ALGORI THM FOR DESI GNI NG | RREVERSI BLE | NHI Bl TORS BACKGROUND OF THE

| NVENTI ON Conpounds that inhibit the activity of pol ypeptides,
such as enzynes, are inportant therapeutic agents. Mdst inhibitors
reversibly bind to their target 5pol ypeptides and reversibly inhibit
the activity of their target polypeptides. Although reversible

i nhi bitors have been devel oped that are efficacious therapeutic
agents, reversible inhibitors have certain di sadvantages. For
exanpl e, many reversible inhibitors of kinases interact with the
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i nacti vat ed. Thbﬂseciaas the potential advantage of | owering the mninal
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conpounds that forma coval ent bgnd f\aqet h th l% enti f|u<i§inee tObcPane/ at

ChenmMedChem 2( 15!1€r5]§u%(‘j_plasma concentration o irreversible inhibitor wo
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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(2007), describe the identification of a scaffold capable of
inhibiting Bruton's tyrosine |cinase (BTK) froma screening canpaign,
the preparation of a series of 10conpounds based on the scaffold, and
the identification of covalent inhibitors of BTK. Wssner et at, J.
Med. Chem 48(24):7560-81 (2005), describe the preparation of a
series of conpounds that are covalent irreversible inhibitors of
vascul a(rj endot hefficady. @_rn(bmbslefcmtd@fatwrseam Rbncd t&(MEﬁftBZd ?] arl¢l OApEificldre
conmpounds contain a. qui naz ne core structure a, hi reactive
qui none. None oftar%%ggeéacg(l'g%f'aie‘fl@’rOé:ﬁlgégm%]’eog@f:‘#%’ée‘g"qﬁ@ﬁéeW§gih]]féYﬁr%&ﬁet hod
for designing i rinhéherssiobldelsd hikdlbhavoadyantages na@wverckensihgdriigu@sistince.
rreversible anal 00 Gf oiokRes: SRUBLSDLE of BERIE Bline RGN, B idRi
woul d substantially reéuce Phe t1re and cost of ‘dave opl1 ng
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20i nhi bitors of a target pol ypepti Irreversib ors

desi gned by t he fimgserasmhboad it pdsaalied £3e r P st HeewMadhsm b:58-61

coval ent bond Wi2do7)aifes@ e B idGiifikagdnh? a &L chydble BLinkiBkiBEBruton’s
pol ypepti de. Now, usi vention, it is possible to efficjently

ng the i
design an i rrevé"F%si“ﬁlké‘%?ergﬁﬁa g%?aﬁeﬁf“f‘g R PRISBRSPTERIBHRP $faveiesPhl e
i nhibitor. Tii s cappueadhsct eslthe @affolbentl thatdeafitatasdf SovasmGtidiogdfwi t h

traditional scr [ and, 25 st tur ChLiVit l.ati. hi p

devel opnent app%ggc @gsnfrdﬂ 4 gd&‘fﬁ § 96"\‘/é&%‘ﬁ;’%{s}o@e@@%Sﬁ%ﬂ%}ﬁerhe

al gorithm and metehodionts sedes df cempongdsahaban dovelettieemrsibleantdisitodi afat e
irreversibl e inbj.hi t _P@Qg' . The i and
met hod conpri sets”s%_‘sr%&%@?g?lﬁg&éﬂ %%trgﬁ%%eﬁfrgg rmdlfel%?lélf Lg' F{%Ivcg?'é{nk@en

i nhi bi tor bound centrima wiireeling carp starciure and o Aighls reapiple ipiagrei Hene alitspeei n
the 30rever sisbl & plofkdieldibe MBHES1ZAND R AYSLR Bdsiph AP ARG LS bMhrhlbithl &or
binding site; B) identifying a Cys residue in the binding site of the
target pol ypept f&esignine ap grcyerfible aspogioba fppavnreNpesthls IBppitqrnPHch p mgthothhen
the reversi bl e ik Bids@htiall$ redeid ik tin@ ahdeoshifaehenPing irte@ersible)nhpyiduUci ng
structural nodels of candidate inhibitors that covalently bind the

target pol ypept %gwb%iﬁmwi date inhibitor contains a

war head that is t0o a substitutable position of the reversible
i nhi bitor, the warhepd ifeiRh kitdGo & N RAN M8 nehRITE absighlhB Gtdvariialei ty
and optionally a linker that f)osi_ti ons .t he ihea ti.ve che 'gath

5funct i onal iy HDEPT OB AEFRGIYRFREAS Nhs ingrversifls IRiitors designsdby the ¢ he

bi ndi ng site of algh&thh andyeéthdie Haspepll hetah fddh adetadntbond Mith ki@nino acid
substitutabl e positions.of the reversible inhibitor that r. [t in
the reactive ché‘ﬁ’f of Wﬁ%’ﬁeg%oé’fpf ?t@e'o O‘fv’huémgvglfe head ’éﬁﬁﬁos%g%ﬁci n

bondi ng di st anceffioienttyhiesi@ym iresisthleenhivitor kertibg fiotn agnasintreversible infdbitoar get
pol ypept i de whery; | DA b ashciaR WRH ub fidnBiGc bRt NG
site; E) for a ?B%gﬁ’&%%g‘gg&?%‘ﬁ?%ﬁ?or ct%%ats cont ailnér auyvar head t hat
wi t hi n bondi2Ag effustusarsivipfrelatipaship development approaches to drug discovery and

development. The algorithm and method include forming a bond between the

is

candidate irreversible inhibitor and the target polypeptide.
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;
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Cys residue in the binding site of the target pol ypeptide when the
candidate inhibitor is bound to the binding site, form ng a coval ent
bond between the sulfur atomof the Cys residue in the binding site
and the reactive chem cal functionality of the warhead when the
candidate inhibitor is bound to the binding site. A covalent bond 15
| ength of |ess than about 2 angstroms for the bond fornmed between the
sul fur atom of the si.d i ndi ng ve
chem cal functi 870% goS R “\}\%‘F’ op (Péate P‘Ba%ors tgaﬁﬁmg?%ﬁ%a;ﬁ%ﬁg}égt e
inhibitor is an pblybdpb'dét cyhertxhaztchmddidatcmhdphtmmymm wethepd that ig bended to a

pol ypepti de. BRI oh ElaGo Q
illustrates the gdt:r“ﬁg %{loé%%vggge%ry vvawﬁ'%ads Igl*zuatmgc?énatl)\g used
in the inventi oshemignd funptiongliy eid %@@G@X%‘lr'kﬁdhat pasiiensiae Teacaie hemigal wi t h

a Cys resi du% ' '?ur@tl&r@ﬁtg%thﬂ%t)yﬂ%étﬁge oflt}ﬁ a@?esﬁiﬁﬁ 19%&%%%@%}& ofilee
sul fur atom of Cys side chain is to the warhead andtothe

p carbon of thet@@l"i‘lé@?% D)a‘?fff”?ﬁlé‘gﬂ’eé'éﬁs%ﬁblﬁf’osttﬁés?f\}]%“?"'éésf e is
bonded to R R nﬁmteﬁ];ﬁmtr@su& hﬁhd@imvm&hlcﬂgu&f&aﬁtﬁbgtﬁé wé}ﬁmlbgp@ptl de.
FIG 2A is an image .of . a und 1 P-b |ngS|te
of c-KIT. The té‘f“%@‘t‘”@‘éﬁ ffoﬁe%%?%% £ e bing “%s‘e?@b

FIG 2B is an | palggzpade \ahemdehndmfatemﬂxmumﬂmﬁ:dmnhd HadivgldRe;) tE)rﬁcmang site

of c-KIT. t hi %gﬁfgf‘%ﬂ%ﬁ? HRAUn s »Da?ﬁea{ BLTEG; > Wiy Eo%}ﬂf%éoﬂ{an&%?{ﬂe W: th

Q/s788ofc i's an 1 nage
t he ATP- bi ndi ng Gy tesidwfin e PRIINT e of &eg@get gg}g)eptglgw@gethe @}héléﬂ@lnblfmICFLTS

is also shown. iflofiha tg%e'b%dﬂx@ shé%ﬁmQE c&yallRG8hd &twegﬁ){ﬁggyﬁgat&n'oﬂhg he
ATP-bi nding site of FLT3. In I mage, Conpound formed a

coval ent bond quﬁree?%esgsleémdmm anﬁherea%ﬂe FRemgs! ﬁ"ﬁ%@@ahafof&wrmdel of
Compound Si n t hevalteROhiRg tdichRidafe nauﬂ*iep@bmﬁla&uﬁ*e%ﬂgssué HE\bvanpbRas e,

nore specificall he NS3/4A H r ot eas one he virus. The
target Cys rlési &%‘E‘E‘ a‘@f]‘?@ Q‘Pm%ﬁp 5 e'e é&’/ﬁs“lmatom
FIG 4B is an i mtgeCed readusiridt bnﬁﬂnn@ﬁpmndre&tlne &hmlcmlmdnagh@lofae of

HCV protease. In thi u s for t -bond
Wi th Cysis9 of Gft"ﬁ@“dggf (o SR UBAE pyelEs ‘%a“d'g'[ﬁ?‘g%f%af EN TR,

response i nhi bi ﬂamdlamietmﬂi’ﬂeptpﬂeol i feration of EC]_ 1 cells with
ref erence conpound and Conpound 2. FIG 6 depicts the

i nhibition of PR mEtdrireionn eneae oermanegd and Conpound 2 in a
"washout" experinent using EOL-1 cells. 15FIG 7 depicts the results

of mass specral andll¢sis— 0P ilhustates pheiscuirges 1 14afkerRieF Rathbelt thasen

t ted with Co d
b{:)ﬁg \?VI ¢ \Iflm Q/S 3 ]ﬁpgslé@ % t§€ 1n'J_e|;“ﬁo %ﬁitﬂle tﬁmf;a%m(lclts tﬂgt Eﬁﬁ%wﬁ@m&%@ QVltg afC9£ med a

residue in a target polypeptide. In the thiol adducts, the sulfur atom of the Cys side
chain is bonded to the warhead and 10 the f} carbon of the Cys reside, and the B
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 | in the ATP-binding site of ¢-
KIT. The target Cys residue, Cys788 of ¢c-KIT, also shown.
FIG. 2B is an image of a model of Compound 1 in the ATP-binding site of ¢-
KIT. In this image, Compound 1 has formed a covalent bond with Cys788 of ¢-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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FIG 8 depicts the results of mass spectral analysis of NS3/4A HCV
protease that was treated wth Conmpound 5. The results show t hat
Conmpound 5-treated HCV 20 protease increased in nmass, consistent with
the formati on of an adduct between the protein and Conpound 5. The
adduct was not fornmed with a nutant form of HCV protease in which
Cys159 was replaced with Ser. FIG 9 depicts the results of nass

spectral anal ysis of ﬂ“@vlﬂg\%ﬂ ?ﬁg@&%orﬁcﬁ%ﬁort;glaﬁlbou\ﬁ@ﬁ 1&%@1@*@91&@%%&(3 of

Conmpound 6. The results s treate rot ease
i ncreased in mas$§LTEondhisimags Conpdund faastfermen a Foyalceibordwitlod3848 det ween
the protein and gpfpound 6. The adduct was not formed with a mutant
formof HCV protease in which Cysl59 was replaced with Ser. FI.GS. 10A
and 10B are hi stogranFBI s‘}fo\ﬁi“t‘t@"aﬁ?@%ﬁﬁ’é@fcﬁﬁpwwﬁhﬁ?m@ﬂﬂsﬁe&ﬁt| vity
b%é | tT hgol r L eveESI lpilepauhmblvmlut @{cv(;@gaiasmdlgégmifamy\t& NS&/@@HFV@Fﬁt@sd n a

o phosphoryl ati on assa a owns al i ng .assay

t hat neasured ERWWB%’}BH%EW%‘F‘i %‘Ff'%’%%)ys residue, Eys‘?f%{n @C%;Ipfa‘é ct ils‘t he
results of nass sieatral anal ysis of HCV NS3/4A protease that was

treated with COITpOUnq;\dé 4BT|an {m%ﬁé’t')fta mo%hlg\rf:lt t Cﬁ%uﬁg?hrmgwndnﬁ site 0%#6

HCV protease increased in consi st I on
adduct bet ween t hetepyeoirethiy Ham, @n@mManonﬁemﬁmlinE@n@EMyﬂ'ﬁP@\I G:
THE | NVENTI ONoDefycRi J-hORsS As used herein, "adjacent" refers to

an amno acid residue In a target pol ypeptide that IS near a
reversi bl e inhibitor Rtﬁe?ﬂepﬁﬁ théé@@rféﬁp@tSélthHwBPtf@}l profiferssigmef B he

target pol ypepti ggg“ﬁggefgﬁggﬂnq)oumna@bﬁﬁmﬁ@p_d residue in a target
pol ypeptide 10 is adjacent to reversib

i nhi bi t or when ac{t%lé
non- hydr ogen at om of {He %mcﬁaheé@t“a**MP BE‘ER“%th\F\ﬁf‘trﬁ‘tcﬁc‘a’Bt?Ht‘ A,
about 18A, about C&:ﬁﬁoundibdmh“Mﬁqut’adaﬁﬂhneﬁﬁ&ng&mmcen@A about 8A,
about 6A, abaut 4A, r.0
reversible i ﬂﬁl bi tor é%f"ﬁs%}eé?f@{ls%t‘}% SSP%%?'@P?%S% Or}g tfnd?fgefto t he
target pol ypepti ﬂEGFAmaamsnmatatwm Caspodut3. | The zestigsrcgatrmpiit Cpopiund@
that contacts a go%ggﬂogh@fthegggl%tor 15when the reversi bl e inhibitor

is bonded to the target po tide is adjacent to the reversible
i nhi bitor. As udé@ %P’éisﬁle resgligd mriagsppeet hlangd iy of NGR4A K epretegsp

non- hydrogen at ofg; 43 t@at&ﬁ)hﬁ{ édn’iﬂo@nd NhRPIdQLs skhehadomphRadagatonether
atons or chenical groups i Hydrogen) that can be repl aced and/ or

renmoved withdfdt & eé%?t“?CFFdseB|"}1'Ht“5ﬁgf°’i‘§f5‘°flh‘élt12‘b? forastion pfj @ afifhﬁt hsFesp thPo
the target pol ypepteindad Compound ASThtSaﬁdhcm:iszﬂfomkbﬂﬂﬂﬂﬂagu@fnt i 6MECSi bl e

inhibitor is "not ffe g}c\/\/ﬂ%n rmde and residence tinme
of the reversibl &° ﬁﬁ‘?l"bY"]t“ ¥s ‘ﬁaérffpaﬁpﬂg fiding site is

subst anti al | y unchand®d.? @piod thegesolfs mamaascsaltahﬂysnsmﬁ Hm\ftNBBMASprmise
affected, for exgpnpl %ﬁﬂh@% ot el tg,g NI E} [

1 iRl ¢ d 6Qr cv
suitabl e assay (e.g = ' (3 piBs dgé;cha esué 3 Fess ¢ or of
1000, |ess tRan arofeaﬁ@tl@rea@fi HII.IO@S,GPHSFS@SSWIEH’ihﬂfOHHEI’“aE pion adduct between the

protein and Compound 6. The adduct was not formed with a mutant form of HCV
protease in which Cys1359 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).



of 10. As used herein, "bonding distance" refers to a di stance
of not nore than about 6A, not nore than about 4A, or not nore than
about 2A. As used herein, "coval ent bond" and "val ence bond" refer to
a chem cal 30 bond between two atons created by the sharing of

el ectrons, usually in pairs, by the bonded atons. As used
herei n, "non-coval ent bond" refers to an interaction between atons
and/ or nol ecul es tha Igégs not |nv | ve the fornmation of a coval ent

bond between t hem demig: b ppsu téﬁfmi‘SF sRegE &nalypis of RbY HIS86R i s a
conpound t hat copalessathaywis thhtadieitaCsmpogat 8. Pk yq@aatshdiahﬁttmmpgthxda-

substantial ly pey, coval ent bnd and inh the activit

the target pol ypeg?egg - fpmtease 515“3? nopy f?ﬂ@‘steﬂ “t"tht%ée f?’gﬁ &roteh %“‘Ethe
functional |ife bftweehehepradimind, COhtpmmdérm ble inhibitors usually are
characterized by tinme dependency, Le., the degree of inhibition of

the target pokyppprANED DESCRASEON oMtiE nagiNTMOKY i s eradicated, with
the tinme that the target polypeptide is in contact with 10t he

i rreversible inhibit®efiniResovery of target polypeptide activity when

inhibited by anirre [ dependent new pr otein
synthesis. Target poﬁyp%glﬂ%r ;3 qﬁr %\Iﬁ ?gferfﬁ) a?"snolaﬁ reﬁ%F 25V

i rreversi bl e i nhpdhiperside th@hzapensa @ustssblamiubabn whei thia irdyetsiblt ihibitar is\h/almh
out” study. Suitghlgar EJS\%UJCO 'i'-‘mqﬁglﬁﬁlg]aﬂ 'alﬂglo 'actld QSIQ&W Q %+c§yp@tﬂnde

irreversible |nh|b|tor are wel
15i rreversi bl@ | ’ﬁﬁ‘i‘ltfﬁ'ttlt‘bﬁre&féiﬂblﬁé’hlb&%frt’(l}et‘ F@’d’omhyfk@ﬁﬁt‘ atpmfjﬂngmwg acid

k:c nﬁ] ic aﬂalbyts! sre£lahegsf wu}ﬁxomfaﬁktzlom abBut lgﬂ%ﬂmquf}]tag)%l@I?NQBGL{@m%BduE| ve)
0 e inhibitio rofil.e o e, conpou e targe

pol ypepti de, the t‘}s%b"B‘f Aot é’%éh‘t‘?%%’ w Pﬁ@yﬁi”btnéif%e’&i?‘ﬂ@ °f3r get
modi fied in the rpvmtﬂﬂmﬁlbmdr vihaethe fbhtrkiblb@ﬂnb@tﬁﬁﬁ)ﬂmﬂdtotﬁﬂt&@&@blyﬁﬁpﬁﬂﬂs
exposure, also kpo Qut' stu

such as radi ol ab‘Qrf %maggm%r\é%?ema g5 poﬁ §lg%®gtlc8rr‘tt?°?sr%8‘fefsﬁ3 ‘Pﬁg O’rof the
enzyne, or oﬂf‘nerwmtmadsrswmmmbltmlscbn@eéfo thdktigbt polypdphide iaadjacedtimo ber t ai n
preferred enbodi pRN. inhiBif:t @r g€t pol ypeptide has catalytic activity

and the irreversible inhibitor forns a covaJ ent bond with a Cys
reside that is not a®gHrdhsreip.csibsidipighleposiion’irsise iheandiydrogen 2tamsvies si bl e

inhibitor" is a @@t&m&:ﬂﬁbtdﬂaﬁ:arr@y&na&it@bmeltttdﬁg%raleal@hpgraﬁt 0! ypepti de
andlnhlbltsthe}#ctl of the tar % E‘b‘\‘/ Arever5|ble

i nhi bitor may bind"9et ﬂta fag&¢ replarss ‘g?”Efé‘“’ﬁ witbquyaffesting Bjpdme of W ough a
mechani sm t haa irmtsimiﬁshlaltdrtoaﬂsla@&tpoq@mhent bond. Recovery of target
pol ypepti de acti vi tyAwhen i nhi bited I‘SI bl e

i bt
occur by di ssoci ati ofi° 6F° PHE™ bw&ggf%%éerf%l e f“PbaﬁFftﬁ % ‘F 8t
pol ypepti de. Tarbg@ingpmdypﬂpemdéeceamtewﬁtht yeversible@édiibrer ie thewdign biddingisite

rever SI bl e I nhl qg éuggtaﬂtﬁlly d%ﬁln?ﬂq %H‘l%lnﬁ ﬁp%t%vé%riépgg%tt% I'lﬁl')ggffecp? f er r ed

reversible inhibitors are
their target polsyaeny Wiesthe wtenpmféhﬁmhlbr@verasqubab@ asgai{d 11650, Kr)hs b| ts

the activityppf cin&n%etf W!&@Ehaﬂ)ﬁ)t'ax’ia?&{lbg@ 168 thdh ABctor 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 44, 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.



| Cso of about 50 p.Mor |less, about 1 p.Mor |ess, about 100 nM or
| ess, or about 1 11Mor less, and/or a K, of about 50 AM or |ess,
about 1 p.Mor less, about 100 nM, or less, or about 1 nMor |ess.
The ternms "I C so" and "inhibitory concentration 50" are ternms of art
that are 5 well-understood to nmean the concentration of a nol ecule
that inhibits 50%of the activity of a biological process of

interest, including, /WL;SFEP% EIA "‘ﬁgntc%%dlé?lpbong’alteﬁhﬁs F&Iﬁéﬁwl%l btebéveerpﬁ(lnﬁs

