1-(2-acrylamidoacetyl)-4-(7-methoxy-2-phenylquinolin-4-yloxy)-N-
((1R,2S)-1-(phenylsulfonylcarbamoyl)-2-vinylcyclopropyl)pyrrolidine-2-
carboxamide (I-27): The title compound was made by coupling Intermediate 8.B-

10 6and acrylic acid using HATU following the coupling reactions described for
Intermediate 8.B-5. A total of 0.10 g of the title compound was obtained 87% : Ry
0.5 (5% MeOH in DCM); MS m/z: 724.3 (M+H").

Biochemical and Cellular Data

15 Compound 12 was tested in the replicon assay described in Example 4.
Compound 12 had an EC50 of 204 nM in the assay, whereas reversible Compound
11 had an EC50 of greater than 3000 nM in the assay.

HCYV Protease FRET Assay for Wild Type and Mutated NS3/4A 1b Enzymes
20 (ICs)

[0002] The protocol is a modified FRET-based assay (v_02) from In Vitro

Resistance Studies of HCV Serine Protease Inhibitors, 2004, JBC, vol. 279, No. 17,

ppl7508-17514. Inherent potency of compounds was assessed against A156S,

Al156T, D168A, and D168V mutants of the HCV NS3/4A 1b protease enzyme as
25  follows: 10X stocks of NS3/4A protease enzyme from Bioenza (Mountain View,

CA) and 1.13X 5-FAM/QXL™520 FRET peptide substrate from Anaspec (San
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- 124 - CLAIMS What is clained is: 1. A method for designing an inhibitor

that covalently binds a target 5pol ypeptide, conprising: A) providing

a struct uweal2omoded3cof a reversi bl e inhibitor bound to aPbirns$2evyg/osioee i n a

target polypeptide, wherein the reversible inhibitor makes non coval ent

contacts wt i.ndi ' iof n the
Uo {%ﬁ@ \Jgégl; ggelpﬁieh% 30 Jgﬁ%%&g,ﬂog?%ls YOOAM NS, 4

bi nding site o polype § adjacent to e reverS| bl e

i nhi bitor whexs pgcéeler siIif @adinétidyhicokere pro@icnbatt® it HE dphigi(#R57S) B84-
C) producing structural nodels of candidate inhibitors that coval ently bind

the target poveﬁbébpkd@n-wdenwr@a@wletarﬁﬁp@mge NYenp@ srin bkt i wish aOiar head
that is bondeq 19,4, o%'%f% 151'[61}535; s%%%h ﬁ;rlte%?fcgﬁlgﬁux{a%‘i)%p%}%f S080h R{[# the

war head 15conpfising a reac Gmpdy Aiped s Ypti’ona

linker that m%&geqe&ﬁbh@we&as@zme\ﬁ%ﬂm@aaakloﬁu)mas r}ﬁhhé FRMtsbbﬁra&om ng
di stance of the Cys residue in the binding site o# e target pol ypepti de;

D) deternini rrgomt@eeds&tysltZiOt mtramSeatﬁes‘li?gﬁﬂaﬁﬁsMoﬁlrngé Q@aderrsq)lmcmqnmwrblln@r t hat

result in the, reacki al ity ben Wi t hi n
bondi ng 20 d2PEALe Pife FaTyom Bk CPRoR. Sy 18 PERTyRE, 8P eyt

pol ypepti de wheR, pﬁagre@mﬁwelsaﬁ@nleam el erd éxabfﬁhkfﬂjfofr Onédt@edtiofl kH@tisd Ay

E) for a candidate Inhi 9I tor that contains a warhead that is w thin bonding

di stance of tfHestatjssics d& daksolyie then IO riguags)silndiabivelasetyt @ gurutpoitg p¥ist i de
when the gan o b te,

coval ent gonghiggtg)t \f/{g@ng{ he{e%éut u‘rgggtq%t%wﬂn]%@(?ﬁe q%engloéé 7 & 18{?%?&& ndi ng
site and the fhwassténce vahens tame (fimasd) @ﬁalthetnyplatedtdgamsarnhﬁmd»r V.\b‘lﬁj&nﬁrdit&)n

candi dat e i nhi bitor oun t he bi dln ein cov bond
IeEgL ht of |t ﬁfeitﬁagiiﬁwﬁfozfﬁimb&f e ;ﬁaéSp %@S%ﬁ G aﬁiz?e M&;B 45 an
i nhi bi tor i p