V|ab|I|ty, protein translation activity and term"IC"
and "inhibition ewHympRculeyhd dpesmasingtveghaformytieon ¢fesovaient bond between
understood to be.he dissoci at| on constant for the pol ypept| de (e.qg.,
enzyne) - 10i nhi bitor conp| ex. used herein, a "substantia

per manent coval ent bdhtseq kerein. é’b\}HF‘@Fﬂbl%‘BHB‘tOBe‘f%‘é’PPO ﬁ‘ii‘?“ﬁﬁf’ eP%‘f and
]Ehe target gols%/pepm ﬁﬁrﬁéﬂﬁ_typﬂﬁﬂéihsdugh wﬁﬁaﬁnrt:pln?mhﬁﬂnagwatenu?ﬁdm]{dl oRs
S i TR T A T
a coval ent bond lﬂetfwee‘qmatalnfe bﬁ.hé potenr Irzaversibl dnbitétogesuappary peptciededbiat
O L

shorter than the e target po
herein, a "war hea@rﬂ aﬂ@ltaw@rpémteem@ma@eé@hﬁw rawh@h@emteia@tm gantact WIth

cheni cal funcii Oraéllsrévxrsfare hHERRE | RRGentrelR Aiihe PRI hARAY WheCiRbiRk B NY
a linker nmoiety. 20 The reactive functional group can forma coval ent

bond with an ani AbITE¥THPlE BEbHeRdS dapenent ypennst@rafdn pnthesis. Tapgst - sH group
in the cysteine §bl§l®pﬁd&bm 10 is Hhiteed Wann@eva@ibﬁ ifiifSiofletatmapabl e Of

bei ng covalently esent bi n ocket
Phe Tar got. pr ot SRSl eb@“?aiw PLBRT S it TRy T e
pol ypeptide. It ‘Md’ﬁﬂoub:Els appicecsisit adibitbrate Wdllémeﬁmﬁitlgﬂ’aﬁuﬁpr easmple,fl ned

and descri bed_.herein rOVId S..25 war.head
coval ent | Y, glr%d |IFGP'P‘er\S/1er§r8‘\fl)gil Y, “hni’ en%‘ge ?‘ﬁlf Ed ot er kj%m%ga}mliﬁg term
"in silico" is actmyetiicf ugempdihed ntpnscoumetews)tom@lnthabltroefpmﬁletcﬁ theet hods

and processes t hal,af.& Rl tBQ{a{Eﬁ%o%e;ﬁadQ AR cﬁ*masJ s‘BEcn%?ﬁ@ﬁEPéf‘?he ;Ho?élﬂ g

conput ati onal nodel’i ng progrars,” conputational chemstry, nolecular
graphi cs, nol ecubaie asgst@pdinel in élmre@wee ohithednhibjtoppasenqund. digreplinveys
simul ations. 30AsxpdsRsl aBeLRWA as tBhdueTsMd1es QAPHE ﬁ’ge'opﬁﬁéhn?@g&| akNg
progranms” ref rs tdo Egéﬂth I sof war e rogr ns th?‘il dea t he
vi sual i zat i ort%ané @ﬂ?&? QI E?fs RGAC 'Hé‘“’& 1qetiopat the FhgYTRE QF Rler
i ncl udi ng but nOmethbdsikhedh fo@ne eMRIlltiaiht e aln cﬁ{hﬁmr&tﬁé}i embodlments the
chenoi nformati cs, ener cal cul ati.ons. . pr Eel n rmg t he
li ke. Exanpl es O?M%g%%l t tlodaklaésﬁﬁgf PR v\fih"8 B e % nar y Skl Il in
the art, and cer tarknidrahpitesCeresidsioyisded chelyad lmmdlms used herein,
the term sequence al I&m eirl, gf‘r%56§511§191nﬁlglt(ﬁ'£ {SQQW& th&frevermbly binds a
25  target polypeptide and inhibits the actwny of the tarpet 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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5 two or nore protein or nucleic acid sequences, which allows
conparison and highlighting of their simlarity (or difference).

Met hods and conputer prograns for sequence alignnent are well known
(e.g., BLAST). Sequences may be padded with gaps (usually denoted by
dashes) so that wherever possible, colums contain identical or
simlar characters fromthe sequences involved. 10As used herein, the
term"crystal" r?(ff:erg t05§n¥’fat hr ee- di pensi onal ordered array of

mol ecul es t hat di'FP PEAPPY SQUPLGy dess, about T o [gssegpopich0B M, ortlese of ahors!
"atom ¢ co- or di navBs lesgast/orS K, bitdbottt 80 GO e, RALESIMIERE! okt 00 nM, or
mat hemat i cal co-gr di n%eiﬁ& epr esented as "X, " \# and "Z" val ues
that describe t he™h8sPH J°*%t oms in a three-di nensional

model / structure or 15Bxens fIERd ahd ‘ShHikiEWoRceftation POI”Qkbdhs of art that aRS

used herein, the tgrmp" | ogy .nodel ing" refers to the practice of
deri vi ng rmdefss fy%?_hﬁ?fsg%gplnﬁr%%g}e 8?{’5?““5‘%?’1?5?Wkg“lﬁg‘aﬂ—aﬁlﬂgﬁﬁ%gél&}? es
from exi sting t hpawityldfiredmadégiabirosssrofidtanese tchuding, tvhidbut lihgamhOgiaBsic
Honol ogy nodel s aigipllihig e ter.nro 15 that make it
possible to alter tlh)g idelnt‘%)%ﬁ}(t)é}gtfr%glglgﬁeagﬁvé a?%L%ﬂ(}%i ti ons where the
sequence of the nol eciif EmfKi’ mddinhittionsonsnt” aieaermanfartgat el atellof  t he
mol ecul e of knowandeisfoB& oWk e dissociatior BndtG e BE L& MptideGO onal
chem stry" r%ers @o cal cul at ;Sf)or?sm%f ?he pflys:bcsé ptérfg gﬁ%ﬂ?ﬁ%l
properties of °mo/"B{ipr&gmplex. As used herein, "nolecul ar

graphics" refers to tAsasdhelefif £QuidiaiRiNS paRdhen?@vAIER bER® Blabi AR
at ons, preferablg on a_ conput er.Screen As. used herein, "nolecul ar
model i ng" refers T o het 'hoggorﬂ? By 8@5%&?”@%"“9?1‘3@ PEHsHadepplppigihaied wit h
or w thout a conputienstfor apediel ocfrime diat ishger tHanl ek Suncteonal, lifOgitheqnadl y, to
make predictions @lﬁ)gwg structure activity relationships of |igands.
The net hods usedpi fecul ar nodel i ng range from nol ecul ar graphics
to 30 conputational éResSerp. a “uRisieni qvaat bax” iselcataient Hood birgen b hns
and et hods for geskdahdEe ﬂaﬂfg&ep\é%ajuéé tﬁat'pQJQﬂstQh+a§¥ ;Iﬁﬁﬁlﬁlgéigﬁ go%%iéions for a

pol ypepti des, such as. enzynes. e irreversib ors designed
using the i nventl?e(iﬂ‘f%frt‘é“eé i shagteighandby fapgtionah Hfe9é the tarsetolypaptidbi t i on of
the target pol ypepti deusch Rergifbe¥vatheadt R& chaYi€M lolP cdnshriding Aeb D!

al gorithm and dec%'rﬁ'n I§ met h]od i Whl#h desi gn choi ces are_ gui ded by
the structure of tH& {HFyde e @’b"é‘ﬁ’ﬂ graup 3o @ptignpllyqopipiging f ligker moiety.

r ;—JveL sible i mnb lbﬂtmeractbfk fmhmnhl@rmtcaﬁmfnyp&phlbﬂ%rndaﬂ& a'[ngﬁliﬂo@&is rRRkd OB |
of the reversi jinhibitor wth,the t et pol. tide. Irreversible
"nni bi tor s, or o et detuente e Pa L SRk Pt age AGt t ne
met hod of the i rivsdue Fapable ofibping sevalanttyemgelifieti ehaois pesaf haletbiddmg\phiketvrone
or nore war heads : : j nd _has. bi.ndi ng
affinity for the ?gr?eté% t%g:ﬂg?egy ;{m}ﬁ%&%ﬁ%ﬂ%&%@ﬂﬁ?&%?%%%u \)c\ia%tﬁ”lgge
reacts with a qﬁngF%"g‘Tdd%ﬂ’ien t‘E@’Olm icfinpd aid desaibed Ipecitt letoge provides

pol ypepti de 150 fsGdhRasheedMalpe M cRRRAY, ARISHILRY, [ Riblidh bl €
inhibition of the t etg&g‘ggypép_ti dey. The i rﬁ%ﬁtilgr% %rﬁ%\?fo%gg a net hod
for designing an inh iRy RS Eé{;gp@fnﬁqtpat is understood to refer to methods and

processes that are performed on a computer, for example, using computational

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,
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15bi nds a target polypeptide. The nethod includes providing a
structural nodel of a reversible inhibitor bound to a binding site in
a target polypeptide. The reversible inhibitor makes non-coval ent
contacts with the binding site. Using the structural nodel, a Cys
residue in the binding site of the target polypeptide that is

adj acent to the reversible inhibitor when the reversible inhibitor is

bound to the bi n@ﬂeﬁgmﬁhﬁlﬁlck %n&gl &i%mtamng %telﬁngaangé Qnd W8 1ikeL Thshhifes odl |
Cys residues or a desired nber of é)%,ys reS| that are adj acent to

Che reversi bl e i i BPEHS HA SRR o e&dgwms@l e BB Soain BERIES 15
the binding sitepeateddRreidentified. Structural nodels of one or nore
candi date inhibitors that,,are desi gned to coval en bi nd the target
pol ypepti de are proddtedfd e @5%8?&59'5“‘?6 CPBF%H%?C%WF% e of

war head t hat bs tvondedretpootan siivsleic it sdohancgoshith abhws)éomﬂaesonembr sible
i nhibitor. The C

capabl e or reac}t,\iﬁi M%\%ﬂ}gﬁ?%% 1?1 %13%?,&0‘%%%}}3%%% IQ[%@) ondéo%ﬁ{# %E@Lﬁ{]ﬁ{r
group in the si d@qudnen ghigwhengargysll kl@smd@g Bl 0 p Beavenghd mayzpe ppddréwith hat
positions the reggt tu‘!&ll? h&iiea 8} d&%?%'tﬁ’a@@hér&%r ]\.Msglﬂb Qoﬂgﬂgéoﬂgmd' stance
of one of the identified Cys residue in the binding site of the

30t ar get pol ypepidpriisal OSHE@FM“H?% %Onb@éﬁﬁlqil‘aﬁ%s igoede reversible

i nhi bitor thap resul tAs'uEEdthB@mrﬁ@-fehhV@ys&hﬁ@ﬂeﬁ@danfy‘tlﬂé‘etdlﬂ&ﬁiohil)érc@fedt he
war head being within_bondi ngﬁ gﬁtian e of an identified Cys residue
in the binding s¥obrolefiesihat 4ERCS ™0 %ept i de when the candi dat e
inhibitor is bound t Gustuked hbnemduha@nﬁs ‘emit 0@-drdieitdst fride'structure co-orddnates”

det erm nati on of t he rrey iRl dnhi

cont ai ning a war r 1i6. 3 {hfm?técaaf’ ma'}'?%stf%esgrhela e$n(t| dlbsubsfw'S th?tabl e
position and is distibe fhelposidting of Fabisst athess- doﬁenamnawledﬁlfﬁttucw @€ys residue
in the bindinp ghrokf Ypeptide when the candidate
inhibitor is go xﬁ&&gﬂ%gﬁﬁtﬂ% ros?Jte is likely to be an inhibitor
that coval ently bi nds‘\SﬂJPPéW@Wg@@teﬁ'@il?ﬁ@bgl’@edeha Taeigpad Be apetge s an

i rreversibl e i Nhidgiving fo@dts foh@reb AmealioMROINBERS bidRacrdn1dRE S dRYexfs@RdN N
a coval ent bond between the sulfur atomof the Cys residue in the

bi ndi ng site andbferdimeasienel PRI Hai h%@"‘?ﬁh‘ﬁ%ﬁf”ﬂ?ﬂ’&ﬂ gdelsprejofigined
war head when t heusingrRempladrrdgriiis Mhat ﬁﬁkehﬁpoﬁbﬁhlemd aIt@ tﬂeh&nbﬂylbdteﬂ@ues mte. A

coval ent bon engt.h of, abput 2.1 out tr

or ot Tess t Fn Bt SreiiGentie P PERoIREE otifar itioe e BuREEH Fhe
sul fur atom of tthem@yauls dInauvestiuctukhe binding site and the reactive
chem cal functionalit f a kg GAL C i dat e
inhibitor is an inhibit %rd h%ljgﬁglt %@'ﬁ? tfﬂ}}q‘kﬁqﬁdg&é&tﬁgéla&é{!&s R

15pol ypept i de. Physwalmﬁehmﬁ@wp@fmwﬁéwlem}@nti on can be perforned
using any suitabl e Styediueahn, %‘i’e%hlar ?&b@ﬂs%feﬂ%ﬁ%&o@lmé@‘aﬂ@ﬁoﬁ[
preferably mol ecul ar graphics. The net hod can be perforned manual |y,
or can be auldneiERESenipHons gt aigsps PreferBly OB £ KRIAPYEE SEPf or med i n sil i co.
20As will be appa"emAsLfeﬁlﬁbl’éiﬂe“nf(ﬂﬁcﬁi@%cmgh@nQeféfpfo%e@fbﬂﬁér @fdedures that
he 1 nventi on eciippt el BRGE PR EreAieE B (P PE RSB E o
the invention co ’
inhibitor, B) i debialyittgaie frafidets aﬁzmttﬁjcm&,acﬁ)itypﬂﬂd)uslﬁpagfﬁgandscﬂw al
nodel s of candi dattg i nhi,bi tars th det er m ni ng

a
proxi mty of vvar'ﬂﬁea(ﬁlS Fsed are e(‘tlll (ﬁdm%rang 8“%3%%“51” %a%hm ‘coval ent
25bond. 30  computational chemlstry



A) Provide a target and reversible inhibitor The invention conprises
providing a structural nodel of a reversible 30inhibitor bound to a
binding site in a target polypeptide, in which the reversible

i nhi bi tor makes non-coval ent contacts with the binding site. Any

sui tabl e structural nodel of a reversible inhibitor bound to a
binding site in a target pol ypeptide can be provided and used.
General ly, a known re-existin of,ent reversible inhibitor of a
target pol ypeptide iolghe Ens"%’%i“’ (r)éagersé‘g?lg"é“hérmsaf‘%ﬁtﬁ?% fy gpygning drreyersible
tenpl at e or scaifnhibitery of egetdelypaeptidasgpucties iemdyinkd. tThe irtehatible mkiviteat | y
binds a target pAlXRERMLUL U [ ion. Thus,. for. exanple,
when a reversible g|¥nhi E‘Ibt or o#tﬂ}g a%eg?%agfg‘ég té%ng%}lﬁ sﬁ%ﬁve ‘§L1§‘F‘8¥/Pf§ sly
been identifi edtasst @prel?féiaohtgé@fﬁlaﬁhet1h‘@_mliqnti{e¢Iatiwbalgwiﬂmd@dﬂi:ﬂgned by
any met hod KBOWmheh6d BRhich ldeindhblads Yreliiabd byl e d0Gu@ bk the ta}%gle known
reversi ble inhibitor can be used to generate a structural nodel of

the target pol yPEpEPis BoTHRYFHecd verHble mbibitonef B fasse! polipratiderand the
desired, a new erRfi@VifSHeSEWrsIIIRIGNIDT WRY B Gikdel R 1jpakidb] kelerg@® be used
to generate a st tural nmpdel of .the target  po epti de conpl exed
S gy bl b?h‘f‘]"?fgtdFF eééﬁ’%‘?‘ﬁ%@& o e des; gn
i rreversibl e i nhviitiboesnprisd axgmplay ossdaffoddob evhick v @& nfokeavaridadsikd or, such
as a potent ;pev i ple inhibi ak. rexersible inhibitor or, a
reversible ilplhi E(lfntﬁ%)ér) 1‘(1;1? E%{d%ctg?’éouﬁg{’ aesnmy¥ngﬁ%é?ll%%élr]r’ﬁfaég,ep%{@ypa%tggﬁdbed
in Exanpl e 8 t hencabgudithdwarksadireasss Witith Gys reshige inrthedrmdingsiteelihdyargeised t o
i ncrease pot encyoontide Yk PL&alRBbRY ﬁﬂfltﬁagqyinqgééiﬁglnﬂﬁitfo{ﬂoftp@tar ot
capability to covalently 15 bind to the target protein. In so

enbodi nent's, thePlglegfiiei t hm and met hod enpl oys the structure of a

potent reversible ik Bivéf@ibn prbldQ@hRRiho® 1 adighRR b inhibiie at @RkikdiRM and
nmet hod are leged 'tf? i nprove po%ﬁnc%ﬁby d(g,si g(?i ng iI.n coval ent binding,
and enpl oys 't hePBfSawed PevRsPiden i THRPsipbipclBes pRyiding A sHsaEn gede! of a

pot ency, such agvasible imhibhbrtbotndab & binding 4i€hla @igetlptlypdpkiad. The reverdiBlenM >

100 nM Dbet ween. ut pt M and 20 abou N etween, aboyt 11. 1M

and about - 100° nREeE kAR AR FouR A e Rt o 1

MV and about 1 Médel, a Cys residiwan the biadinglsitvmhi the Gnget peipeptale thatis edjacemiity

sui table target mQ%kﬁBE’lQ‘idhﬂﬁtﬁ @[eﬁtﬂé?‘%\@%igﬁ iﬁiﬁ%@b&%d?ovtﬁé %ﬁ‘&?kgesitﬁ fs0m
as the | a or

public sources, suc ) esear c aboratory tructural

Bi oi nf or nat 2&s Hemified. A faglaCrapidue. RESEs pEyes 95 desigd napbes oys| | ne at
world wi de web ReiBueQtHgs a:@ﬁgdcé}h fhdfeMsiRERRBior Sherfthe reverdbIE infibRorAE T ds
Research, 28 pp. 235-242 (2000) and www. rcsb.org), and worl dw de
Protein Data BaPfind RisDEndgsinen beidenified- Nat ure Structural Bi ol ogy
10(12):980 (2003)). shudt@illnhddil bit@e bi iBidre @indidatt inablt@s thar edesigned to

pol ypepti des for ich.structures are availahle in the Protein Data
Bant T pr esent P PR e bRl Ry T Babdiic il o
30struct ur e2df @ntamragetrhepd thites ondaine Habaivtahla@aitiorseinlg: reveysibdui t abl e

met hod. Sui tabl g el NRHS. L0 ASLAL TLALAY SLLUPAHE End Bl i known and
conventional i nnltll _e 'a_r ) SUC‘ as SO|rU(f‘I on- BhaSQ nuc ' ar r_ragngh Cc
resonance ( NVR)regppieg vithanddprningsighyatenpiead with NkRid grsep imgkaerdsehaiefraay

crystal | ogr aphyg,qadhet 8 obitok By L1365 mhagpogitions%'xeor\é‘écti@ chEH A aRE Rhlity
Crystal | ography Tor Biologists. Oxford: Oxford Universi tgl Press’. | SBN
0- 19-851051-9 ‘(.'mmndl)ng 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



Structural nodels of target polypeptides can al so be generated using
wel | - 5 known and conventional nethods of conputer nodeling, such as
honol ogy nodeling, or folding studies, based on, e.g., the primary
and secondary structure of the protein. Suitable nethods for

produci ng honol ogy nodels are well-known in the art. (See, e.g.,
John, B. and Sali, A Nucl ei c Aci ds Res 31(14):3982-92 (2003).)

Sui tabI e progra $A0R, Model er
(Accel rys, 10 I%@d; ﬁe ¥mrHP Prl 1t%5ﬁhé’19:§¢t fgfe}?epﬁnc Enew Yor k) .
For exanpl e, scaéié@@? Iané’dOM% @P%tolﬂﬁ bindipgpiteargidenififdnol ogy nodel of

FLT3 kinase was pr O%a‘eeé#mﬁa&%fumrabadﬁsa@mva&au%ma&ﬁmﬁmg@ra
Icinase. A nonlimting |ist of suitahle target polg/\{) Qtld fog whi ch
50 5 B ing

sequence i nf or mEPEH t]?aélsa"%f‘?dabF‘éld‘f‘Wg{Fd AT %’lﬁfé’é‘ﬂ
honol ogy nods! Sdlhtsncebﬁaﬂaﬁnaﬂed @ys Teatah€in2he bR I cﬁdhesargu@blweahdermdel s

are 15produced u t ato ordj nates .for rge

pol ypepti de, E ﬁ%‘ﬁ‘g‘ﬁdﬁt%ﬁﬁ%b&ﬁﬁndﬁﬁ‘égwmg Filée ’f reé'g? gep PRI i de,
in conplex w t htmmvﬂmebmdstxhetargadﬁobbtpmde, aﬂ&mesfaaw o grreversibled| nat es
compl oxed wi th FEVRFT IR Sl pficRaPhadcly SRR S QUREL b bARERICSS
ray crystallogr arbfuyatomuf:ﬂleﬁys mﬁgﬂeﬁh@:blmbmﬁaﬁl@éh@iﬁ@@w@sl@tﬁéy usi ng

honol ogy 20 ;god nst}QaIﬁ'f'gf thd\Garhda §hen the candidltdThhiBikdr ¥s boSdd b &e Winding M0del s
of reversi bIe in tors alone or conplexed to a target pol ypeptide,

can be generat eéltebaﬂs@ﬂalﬁﬁb%ﬁé@/vﬁ‘hé?f $erc Cerems it dsutdr AEYRYSGF Her
sui t abl e met hodgss o dhal b angdBbHO € 1R MENdI6HEE BEErednQlic UTelatoRgof the Cys

inhibitors onto target proteins are well - in.t

e.g., Perola et™ !due in gedinging site "é‘gﬁl‘er’?ﬁ&‘fvﬁrcﬁem‘%ﬁ’@ftfof}ﬂ‘w %ﬁ%’ whideS;

Bi oi nformati cs pfic2dbthat4iR catfiidd)inhibiein en mhibitor thaf cdvhlentiytbinds & targst of a
reversible i th bi .t or (f?orrpl exed to a target polypeptide is not known,
a model of tihe BY¥PEE can be prepared based on the possi bl e or
probabl e bi ndi ng nodéke afethoh of thememténiae bé penfoivied ping Py suijable strgsfural
probabl e bi ndi Neho ggdsﬁgh Js?)ﬁys[cglvr%‘dglls B Iﬁeflar%w H{OEQJ@ g‘?a?ﬂicsbe[h@ﬂéihbd/can

identified by a person o skill in the ar for_ 30 exanple,

based on struct b pdrfognadiraanglly pr esh ?Héomaéfifielf’seif%‘i‘béy hs etiod Hrpe‘tf‘ﬁma‘h’ﬁt her

| nhibitor with gzknown binding node. For exanple, as descrl bed in
Exanple 5, the structures of the co%exes ofd HCV CL‘S &Q

then 10 diff8rent i nh WilltbeARPASAIORBWIITeEO AR RRTS allf ?Cripﬁ%n

inhibitors all haNesShiddghdllyde aﬁgoﬂillﬂnaahdhuhiﬁsd sfhetilentionomphisasgAnodes t o

the protease. Based on this know f g.h 0 I - node of
the reversibl e PHYIBEASTFEV? re‘ﬁer? 8@?‘9 )“%@%PQ%% %t?k%gﬁr?p exed to

HCV prot ease V\B.$)rcﬁﬁc(hﬁfg.mﬁdm‘alrmbdﬂls eﬁcatld)dasth:blgsa‘ thitlcgntale s vegphead D)
irreversible i nra‘?bl tor tg? tg?fv@ag 04 4o y?éetgwglge 5 3B 2l Mtent

pr ot ease. a reversibl'e inhibitor bound
to a bi ndi ngssi thend. n a target pol ypept| de is preferably a conputer
nodel . Conputer nodels can be produced and visualized using any

sui tabl e software, such as, VIDATm vi sual i zation software, (OpenEye
Scientific Software, PYREW%SSF‘@B‘FW?YH%‘FQ’H{ 197 or Discovery 10

Studi o(r), graphic nol ecul ar rmdel i ng software (Accel rys Software

Inc., San Di ego, CA). 1. tar " ode%%ep £ wth
structures in Prot el]:Pelﬂa‘fea"OBaﬂ’Rp“fasr ‘é"t‘ SRV Hf B' 6&%@
30 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 polypeplide 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
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.
Howeyver, 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.

The algorithm and methed 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
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 ICsg or K; that is = 10 nM, > 100 nM, between about 1 pM and
about 10 nM, between about I uM and about 100 nM, between about 100 uM and 1
uM, 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
available on line at world wide web pdb.org; see also H.M. Berman ef 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
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
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NMR spectroscopy, X-ray crystallography, and the like. (See, e.g., Blow, D,
Qutline 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 metheds 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 iike.

Similarty, 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 3, the structures

of the complexes of HCV protease with more then 10 different inhibitors are known,
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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
bound Cys159 of HCV protease.
The structural model of a reversible inhibiter 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 1I° or Discovery

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

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
KSHY PROTEASE 1FL1
VARICELLA-ZOSTER VIRUS IVZV
PROTEASE
EPSTEIN BAR VIRUS PROTEASE 106E
PROTEASOME 1JD2
CASPASE-1 IRWK
PROTEIN KINASES
MEK 189]
BTK IK2P
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2VT4 TRANSFERASES FARNESYL TRANSFERASE 1JCQ METALLOENZYMES CARBONI C
ANHYDRASE 1A42 NUCLEAR HORMONE RECEPTORS ANDROGEN RECEPTOR 2ANMB
ESTROGEN RECEPTOR ALPHA 1R5K PPAR DELTA 1YOS Table 2. Exenpl ary
target pol ypepti des and sequence accessi on nunbers Target Pol ypeptide
Sequence Accessi on Nunber ZAP70

CKIT 1746
FLT3 1RJB
VEGFRZ IYWN
7APT0 1059
CSRC 7SRC
TAK3 YVJ
FAK TMPS
EGFR ™17
FGFR IFGI
GSK3B TROE
TNK3 PMQ
LIPID KINASES
PI1-3 kinase 2CHW
PHOSPHODIESTERASES
PDE5 1TBF
DEACETYLASES
HDACS 1VKG
HEAT SHOCK PROTEINS
HSP70 183X
G PROTEIN-COUPLED RECEPTORS
BETA ADRENERGIC RECEPTOR VT4
TRANSFERASES
FARNESYL TRANSFERASE 13CQ
METALLOENZYMES
CARBONIC ANHYDRASE 1A42
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P43403 C-SRC P12931 | TK NM 005546 BTK SW5: BTK_HUMAN RON Q04912 | NK3
SWE: MK | O HUVAN FGER1T NM_ 000604 FGER2 NM 000141 _ FGFR3 Mb8051
FGER4 L03840 KDR(FLKI, VEGFR, VEGFR2) NM 002253

NUCLEAR HORMONE RECEPTORS

ANDROGEN RECEPTOR 2AMB
ESTROGEN RECEPTOR ALPHA IR5K
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

INK3 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 103278

GSK3A NM_019884

GSK3B P49841]

RON NM_002447

C-YES M15990
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FLT1 AF063657 FLT3 NM_ 004119 C-KIT X06182 EGER SW5: EGRF_HUNMAN

PDFGR- A M21574 PDGFR-B J03278 GSK3A NM 019884 GSK3B P49841 RON NM
002447 C- YES ML5990 B B

Iuka AF0128%0

Ieky AF080158

ALK NM_004304
JAK1 P23458

JAK2 NM_004972
JAK3 AF513860
TYK2 P29597

JNK1 L26318

INK3 P45984

FAK Q05397

LIMK NM_002314
MEK1 | Q02750

MEK2 P36507

MELK NM_014791
PBK Q%6KB5

PDK2 NM_016457
PKR P19525

PLK NM_004073
PI3-KINASE Q9BZCS8
hepatitis C virus SWS.:POLG_HCVIJA
NS3/4A protease

herpes simplex virus | GB:AAA92139
protease

KSHV protease (GB:AACOD5223
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 -
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inhibitor is bound to the binding site. Using the structural model of the target
polypeptide complexed with the reversible inhibitor, Cys residues of the target
polypeptide that are suitable for targeting for covalent bond forrnation with a
warhead are identified. Cys residues that are suitable for targeting for covalent bond
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, VIDATM, visualization software,
(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
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
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
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.

O Produce structural models of candidate inhibitors that contain a warhead

-17-



NMD02314 MEK1 Q02750 MEI C2 P36507 MELK NM 014791 PBK Q61 CB5 PDI C2
NM 016457 Pl CR P19525 PLK N14_004073 P13- KI NASE (OBZC8 hepatitis C

vi rus NS3/4A protease SWS: POLG HCVJA herpes sinpl ex virus t
GB: AAA92139 B P " Proease

The invention comprises producing structural models of candidate inhibitors
that are designed to covalently bind the target polypeptide, wherein each candidate
inhibitor contains a warhead that is bonded to a substitutable position of the
reversible inhibitor. Candidate inhibitors that can form a covalent bond with an

5  adjacent Cys residue are designed by adding a warhead group to a substitutable
position on the reversible inhibitor. For example, a warhead can be bonded to an
unsaturated carbon atom that is adjacent to a Cys residue in the target polypeptide.
In another example, in the reversible inhibitor target polypeptide complex, a Cys
residue is occluded or partly occluded by a portion of the reversible inhibitor. In this

10  situation, a portion of the reversible inhibitor can be removed and replaced with a
suitable warhead to produce an inhibitor that covalently binds the Cys residue that is
occluded or partially occluded by the reversible inhibitor. This approach is suitable
when the portion of the reversible inhibitor that is removed and replaced with the
warhead, can be removed without affecting binding of the reversible inhibitor.

15  Portions of a reversible inhibitor that can be removed without affecting binding can
be readily identified, and include, for example, portions that are not involved in
hydrogen bonding, van der Waals interactions and/or hydrophobic interactions with
the target polypeptide.

The warhead comprises a reactive chemical functionality that can react with

20  the Cys side chain to form a covalent bond between the reactive chemical
functionality and the sulfur atom of the Cys side chain. The warhead optionally
contains a linker that positions the reactive chemical functionality within bonding
distance of a Cys side chain in the target polypeptide binding site. The warhead can
be selected based on the desired degree of reactivity with the Cys side chain. When

25  present, the linker serves to position the reactive chemical functionality within
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 Cyg saturated or

unsaturated, straight or branched, hydrocarbon chain.
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KSHV pr ot ease GB: AACC6223 Vari cel | a- Zoster virus protease

SWS: VP40 _VZVD Epst ei n-bar virus protease SW5: VP40 EBV human

cyt onegal ovi rus protease SW5: VP40 HCWA B)ldentify target Cysteine
5The invention conprises identifying a Cys residue in the binding
site of the target pol ypeptide that is adjacent to the reversible

i nhi bitor when the reversible - 16 - inhibitor is bound to the

bi ndi ng site. Using_the structural npde]  of tpe tar tide
conpl exed with the PE{AEIESTERIREs Phihat B diese St Beeiy Oft%gﬂpﬁ%wget
pol ypepti de t hagiGar. So&ﬁlsﬁ:&ble@vaﬂﬂﬁds hak getforaglaMoK-IcOweleait * ladides the

formation with a.warh reld t are
suitabl e for ta‘?oﬁ’éf’{ %?t i At t't’(’talﬂ%%oémqé()fftoerrﬁvaetm%‘?e mf“to]% a war head
are adjacent to theXnea/bmﬂpbdbvalathbCasamuated Otmamuemctmgl'abrbmdbdd. Cys

resi dues tha§ a]fyﬁro@gi) %whaeiw@ghﬁg%amcl&tw% e m%i& b e

structural can ing any suita
determning i ntlerrimarh@whm arg inslependeady reglased PyutNiys (er'é:ﬁ@ f @Q(Qﬂorrputl ng

i nt er nol ecul ar @E H0RNS € 53-NSORMRYLS), .AIRGR)- SNaKE oMveldn known in the

art, such as, ATM vi sual i zation software i0 éﬁ enEye. Sci nt| fic
Sof tware, New Mexi cb)is 2 ppeieaiRong ose biyplent Gy §45‘§Fthz nguragd: SR
(Accel rys, I nc.prRRedDhRighboetdint WRerdih b8k, two, or thrdenndﬂn&nENﬂfmife, aré he

i nt er nol ecul di st gnce ons ete

all non- hydr‘@ge??“&‘laﬁwn%gndﬁig‘ﬁnﬂe@) f?Pgﬂgf“IdE%?‘)‘?F’?ﬁ% tar ge‘t %b)ggtl de
bi ndi ng site andCal(R)HeRENSOF,0§O:N@D- or@r a3(0)-heOCENerSIOhD¢ -$-nHDi t or .
Cys 15resi dues étpat?fgﬁx, eﬂ;hﬁ@erﬁ_ﬁ §Nr eversible inhibitor are

readily identif7ed *i'nt et Mo I'ar distances. It is
general | y preferredYtinhtdreden Gidjatinbetin optiyrally aubstéiuted wish gfo hilegertlitn 10

angstroms, abouf. &, %p9§t16 B ber m@RHlic & BRI ERANReD barlill® uhQWRA& bl e

inhibitor. If desired, Cys residues that are adlj acent to the
reversi bl e lhhi ¥iard |nng; hBayimgeD-3 heteroatoms independently selected from nitrogen, oxygen,

or sulfur, and wherein said ring is substituted with 1-4 R® groups; and

each R® is independently selected from —Q-Z, oxo, NO», halogen, CN, a
suitable leaving group, or a C,.¢ aliphatic optionally substituted with oxo, halogen,
NO;, or CN, wherein:

20 Q is a covalent bond or a bivalent Cp.¢ saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are
optionally and independently replaced by -N(R)-, -3-, -O-, -C(0})-, -0C(Q)-, -
C(0)0-, -SO-, or -80;-, -N(R)C(O)-, ~-C{OIN(R)-, -N(R)SO;-, or —=SO;N(R)-; and

Z is hydrogen or C.4 aliphatic optionally substituted with oxo, halogen, NO»,

25  orCN.

In some embodiments X is a bond, -O-, -NH-, -S-, -O-CH,-C=C-, -NH-CH,-
C=C-, -S-CH,-C=C-, -0-CH,-CH,-0-, —0-(CHa)3-,.or -0-(CHz)2-C(CHa)a-.

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 ~CHa-.
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20i dentified by anal yzing changes in the accessible surface of the
Cys residues in the target pol ypeptide. This can be achieved, for
exanpl e, by determ ning 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 pol ypeptide is conpl exed
with the reversible inhibitor, and when the target polypeptide IS not

25conpl exed Wi th tha, L aHerSiBlSe NN Lol Q45 K81 UYES ARty have a

change in the acceSS| e surface area when e reverS|bIe I nhi bi tor

i s conpl exed t o-NH{eHzt.aNGEHOpoNIEPCHICEY ¢ -GHREO).oNH&0=d] acent to

the reversible i (% N}@@)Cmog(o) be&o,i-.and Richared, F.M, J.
Mol . Biol. 55:379-4 OH?fLQ? g{ar i'ng surface accessibiljt Th| S

can be confirmed by Iﬂé‘{né’r‘?ﬁbﬁi“ﬁ‘ 1 it PRAIEE b1 raightof branched. f"fdy‘lfé@f"} ed.
30 Q) Producesst EpaGt wieadin DRAeL ﬁasmne@mw@aldahbma addstichilatettgRAd ai N a
war head The inventi on rise i t I]W{mdel s of
candi dat e i nhi bP¥8PE Fﬁz&’?t“ﬁ‘? g&daﬁg‘% ﬁ)lbreﬁﬁ‘i?gggﬂﬁéﬁg #&8} t ar get
pol ypepti de, vvheJ(Ra)E;m £3OIN@aNeH-08(0D-, Fhi, LDTEY)-, c0lD@, nelopropgeteeddt. t hat
is bonded to a t| tﬁé@bl e position of the reversible inhibitor.

Candi dat e i nhi b| to can forma covalent bond with an 5 adj acent
Cys residue are desﬂgnetamwbadjniprnfgLaS aiydieab e sptraiels of ranghedybst i t ut abl e

posi tion on jhhey, s eyersl aﬁ.d«:ﬁmﬁﬂagaﬂeﬁ%ea&ﬁmoﬁdar@amasmlad can be
bonded to an unsaturated carbon atomthat is adjacent to a Cys

resi due in the mathgerc ysiiofpéseniared by -K(@nctREIO)e AP, NRSOre-

reversi bl e inhi BbiqR) tﬁg gg(o)pcgogpe@(t CorlC QD) Xand Bneldy Swd RAgitichse 1S
occl uded or partly occl uded a;l)lrtl on. of the reversible II’]EI bi t or

In this 10sit uatiebmencrngdeil %‘ﬁ"%lf’n kandiadrardr i a°Rlasr] B Y SPP A "be
renoved and replacedRWot lt(@-sui t abl e war head to pr oduce an inhibitor

that covalently binds the reS|duet |y
occl uded by ‘the revg(flé?“?ﬁ eé“%ﬁﬁ'ie?}f L7 2o enrt Cé“psngg grl%gchg({uh@{)%}b%
t he portion of tﬂfwﬁlwmshhlaeleasnmetﬁmmbm&mdatbaﬂtemn@élﬂ'leaﬁWITr@M%lced
W th the war heagel’p ager%r]ay i@g{; o%g WQMonglfnflﬁgﬁelngng 'oﬁghr@gptﬁ)fnaltyhe

reversi bl e inhi i ons a reversible inhibitor that can
be renoved wit h@n;tin@m@entiyﬁgﬂs@rm%i@omwl% PoaiRy o &P fi ed, and

include, for exanpl eys RAkHELBSve iﬂ%&na@rré%nuamhqemamby&dalemcbysﬁa@ﬂeﬁ
bondi ng, van der Waals interactions a {]a drop %gl c in ctions
with the taret bfi‘é‘f*&?‘ﬂ)é‘fzi@fP‘éfébonﬂ’?é“Wfi‘fg]g SEhlT e @Luble hond; e ri'e\?

chem cal functi Qflﬁiagisxﬁntlhﬁk af afll fe@Rfie Mttshbh%@ioﬁh@bd@;lmasmdﬂwh!aitm to
forma coval ent | b bet we he reac lye ,;:h m 2t ] ity and
the sul fur at omMFoRHe" @??%?Fl%’gnec%glaﬁ The War r?%% °“e§§5ﬁ%%“§| y

contai ns a | i nkesmidaah alagisdetd pog. Bpevay ebztiple sethenileadup homgtanonal ity
within bonding dStARCE, Bhedtni) hoRldeCARALALIALL Mk 3k B POl ypept i de

bi nding site. can be select on the desired degree
of reactivit V\nemhochmeltﬂqass @l‘déent%alsfrﬁalgm\h@ﬁanz@%‘r ydegprbondign Phergia L

serves to positi,on,tHe oﬁeee@ﬁ;hﬂéﬁ?l oo &al  fRabhiasNakbipy indlulldi n
NHC({O)C(=CH,)CH,-.
In certain embodiments, L is a bivalent Cy.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(0)-. In certain embodiments, L is -
C(0)YCH=CH(CH3)-, -C(0)CH=CHCH;NH(CHjy)-, -C(O)CH=CH(CHs)-, -
C(0)CH=CH-, -CH,C(O)YCH=CH-, -CH2C(O)CH=CH(CH:)~,
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bondi ng di stance of the target Cys residue. For exanple, when the

adj acent Cys residue is too far fromthe reversible inhibitor for the
reactive chemcal functionality to be directly bonded to a
substitutabl e position of the reversible inhibitor, the reactive
chem cal functionality can be bonded to the substitutable position of
the 30reversible inhibitor through a suitable linker, such as a
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hydr ocar bon 5>haﬂdamw€an%wn QRELiR PRk A 160 8ne dobBle chndta.ﬂfﬁﬁ:aﬁ%ﬁehw ene
units of the hydrocarbon chain are ind en dently replaced by --NR-,

-0-, -C(0)-, ggxthy)lcne umg(f(B 1@replageg by -Q -SR-, -C(=S)-, -C(=NR)-
-N=N-, or L ﬁxsame@mddﬁﬁgmsbpfsd b%leﬁ?t d;lgytfﬂ,@n&r bezhet®d sgaxueaaaoad or
unsat urated, straight or branched, ocarg )\Q/ner eJt N one,
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t t ed, 2
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30 or branched, N1t - OGACIROINHETBCA-CHOHS SNHE (O @hitOpent s, L is

QG- -NHC(O)CH=CHCH,N(CHs)-, -NHSO,CH=CH-, -NHS0,CH=CHCH;-, -

25  NHC(O)CH=CHCH,0-, -NHC(O)C(=CH;)CH,-, -CHNHC(O)-,

-CH,NHC(O)CH=CH-, -CH;CH;NHC(O)-, or -CH,NHC(O)cyclopropylene-.
In some embodiments, L is a bivalent Cs 4 straight or branched, hydrocarbon

chain wherein L has at least one triple bond. In certain embodiments, L is a bivalent
Cy.s 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-, -§-, -§(0)-, -80;-, -C(=8)-, -C(=NR)-, -O-,
-N(R)-, or -C(0)-. In some embodiments, L has at least one triple bond and at least
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In certain enbodinents, L is a coval ent bond, -CH2-, -NH, -CH2NH,

- NHCH2-, -NHC(0)-, -NHC(0)CH20C(0)-, -CH2NHC(O0)-, -NHS02-,

- NHSQ2CH2-, - NHC( 0) CH20C(0) -, or -SG2NH. In sone enbodiments, L is a

bi val ent C2.8 straight or branched, hydrocarbon 5 chain wherein L has

6th Ieastt_one Iclloubl edbon(cji and one or two additional nethylene units of
are optionally and i ndependently replaced by -NRC(0)-, -C(O)NR-, -

N(R) S02-, -SO2N

0-, -\ R) (gne&egylene L}mt opé[;stre laccfg}?%NéR)rfe%ﬁ%)g(({) (@%08{(@ leﬁ'?eCZ 4

strai ght or bra@G(@dpr-DEl hydrocar bon chain wherein L has at | east one

doubl e bond and at gg]@, Iépﬂ%r LRnNe=dniccel ﬂeﬁs'oﬁroﬁ |_.aced by
Q)