20107 028236 P pERAnaTanlbad SWffife (IRt ATAPY shis ge preseniedin Table 13,

residue is not conserved in the protein famly that conprises the target
pol ypept ilde. TableTie nmet hod of claim 1, wherein the pol ypeptide has

catalytic aqgtivity.
Compound tested Enzyme / Assay ICsp (nM)
WT 0.30
Compound 12 HCV DI68A 17
. WT 165
Reversible Compound 11 HCV DI68A Greater than 3000

The data show that Compound 12 which contains a warhead that covalently
bind HCV protease is a potent inhibitor or wild type and mutant HCV protease,
whereas the reversible Compound 11 is not.

20 The teachings of all patents, published applications and references cited
herein are incorporated by reference in their entirety. While this invention has been
particularly shown and described with references to example embodiments thereof,
it will be understood by those skilled in the art that various changes in form and
details may be made therein without departing from the scope of the invention

25  encompassed by the appended claims.
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4. The nmethod of claim3, wherein the binding site is a binding site for a
substrate or cofactor. 5. The nethod of claim3, wherein the Cys residue is
not a catwbDybion28Bsi due. 6. The method of claim 1, furtireT/USINPOE®RN]:

F)det erm ni ng whether the binding site is occluded when a coval ent bond is
formed between the sulfur atomof the Cys residue in the binding site and
the reactive chemcal functionality of the warhead. 7. The nethod of claim
1, wherein the covalent bond formed in E) is formed using a conputati onal
met hod in which the warhead and the si@?Aﬁ\Zgi n of the Cys residue are
flexible and the remai nder of the structiu of the candidate inhibitor and
the binding site are fixed. 8. The nethod of claim1, wherein in B) each
Cys residue i, the binding site of the target polypeptide that is adjacent
to the revers\?B?tésflﬁmeéfllts‘or when the reversible inhibitor is bound to the
binding site is identified. 259. The nethod of claim1, wherein the
structural madel s Pmegrddboddseninparinhibitsr that gvateatipbinsle aaarpbtur al i ty of
nodel s of candi date inhibitors, wherein the warhead is bonded to a

di f f er ent SsulPObiPEREdFRMPBENE on i n each menber of the plurality. 10.The

rethod of claim 1xwhenglnqte JRLIRATARRo N Lo MRibid bohd 199 wherein X

is a bond or a bival ent Cil- saturate unsaturated, straight or
branched hydrbdodingsite iolairgenpdymptidepthieosinltheyrenersiblet inbibitor mhkesenomet hyl ene
units of the - 126 - h dr.qg%r l%or%.cha' n are independently replaced by -NR-,
-0-, -C¢(0)-, °—°6%¥E‘6)°9Pta-° )R PIEINE 0., - s0p-, - O(=9) -, -C(=NR)-, -NEN-,
or -C(=N2)-; B)L | sdétiFAvghenl r8ede iakhebiRivnalsrObf G tdgsaiolabedt or
unsat urat ed, straight or branched, hydrocarbon chain, wherern one, two, or
t hree netlAy| ¢has isadjacenbio the gaversible prhiltgiea when gheareversiblsdnbibrer i bovpd tced by
cycl opropyl e ~NR-,.-N(RC(0)-, - CCO)N(R -, -N(R)S02-, -S&N(R)-, -0-,
-C(0)-, -00(85@‘?’“-5%@6)‘6’-, -S, -SO, - S02-, -C(-S)-, -C(=NR)-, -N=N-, or
-C(=N2) - ; Y @)s hyas@@aty, stiadtugal ahddelradficandipite oitabitors tabsdvatantled wi t h
oxo, hal ogen, or CN, or a 3-10 nenbered_ nonocyclic or bicyclic, sat Hrat ed,