~C(0)-, -NR(0)-, - R S03- . -’ SOPN
-S2-, -0C(0) -, NHEC IBCH arfdLdiE -G {%CQHI(Q ke )¢n§c h&(‘é’ﬁecum ts

of L are optgona(lrLsz@@L@ pdependent |y repl aced by cycl opropyl ene, -

0-, -N(R)-, or 15In _sone enbodi nen | 8 straight

or branched, hydrocé‘?‘%ﬁméﬁﬁ‘?dﬁn‘iﬁff‘eﬁ‘@laﬁ’“@eH‘a@“é‘Fa‘ﬁ\éﬁrrLt‘a“(%eg doubl e bond

gpdt at ISSSE onﬁﬁdmarbw GBER whEtkih o@ém&hylﬁlemﬁipbiacﬂebphyed bECOJepropaiett one
wo additiona

e L.are opt
i ndependent | y r@}SiIOB"C%r ﬁqwggﬁﬁﬁﬁyﬁ lght%oreL ﬁpmld %ﬁ’y rglQQCME%O) As
g?f; Ir Ig E;ad aboge(é(O}n, “NRCI)H, FC(OMIRDdiNER)POs-, orL SOSN(R)-b Exegipdant L @2uiss
or r r Im@é t | t
doubl e bond. gme Ig pﬁ@«r}? 55,9] ’%%Wl ergg t art @*c[b %oegg&n?ze teﬁ:lt one
suchba doubl e bond nﬁayiefémﬁsqnemli #Howe, Whéhwlbé'aﬁ66’hﬂti§ﬁatior'i‘alb’ackbone or
g?gupe Bixalayt S?Jbgﬁlg%?lgmgﬁlgg% No?'&@'cilh&% 3t I‘OrrﬂEhiB&e&mﬁﬂch%ﬁh bdene
r havi n

branched chai n Plﬂxdladésraw@ﬂmlgaqiﬂ}ﬁ?@ of apygiag by i‘PgéJoﬂE? %?Ig’ﬁgggl nent s,
hals Sa? Ib|e \;2![ e(r)lt mgajlgﬁ&gﬂ)agegmd &dm Eilrragtg hﬁglgenmtdﬁlﬁﬁ,ahd)@lmrﬂinmdnnmer ein L

ne a oubl e -
R S I LR IR T O T
C24 strai ght or Nis, aalegemch hy @ patiphdtioywieteai @ iswtvevabanhbond hrpsbivaient @ast
one doubl e bonda{{l d Gan%ggg% Sttetd Strgﬁ§togg;ap%f§rﬂ%% n Bfainl wheik 6RIRCed by

é((_ég CISZICEICI(EE rN}-Kv@-iBchylene a(iB pORRCHPEHaY Y and_md@e@yl@lpg ced by -N(R)-, -S-,
. Gootot ) oo PR 2 adon @BW s
- CH2CH2 C( 0) @H:CH(I(ﬁQ) or —592N(Rﬁ.q€1(1}§’31y Q@@e@&%ﬂah hafic optlonally substituted
with oxo, halogen, NO;, or CN.
In certain embodiments, Y is hydrogen.
In certain embodiments, Y is C.¢ aliphatic optionally substituted with oxo,
halogen, NO,, or CN. In some embodiments, Y is Cy6 alkenyl optionally

25  substituted with oxo, halogen, NO;, or CN. In other embodiments, Y is Cp.6 alkynyl

optionally substituted with oxo, halogen, NO,, or CN. In some embodiments, Y is

Ca alkenyl. In other embodiments, Y is Co4 alkynyl.
In other embodiments, Y is Ci. alky) substituted with oxo, halogen, NO2, 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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In certain enbodinents, L is a bivalent C2.8 straight or branched, 5
hydr ocarbon chain wherein L has at | east one doubl e bond and at | east
one nethylene unit of L is replaced by -0C(0)-. In sone

enbodi ments, L is a bivalent C2.8 straight or branched, hydrocarbon
chain wherein L has at |east one double bond and at | east one

met hylene unit of L is replaced by -NRC(0)-, -C(0)NR-, -N(R) S02-,
-S@2N(R)-, -S-, -§(0)-, - 10 00(0)-, or -0(0)0-, and one or t

addi ti onal met HyPWHEd T4 Trerqups wergip e3ch Rajsiay ddne! abaﬁeasgﬁag#? y

repl aced by cydleqptopyl ene, -0-, -N(R)-, or -0(0)-. In sone

mbodi ts, Lis -CH20C(O CHCGH2-, - 2 0) CH= .
?:H( Cc):HI:gﬁg) 30( 0) Cre S."‘“F%“%"?F@&Fr? g@ﬁataﬁ%@é %%ge"??eﬁe%%#‘?{ﬁé%%m . 15
- NRC( 0) CH=CHCH2N{at1B heteroatddris| dd)e CliHo@ld 420 or, nitrdZEiP WREI DIalHIEHE |

- NRSO2 CH=CH- - \ - —=N2 dd ibed

N O ¢ BB L B L& B o
NRC( 0) CH=CHCH2 (hegein. NREADICE el @rPepoxidGHE RREGMO Yings. Wl@!Fm\Ré( B)eCH=-CH,

- CGHRCGHZNRC( 0) -, C{Jtitu’teg_\@mw}@g%ﬁ%, QRERR YA RC i5.a5 IMELABI S hn@a&BURA T S

i ndependent |y hydrogen or optionally substituted C _6 aliphatic.

In certain enbd¥fefents, L is - NHC(0) CH=CH, - NI1-1 C(0) CH=CHCH2N( CH3) -,
- NHg(( Og (CH=CHClg(20; ) ngrl%g(kl%c{a)n%Qﬂs,a(satbﬂzﬁEB@ﬂfeaﬂmd hdNMSPRAGHEREHCH2- |,

- NHC(0) (C=N2) C(0) -, . -NHC( 0) CH=CHCH2N( CH3) -, - NHSORCH=CH. .. .

- NHSO2 CH=CHHH2 - having 53 hglejeptey Mx?g%ww&%%ﬁﬂfﬁﬁ‘fg,”

- CH2NHC( 0) -, - GoBdkieedGyieH=kt-group CBEAR MdE(RO )s-as dedined above and described

- CH2NHC( 0) cycl opr opyd ene- . . . 1.n. so i . .1 5. a bival ent
02. 8 straight gl%re‘b'ﬁe#ﬁ% i mﬁ'f/’%er%%eé'rgltr)%n ﬁﬁ‘g{’ﬁﬁ‘ﬁ)‘gﬁgi%gﬁt‘ lﬁeafﬁ_ﬂ%g?s at | east
one tripl e bondubstimtaleritidi-4R endyos iwremingsachR” jsas defiypdshownd desergped

strai ght or branched, hydrocarbon chain whereinry,has at@®heast one
triple bond 30 and one or two addition etdyy| e its ok~ are
optionally and independently repl acedg NNRC( ng\lﬂ%(“;é 0) NI§,\LNE i%
-5(0) T SQ2-, _ere'rfﬁkl?: rtafn%%mnéms,}’q_ " T NUR) - y, OF 29)”_ . s0Ie
enbodi ments, L has a Teast one LT pf e bond and at |east one

met hyl ene uhft wierdin fagh ReQiZaenscR iyes dpfprey above suddysepisy hereingy 0) -

- g( 0%:%‘_{2 N?r - O 0)15111 sofife er‘lillaodinagng, Y (l;CI—IMZ ]tke?g% h%ﬂgﬁbdcmkﬁdg - CC-,
-Ca i sopropyl)-, - N ) C- - -12-, - e s

- Clr | 2C( 0) CF=C- wher @)@“ﬁi@%?’%‘i‘i iy g—'"—“ﬁﬁ’(’l’gﬁ@l?a&f{ isas defineds ¢ ai n
enbodi ments, L iv@anblavatilRher&id- B cetidiingdotinents Bf @ npdpdpyhgydobazlr bon
chai n wherein one nethylene unjit of. L is replage o pyl ene
and one or two Q’&HP?’H"Y&W&FW&’E‘N Iwgﬁ%mﬁarﬁhtngg of uﬁ%g%g%gﬁgég%egﬁg{%f |y
repl aced by26 GyRbrein cachNREE 89 defined@pOeiRl descride8irp- In cortain SEPRETRRLS.,
Exenplary L groupsF_;Lg igcl ude - NHC(0) - cycl opropyl ene- SO02- and

- NHC( 0) - cycl opr opy = Beerdle R B adiegaudabalhyd deboibe] hedin. In beydinogen,
Cl.6 aliphatic optiona

embodimf:ntls,I ‘Yis 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

R® is as defined above and described herein.

In some embodiments, Y is a partially unsaturated 3-6 membered carbocyelic
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
-23-



substituted with oxo, hal ogen, NO2, or CN, or a 3-10 nenbered
nonocyclic or bicyclic, saturated, partially unsaturated, or aryl
ring having 0-3 heteroatons independently selected fromnitrogen,
oxygen, or sulfur, and wherein said ring is 15substituted with at 1-4
Re groups, each Re is independently selected from-Q Z, oxo, N2,

hal ogen, CN, or Cl.6 aliphatic, wherein Qis a covalent bond or a

bi val ent Cl4 sa at ed or, unsat urat str n .

hydr ocar bon cha’ :45{ g\fﬂ'éprse‘ft?freé'?'l%ac%é %deﬁ%etdﬁ‘y‘f"g %ﬁcntlg%dahefe“bqarc gram
optionally and independently placed by -N(R)-, -S-, -0-, -C(0)-
-0C(0)-, -C(0)0-, -SO, or -N(R)C(O) C(O)N(R) - 20

N(R) SO2-, or - StRi¥diments, \a{ad%e éR 9 O RERTvag R GlasGicfitled BB@E hed
optlonally subsélt d with oxo, halogen, NO2, or CN. In certain
enmbodi nent s ?“ﬁ? hsgn. In certain enbodiments, Yis G4
al i phatic optlonalIyn&mhﬁ&ﬁmmﬁmdnwﬂhhammnnyhahmgem46N®mﬂmmd CN. In
sonme enbodi nent s C2-6.al Lt mnth
oxo, hal og err]ﬂg @erocg?hcd{ig h?vmgblt Qé{eroa%grgs dgcﬁgén{ignﬂ?%:lesc%gééhén q%

optional |y subsbiyger ecsulfirt Whepsiwsaidrireagabstitiidyithd r4 Rigrouh “éleliff@

embodi ments, Y & ﬁn@llalé él‘xd desQibed ffb%m qm?%in@f%&me&{s, hSig %ted

al kynyl . n ot ments, Y is ClL 6 al kyl substituted with
oxo, hal ogen, N@em: or CN. Such Y groups include - CH2F, -CH2Cl,

-CH2CN, and - CH2NCZ, 30 In certain enbodpments, ¥Wis a saturated 3-6
menber ed nonocyclicjring haviggﬂg 3 het efjoat ons ind$£endently

sel ected from ni&[, n, oxyg (o] ] sulf nrvher €1 NN substituted
with 1-4 | e grouaps, ig e | ngefln bove and descri bed
her ei n. | n ¢gome enbodi S i "3-4 menbered
heterocyclic rind having | hgﬁg?baton1 él%ct F?l’bmoxygen or

ni trogen wheaoei wh&eih eachiRngd RSis5s @ﬁbe;tabbwtaedide\mrtbhd Herg@n.Re groups,

e e e e RecHElsBGsARRY & 0 RBEL DEMhuD B Ehabing B TPI ATy
such rings are epoxi dé and ereln each rin
substituted wit hitrbgeds whergn enibeing lm@ﬁ@#w ‘éiﬁ’clh“ Reeroups. ydergirepsidy] exBv e

and described Neshilined fhood b8 letMRANLER Do érﬁbo&mﬁeﬁistﬂ’ atphehyB- 6
menbered heterocyclic ring 10 having 1-2 hetero Vﬁel%ect ed from

oxygen or nitr ogmﬂyhﬁwyépwlwélvﬂ‘e‘iq“ﬁ@c‘i r‘é’géﬁfﬂ?f‘wf AP “ﬁ%rem
groups, “her@|neﬁﬁ@hmﬁ?dﬁﬁaﬁ&odﬁﬁﬂB@&ﬂﬁbﬁ&&nand descrlbed herein

Such rings include piperidin rﬁo i ne, wherein each ring is
substituted with 1-40pEeeib %&’en éfi‘?? AXM 1 e is as defined above
and descri bed (R8 2(Re)1 2 QVNNOC NR (((4 h rNgl n. In ain

peNy
enbodi nent s, i 'd iR%ﬁeg - 2 J@%\/rle @@hs fQ—ZRe)@sn?_tkquej@)ag

defi ned above a odi men Yis a
saturated 3-6 nenbéred carbocycllc rjeqng vvhereln said ring is
substituted wit hwhireid e Rjisca geinchihoraind desaitsd RECiRs as defined above

and described herei ny ol18: &fbliRkRs, 8B QGinkeRIBESd he¥rdadyl GYE hamzamy |
cycl obutyl,
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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cycl opentyl, or cycl ohexyl, wherein each ring is substituted with 1-4
| e groups, 20wherein each |le is as defined above and descri bed
herein.. In certain enbodinents, r-s-C.,A, Re Y is, wherein Re is as
defined above and described herein. In certain enbodinents, Y is
cycl opropyl optionally substituted with hal ogen, CN or NOQ2. In
certain enbodinents, Yis a partially unsaturated 3-6 nenbered
monocyclic ring having 0-3 heteroatons independently selected from
ni trogen, 25oxygsRyl Hazokythiadiazolaspnsrosadinzals; whereinpgeh ringdy mybstitutadtvad Ini t h
1-4 Re groups, Regips, Rkt & R°Sgrdd 108 himesanhome davsbed gsehi hed
herein. In sone enbo nts, Y is a partially unsaturated 3-6
nenbered car boc?&?‘?&mb%m%ésrsélieﬁe ® ring is substituted with 1-4
Re groups, wherei I each Re is R defi ned abo&ve and descri ﬁed her ei n.
In sonme enbodi ne » Y Is cyclopsopenyl, 3 obut enyl ,« ™y
cycl opent enyl , é@ﬁenhexeng%mhn ea%g&ﬁ_zs sut?s‘(ﬁu}]umeed with
- 23 - 1-4 Re groups, wherein each Re is as defined above and
described hereinnnl n certain @8 enbodi nentdy Y is (rC ¥7¥1Re) 1- 2,
wherein each Re jNs_as define %ﬁgve and desk{i bed her ei@'.“\rhn certain
enbodi ments, Y @(ﬁiﬁgtl al ' W ursed,ur at ed @f(ﬁamber ed ®hgtrerocyclic
ring having 1-2 eroat ons i nd'épendent |y ected fromnitrogen,
oxygen, or sul fur,owherein sai Or)i ng is s\ugtgz@ijut ed with <4 Re

/)

groups, wherein E'aﬂ i's ag-defl ped abovet af escri ein. In
rréﬁ!t_sn'], (%61.? %#\WEJR% \jﬂ(Rdh-Z N___/

certain enbodi s sele fFom
<> <> ¢>n ¢
(- B N e
g_L\\_!?L'(Re)m g R gﬂLL—T(RE}” N—7 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,.5 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-, -0-, -C(0)-, -OC(0)-, -C{0)0-, -SO-, or -80;-, -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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0 (Re)1-2 01 00 AOARN: 2) 'n/i-1)1-2 tniti)1l-2 (Re)1-2(Re)1l-2(Re)1-2
10 wherein each R and Re is as defined above and described herein.
In certain embodinents, Y is a 6-nmenbered aromatic ring having 0-2
nitrogens wherein said ring is substituted with 1-4 Re groups,
wherein each Re group is as defined above and described herein. In
certain enmbodinents, Y is phenyl, pyridyl, or pyrimdinyl, wherein

each ring i bstituted .1-4

AN N R S T e S
sel ected from haidglbr(,(\ll@e,oe_):NMaﬂothe(rRa)xﬂcmmn:s( | 2CT onBNQRéa?ngeB, arENL. 3 /%,
wherei n each Rem' 5 &3 b%ﬁi%ﬁ‘t@ ?ﬁg E&%%%S%&J%lﬁﬂtb‘&ﬁ&&d&mhilaro%bher

enbodi nent s, t'@roaryl - ring havin
het er oat ons | nd(epeﬁhdemdrqgergelre@hee@nlﬁqdmﬂﬂmﬁrlbg%ﬁ W'@?Wrg@#ﬁa%‘fa]eéllﬂ:lf ur,

wherein saidsri ns@n&a%ed%yaﬁaﬂutaféﬁ %anﬁﬂthhbr;ncged%dWCQU&xsohal efdilon@ach Re
group is as defined above and describ herein, In so odi nent s,
Y is a 5 nmenber @@ msapicpamily Of‘l(ﬁélﬁtoﬂﬁ“}&?l%an% independently 1epjags rrg\w rr%‘

het er oat ons i ndgregsentoyNEelsecbedednmo-, or -SO;-. In other embodiments, Q isa
bivalent Cy.¢ straight or branched, hydrocarbon chain having at least one double
bond, wherein one or two methylene units of Q are optionally and independently
10 replaced by - NR-, -NRC(O)-, -C(O)NR-, -8-, -O-, -C(0)~, -50-, or -50;-~. In certain
embodiments, the Z moiety of the R group is hydrogen. In some embodiments, -Q-
Z is -NHC(O)CH=CH, or -C{(O)CH=CH.

In certain embodiments, each R is independently selected from from oxo,
NO,, CN, fluoro, chloro, -NHC(OYCH=CH,, -C(0)CH=CH,, -CH,CH=CHa, -

15 C=CH, -C(0)OCH,C], -C(O)YOCHzF, -C(O)OCHCN, -C(O)CH201 -C(O)YCHSF, -
C(O)CH;CN, or —CH;C(O)CHs.

In certain embodiments, R® is a suitable leaving group, ie a group that is
subject to nucleophilic displacement. A “suitable leaving group™ is a chemical
group that is readily displaced by a desired incoming chemical moiety such as the

20  thiol moiety of a cysteine of interest. Suitable leaving groups are well known in the
art, e.g., see, "Advanced Organic Chemistry," Jerry March, SYEd., pp. 351-357,
John Wiley and Sons, N.Y. Such leaving groups include, but are not limited to,
halogen, alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, and

25  diazonium moieties. 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 Cp.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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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. Exenplary such rings are isoxazolyl, oxazolyl,

t hi azol yl, imdazolyl, pyrazolyl, pyrrolyl, furanyl, 10 thienyl,
triazole, thiadiazole, and oxadi azole, wherein each ring is
substituted wth 1- 3 Re groups, wherein each Re group is as defined
above and described herein, In certain enbodinents, Y is selected

from RRRR zNNNGHE: -S04\ 305 -OCOIALCHYP 1 cxclopreppiersRe§ 4 MAR)-, or -
A N, L1 ?P, at \d(ogli; Rhd Wis hylogen 0T, d¥phatic oftiondlIR8ubstithted wiiNg:lhalogen, €
t:41-(R) Ne 1- ZN&, orOCN;gr
(b) L is a bivalent Cs.3 straight or branched, hydrocarbon chain wherein L
5 has at least one double bond and at least one methylene unit of L is replaced by -
C(0)-, -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO;:N(R)-, 8-, -5(0}-, -80;-, -0C(0)-,
or —C(0)O-, and one or two additional methylene units of L are optionally and
independently replaced by cyclopropylene, —O-, -N(R)-, or -C(O}-; and Y is
hydrogen or C.4 aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

10 () L is a bivalent C,.¢4 straight or branched, hydrocarbon chain wherein L has
at least one double bond and at least one methylene unit of L is replaced by -C(O)-,
and one or two additional methylene units of L are optionally and independently
replaced by cyclopropylene, —O-, -N(R)-, or -C{O)-; and Y is hydrogen or Ci.
aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

15 (d) L is a bivalent Cpg straight or branched, hydrocarbon chain wherein L
has at least one double bond and at least one methylene unit of L is replaced by —
C(0)-; and Y is hydrogen or C,.¢ aliphatic optionally substituted with oxo, halogen,
NO;, or CN; or

(e) L is a bivalent Cy5 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 Cy. aliphatic optionally substituted with oxo, halogen, NO»,
or CN; or

() L is -NRC(O)CH=CH-, -NRC(QO)CH=CHCH;N(CH};)-,
-NRC(O)CH=CHCH,0-, -CH;NRC(0)CH=CH-, -NRSO,CH=CH-,

25  -NRSQ;CH=CHCH;-, ~-NRC(O)(C=N3)-, -NRC(0)(C=N2)C(0)-,
-NRC(0OYCH=CHCH,N(CH3)-, -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(Q)cyclopropylene-;
wherein R is H or optionally substituted Cy¢aliphatic; and Y is hydrogen or C,¢

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

(g) L is -NHC(O)CH=CH-, -NHC(O)CH=CHCH;N(CH3)-,
-NHC(QO)CH=CHCH,0-, -CH;NHC(O)CH=CH-, -NHSO,CH=CH-,
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5( 5 ( Ci(Re/1-2 (N?< 7.;1.22/ Re -\L".S1.1R0)1-2 /SS S <(S, s N<
S, ,Llc_._ "1:1-(Re)-1- 2---V T-SQ (Re) 1-271?/ Re --t IF(Re)1-3
V\/nerel n each R and Re is as defined above and described herein. In
certain enbodinents, Y is an 8-10 nenbered bicyclic, saturated,
partially 10 unsaturated, or aryl ring having 0-3 heteroatons

i ndependently sel ected from nitrogen, oxygen, or sulfur, wherein said

ring is substit 4 I defi ned
aboge and descr%@% (gi{(ng Aﬁgggg &S'dﬂgﬁéﬁ%}@gc ans Yel Isn: 9-10
menber ed bi cyclM{C(@}ﬂHacmG}yNtﬂiﬁhl-UHéOéd{—Cai szfﬁlﬁ?@{%vi-ng 1-3
het eroatons i n i en, or sulf