partial |y undatdithataact rolyrspide. voiereay carhyrrRgdafe it coniebits Waheehtent | y
e e T R .
hal ogen, 16N, compGiing aakagivaichemicahfanetionality and optionally a linker that positions
the reactive chemical functionality within bonding distance of the Cys residue in the
binding site of the target polypeptide;
D) determining the substitutable positions of the reversible inhibitor that
result in the reactive chemical functionality of the warhead being within bonding
20 distance of the Cys residue in the binding site of the target polypeptide when the
candidate inhibitor is bound to the binding site;
E) for a candidate inhibitor that contains a warhead that is within
bonding distance of the Cys residue in the binding site of the target polypeptide
when the candidate inhibitor is bound to the binding site, forming a covalent bond
25  between the sulfur atom of the Cys residue in the binding site and the reactive
chemical functionality of the warhead when the candidate inhibitor is bound to the

binding site, wherein a covalent bond length of less than about 2A indicates that the

candidate inhibitor is an inhibitor that covalently binds a target polypeptide.
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Qis a covalent bond or a bivalent Cl-6 saturated or unsaturated, straight

or branched, hydrocarbon chain, wherein one or two nethylene units of Q are
150pt i onaWbDyoswidsizndependent |y repl aced by -NR-, -S-, - @CT/US@00N56025 SO, or
-S02-; and Z is hydrogen or Cl1-6 aliphatic optionally substituted with oxo,

hal , ; d i onal |
Cubstituted group i bl AERER IR e TSt BAER PR PEon e 2

het erocyl i c @mm@nhaﬁupgu&cambﬂygﬁmakggxpnzggﬁﬁmdentIy sel ected from
nitrogen, oxygen, or sulfur, or a 5 ered nonocyclic heteroaryl ring

having 1-4 heteroatons independently selected fromnitrogen, oxygen, or

sulfur each B, 91 ol AsRRagen e G mbeRlig@ Bl analdiyypubst 1 tut ed

group 25sel ected from atic ere erocyllc
ring havi g 1-2 het eroatons |ndependently selected fromnitrogen, oxygen,

or sulfur, or,a 5- nonocycli.c heteroaryl. ring havin
het er oat oms i ndepgﬁﬁé’hﬁnﬁ?}{%&l@ gd’z’}ferr%ﬁ]ﬂ’fﬁ Rip Qgﬁxelé g‘h‘ngéﬁteg’lﬁlaf ur.
3011. The net hagkiRie & Riddck, Wherein the target pol ypeptide is a kinase -

127 - WO 2010/ 028236PCT/ US2009/ 056025 12. The nethod of claim 11, wherein
the reversible |nh|b|tor interacts with the ATP binding site. 13. The

met hod of cl wh n.the reversi e i nhi. |tor inter
Dhi noa Pegt o or s s o ity Sy Moy Riau e Binsh b8k Fe Lner ei n
the kinagg is a protein kinase. 15. The nethod of claim 11, wherein the

kinase is a lipid kinase. 10 16. The method of claim 1, wherein the target
pol ypeptide it a prhstreethed of clgim Ifurthasichparisingcl ai m 16, wherein the

protease is a vir E}:I) Prof. ?e?r%ﬁnng whether the binding site is occluded when a covalent

bond is formed between the sulfur atom of the Cys residue in the binding site and
the reactive chemical functionality of the warhead.

15
7. The method of claim 1, wherein the covalent bond formed in E) is formed
using a computational method in which the warhead and the side chain of the Cys
residue are flexible and the remainder of the structures of the candidate inhibitor and
the binding site are fixed.

20
8. The method of claim 1, wherein in B) each Cys residue in the binding site of
the target polypeptide that is adjacent to the reversible inhibitor when the reversible
inhibitor is bound to the binding site is identified.

25 9, The method of claim 1, wherein the structural models of candidate inhibitors
in C) comprise a plurality of models of candidate inhibitors, wherein the warhead 1s

bonded to a different substitutable position in each member of the plurality.

10. The method of claim 1, wherein the warhead has the formula —X-L-Y,
30  wherein
X is a bond or a bivalent C;-Cg saturated or unsaturated, straight or branched

hydrocarbon chain wherein optionally one, two or three methylene units of the
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1518. The nethod of claim 17, wherein the viral protease is HCV protease.