' dﬁﬁ@gﬂéﬁ—&#f - C5ERI0Jd AL QORNHQBY.D ul fur,

wherein said 15ring’rs su r oups, V\/nereln Re is
as defined abov@PhNHCdlé@HrCHechh@HéﬂrﬁC(OEx@frrﬁﬁd}ng/c@)@ﬁ lopgpryaes &4y ngs

i nclude 2, 3-di hydr 0benz ot dli;satidupRaalie subdh@eLiith $@i Khdeb) HOb,%r CN;
substi t ut ed \g/i\nt% % %% Re g&gt}%ﬂg V\phaer el?nu Re is as defined above and
descri bed herei®. As defined generally above, each Re group is

i ndependent |y sel eCt(]%(i it E 91'%131@(3;3 sﬁaﬁmbraﬁd@d hixibaagben cha@Nyhegeirslui t abl e
nal ogen, NoZ, ofes xR LD e ol roal A e ShaR Bt AR 0
sat ur at ed or u N&plhted dY e:cto) sINMt(g}ql CED)NBr,aN(NBD;, -BONBLarSbo¥(Othai n,
mg;g;gdggﬁ @ é%oa ?ﬁ%{j&? LR g@ orce?wgﬁcﬁh ﬁﬂ@leh&'ur@t@gfL are 0)o-,
-SO, or -SO2- opti‘@(ndﬂ)(@(uol)ldqpendently replaced by cyclop opy ene -0-, -N(R —C(O)
and Y is hydrogen or C). aliphatic optionally substituted with oxo, halogen, NO,, or
CN; or
(i) L is a bivalent Cy.4 straight or branched, hydrocarbon chain wherein L has
15  at least one triple bond and one or two additional methylene units of L. are optionally
and independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO>-, -SO;N(R)-, —5-, -
S(0)-, -S03-, -OC(0)-, or -C(0)0-, and Y is hydrogen or C s aliphatic optionally
substifirted with oxo, halogen, NO, or CN; or
(i) L is -C=C-, -C=CCHaN(isopropyl)-, “NHC(O)C=CCH,CH;-, -CH>-C=C-
20  CH,~, -C=CCH,0-, -CH,C(0)C=C-, -C(O)C=C-, or -CH,OC(=0)C=C-;and Y is
hydrogen or Cy.¢ aliphatic optionally substituted with oxo, halogen, NO;, or CN; or
(k) L is a bivalent Cy.4 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)SOy-, -SON(R)-, —S-, -8(0)-, -80;-, -OC(0)-, 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) C1.6 alkyl substituted with oxo, halogen, NO;,, or CN;
(7i) Ca.4 alkenyl optionally substituted with oxo, halogen, NO, ot
30 CN;or
(iii) Cy.6 alkynyl optionally substituted with oxo, halogen, NO,, or
CN; or
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25 -C(O)N(R) -, -N(R)S02-, or -S®2N(R)-; and Z is hydrogen or Cl-6
aliphatic optionally substituted wth oxo, halogen, NO2, or CN.

In certain enbodinents, Re is Cl.6 aliphatic optionally substituted
wi th oxo, hal ogen, NO2, or CN. In other enbodinents, Re is oxo, NQO2,
hal ogen, or CN. In sonme enbodinments, Re is -QZ, wherein Qis a
coval ent bond and Z is hydrogen (i.e., Re is hydrogen). In other
enbodi nents, Re is -Q Z, wherein is a bivalent Cl. 56 sgtur ated or

unsat urated, straight ofivhdSRESd: rHWE?éQ?tHBWCE%gﬁaV‘%E L Bhe or
t \IQI/% met h% :?g(ng) Ll;,elle&t%i( %tfm @ygélﬂ)éaﬁbgsg%hﬂem sga eing i@d@pﬁmdemﬁlé %% Rég:oﬁm,e?hby
-NR-, - or n ot her
enbodi nents, Q V§req %%}\'jgllﬁ?ﬁde%ff] gboyp W%ﬁ%beéirheﬁ“a?fc hed, hydrocarbon
chai n having at |east one adarwlaieésiﬁmmdxbemmmtmcmclmmmgbavutng et dasoirene
units of Q e opti aII .

- NRC( 0) - 0) cte cP )Xrg% thrggg%@g%g%%n%g S‘Ebg%ég %gll;] p—%gr y&ps
enbodi nent s, thdieiéimcleﬁys ofdefired afReyve gpdaiggsribest basgdls ogen. I n sone

enbodi ments, -QZ is -NHC(0) CH=GE|,2 or - GRe)),CH=CH2. In certain
enbodi ments, each Re is deggnden\t{ sele Sromfromoxo, NQOZ,
CN, fluoro, chloro, @a ) -CH2CH=CH2, - 15
CECH, - C(0)0CH2dl , 60) GRS leack ICQYHAF, -
C(0) CH2CN, or -CHZ I n certaln enbodi ments, Re is a

suitabl e | eavi N lgﬁsd edﬁ@vaa@rdéi?ﬂbﬁtdﬁﬁltemr%f subj ect to nucl eophilic
di spl acenent. A "suit abl)l.@awhe3-ghRimBered &rb@cy@h@iﬂg@&hergﬁ mq)nﬁghat is
readily displaced by a desjired inc em |et t he
20 t hi ol ? @t ysubitited ililed Fy rqpps, i ﬁ?@?‘g??‘?{ ?%"BF aaf)? ge Crglgbre%ups
are wel | known leRbid;be art, e.g., see, "Advanced Organl c Chem stry,"

Jerry March, 5th Ed. pp%blh351 3 %O%sgtﬁrg{gd 6a1e%41ggrneﬁm?90@?chch'n v§ggh

| eavi ng groups |nclude oxy
sul phonyl oxy, ophatmaai:ﬂsyncbpdnsmly seeed &b yltwednporoasn @Wlfuro‘ﬁlerf‘dﬂﬁé%dl y

substituted al kepyl $ b 04l 3% ROPhIONALLK SUIE b il above and

aryl sul f onyl oxy, di azonrum nol et es. Exanples of suitable
| eavi ng grolps deﬁaibcdi@r@hpbro i odo, brono, fluoro, acetyl,

met hanesul f onyl oxy ( rresyl,x%(y;)maug,gﬁs\ﬂu%ﬁa 6rﬁdnihlebéh QaWocyclic ring, wherein

ni t rophenyl sul f onyl oxy (nos oxy), .and yl sul f.onyl ox

(br osyl oxy) . Saldxmgﬂﬁst' ‘f“&idr\“‘@ﬂtf‘dﬁlgf?élﬂ% ggerf’ﬂgacggl 1S8§\ﬁieﬁ‘§edyar% e)(:/i]‘“ment s

and conbi nat i on&esé}fbedhelmn\/oappl y: 30(a) L is a bivalent C2.8 straight

or branched, hydrocarbon chaip wherein L has at |east one doubl e bond
and one or two additi onal w@bene units of L are optionally and

i ndependently repl aced Be) C(Q)N N( SO2N(R) -,
.S, -8(0)-, -SC@-, - 00( % ~C(0) 0 Wheé%?aa‘bﬁdﬁﬁ ‘Eﬁ%ﬁd abdye and \p o
- ¢0)- ; aagl Ydésecnblgd/ggg,ge,p or G _6 aliphatic optionally substi t ut ed

with oxo, hal ogen, ' (gﬁaga}l'haily 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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(b) L is a bivalent C2.8 straight or branched, hydrocarbon chain
wherein L 5has at | east one double bond and at | east one nethyl ene
unit of L is replaced by - C(0)-, -NRC(0)-, -C(O)NR-, -N(R) S02-,
-S2N(R)-, -S-, -S(0)-, -S2-, -0C(0)-, or -C(0)0-, and one or two
additional nethylene units of L are optionally and i ndependent |y
repl aced by cycl opropylene, -0-, -N(R)-, or -C(0)-; and Y is hydrogen
or Cl1.6 aliphatic optionally substltut ed W th oxo, haI Logen, NO2, or
CN; or 10(c) L is a bivalent stral ght or ranched hydr ocar bon
chain wherein L has at |eas doubl e bon ad at { one

met hyl ene unit of L is repl % - 0)- %7 one'ﬁeté/go addi ti onal
net hyl ene units of L are opti 1and |nde daent pl aced by
cycl opropyl ene, -0-, -N(®)y,o00r -C(0)-; anRNzis hy@F)ozgen osr CL. 6

al i phatic optional I y substl tuted with oxo hal ogen, NO2, or CN; or
15(d) L is a bi val$ ent C24 straight or branched, hydrocarbon chain

wherein L has at one doubl e bond and at Ieast one net hyl ene
unit of L is repa d by - C(0)-; and Y is hydrogen or Cl1.6 aliphatic
optionally substijtit/ed wi th oxo, "hal ogen, NO2, or CN;, or (e) Lis a

bi val ent C24 st(Fﬁhght or branched, hydrocarbon chain wherein L has 20
at |east one do B 3l dAAS ARG B ENR B T of L s

repl aced by - chg%rgn?a% : shegrogen or Cl1.6 all f)hatl c .opti ogal |y
substituted with oxo, haﬂxw@eﬁme ed gpmatiqring paving -2 nifrqepns whetein sai

- NRC( 0) CH=CHs, rlw&hwmk s, wieNREab)) Hrddpliske Qefined above

- CH2NRC( 0) CH=CH- |, - NRSQRCH=CH- , % NRSC2 CH=CHCH2- , - NRC( 0) ( C=N2) -

- NRC( 0) ( C=N2) [ @)ddescnméfﬁ)nGECI-ICI-IZN( CH3) - NRSOZCH:CH-

- NRSQ2 CH=CHCH2- 0) CH(QHZO ) (@HQNRC(O -
- CH2NRC( 0) CHECH- § 1._(@45“ R
wher ei n RlsH dena tltut 6a| tlc Yis

hydr ogen or Cl- OaI hatl c opt i onal lX subs% t ut ed with oxo
hal ogen, NC2, oF"hwe R® is as defingd) abpveagd d B‘
- NHC( 0) CH=CHCH2N( C113) -, (xsiNHGh. %m%&m}nng-h&mﬂ

- N1- | SQ2CH=CH-, CHCH2- . - N 0 N2 0
- NHC( 0) CHECH®) - I@N(CE‘%%; selecte SRR he“@%él%“‘& ) A0
NHC( 0) CH=CHCH2 0 sybstithNe{G 1) [;(3 RCEBYEHberein @HQNI—@Q@)XSEIS defijegd NH@ &¥CH=CH-,

- CH2CH2NHC( 0) - 0) cycl opropyl ene-; and Y 5is hydrogen or
Cl 6 aliphatic Sﬁfﬁ'begﬁ?rfycéubstl tuted with oxo, hal ogen, , or ON:
or (h) Lis a b val ent C2R8 strai ght o branched hywilr ocar bon
chai n wherein L has ¢atyl east qﬁe\al kyl i deny¢” dsubl e bong | fand! @t | east
one net hyl ene u? 3 5t T (Rerr @"’by 0(%\- RRIRC( 0) - ¢ M- B) NR-
-N(R) S02-, -S02 (R) -, -5(0)-, -
M J\fn‘
3 (o -
\_7 (R (—\(Re)ﬂ \(Rehz \jRE
o)
0 \7 < °N
15 ?ﬁ\\_:f‘?‘“men-a SN (R 3 T SRTR
s
: 2 (S\N ¢
3_(\\_:?*(@)1-3 R PR & e ST

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

aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or
-30-



10 s@2-, -00(0)-, or -0(0)0-, and one or two additional nethylene
units of L are optionally and independently replaced by

cycl opropylene, -0-, -N(R)-, or and Y is hydrogen or Cl1.5 aliphatic
optionally substituted with oxo, hal ogen, NO2, or CN;, or (1) L
is a bivalent C2_8 straight or branched, hydrocarbon chain wherein L
has 15 at | east one triple bond and one or two additi onal nethylene
units of L are o tlonally and i ndependent|y replaced by,-

-C(O)NR-, -N(R) [, W erg@gai%r(n}g)ls substlglted mtlgl(%sl grou,pSUtherem lﬁ@(ae)ieﬁne%r
-0(0)0-, and Y uﬁwhmdﬂa@a&dﬁ&mﬁl 6 aliphatic optionally substituted

wi t h oxo, hal ogen, , - CECCH2N(i sopropyl) -,

- NHC( 0) CECCH2CH?- | ?‘%&‘SCE@\I%%E"‘“?“‘E"’“ CCH20-, - CH2C(0) Cat -,
-C(0)C=-C, or -CH20C =0)Crcalkylantgtityted srithych; Tedoean, (NOz,(biCBI al i phatic
optionally substituted is a

bi val ent 024ystra|ght owﬁ%raﬁgﬁgggﬁhggﬁgggr o%“b 3%%%a 3?2&9 %ne
met hyl ene unit ©ON:dar is replaced by cyclopropylene and one or two
addi ti onal nethyl ene unly [ Stibila Q@gﬂﬁgﬁ*guﬁggg@ dnb
“NRC(0)-, -C(O)NR-, - 'RI(C% s’éyél%%-'sogﬁ B lga NS or,
-00(0)-, or -CX@¥C¥; and Y i s hydrogen or Ci 6 allphatlc optionally
E ubg tit gt ed with oxo, | h f(mmratm41 m@:ﬁbeﬁ? he@focfboh& ribg HaSind 1 MA@t

ond and Y i s se|lec rom a subst

hal ogen, 66 6 pyeebort doegipre s risR AR el S L it
oxo, hal ogen, Nek:rei0¢acBR® b defified@BovEanddeadrivstiheteiopt | onal | 'y
substituted with oxo, oge

saturated 3-4 menbered he)t‘r’lgsrII(?)“E:aw(h:II%)l26 cmernlgbﬁlgyﬁﬂ%cﬁdw nnﬁ hfwm%l %gertﬁrédé ect ed
from oxygen or slettediyem oxsigen @‘IDW‘OS%II ‘dlermﬁgldlrslg §t}b‘§tltﬂtedt“€h 1R growps2 Vv

groups, wher ei “wﬁe@é}[bea\!ng%Qédeﬁﬁéd'aﬂ&@aﬁcp&\!&lb@dlﬁim@rﬁ%ﬁr' bed herein; or
(v) a saturated 5-6 nenbered heterocyclic rlngaEaV|ng 1-2 heteroatom

5 sel ected from oxygen or ogen in sa ng . 2is
substituted with 1-4 Re gr gﬁk‘ w%g NR eac 94 s defined above
and descri bed herein; or

15 (vi) 1 2, 0r , wherein each R, Q,

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
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;

(x) ‘% (R he , wherein each R® is as defined above and

described herein; or
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(R cVNNNQ@ ?"NRCNI-c;- 0,0 $1-h1-2(61-2, O61-2 , wherein each R, Q
Z, and Re is as defined above and descri bed herein; or

(viz) a saturated 3-6 nenbered carbocyclic ring, wherein said ring is
10substituted with 1-4 Re groups, wherein each Re is as defined above
and descri bed herein; or (viii) a partially unsaturated

3-6 nmenbered nonocyclic ring having 0 3 heteroatons independently

sel ected from nitrogen, N _sal S
substituted with 1-4 Re @P%ﬂ%ﬁﬂwﬁﬁﬁ% &%éﬁﬁgmv“%haﬂoc g nnqgwgbéve
and 15descri bed2 ha¢redtems independently selected from(mtx@gela OXIEET, pas%ulfyr whssein sgidit ed

3-6 nenbered carpo, d wth
1-4 Re groups, gé’éul%&h@‘é{:‘hﬁ%4 ﬁh&g@ | ne a oﬁ/ég%gﬁ%&égglgdsv %: %&}dﬁed
herein; or 0-3 fscribed herein; or (x) 12, wherein each Re is as
defi ned above and 20descri bed herein; or (n)ca partiably unsaturated
4-6 nmenbered heterocyclic ring haV|ng | - h eroatggﬂalndependently
sel ected fromnitrogen, oxy q@JLg sulfur epei n NRIinNng IS
substituted with 1-4 Re gro pPs, 7 qln eéé‘ |s?a&-ng|ned above
and descrlbed herein; or AN \NI-O%Qé ( e)lé% °1- 20r
(xu) { or
"
Re)1 2

wherein each R and R® is as defined above and described herein; or
(x#ii) 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)

N
D e
(Re)sa 3 T - R

gv {(R%)14 g (R°)1-4 gl\/_( )13 3

wherein each R® 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 R R

N N N N
¢ 2 ) £ N € N
i) g__ --_(Re)1 -3 g_(\\__ﬁ\(Reh-z ?U(Ra)hz g N—U R®
N\
<_*-~ { e
(_:/“'(R N3 (R®)12 (RE)1 2 N R
0
° 3 ¢ N
20 ?@"“(Re)1.a 3_ SR 3— RN S RTR
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N: 77 )1-2 (Re)i-2 wherein each R and Re is as defined above and
descri bed herein; or (xiii) a 6-menbered aromatic
ring having 0-2 nitrogens wherein said 5 ring is substituted with 1-4
Re groups, wherein each Re group is as defined above and descri bed
herein; or NNNNr -Nr -,,a +.i-T--(12)14-(1r)14 frN (RE ),,, h-
-(R8)1_3 Ic")l.," (XIV) -.----- 17N wherein each R(c) is as defined
above and descri bed herein; or (xv) a 5-nmenbered heteroar ring
having 1-3 hetero 3.Qns 10|ndeQe ently sele Feg fron1n|t é

oxygen, or sulf JEIH sg R TRg, I s suBRtidphed wit 1 $@
groups, wherein éﬁtﬁ grou sVas definéd a ove *and §cr|bed
herei n; or RRRRwiMreif )8R @and\R is 2 defined hsaye bhd-descPibed he@ip; ¢Re) i - 3

h'jrcr(Re)1-2T7-"(Re)i _(%iiﬁ%é-l(ﬂﬁer?rbered bicyclic, saturated, partially unsaturated, or
aryl ring having 0-3 heteroatoms independently sclected 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) L is -N(R)C(O)- and Y is selected from:
(/) C.6 alkyl substituted with oxo, halogen, NOs, or CN; or
(ii) Cy.¢ alkenyl optionally substituted with oxo, halogen, NO,, or
10 CN;or
(iii) Cy.¢ alkynyl optionally substituted with oxo, halogen, NO3, 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 R® is as defined above and described herein; or
(R%)12 (R°h.2
gij;?*az .g:i;;ﬂ {i;;j?

§7)) 12 s 2 or 12 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
(viif) 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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..n..N , "N, CGa 7r(Re)1.3-1-(Fni -2 ' -Tit (Re)i.2 0 (0O( 5
15T j--(Re)I 3SeS$ (\\ST11:26)1.3? \ Ljil (Reh -2 wher ei n
each R and Re is as defined above and descri bed herein; or (nil) an
8-10 nmenbered bicyclic, saturated, partially unsaturated, or aryl
ring having 0-3 heteroatons independently selected from nitrogen,
oxygen, or - 30 - sulfur, wherein said ring is substituted with 1 4

R wh R def i ned ab i bed
e 20000 and v 15 sol ocbBAPPUMICITRIE PRI SRR ut R T oxo.

hal ogen, NO2, ofaidGMg iiubstituted with 1-4 R® groups, wherein each R is as defined above and
described herein;
0-3

/
— T 1]
(x) '% /R )1'2, wherein each R® is as defined above and

5  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
0 0

:"S"})_,k?*me)m 26: }iz %?6];/ )1z

10 (xify ©O Reh 2 (Reh 2 or

O
&
),
(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
ring is substituted with 1-4 R® groups, wherein each R® group is as defined above

i5  and described herein; or

(xiv)

—(Reh a

g\/(R)M 3 (R)1-4§ (R)13 g,\/ R)13§K
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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5(i1) C2.6 al kenyl optionally substituted with oxo, hal ogen, NO2, or
CN, or (1i1) C2.6 alkynyl optionally substituted with
oxo, hal ogen. NO2, or CN;, or (iv) a saturated 3-4
menbered heterocyclic ring having 1 heteroatom 10sel ected from oxygen
or nitrogen wherein said ring is substituted with 1-2 Re groups,
wherein each Re is as defined above and descri bed herein; or

(v) a saturated 5-6 nenbered heterocyclic ring having 1-2 heteroatom
sel ected fron1oxygen r nltrog mherein saif ring iosu sR:i bs

.2 tituted with 1- 4(Re\giroup§(v0here| n ea%la’ is as dei néml
her 3T _ﬁ

above( Rane; 11: 1365 E™1e T BRI - Q RYENNR (5 (471872, 1- 2,
O 6 (vi) 151-2, mhereln each R Q Z, and Re
is as defined abaxe and GEScrlbedahereln i (vii) a

1
saturated 3-6 ne ered c cycl (lng, mhere H\§ald ring is
substituted wit §$hyH§;J Reyeach Reli 5~res defined above
and described h (VIII) parflally Unsaturated 3-6
menber ed nonocycﬁfﬁbrlng haV|n 0Q- 3 heterqa@ons |ndepeqd@n Iy

selected fromn oxyg ul fur kN sai el S

substituted wit ﬁgéagroug L“Nﬁeﬁéln e§ éﬁﬂgzas eﬁlned above

and descri bed heragn or é%sa partially ansaturated

3-6 nenbered ca M6c clic rlng gln 25 is £¢§wted
dthEE‘

; ﬁg
with 1-4 Re gro d%—J%ﬁéﬁeln ’s as dé%#ﬁ &2above Hnd

5 wherein cach 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 (0) L is a bivalent C, 5 saturated or unsaturated, straight or branched,
hydrocarbon chain; and Y is selected from:
(i) C1. alkyl substituted with oxo, halogen, NO,, or CN;
(if) C2. alkenyl optionally substituted with oxo, halogen, NO,, or
CN; or
15 (i) Cy.6 alkyny] optionally substituted with oxo, halogen, NO», or
CN; or
(i) 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 RF 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
(Rh-2 (R®)2
%(f\N’QZ %%EZFR ii;?%£
1

(vi) 2 2 or 2, wherein each R, Q,

Z, and R® is as defined above and described herein; or
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descri bed herein; 0-3 (
defined above and described herein; or
unsaturated 4-6 nenbered heterocyclic
i ndependently sel ected from nitrogen,

ring is substituted with 1-4 Re groups,
N: 2? (Re/1-2 wherein each R and Re
is as defined above and descrlbed her ei n;

above and descri bed herein; or

wherein each Re is as

(xi) a partially
ring having |2 heteroatons
oxygen, or sulfur, wherein said
wherein each Re is as defined

X)

or (xiii) a

6- member ed aronatic ri ngviaskigted 32 membersdeatocydie Feg. wheraingeid fings i s
substituted w t fipdinfldRRHALPRASoupREERINGIC K Fefte@bdvé sdd@sscdgki ned

above 10and descri bed herein; or
4, -~} - (RIFTRe) | - 3(Re), -3) (R)

(xiv) NN,, rrfi "1

1-3 wherein each Re is as

defined above and descri (bmla Tt Bl nmsamfated 3-6 membered monocy€li\ting Baving 0-

5- nenber ed h?efnt e{
selected fro

S narts ol S

het er oat ons _15i n

d
PG U POLR SH PR a0d

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

, wherein each R® is as defined above and

(xi) a partially unsaturated 4-6 membered heterocyelic 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

0O

Ao
YY),

(R®)12

o
Y.

(Re)1 -2 or

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

10 described herein;
0-3
- U TR
described herein; or
15
described herein; or
0
‘S& N
F(R%)y2
xinh ©
0
(L“R’
..
(R®)12
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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substituted with 1-3 Re groups, wherein each Re group is as defined
above and described herein; or ),-3 (R)1-2 (eScIN(Re)i-2 (XVO (
NN " -71-(Re). 1.3 Cl-rr(Re)1-2 (S,"N5c,( r\LZIRe)1-2n(Re)i _2R
wherein each R and R(c) is as defined above and descri bed herein; or
(xvii) an 8-10 nenbered bicyclic, saturated, partially unsaturated,
or aryl ring having 0-3 heteroatons independently selected from

ni trogen, oxygen, or 5sulfur, wherein said ring is substituted with
1-4 Re groups, wherein R} s as defined above and described her ei n;

(n) Lis -N(R) C(0Q)g anles\seIecte from N

(i) CL 6 alkyl SEbs¥igeyfed wtirepxsd mrgerg,& Rﬁ)m?—CN GFM

(i) C2.6 alken Fwﬁﬁtion subst d W t'h Hbg n, NO2,

10 CN, or I\Wrem eacltﬁl 18 agdepzed aboveiél}ldqééscngzp&lteonal l y SUbStI tuted WI th

oxo, hal ogen, a saturated 3-4
menber ed heterocyclic r|m@aﬁammWQm4h¢mn@ﬁ®mgmwuséﬁﬁwkedmﬁmon1oxygen

or nitrogen wh B&ép&d@xﬁly@ dlEdté&Q‘roh?nuE&éQé blddh, gfisuw Qh&elﬁ sﬁ?nrgé' iQups,
15wherei n each Is as defi ned oveé and descri bed herein: or
substltuted with 1-3 R® groups, wherein each R® group is as defined above and

described herein; or

¢ 2 ( 2 ¢ N
- o€ Frone 85 Lo 55 Prons
N
£ N
nN—4 R
v % A
N N ~
oo G (o, Lot
o L L \ geren. g—’f R
@) O\ O\
< ( 5 € N £ N
E\T\_:‘:?'L~(f2t’-),_3 TRz 3"‘“\\_77“ (R ? N—J R
S S< S\
¢ ) ¢ N £ N
A T T TR T

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, —CHa-, -NH-, -C(0)-, -CH,;NH-, -NHCH,-, -
NHC(0)-, -NHC(0)CH,0C(0)-, -CH;NHC(O)-, -NHSO;-, -NHS0,CH;-,
20 -NHC(O)CH,0C(O)-, or -SO;NH-; and Y is selected from:
(7) Ch. alkyl substituted with oxo, halogen, NO,, or CN; or
(i) Ca. alkenyl optionally substituted with oxo, halogen, NO,, or
CN; or
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(v) a saturated 5-6 nenbered heterocyclic ring having 1-2 heteroatom
sel ected from oxygen or nitrogen wherein said ring is substituted
with 1?4 Re groups, wherein each Re is as defined above and descri bed
herein; or (Reh-2(Re)1-2 KNNc"\--NNR T(4(4\ (4 (vi)1-2,1-2, O1-2
wher _elp each R Q 20 Z, and Re is as defined above and described
PieLSI n\’/mce)iei ] - (VI i) a saturat ed 3-6 nenbered carbocyclic
, said rin u3|tute i
each Re is as defined g 3/82 %ﬂﬁ“ﬂ&%‘)ﬁ‘ meur’lL&él|Wéﬁ€(‘\m9rh%&ﬁ”I\K\j\ﬁbgrr =
(2\5/|3| Ih)ta pa{tl atl:rl_‘];yoaunsatur ated 3-6 rrerrber ed nonocyclic ring having O-
et eroat ons i ndepen l.e g,%q,
sul fur, wherein said ri gw asa}{‘ra %s3tf%§&§%rd%%ﬂab}cw av?%ﬁﬁf&omr ein
each Re is as debimbibratoee aniFotsteiccadras iiswbsiled wih 12 K- groups.
(1x) a partial iy Hasalikal fhefisd SREBIROBANRRGYG! [ C 1110, wher el n

said ring is substitute ro
defi ned above and descr i(Bedanuted S1p;mam Sreggﬂe“’é’)\’@l?cr“%{g ha"“?gcpz qurf“%‘)m

\(NI; Ie; e;n pg?f Pa:qles;leﬁtﬁcﬁg?rﬁl gi%gag& nﬂ*@@éﬁewtﬁf&dl sadeing isi shiedtuled méth 34 Rjigroups,
saturate eferocyclic ring having 1-

2 het er oat ons |ﬁ]§§b‘éﬁﬂ%ﬁtlF§sd§gP@€F§’8aﬁ%ﬁﬁnﬁ ({}?ergéﬁ oxygeng or o

sul fur, wherein said ring |5Re)wbst|tmebd wWith 1-4 Re groups, wherein

each Re is as defi qe'd\ v
crtl +1) 1-2 td) I@bo- e %a(hﬁ\[qigscrl %r ein; or 0 NR 101-2

i) 1-2 2 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  deseribed herein;
03
(x) (?,T__/T“'(R"h_z , 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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(Re)1-2(Re)1-20r N 77 itol-2 (R11-2 wherein each R and Re is as
defined above and descri bed herein; or (xiii) a
6- menbered aromatic ring having 0-2 nitrogens wherein said ring is
substituted with 1-4 V groups, wherein each Re group is as defined

above 15and described herein; or (xiv) O NNN,NC' N5
r -\, (Re, --ic -fin)1-4-(R14 L.7(R6)1-3 T -(Fni-3, "1-3 .--""",,.
N----- N wherein each Re is as defined above and described herein; or
(xv) a 5-nenbered heteroaryl rbng having 1- 3°heteroat
20i ndependent |y sel ected from |trogen oxy or s fur wherein
said ring is substituted mnchl- Re grou .éﬁere Re group is
as defined above and descrlbe REhh;

(xih) o R°)1 2 Reh 2 or

O
&”ﬁ?
H).
(R®1.2
wherein cach R and R® is as defined above and described herein; or
(x#if) a 6-membered aromatic ring having 0-2 nitrogens wherein said
5 ringis substituted with 1-4 R® groups, wherein each R° group is as defined above

and described herein; or

{xiv)

N
§kv)mh4g (mugﬁ'—mmsgkv)mhah\/ﬂﬂm

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

10 (xv) a 5S-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
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N N
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IR C TR TR
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S(.(,(NN 7\ _Tr(Re)1-2((.
4- fin, ,r’>na 1 NN N"N,
(e (00072
S.'S", ech ) 1- 2i
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_LI/14-(Re)1-27,;1 21"Re

.# N (not(nell-3(R)1- 2 N allf'a
- 471(
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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 baving 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 Table3. Exempla

Y croups:

tl1 NRe c 1- (Re)l 3 c-ThiReh 2 C

: (

o] 0 0 0 0
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5wherein each R and Re is as defined above and descri bed herein; or
(xvii) an 8-10 nmenbered bicyclic, saturated, partially unsaturated,
or aryl ring having 0-3 heteroatons i ndependently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with
1-4 Re groups, wherein Re is as defined above and descri bed herein;
10(0) Lisa bivalent Cl18 saturated or unsaturated, straight or
branched, hydrocarbon chain; and Y is selected from (i)
Cl4 al kyl substituted with oxo, hal ogen, NO2, or CN;

(ii) C2.6 al kenyl pptionally substituted with oxo, hal ogen, NO2, or
CN, or 15(iii) 2.6 allcymny optlonally substltuteqomnth 0Xxo,

hal ogen, NO2, or Org a satu;at 4 ember ed
heterocyclic rif Eng ton1s ed f oxy en]or

ni trogen wherein s@id ry m@u@ S, wherein
each Re is as defined above and descrlbed hereln or 20(v) a
saturated 5-6 ng Nd heterocyclic ring having 1-2 heteroat om

sel ected from ox n or nitrogen wherein said ring is substituted
with 1-4 Re groups, wherein each Re is as_defined above and descrlbed
herein; or (Re)l1- 2(§eh i --a2 € NR (6 \ (V|)(6 1- 2%1- 2 or1-27

mhereln each R, ; defisp Nbed

her ei n; I(V||) ur afled 3 6|ne ered dar pocyclic
ring, mhereln S | r|ng substl u ed W “Re groupe:g} wher ei n
each Re is defined abo¥e and scrib hereln

(viii) a partlally unsaturated 3-6 nenbered no ocycllc rlng having 0-
3 heteroatonms ihdependéntly & ect ed ?Won1n|t gen,

sul fur, wherein agld rlng i's subtltuted W th 1{£J§;4ﬁoap mhereln
each Re is as dei;Irfﬂ S |bef j/
N~
2 N
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(ix) a partially unsaturated 3-6 nmenbered carbocyclic ring, wherein
said ring is substituted with 1-4 Re groups, wherein each Re is as
defi ned above and 10descri bed herein; 0-3 .2.-"(Re)

(x) 1-2, wherein each Re is as defined above and descri bed herein; or
(xi) a partially unsaturated 4-6 nenbered heterocyclic ring having 1-
2 heteroatons independently selected fromnitrogen, oxygen, or

sul fur, wherein said 15 ring is substituted wth 1-4 Re groups
wherein each Re k;»as def i d descrigd heresniyor,

wherei n each R a RS al sflne % an RS hﬁgktﬁtn; or
20(xiii) a 6-me d ar cCri V|ng ﬁqzﬁntrog' S wherein said
ring is substituted with 1-4gRe groups, mhereln each Re group is as
defi ned above and descri bed herei or
Y(Fe)14 "-- -, 180 ¢ . € Y. rﬁﬂ 3 ccude" ...... L./ S T

N, ..."!'N wherein eqph Re |sHas deflned above andfdescrihed herein; or

(xv) a 5-nenbere t er oar ring heyT 1 3 h teﬁoatdﬁf
Si ndependent |y s | egited fiin)ﬁT\{o su wherein
said ring is 23 ga o E% Me

/
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substituted with 1-3 Re groups, wherein each 12 group is as defined
above and described herein; or (s < (xvi)l,e/1-3(Re)1_2 (NN

..., Ny ;1 C7r(R8/1-3 cir# (Re)1-2 \'" (R)12 10N R 00."0",
5(5Ncc” _ Ne ?"--7\-Z(Re)i-27J__TrR 5, N h_3(Re/1-2 7r(Re)1-3?(-N
(Re)1-2 wherein each R and 12." is as defined above and descri bed

herein; or (xvii) an 8-10 nmenbered bicyclic, saturated, partially
unsaturated, or 15 aryl ring having 0-3 heteroatons independently
sel ected fron1n|@nogen oxygen or sulfur, wherein saidg.ring is

substituted wi oups[: ereln ﬁf::%_g<=ﬁéfi edhabove and
/
o

descri bed here
A\

Jiii kikk i mmmm ninn
—_— - N - \ \
)= ) (>~ W\
?ﬁ:ﬁ/ Ea)%_w ?f[;;] Y WA
i Y

0000 pppp 4994 rrer 5558

‘z;u\/R" “e,fu\/\ °z.,J\/\/ B s—=

yyry Faéd aaana bbbbb ceeee
10
In certain embodiments, R! is -C=CH, -C=CCH,;NH(isopropyl),
-NHC(O)C=CCH,CHj3, -CH;-C=C-CH,, -C=CCH,0H, -CH.C(0)C=CL, -
C(O)C=CH, or -CH,0C(=0)C=CH. In some embodiments, R! is selected from -
NHC(O)CH=CHa, -NHC(O)CH=CHCH;N(CHs), or -CH,NHC(0)CH=CH,.
15 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
Me
O CN H u E/\/f:«l\[(\
e - )
2 N X cl
W e T y
0
20 a b c d
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(P) Lis a covalent bond, -Cf2-, -NH, -C(0)-, -CH2NH, -

NHC( 0) -, - NHC(0) CH20C(0)-, -CH2NHC(0)-, -NHS02-, -NBSQ2CH2-, 20
-NHC(0) CH20C(0)-, or -S2NH-; and Y is selected from

(i) Cl1.6 alkyl substituted with oxo, hal ogen, NO2, or CN, or

(ii) C2.6 al kenyl optionally substituted with oxo, hal ogen, NO2, or
CN, or WO C2.6 alkynyl optionally substituted with oxo, hal ogen,

N2, or CN; or (iv) a saturated_3-4 nenbered geterocycllc ring Q%ving
1 het eroat ected ron1oxyq§g/%é ni t rogen mhereln sai ring,ls
substltutegﬁkigL e grdﬁﬁzf erelﬁﬁgaﬁm“ﬁé IS 7he Namove
and descri bed hereln or (v) saturated 5-6 nbered he erocycllc

ring haV|nq 1-2 hetéroaton1se|ec§éd from oxygen or nltrogen wherei n
said ring is sybstituted,with 1-eRe groups? wherein%ach Re i as

defined ab yglﬁ\/cp scr ifbed h@$£uNﬁrﬁg *%QJLsz\ﬁﬁqhﬁLw4y 2V

1-212, k 1)E 2, “wheteith R Q¢§Z andtReldis as 40 definedHabéve
and descrlbed hereln ® (vii) a saturated 3-6 nenbered
carbocyclic ring, erei n gai d rigng is supstitutedywith 1-45,Re

groups, whérein each Re is as defined above and described herein; or
(viii) a partially @nsaturaUEd 3-6 nber ed nonocyclic ring haV|ng 0-

153 heteroatons |nd Feoye rom ri t r ogen, Sxygen, or
sul fur, mhergl Fing ﬁs ubst i% uted > -/4, , Wherein
each Re is a

deflned above 2nd descrlbed hereln
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(ix) a partially unsaturated 3-6 menbered carbocyclic ring, wherein
said ring is substituted with 1-4 Re groups, wherein each Re is as

defi ned above and 20descri bed herein; 0-3 (x)
7] 1 MR11- 2, wherein each Re is as defined above and descri bed herein;
or (xi) a partially unsaturated 4-6 nenbered

het erocyclic ring having 1- 2 heteroatons independently sel ected

fromnitrogen, oxygen, or sulfurr mhereiqu§aid A ring is gypstituted
with 1-4 Re grd&lps, whefein each"Re is as defined above and descri bed

herein; or AONR #7--(Re)1-2t1il1)1-2 cnifi)ln2 (Re)1-2(Re)l2or
wherein each R afidyRe is as dEfi above ahd)-defscribed Hgr dime or
(xiii) a 6-nme d aromati crithg havi ng @hZHnitrogens wierei n said

5ring is substitut®d with 1-4 Re groups, wherein each Re group is as
defi ned above d described}perein; or . (#dav) C, NN N5 (
1- (Re) 1-4e)1-3-(Re>1-3 N whérein each Re is as defined above and

descri bed herein;Mﬁr 10(xv) aMs-nenbered hetgyoaryl ring faving 1-3
het er oat ons | N [ —Re [ﬁg—Re R
e 2N HN e
Re . Me
5 bbb cee ddd eee
0, [O>_Re [N\>_Re )O;N>_Re
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fir zee hhh iii
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i ndependently sel ected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-3 Re groups, wherein each Re group is as
defi ned above and descri bed herein; or <ce <ec'Nir(Re)i-3(R)1-2C
(XVI) 15 ( NNS-Re e\e (Re)l1l-27/--(Re)1-2N-I1 R 000 5 (( (O,N Sr Re
(<c, ( NN (S Nijijir Re 5 wherein each R and Re is as defined above
and descri bed herein; (xvii) an 8-10 nenbered
bicyclic, saturated, partlally unsatprated, or aryl ring maving 0-3

het er oat ons i nde gent el ected Nom nitn oxyge Nor sul fur,
wherein said ring i ti l\&g@)}p—s_‘ eyt Re is as

defi ned above esc?‘n her e In cer{ in enbodtrhents, the Y
group of fornula I \s sel ect ed fromthose set \\
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forth in Table 3, below, wherein each wavy |ine indicates the point
of attachment to the rest of the nol ecule. Each Re group depicted in
Table 2 is independently selected from hal ogen. 0000rrrrssss 5
hi t uuuuvvvvwwwi erric 000Me | 1-221,...7, Re -.221.4:4/1 .,...... N,
Me YYYYzzzzaaaaabbbbbccecc 10 In certain enbodi ments, Rl is -Ce-CH,

- CECCH2NI - 1(i 50propyl1), -NHC(0) C--- ECCH2CH3, - CE- CCH2CH,

-CH2C(0) C=-CH, - C(0)CE-CH or -CH20C(=0)CE-CH In sonme enbodinents,
Rl is selected ##6m - NHC(0) CI—I:CHQngkkNHC( 0) CH=@HCH2N( CH3) 2, OT

- CH2ZNHC( 0) CH=CH2. ¢
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15 In certain enbodinents, R is selected fromthose set forth in
Tabl e 4, bel ow, wherein each wavy |line indicates the point of
attachnent to the rest of the nolecule. Table 4: Exenplary R G oups
)?2.N Me "C24 'ICCICl 00 0 20 a 1x0 1011 Ye M o -AAA ,"0)L%

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., 8t. 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 ef al., Protein Sci. 9:765-775 (2000); Maestro™,
CombiGlide™, Glide™ and Jaguar™ (Modeling softwar packages, Schridinger,
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; Bohine 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 is attached to a different substitutable position, and attachment to each
possible substitutable position is represented by at least one compound.

30

™ 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

5  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

10 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

15 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

20  candidate inhibitor is allowed to flex. Preferably, the target poiypeptide 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

25  being within bonding distance of the Cys residue are well-known in the art. For
example, programs that are suitable for computing intermolecuiar 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

30 (Amber Software Administrator, USSF, 600 [6th Street, Room 552, San Fransico,
CA 94158 and ambernnd.org/) and the like, Computer programs that can evaluate

compound deformation energy and electrostatic interactions are available in the art
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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.