19. The nmethod of claim 16, wherein the protease is a caspase. 20. The
met hod ofwol2aiom2888s wherein the protease is the proteas®OE/Us200/02625
conponent of the proteasone. 21. The nethod of claim1l, wherein the target

pol ypeptide is,a phosphodi est erase. 2522. T od . of ai wherein the
target pol yp(lilﬁﬁi’io&%%f”é ggalﬁéﬁc@g?ﬂeﬁg?tg'igé CQWH O 'Gf(g)'m “Qlherein the
target pol ypeptowe, iss, 3AeH0,ShO¢kS)Pr-of-eNR)-, 30=R4 of be=wej-hod of claim1,

wherein the target polypeptide is a G protein-coupled receptor, - 128 - WD
2010/ 028236PCT/ US2009/coB8emtopgd or Flhevalpnt hosisasgrated g pnspturgisd s éiapght Re t ar get

pol ypepti de is,,fLd QNG EIASEn RO IS, URE NOE d L Bl dn WARL 8D fDe t arget

e
pol ypeptide i's a fneétalloenzyne. e Tret erein the
t arget pobypeptibkilyi ahdandepehdzatly heplaged ®y lceclepiopylene, 2NR-THYRYE(Opd- of claim
1, further conprising. refini n% the structure of the cc%%8un§ to tailor
Y The

reactivity V\,ict(_ )Nﬂ@'»'m@ﬁ%ap' SRNER, ‘@js'q(g’ébdgg.((.)kﬁc. =T -¥ethod of
claim1, whergin 'E?"gsft’w"%%glé‘éﬁg% __@(f:hg%_r eversible inhibitor bound to a

binding site in’a dget po ide is a three-di nensional structural
nmodel . 1530. The néf sdgdofgen) Gi-anlipBatiodypeioeally $ubstitutederittdoxme halogeralor CN,
structural nodel f's Qrgdu ed usic?% s&}rucltural in ormahi on obt ai,ned flrom a
crystal st rudf drel GnewBergt mpRogyliyar hjcyclic, saturaiqd, peghially upsairatsd. enagyly, 30,

wherei n the theRvRMEDNREeRAtonS IhicIcHA Iy TRReed ifon@nid@g AR BRY &Gy op0del . 32.
The nmet hod of c¢laim30, wherein the threé-di nensional Structural nodel is
produced usi rylfar, sadhphersin withtingristsibylituted with at 1-4 groups independently selected

from -Q-Z, oxo, NO2, halogen, CN, or Ci-s aliphatic, wherein:
Q is a covalent bond or a bivalent Ci-¢ saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are
15  optionally and independently replaced by —-NR-, -S-, -O-, -C(O)-, -SO-, or -SOz2-;
and
Z is hydrogen or Ci-s aliphatic optionally substituted with oxo, halogen, or
CN;
each R group is independently hydrogen or an optionally substituted group selected
20  from Ci-saliphatic, phenyl, a 4-7 membered heterocylic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or a 5-6 membered
monocyclic heteroaryl ring having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur ‘
each R group is independently hydrogen or an optionally substituted group
25  selected from Ci-s aliphatic, phenyl, a 4-7 membered heterocylic ring having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur, or a 5-6
membered monocyclic heteroaryl ring having 1-4 heteroatoms independently

selected from nitrogen, oxygen, or sulfur.

30 11.  The method of claim 1, wherein the target polypeptide is a kinase
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2533. The nethod of claim11, wherein the nmethod is perforned in silico.

34. The nmethod of claim 1, wherein the nethod is performed using one or nore
conput at iwoabiomesizeds. 3035. The net hod of claim 1, wherecm/ush@opsdogpepti de
has catalytic activity and the reversible inhibitor inhibits the activity

of the polypeptide.with a 50 of about 50 or Jess...- 129 -
20101 25930ha% Uadubeiduilatan ) o heRH g r8‘f“%€"§i‘$#‘?‘,‘°f\/bﬂ'eefaéfsn‘\‘é\@h8‘6
pol ypepti de hgep sialimb)itec activity and the reversible inhibitor inhibits

the activity of the polypeptide with a Ki of about 50 Mor less. 5 37. The
met hod of claim1, wherein the target polypeptide is a nutant or

drug-resista pr i . e f. ¢l al. . 2] . ersi bl e
i nhibitor i ng, potﬁg%tl&rﬂé?/@e(r%sﬁl%ﬁelilrg‘l[hgﬁe?%ﬁegr\.}e%lg%%nhf e@ﬁgteﬁagglg]ftﬂ %\éai m 1,
wherei n the méngerrsgibh ef thebA TR bdingnitebi ts the target pol ypeptide with weak

or noderate potency. 1540. The nethod of claim 39, wherein the inhibitor
that covalently binds a target polypeptide inhibits the target pol ypeptide