5  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
10 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
15  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
20  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
25 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
30  about 2 angstroms, about 1.9 angstroms, about 1.8 angstroms, about 1.7 angstromis,
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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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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Cys residue, with | ower energy products being preferred. The energy
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using the invention is not a suicide or nmechani smbaged i nhibitor,
which are inhibitors resuling fromthe process of aff enzyne
converting a substrate intg a covalent inactivatgr dyring the
20cat al ytic process ably, the reveps] } i tor binds
to a site on the target™~pol ypeptide that is a Binding sitg for a

| i gand, cofactor or substrate.l-athen the target polypeptide is a

| dnase, it is preferred thgt the reversible inhibitdf binds to or

interacts with the ATP-bin@ling site of the kinase. r exanple, the
reversible inhibifor can ipteract 25with the higsge i opsof the ATP
bi nding site. §2 gori#Fimand net hod scr'1 bed tferei n~can be

performed using thé conplete structure of the binding siﬁ of the

t arget pol ypeptide and the strltfcture of a reversible inhibitor.
Optionally, the structure of the reversible inhibitor and jonly the
Cys of the binding site off the tjarget pol ypeptide i§ consijdered when
the algorithmis_30 perfofined. Iln this option, fhe itihree_gi nensional
orientation of t s resiquesz t he reversE?’ I nh or ~are the
same as they are”i?n th€ presénce of the rest the strucfure of the
binding site of the target pol-ypeptide. Once an irreversible

i nhi bitor or candi date 6rreversib|e i nhi bitor is @esigned by

considering only the Cys jpf the binding site, the flull nodel of‘the
bi nding site can, be consi if degjred, tQ de (tio ~
structural infor n t ™y _p#S “Rat ic

cl ashes that redutes the number of substitutable positions that w |l
result in the 5warhead being G t hin bondi ng distance of a Cys in the
binding site. In the exanpl es described herein, the algorithmwas
performed considering the structure of the reversible inhibitor and
the Cys of the bindipng.site of the. target. pol tide. i roach
successf ul | yi%r oduc eﬂ‘ IR Feéa]“ﬁlt%”ﬁe‘r’lﬂrrf?lb? ]tn(%ggéé%?'&sc g\q} ?Sémt"g‘?ggg?

pol ypepti des. Thenausaihed tlef fosudsdtavalert bivldovithositainegesidug af 2 teger ever si bl e

inhibitors that p\o,\f?;ge%tide, 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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10identified in the work described in the exanples was snmall, so the
addi tional constrains that m ght be inposed by the full nodel of the
bi ndi ng site were not needed, but could have been used. For
conveni ence, the steps of the algorithmand nmethod are descri bed
herein in an order that allows for a clear and conci se description of
the invention. 15 However, while it is preferred that the nethod
steps are perforned sequentially in the order described, they may be
perforned in angartisylat eaflodimgng) dire, coffugated eramp wer, hendhie saiested ddmd ani-h é-c,

per fornmed by fop@ﬁgg4%mpp%d bet ween a warhead and a Cys residue to
form an adduct, and_then bonding the warhead to a substitutable

posi tion on the revdpsinsnton shigirgptesde 2 methed fiagverpidhyrplaRidne adaméinker . 20
Enone- cont ai ni nghipagtiae sfiontabing @ Y6l Sdphdcohmiing b batiss aRGhcRRL WgaiRS The
invention also relates to irreve lgle i nhibrtors that have_ a W?rhead
that contai nd oSO IgAR BFEsHbR ERPLPY et cqPPriti ApveAPR rons FEBHY TR Tho
i nvention al so foshsatcegaldnobqnad th ep tystihecaijuel gfabesrgéropaipdptidy, shidheas

reaction of a coniidahed,SAns. 2R MBLDEAR AN F RS SR0T @ Oysteine
residue in a polypeptide. Efones are a cf 838" of Pelitt'Ve
functionalities thathciorsniemelsohdatsstte pdynspide co@fugytesChinCiby thd tergion of
structure can N I, p X ; 1

noi ety. Enonesgﬁ?g@%%ﬁ%%ﬁg°§3§§§?§S§&?ﬁ§?%gh§§g&%ghf£%§P§F%§q%?h|ow
reactivity &hd @Buers bpeacerishy efipsesh Boregupply. the parpwit plecopipgated|taredt on.
However, when posiptiiaoRev & Dhddnjapsndige: HbiSiepiten PhioRgitd! Sanipl 30a

pol ypepti de, tﬂg enone can, sel ectively rgact with the - SR of the
cyst ei ne resi diRPPINP fjam a pghent (A P PeEALS WER BRverhidnhiBiop aY i de

hi ghl'y sel ecti venwias h@apgatedone waecheed Ginlbk ased whiilor @G (e.g.| Jaipe

aspect, the warhead conmprising a nj ugat.ed.enon as the fornmula R3
Sherein R Ri SRR R ERad T SRR MSeei ™or
Cl- Co al kyl 13§ hatonjbgateshas thb &drinttfat ed wi th - NRxRy; Rx and Ry are

i ndependent |y hydrog%ﬂsgfz_'-CO al kyl . Exenpl ary war heads conpri sing

a conjugated enone include 1-a - I-h. 00
wherein:

X is a chemical moiety that binds to the binding site of a target polypeptide,
wherein the binding site contains a eysieine residue.
20 M is a modifier moiety formed by the covalent bonding of a conjugated
enone-containing warhead group with the sulfur atom of said cysteine residue;
S-CHj is the side chain sulfur-methylene of said cysteine residue; and
R is the remainder of the target polypepiide.
In some embodiments, the conjugated enone-containing warhead is of

25  formula I, and the conjugate is of formula II:

R
1
0 \ Ry
Rz
X _—({CHa}p-g
Ry 11
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l-cl-d O I-f I-e | -gl-h 10The invention relates to
irreversible inhibitors that conprise a conjugated enone war head that
forms a covalent bond with cysteine residue of a target polypeptide,
such as irreversible inhibitors designed using the algorithmof the

i nvention. In sonme enbodi nents, the conjugated enone warhead is of
formula 1. In particular enbodi nents, the conjugated enone war head

's selected from |- a\ifheiefnbx isla-cﬁémitlza-l ren’oie'lfy-tlfaat g]rrllgs tola ;h% binding site of a target
polypeptide, wherein the binding site contains a cysteine residue;
S-CHj; is the side chain of said cysteine residue;
R is the remainder of the target polypeptide;

5 Ry, Ry and Rj; are independently hydrogen, Ci-Cq alkyl, or C;-C; alkyl that is
substituted with -NRxRy; and Rx and Ry are independently hydrogen or C;-Cq
alkyl,

In particular embodiments, the conjugate has a formula selected from -a, I1-

b, Il-c, 11-d, IT-e, II-f, 1I-g and H-h, wherein X and R are as defined in Formula 11

X

C
R
x/\/lk/\s/
1I-a R
O S/
X/\/“\/]\

II-¢

0
x\\v,/ﬂ\\\//’\\\ R
s//
II-b
R
\)Ui
11-d4
/\/(”)\/k \j\/k

X R

R ~
X s// s
{+]

I In-f
- R
O g R O S/ ‘
[ x\/“\/[\/N
N
X /\/”\/J\/ \ \
10 1I-g II-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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The invention also relates to a nethod of irreversibly inhibiting a
target polypeptide by contacting a pol ypeptide containing a binding
site that has a cysteine 5 residue with an irreversible inhibitor
that conprises a conjugated enone warhead that forns a coval ent bond
with the cysteine residue of the targert polypeptide, such as an

i rreversible inhibitor designed using the algorithmof the invention.
The invention also relates to pol ypepi de conjugates fornmed by the
reaction of a c&mjdigpad efficienfyrenvendtintg an imgveanairlhmbilitwiof EKit, BBGFSkhd)r oup
of a Cys resi dU@SF@SFhséOIrpﬁﬂhyﬂ?&@&mm& tf?ﬁ s\ﬂ%gétﬁlte oé)lde Ay swhenotls
exanpl e, the anount of conjugated target elati ve td
unconj ugat ed taPﬁ@?SS‘BEItﬂ/ﬁé‘iﬁ'ﬁFﬂé’eﬁt ﬁreaerbbierr@igmt@ra:lfa@egrpin@ aolnteazﬁrntéﬁ from
a patient that RaDitdrRe Maittirg@l £ hay¥hé bhs@R e L ¥R Rt Ero} Hﬂ{uhb LRmd hat
contains a c ya%ﬁ enone war head can be used to tailor dosing
(e.g., quant 'stered and/or tine int erval bet ween

adm ni strati ons) I n one aspect the 15conj 53 the formul a
X-M S- CH2- R wher ei n: X|§ Hche m at binds to the
binding site of a target poI[yp pt| erelnth "nding site

contains a cysteine residue. médi fier nmoiety formed by the
coval ent bondi ng of a conjugated enone-containing warhead group with
the sul fur atom of said cystfeine residue; S-CH2 is the side chain

sul fur-net hyl ene of said cystelMne residue; and Ris the remninder of

the target pol ypepti de. | n; SR enbodi nents, the
conj ugat ed enone-cont ai ning warhead is of 25fornula!, and the
conjugate is of for it 11 /H2 wherein X is a chem cal noiety

that binds to thaigaiMdhdag site of a target polypeptide, wherein the
bi ndi ng si tﬁ%cont ai Ecco d@ttefehg&fzrem due; S-CH2 is the side chain of

said cystei resid SR CARIRIEX ffeK{ hReupd fogmptingipohsedst i de;
5RI, R2 and R3 Q&) waneleipamed &oinliye diyteli agebank @briCaida ey tesh.&p). Ghe C6
al kyl that is coordinates of imatinib were extracted and all protein Cys residues within 20
angstroms of imatinib when bound to ¢KIT 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 cKif. 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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substituted with -NRARy; and Rx and Ry are independently hydrogen or

Cl-C6 al kyl. In particul ar enbodi ments, the conjugate has a
formula selected fromll-a, fib, 11-c¢, 11-d, 1l-e, II-f, Hg and
11-h, wherein X and R are as defined in Formula H 00 [1-cll-d

1011 -gll-h EXEMPLI FI CATI ON 15Exanple 1. Irreversible imatinib
Imatinib is a potent reversible inhibitor of cKIT, PDGFR, ABL, and
CSFI R ki nases. Using the design algorithmdescribRd herein, this
reversible inhibitor was rapidly and effh0|eﬁs pRverted into an
irreversible i nhjRihey of cKit, PDGR g nd ,CSRIR ases. In addition,
it is shown that the subject meflog™; S WhEn Re s not
possible to readily convert a rev toRsof a target into
an irreversible inhibitor of thit t dg Rfas the case in the
ensui ng exanpl e for imatinib anf® Risa @et ABL. imatinib A cKIT
Design Met hod 10The coordi nates f e x-ray conplex of cKIT bound
to imatinib (pdbcode 1T46) were Rebt |ned fromthe protein databank
(world wide web rcshy &hd saILBEth%%!h &Ihebdmﬁdtﬂmdm&ﬁ extract ed

and all protein Cys tesidues fgﬁgﬁés trons of |nath
bound to cKI T mm$om8demplﬁ¢lﬂﬂedywicngﬂﬂa§ él?eyvaéteﬂfﬁlabds(‘ hign R"S‘f’§ﬂs7

Acccel rys Inc., (A rortldh Snd S8Rk fd REmSAYIE the haealURS wWikia 6aOgsUBYSET 3,

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 ¢KIT. (Table 5).

Tabie Distance to
is
CYS788 or Can Bond be Formed
Position Placement CYS809 CYsS788 | CYS809
R OK YES NO
Rz QK YES NO
STERIC
R CLASH
R4 OK YES NO
STERIC
Rs CLASH
STERIC
Rs CLASH
Ry TOO FAR
Re TOO FAR
Re TOO FAR
Rig OK NO NC
R4 OK NO NO
STERIC
Riz CLASH
R TOO FAR
STERIC
Ria CLASH
Ris STERIC
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15Cys674, Cys788, Cys809, Cys884, and Cys906. Then 15 substitutable
positions were explored in three-dinmensions on the imatinib tenplate
(Formula 1-1) to determine which could be substituted with a warhead
so that the warhead would forma coval ent bond with one of the Cys
resi dues (Cys660, Cys673, Cys674, Cys788, Cys809, Cys884 or Cys906) in
the cKIT binding site. 20 Design Method 1.1 In this nmethod,

war heads were manually built on the imatinib_tenplate and then

mol ecul ar dynanics was use@$$ askess_the capabilitlies of Jt he

war heads to formbonds with the Cys in the binding site of clCt.

Acryl am de war heads 14gk @ivbiinbihte pBsithms WAk Bn HibTBNS h A ARD Ut fel\fred
imatinib tenplate using Discovery Studio, The imatinib tenplate is

shown in For mul $2thepcryigqideseaction fipduet cgyld b farmed Settesnibe @atifaunds wer e
checked to det einhibile ahdie P@SEdidu@(CBT88IdA € Y3809 NeRIESInIMNEd FRmER @b ne i f
t he war headsscoutlld rea h ag(}/ of. the idgnt '}Ffileccl1 S residues_in the

bi ndi ng site> O 658 hay pangsigpms Usige & standprd moppgular dypangigssjraylatige. This,

war heads and t heonsrafhe lefihlatatepplat: postinss, Ra ReelddLituaonlgymdlys esidue,

sinmul ation of t rchq]? i i fpormed and
anal yzed to det gfs_rz]%?e [ gﬁsﬁgﬂ\%ﬁ?%&g’agﬁg%ﬁﬁﬁ{l IHIO &grt\hgs r}%%s'{;s agf 10 any
of the Cys resieryisignsify aphB: ipyahi agissonfarmatimnadf hemide erophefitee wishead,
steric clashes RRENGRSS fbeHATREAMS HRNAVAE e SAIHENES posRlARIALSved
settings were used in the Standard Dynam cs Cascade %I mul at i ons

protocol of 1Bi strperrfasmaiinne! ths amids glompidkeavashead) yhishisoseferedul at i ons.
The MVFF forcefield in Discovery Studio with a 4ps sinulation was
used. The coordi nat i)s .Of rilleP ngn- war head positions and the Cys 15

mai n- chai n at ons wer & HLMEE i’)'(‘gd during the nol ecul ar dynanics

si mul ati on. Tivi chis sierhiad, atartendsiwdenbiomhielli hodeked bethp irsdtieibposi t i ons

5. Positon pi acohEk et e el ERbneYR AR Ol bR e

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 13 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 Rz 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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CYS788 CYS809 R OK YES NO R2 OK YES NO STERI C CLASH

R4

potential energy were examined. The virtual compound with the warhead at the R;
position was ranked as the most preferred.
As detailed below, two compounds with an acrylamide at the Ry position,

Compound 1 and Compound 2, were synthesized and shown to inhibit cKit.

5
Synthesis of Compounds
|
/N l
o
0
[ EtOH
= ] + MeQ ~ . "
N OMe  80°C,16-i8h. N Mo NO,
iPrOH, NaOH 2 N
+ —_—
. 80 °C, 24h. Z
o)
HaN NO, EtOH, HNO; ? N
J@’ + HMNCN ————————> NH
80°C,16-18h.  HN" "N
H $nCly.14,0. HC!
rt, 30 min
O, 0. ,{0
R o ~F Pa™ N ﬁ NH
2
R} 0.,.0 “r
& ¢
H n | Vand \.
N,
D, R? pyridine, rt, 16 18h & I
R? , N
NP
T N HO I ’\—R" Intermediate A
o

10

15

Synthesis of Intermediate A

Siep 1: 3.Dimethylamino-1-pyridin-3-yl-propenone: 3-Acetylpyridine (2.5g,
20.64 mmol) and N,N-dimethyl-formamide dimethylacetal (3.20 mi, 24 mmol) were
refluxed in ethanol (10 mL) overnight. The reaction mixture was cooled to room
temperature and ¢vaporated 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

give 3-dimethylamino-1 -pyridin-3-yl-propenone (1.9 g, 10.78 mmol) as yellow
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OK YES NO R5 STERI C CLASH Rg STERI C CLASH R7  TOO FAR

10

15

20

25

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

Step 2: N-(2-Methyl-3-nitro-phenyl}-guanidinium nitrate: 2-Methyl-5-nitro
aniline (10 g, 65 mmol) was dissolved in ethanol (25 mL), and concentrated HNQO;
(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-,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 MgSQs, 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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Rg TOO FAR
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Rg TOOFAR R o OKNONORIT OK NONOR12

H
l/\N(QO
=

=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 mi) 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 m! 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 Intermediatc 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 sojution 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-acrylamido-N-(4-methyl-3 -(4-(pyridin-3-yl)pyrimidin-2-
ylamino)phenyi)benzamide (Compound 1) as a white powder. MS (M +H+): 25 1.2;
H NMR (DMSO-Dy, 300 MHz) 3 (ppm): 10.42 (s, 1H), 10.11 (s, 1H), 9.26 (d, 1H,
J =22 Hz), 8.99 (s, 1H), 8.68 (dd, 1H,T=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,] = 8.8 Hz), 7.79 (d, 2H, J=83
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, 7=9.9 and 2.2 Hz), 2.22 (s, 3H).

Synthesis of Compound 2
4—Acrylamido-N-(4-methy1-3-(4-pyridin—3 -yl)pyrimidin—2-ylamino)phenyl-3-

(trifluoromethyl)benzamide
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R13 TOO FAR R14 STERI C CLASH R15 STERI C

Fs H
N
T
=N O
| =
=N
Compound 2

1) Methyl 4-acrylamido-3-nitrobenzoate

1) Mel, K,CO3, DMF
CF, 2) Ha, Pd/C Fs

= H
NO, 3) CH,=CHCOCI N\l-(“\
MeO O

O
Methyl iodide (1.4 g, 9.86 munol) was added dropwise to a stirred solution of

HOC

4-nitro-3-{triflucromethyl)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-(triflvoromethyl)benzoate and 0.2 g 10% PJ/C in 30 mL methanol was stirred
under hydrogen (40 psi) at rt overnight. The mixture was filtered and was
concenirated 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-
(triflucromethyl)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 NaHCO;, and saturated aqueous NaCl. The
dichloromethane solution was dried over Na;SQ4 and was concentrated in vacuo
to give a crude product, which was further purified by chromatography over
silica gel using 1% CH,OH-CH,Cl to give 0.818 mg of the title compound as a

white solid.
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These five tenplate positions were then subject to a final filter
that required that the acryl am de reaction product could be forned
bet ween the candi date inhibitor and the Cys residue (Cys788 or
Cys809), which involved form ng a bond 50f |ess than 2 angstrons
usi ng a standard nol ecul ar dynam cs sinulation. This constraint |eft
three tenplate positions, R, R2 and R4, but only one Cys residue,
Cys788. O these tenplate positions, the bonds that involved the

war heads at positions R2 and 124 involved a cis-conformation of the
am de group of thﬁ ?Eﬁ%&ﬁﬂMﬁgﬁkaab@SS preferred. The bond that

i nvol ved the warh position R involved 10 a trans-confornation
of the am de group of t he r head, qﬂ4|s preferrgg. Design Method

1.2 I'n this nethod,® M&r e aut omati gal [ del ed on
the imatini b tenplate and jﬁgﬁ -uLar—dﬁcklng as jus to assess
. 5 If

their bond formng améd wi@h the Cys in tee, nd site of
cKit. The war headg were built on the inatigib tenplate usi ng
the Accel ryes Sci Teqgi pel i ne enuperati on. pr.ot.o sulted
in 13 virtual conpogﬁﬁ§“F?8HW¥%°ﬁB§gﬁﬂﬁ8V§PF$&dPU%%nﬁg%ﬂj is was

due to R2 and R4 @someldo naSTIRBwayuddRRR0 pEosf N IaOHsmyltlm‘eThfgre@émgval ent
due to symmetry, and theref s &0
further. These chﬁHﬂ%H? &%SFHQLV%§%9§?¥g§§fﬁ?hﬂgﬁﬁﬁ§¥ﬁ%M?%e | i gand
preparati on pr ot ogt thied 4Odqoxtienyof Sthyldidate. The sembiwd givyiagedte 8dadounds
were then docked into ¢t Kj t hRONLRE,, GlaOKlRER
protocol of Di scoV&rY W@FW& érﬁr'&éc'i g%gcfdrs gg@e{a&sﬁggg ng .al gor i t hm wa

used i n which t heaclorae cakentmtad fordykessia versp fa@v 417 & g‘e}’%ﬁﬁonﬁo}“ﬁicatsur e
(Formul ae I-%) ma;w sedifs a constraint in the docking 25 procedure.
Ten conforna i ons o each virtual conpound were produced and the top
conformati on of each conpound was assessed for its proximty by

di stance to the Ogj 4l rfifigah g Gys3- (@yaﬁmdlﬂmaymmﬁme?rylaplm)ylienﬂ 3 he
di stance filter 6 .ang strogie#{H gly two of the conpounds, with

war heads at Rl and PRt ROHETS be close to a Cys in the binding
site. These two conpounds were both near to Cys788 and they 30 were

t hen assessed for bond form ng capabiI}Iy The protein and_conpounds
were held fixed, but the side chain ef

%788 and the war Jeaf wer e
not constrained. After the mnimzati cﬁn@‘é s conpleted,yt @ eﬁ%

f or ned covalept Wo d @pd thef; 59 -,»ppﬁ N et & ex&m ned.
The virtual gowpo Wth th SWhﬂhgad at the RLyp i of was ranked
as the nost pe d. * i Ted belo two conpounds with an

acryl ami de at lthe Rl po$Ptiow; C%npound 1 and¢Ggnpound 2, were
synt hesi zed na shown to ionhibit cKit. Synthesigs of Conpounds

P

15 To a stirred solution of N-(4-methyl-3-(4-pyridin-3 -yDpyrimidin-2-
ylamino)phenylamine (87 mg, 0.31 mmol) and 4-acrylamido-3-
(trifluoromethyl)benzoic acid (95 mg, 0.37 mmol) in 10 m[. pyridine was added
250 mg (0.3% mmol) propylphosphonic anhydnide. The resulting solution was
stirred at 1t 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. TH NMR (DMSO0-ds, 300

MHz) & (ppm): 1041 (s, 1H), 9.90 (s, 1H), 9.28 (d, 1H), 8.98 (5, 1H), 8.69 (d,
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Synthesis of Internediate A 10Step 1:

3- D net hyl am no- 1| - pyri di n-3-yl - propenone: 3-Acetyl pyridine (2.5g,
20.64 mmol ) and N, N-di net hyl -f ormam de di net hyl acetal (3.20 m, 24
nmol ) were refluxed in ethanol (10 nlL) overnight. The reaction

m xture was cooled to roomtenperature and evaporated under reduced
pressure. Diethyl ether (20 nL) was added to the residue and the

m xture was cooled to O C. The mxture was filtered to 15give

3-di et hyl ami no- 1 1FpyB68ddda 113), §12 (e, dPBBEAE, (1), 824)(d, D), .88 @nH)) 7. 85
yellow crystals. ¢VYig) 6232185 859K r.al ed. guent
steps w t hout furt(her j|ouri3 |%:%2ikgan-{ah’slmﬁélti%$g$%] (e H{),fzzzsé‘,t},?ﬁ

N- (2- Met hyl -5-ni tro-phenyl)-guanidiniumnitrate: 2-Methyl-5-nitro
aniline (10 g, eEIMuRMijon¥asaydi Ssol ved in ethanol (25 nl), and
concentrated HNG3 5 (4. G@gtﬁ was added to the solution dropw se

fol | owed by 50% aquedTROWSF HEF B172Y6¢ ahibiten o 6- K1 Dusing fyyawn recopphinant c-
reaction m xt ur El\@btamef franxBidllige canalghiundeid 4t 338 ing BhiReng 40 C. The
AR AR (8 R RIS S R SRR L O
N- (2- Met hyl - 5- n¢amied-optie g hMGUERES ¢hHN TS Minbd MAEL,, (4aM DI, 0.5 504 Blj- 34
% . 10Step 3: . . .