Wi th improvedgpot ey dRlAS! A8nt O, WiRrdiS MR IS4 & 4 AL kRhise. 41. A method for
designing an inhibitor that covalently binds a target 20pol ypepti de,

conpri si ng: A) providing a structural nodel of a reversible inhibitor

Poung 10,2, 2B ISR BB RS ARGAS et e ever il o

identifyijpg a Cys residue in the binding site of the target pol ypeptide
25that is adjacent to the reversible inhibitor when the reversible
i nhi bitor is Woundheanathed ¢f ddaimly véherain the target polypeptide is a protease.

17.  The method of claim 16, wherein the protease is a viral protease.
15 18. The method of claim 17, wherein the viral protease is HCV protease.
19.  The method of claim 16, wherein the protease is a caspase.

20.  The method of claim 16, wherein the protease is the proteasome or a

20  component of the proteasome.

21.  The method of claim 1, wherein the target polypeptide is a

phosphodiesterase.
25 22.  The method of claim 1, wherein the target polypeptide is a deacetylase.

23.  The method of claim 1, wherein the target polypeptide is a heat shock

protein.

30  24.  The method of claim 1, wherein the target polypeptide is a G protein-coupled

receptor.
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C) providing a structural nodel of a warhead group, the warhead conpri sing
a reactive chemcal functionality capable of reacting with the Cys residue
and formwga10008Bbent bond between the sul fur atom of wrhe/USg@9ne®REue in
30the binding site and the reactive chem cal functionality of the warhead

group; ) 1dentifyi .supsti t utabl e si,tion of the reversible
inhibitor to 2\$mi cgﬁ[eﬁréet%/{\%drq%ecga mgr’%hﬁr%ggheb%r%g%%}é%épugﬁtlsl %ﬁgrswas[ehr ough a

| i nker, such that the - 130 - bond fornmed between the sul fur atom of the
Cys residue in the binding site and the reactive chem cal functionality of
the warhead gfoup Thgdnathesblorlaianhtwhessin thestaraehpe] vegpide ionme)lpeivamsg t he
war head group, optionally through the linker, to the 5substitutable
position of the reversible inhibitor. 42. An irreversible inhibitor

conpri si n§ a20hemThalmethoddfycldimat, whenes theatagebpaigpapgids it €nwrean hbanget

pol ypeptide and a warhead containing a conjugated enone. 1043. The

i rreversibl e F9¥RI%Bi tor of claima42, wherein the warhead has the fornula RL
V(CH2)0-6 R3l wherein R1 , R2 and R3 are independently hydrogen, Cl-C6

al kyl, or Cl-C6 al kyl that is substituted with -NRxRy; and Rx and Ry are

i ndependent | Y8hydrldgencthed ¢ficlgt hifksther compriding refaninyg thstsirdetuesorij thg at e,

wherein the conjugate s the reactjon prgduct of . ap irreyversible inhibitor
that cont ai ndoRrgR] falerreanie Wil Re SR bF ot FEHE That “compr i ses. a
cysteinejoand has the fornula X-MS-CH2-R 20 wherein: X is a chem cal

noiety that binds to the binding site of a target pol yg;pti de, wherein the
bi ndi ng site23f t Hdemagthed ofdaippbprhcain thenytmichigal anedel pea rryerstble mhibitor

bound to a binding site in a target polypeptide is a three-dimensional structural

model.

15  30. The method of claim 29, wherein the three-dimensional structural model is
produced using structural information obtained from a crystal structure or solution

structure.

31. The method of claim 30, wherein the three-dimensional structural model is a

20  homology model.

32. The method of claim 30, wherein the three-dimensional structural model is

produced using a computational method.
25 33.  The method of claim 1, wherein the method is performed in silico.

34.  The method of claim 1, wherein the method is performed using one or more

computational methods.

30 35. The method of claim 1, wherein the polypeptide has catalytic activity and the
reversible inhibitor inhibits the activity of the polypeptide with an IC50 of about 50
UM or less.
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Mis a nodifier noiety fornmed by the coval ent bondi ng of an enonecont ai ni ng
warhead with the sul fur atomof said cysteine residue; 25S-CH2 is the side
chai n sulwonemabRkasbene of said cysteine residue; and R iPSTiUseomds@2hder of
the target pol ypeptide. 45.The pol ypepti de conjugate of claim44, wherein
the conjugate is of the formula: - 131 - R3H wherein X is a chem cal
noi ety that binds to the binding site of a target pol ypeptide, wherein the
bi ndi ng sit e 36ont aihesnahayst @ainel  vagirdhetie ;ﬁiﬁdﬁtiﬂshﬁf&ta&ﬁd&oﬁhhy andafnesai d
cysteine residue; 5Ris the remainder of the tar et pal ypepti de;
R2 and R3 ar ecyertlganhibiten iphififsthsgenvingal the palyren ldedY“}Glﬁ%ff&}Ok‘ PO tiyht |s
substituted ‘Mﬁé}s NRxRy; and Rx and Ry are independently hydrogen or G-C6
al kyl . - 132 -

5

37.  The method of claim 1, wherein the target polypeptide is a mutant or drug-

resistant protein.

38.  The method of claim 1, wherein the reversible inhibitor is a potent reversible

10  inhibitor.

39.  The method of claim 1, wherein the reversible inhibitor inhibits the target
polypeptide with weak or moderate potency.

15 40.  The method of claim 39, wherein the inhibitor that covalently binds a target
polypeptide inhibits the target polypeptide with improved potency relative to the

reversible inhibitor.

41. A method for designing an inhibitor that covalently binds a target
20  polypeptide, comprising:

A) providing a structural model of a reversible inhibitor bound to a
binding site in a target polypeptide, wherein the reversible inhibitor makes non-
covalent contacts with the binding site;

B) identifying a Cys residue in the binding site of the target polypeptide

25  thatis adjacent to the reversible inhibitor when the reversible inhibitor is bound to
the binding site;

0] providing a structural model of a warhead group, the warhead
comprising a reactive chemical functionality capable of reacting with the Cys
residue and forming a covalent bond between the sulfur atom of the Cys residue in

30 the binding site and the reactive chemical functionality of the warhead group;

D) identifying a substitutable position of the reversible inhibitor to

which the warhead group can be bonded, optionally through a linker, such that the
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bond formed between the sulfur atom of the Cys residue in the binding site and the
reactive chemical functionality of the warhead group has a bond length of less than
about 2A;

E) bonding the warhead group, optionally through the linker, to the
substitutable position of the reversible inhibitor.

42, Anirreversible inhibitor comprising a chemical moiety that binds to a

binding site on a target polypeptide and a warhead containing a conjugated enone.

43, The irreversible inhibitor of claim 42, wherein the warhead has the formula

R4
o)

}5/<CH2)0-6
Rs I

wherein Ry, R; and R; are independently hydrogen, C;-Cg alkyl, or C;-C¢ alkyl that
is substituted with -NRxRy; and
Rx and Ry are independently hydrogen or C;-Cs alkyl.

44. A polypeptide conjugate, wherein the conjugate is the reaction product of an
irreversible inhibitor that contains a conjugated enone warhead and a polypeptide
that comprises a cysteine, and has the formula
X-M-S-CH,-R

wherein:

X 1s a chemical moiety that binds to the binding site of a target polypeptide,
wherein the binding site of the target polypeptide contains a cysteine residue;

M is a modifier moiety formed by the covalent bonding of an enone-
containing warhead with the sulfur atom of said cysteine residue;

S-CH; is the side chain sulfur—-methylene of said cysteine residue; and

R 1s the remainder of the target polypeptide.

The polypeptide conjugate of claim 44, wherein the conjugate is of the

formula:
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R
1
o) K R
Rz
X —(CHz)o-s
Rs II

wherein X is a chemical moiety that binds to the binding site of a target
polypeptide, wherein the binding site contains a cysteine residue;
S-CHj is the side chain of said cysteine residue;
5 R is the remainder of the target polypeptide;
Ri, R; and R; are independently hydrogen, C;-Cs alkyl, or C;-Cg alkyl that is
substituted with -NRxRy; and
Rx and Ry are independently hydrogen or C,-Cg alkyl.
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