2-net hyl -5-ni t r%sﬁﬁnedn3>9 Py %%‘{)%7 PR Tho K 55t sompradn The racyion wasstartedy o
suspensi on df 3addinghel\IPanl moutatingyfor Idionr B ropkn tArh ERARA MEhe (ke v@s 9. 6

| 0N (2o gE, Lo ' iy . |
e 12 AR G

and the resul timy R 0650Bsi-$ o ad sYedMSEr PRosphorylaitiend eact i on mi xt ure
vas cool ed 10 OulphiPRbriifie ket Wallpd Aed MRl 1 CItBBLEL SR  The

solid residue was, suspended in water an ere d "t hen washed
with 2- pr opanol Stfhd refugiipred wesrampagpito gentiabwelly lgiptegmippinkibitiameiol ) of
2- met hy1- 515 ténbpesnt oflcdzymyabielith- SKV mRYikibi1aeh Br Copbinddinfe was

i solated. (Vi eléi: BOW%. St e.B 4:

4- Met hyl - N- 3- ( 4-%%9}"5;; 'S BOVIFedIn I8l §i n- 2- y1) - benzene- 1, 3- di ani ne 20
(Internmediate A): A solution of SnCl2.2 H20 (2.14 g, 9.48 mmol ) in
concentrat ed hydrochlri i
2-met hy1- 5-ni tr o- phenyl ' }‘ue (0.61 g
,1.98 Mol ) with viggrdiesambad# i ng% IASibition 30 Cueceatratén (uM)ng t he

m xture was poured onto u”i[iShcd ce—ppde—atkattnew-th—K2 , and
extracted three tinmeg with ethyl acet%??e (50 gani ¢ phases were
conbi ned, 25 dried over Mpy&X4, ahd ev&por at jed

Recrystal lization fromdichtoronethane—+esutt

nmol ) of

4- et hyl - N-3- (4-pyridi n-3-yl pyrimdin-2-yl)-benzene-1, 3-di am ne
(yield: 46%g as ap ph&pphite solid. Synthesis of Conpound 1

Design Method

52 6-my (0.91

Using the coordinates for the x-ray complex of ¢KIT 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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Compound 1 Step 1: 4-(acryl am do) benzoi i i

o _ : oic acid A solution of

?OarSn nmo;)e\rllégl gogfleg t5 (é.éOglr 10 mmol ) in DMF (10 nL) and pyridine

.5 o] . To this solution was added of

chloride (0.94g, 10 mmol) and the res i i i,
94g9, ulting mxture wa i

ggrirz.o'tl)'?:i nme>c<|ture }Nais poured into 200 m gf wat er andstﬁteI \rNLie;jefor °

was filtered, washed with water and eth i
under hi gh vacuum provided 1.8g of the d St i cr
in the next st mpthddigy hbmﬁeémfg@ft?%"(t? Eﬂ%‘“g‘% Ri; 2’§ch%‘” d}@élﬁ daptfte Hsed

4- (Acryl ami do) benzai £, @Ghicht 6&A Wilh,an Qerfl@niderakihoadn Of fhoteeemb ate A (100

mg, 0.36 mmol) were d | ved
stirred. To thbesitvss, a{eﬁagl?fls@ ‘“iﬁ‘g‘éfg religf}’g%%%hponh%m%%@%\%gh%g\?gggyglnﬁc

gcgmb ﬁte g ? rzglgﬁl{t}%rﬂﬁummkl«)e aa]md gtdﬁﬁoﬁ‘tﬁﬁwdrhﬂadkgm@d)llﬂlﬁs@ﬁfqmg B rred
smal | vol umé aﬁ%f‘dtq‘f’é %#t %“’?Ihﬁad ataP Ogb&f# \{,%vag%@%n%?ﬁ&&@{i_ﬁﬁbf&@l ;
er

Iﬁrerrgcr:lu\(/jvgspi Bljta%{(e(g;oaggfltﬁe yshér;ad,vwhmhvmﬁfwmls obt ai ned. Puri erCZ.'([)I Iog of

m .
e ted b et chromat ography (95:5 CHCI 3 : MeOH)
4-acryl am do- N- (4-, X idin-3 g
yl am no) phengt ) hengadhil [dér (Conpa RASA et S caduk tves oW ATeF

5512 20 1Hh NI\/R(DIVBODG 300 - i 19 .Hzr)
~ 1 [l 3 E . S
a:?j 197232(%:1 gag;gng ﬁ@_ﬁ;f@qtggﬂm i PRI Goih b t:m%; 0
1.7 He), 7. 98k, 'Qﬂ&[é&]&;s;géééhﬁ;iéihﬁ’s%ﬁ?ﬁﬁ? ST ST AR ) =
o2, J 0. 0 i) (.40 m
¥

—

2%0719(& IH 1= 8.5 b} 6 A7 fdd dbe ettt et 97
dd Hm —_ LLTHG [-K[ FG R K L4 2t VKWMR SI1FN E ,

2 22 ES 3H)1‘PDQRA21.P§& éént hegl igléDHE;Rol&Diﬂ_}?;eﬁaT ”qwm ;ESJFQN%T .%EI\*WéV%‘ HZ)1
4- Acry| am do@h&ﬁ' ﬁﬂiehg“if;?ﬁ”s ;vsgix‘ I:!E'EG‘T-':.MLPEHAFAEM?Dmx‘rcwnADpLKRP;l;:QI

g M IR A 1 da KOWN raiy
Zl aC;‘ |(ta;r: Ll ggr Onﬁt hyDbenZam de eCOm’)mlnrl 2 1\ Met Hyl 1 . 1

01 T '

b CJXlCOCI mtl”@itzeﬁ?za%ﬁé 1) Mel, K2Ces, DVE 2) H2, Pd/ C NO23)

m
CKIT: human CKIT (SEQ ID NO:1)
PDGFRALPHA: human PDGF Receptor Alpha (SEQ ID NO:2)
PDGFR Inhibition Assay

15 Method A:

Compounds were assayed as inhibitors of PDGFR in a manner substantially
similar to the method described by Invitrogen Corp (Invitrogen Corporation, 1600
Faraday Avenue, Carlsbad, California, CA; world wide web
inviu'ogen.comfdownloads/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 uM and 1 uM in duplicate. Compound ]

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

Method B
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MeO HO2C 50 Met hyl iodide (1.4 g, 9.86 mmol) was added dropw se to
a stirred solution of 4-nitro-3-(trifluoronethyl)benzoic acid (1.0 g,
4.25 mmol ) and potassium carbonate (1.5 g, 10.85 mmol) in 30 nL DWVF
at roomtenperature. The mixture was stirred at rt overnight. D ethyl
ether (120 nL) was added and the the m xture 10was washed wth water,
was dried over Na2SO4, was filtered and was concentrated under
reduced pressure to ve 1.0 of crude nethyl 4-nitro-3-
(trifluoronet hyDbeni%'&fhé IO)AS@%{ W PPESRR&{P\B3BI) epry(re. UB Xt (ASE91 Aret hyl
4-nitro3-(trifl wﬂ@@ow&p\:@@ﬁwﬁk@(m 06)1) %agprag/éa R Eihdle ?chtfslT

met hanol was stirred under dro 40 psi) rt overni ght

he
m xture was fil P‘gfeé[":?né‘ﬁﬂ‘g\ﬂé Ff?ét“@@%e?@“b@@%é l’qﬁﬂc@ssure to
give 0.8 g of Cély%pﬁ&ﬁnﬁh‘{é 5% gw(ralm@cst&&rmﬁdoummtzm ﬁ@%cﬁ@s a

white solid. Acryl og chl ori #gtwas added to a
solution of B.8°4-8 e“ﬁ?é’f‘%‘wrewe“é’ﬁil'??é?dg‘a@?’WP$ ("AottoHdriall Yiikena®Wat e and

triethylam ne (Qin&n@surigcegmé}%l&l p)laté oﬂﬁg@Y%rﬁxﬁhB@ﬂ%ﬁ#?@?pﬁt 0C.

After stirring for 3 hours at rt is solution was washed

successi vel y satymgddo% mﬂém@gdl L&fﬁlcfowwisa%r@areamﬁé’dq@iﬁao The

di chl or omet hanegsdeUdacfins Wars sefddtemalddibeZos@d aRELVATPAORE .54t ed
in vacuo to give a, crude product, which was further purified b

y
chr omat ogr aphy BPéfe upsipte miand meaitqrest eyery Gfi3 epqondspen s mingteele 0. 818 ny
of the titl eocomwmmmnasmrgtyépmekdaah from BioTek (Winooski, VT). At the
4- Acryl am do- 3-ni t.robe zokjc aci %a stlr ed sol uti

n..of
methyl 4-acryl afird8s P AR Sﬁ@hwﬁfé“ft}”ﬁ m?“}b‘fé"' F’Sami“%‘?d%é“’ﬂﬁﬁf THF
was added 20 mireadftiod kihktics £ fis ethtistiésqfR?, 9% eonfidenat nieng), sisbluteisom ofvas

aci dified 1o PHduth ilhidQa046 RR BoandlB e RELEAGLED i Lh

three 40-nmL po _ aceta e conbi ne acetate
extract was was#friegmingd fiorm te siopa dd pletRfedaitye Nu@dscengguni vy temle (ates)

Na2SO4, was ki | mrﬁ%q plRek mﬁstm&%ﬁ&m@to& el eglmeeﬁ&solffbmvlaﬁm,bm] give
0.75 g of the title congoun as 10a white _soli

4- Acryl ani do- N- (SRERP$fy arsibwloawpeﬁlwfgaahﬁdpfimmﬁw@rya%’ﬁ# HEMBFFeny 1- 3-

(trifluoronmet hy@haeD#aslCA8. [PDGFRa] = 2-5 nM, [ATP] =60 uM and [Y9-Sox peptide] = 10 pM
(ATP Kyspp = 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 | Cone. (uM) | ICsp (0M)
1 76 1 172.54
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-o protein (supplied from Invitrogen: PV3811) was incubated

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

0.4 pg/ pL PDGFR-u (Invitrogen PV3811) stock solution (50 mM Tris HCl ph 7.5,
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15To a stirred solution of N (4-nethyl-3-(4-pyridin-3-yl)pyrimdin-2-
yl am no) phenyl am ne (87 ng, 0.31 mol) and 4-acryl am do- 3-
(trifluoronethyDbenzoic acid (95 ng, 0.37 mmol) in 10 nL pyridine was
added 250 ng (0.39 nmol ) propyl phosphoni ¢ anhydride. The resulting
solution was stirred at rt for 72 hr. The solvent was renoved in
vacuo and the residue was 20stirred with 50 nL water to give a yell ow

solid that was isplat filﬁﬁgt' Pur if{ i o ryde
product by sili gipnélgllﬁghlraégn% (]):grap?igﬁ/&gflna 'L%%g-@gk%@igly%é@g 101
ng of the titl eweonipalind pLloFCorhjidnd DBOdNB30 08l dekéehtragorf ¢firgM, 100. 41

(s, 1H), 9.90 (s,, 1 9,8, £d,1 . 98 - 6 1),
8.68 (dd, | H), ¥ 39 IP%#N%Hj‘éerg? E‘g)“{e%% *Srfi%?"@%@m‘(“%f“‘%ﬁ?@“@?’é %d,
élé)l (gdmi I:I(;n 1B b4 mMrio@Bcefahidelid SANM Gob@ivprdd¢arbiatd and BUI28 33dd, 1H),
: , ), 2.24 (s, 311). .cKIT Inhibition Assay 5Conpounds were
assayed as i Rhi B%t”irt?g%‘?w%s-aé‘%ef”%%?pntaeﬁﬁcﬁ’ﬁﬁ r econbi n)a/mt cErp KIT

(ﬁbt alhnedI fromMI| i];h?trepticdig%aMQanaumdeay nibgk-spSEPpmeterd MARMITOF) g0t he
phosphoryl ati on l.uorescei n-| ahel ed pept i subst r.at 1.5 .
Reactions were b‘g{’ I‘dl}él& ﬁé’ﬁfyS?eWeiﬁ’éluerSE E@E%p[?%ﬂa?.p g’)e,m’[%r?eﬁ\%ehmcézv’l
nM DDT, 0. 015% Bysicjne 35iduasvebre30éhtifiedVds Adifly modifidd e nallowictnalat witle gte fifth
conpound. The r e% e%nle%ll p@@as%o%it{eggy 91¥ cc;]non . r!\qasg Eal'%cté?ﬁna%gaygof the

i ncubating for Phour ;'g room t enperat ure. e reaction
terninated HY theptiaditests v cofsissnopthfismirerndddiinacenalegyioondiv PEPES (pH
7.5), 30 mM EDT. P %9,4&0 Al MsArs aBRds PRI aBRARRmYd @ted.and

unphosphoryl at e ubstrate was separated by charge using
el ectrophor et i cthedloimpoung 18H¥s814. Pr oduct formed was conpared to
control wells to determine inhibition or 15 enhancenment of enzymne

activity, c-Kl Tgoibi OithulRPrélftdtididLsséonpound 1 and Conpound 2 is
provi ded 1 njtable 6 équlgﬂlcegl_s gfmh%;elélfr-gmlw (AL OkePAL2 IR kb ¥
(Invitrogen #21870)+ 10% FBS +1% penicillin/streptomyein (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 ICsy 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 | 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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18 12881 20B. PDGR Design Method Using the coordinates for the
x-ray conplex of cKIT bound to imatinib (pdbcode 1T46) as descri bed
above, a honol ogy nodel of PDGFR-al pha ki nase (Uni prot code: P16234)
was generated. The honol ogy nodel was built using the Build 25

Honol ogy nodul e in Discovery Studio using the cKIT-PDG-Ra al i gnnment
shown. Then the 15 substitutable positions on the imatinib tenplate
were explored in three-di nensions to determ ne which could be
substituted w tdantaOnarhigady ®029 10alTht elwaf thie axpesmerit are Hepigeddn E6Y &1 ent
bond with the i. h i nd i . i tified

t hree tenpl at e%;;%rseil{]lf thr?‘g'",‘hﬁfr?fa@%,@Qﬁ’ﬁoﬁﬁﬁ’éﬁ'@qg%g%ﬂag?g&%?g of

form ng a covalcempoundritdmnpund 2ampirdained ergying enhibition eBRP Ol intBgskeelenpl at e
positions, the alﬁgpq,gsh%gagﬂgrmq&;rygg4thla§rs_vvar heads at positions R2 and
R4 involved a cis-confornmation of the am de group of the warhead,
which is less preferred. The 5 bond that involved the warhead at
position R invol Ge&58 " rans-conformation of the anide group of the
war head, which is ppefi@rvadiod p NNYI ;

VI DPI QLPYDHKVWEFPRNRSEGKTL GAGAF TAYG | KSD VK S

GHEYI YVDPNQlPYDSRV\EﬁB%EHE\?P%Ei%?%V 'WE%%@%@W%MWKP
1,110, (pdbcode 1T46) as described above, a homology model of CSF1R kinase (Uniprot

E(K:le-gg SQELIERFALCO elzzll’&\g‘g?,)SwYa% %MHV%%%%L%EWQSEM%X% lphrd- RRKR- - - -

, TARSSEKQAL NBELHdnMidgy @RI AN eaCTMdicming thergFECFER ShermRIKRIRDSFL .

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 Rz) and Cys774 that could

form a bond with an acrylamide warhead.

4 '
§ ! L . 1 " 1
H h . 1 2 L . 1 .
; ‘ : GRGAFGKYVEATAYGLIKSDAAMTVAVEMLEP |
GNNYVYIDPTQLPYDHEWEFPRNRLSFGKTL j
ﬁﬁin e NSYTFIDPTOLPYNEKWEFPRNNLOFGKTLGAGAFGKYVEATAFGLGKEDAVLKYAVKMLKS S
lI t H
i il
: 1 \ R i N ] \ L M.
! {5 R YCCYGDLLNFLRRKR: - - -1
SAHLTEREALMSELKVESYLGNHMNIVNLLGACTIGGPTLVITE :
ﬁﬁ;n iTAHADEKE#LMSElKIMSHLGQHENIVNLLGACTHGGP“LVITE?CCYGDLLNFLRRKRPPGL:
x :
i . | . _
i H i . ] . I , b R ! . :
‘ : E—_— VAKGMAFLASKNCIHROLAARNILLTHGRETKICDFGL .
THIT - - e DSFLALODLEDLLSFSYQ :
F;m :EYSVNPSHMPEEQLSSRDLLHFSSQVAQGMAFLASKNCIHRDVAARNVLLTNGHVAKIGDFGL;
; :
i A i . 1 . 1 . 1 | . I i
; ‘ T ELFSLGSSPYPGMPYD
§ {ARDIKMDSNYVYKGNARLPYKWMAPESIFNCYYTFESDYWSYGIFLW :
%ﬁn ARDIMNDSHYIVKGNARLPVKWMAPESIFDCYYTYOSDVWSYGILLWEIFSLGLNPYPGILVN
K] i
’EI E 1 " 1 " 1 " 1 " ! S-ESTNI |4“
' EKF EEQI
X {EKFYKMIKEGFRMLSPEHAPAEMYDIMKTCWDADPLKRPTFKQIVQLIEK
ﬁih |sKvaLVKaGVQMAQPéEﬁPxMIv51ManwnL£PrHRP:FQQIcsrLQEQnQEDnn
‘I

20 CKIT: human CKIT (SEQ ID NO:1)
CSFIR: human SCFIR (SEQ ID NO:3)

CSF1R Inhibiticn Assay

Compounds were assayed as inhibitors of PDGFR in a manner substantially
25 similar to the methed 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 CSFIR (FMS)/ Tyr 01 Peptide
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,1i .11 ,0GT: 1' D5FLAI DLEDLLSF5YQVoi KGVAFLASKNCI HRDLA ' pr, , GHALI N-1 A

:: 1, ZRSLYDRPASYKKKSEM.DSEVKNI . L5DDNSEGLTLI . DLL5FTYQVARGVEFLASKNCVHRDLA
A I I I R 4 1)

.11 RNI LLTHGRI TKI CDFGLARDI KND5NVVVKGNARL PVKWVMOAESI ENCVYTFESDVWAG YG

1. 04GRA. MA

., Al'l NVI LAQGKI VKI CDFGLARDI MVDSNYV5KG5E- 4FLPYKWVAPESI FONLYTTLSOWGYG
TOOT i TI. WELFSLG i SPYPGWVDI 1 1 |

t : FYKM KEGF RM SR ABMYER R TCHORMHEARSPEKEY 0.01% BRIN35 10 mbyadetind - 1. 4

1, 11. LVEEI FSLGGY A ; o! \ REKRPSFYHL,;
sar N Exq sesTh fsdeent EIE O T Dy TS0

NG 1) PDGFRALPHAMbasas? MO0 Rerpedh 8 P0 mMpHEP RS -+ B NG B
| nhi bi tion Assaygth, el A/A AHCOIKD 0 UAG Ky [ecadtDs aytaichtians Sipbli itz s of

PDGFR in a manner substantially sim.lar t he met hod described b
| nvi t rogen ca'rpd(“FWP?’ﬁ%’@'ﬁSﬁm“d&%ﬁW%”ﬁﬁ?‘Sfff?%oo Far aday Avenue, Y

Carl sbad, Californi CA; E!E 1 :
i nvi trogen. conl domﬁ%%m g}nﬁwﬁ fgﬁ%gﬁkﬁ?g‘f‘lafﬁ‘gﬂgﬁﬂl‘ {ILS}P% aItldhe W LYTENd
20 bi ocheni cal a®sayunp loimeadBEe dnhibiioniaganst G3OBeHrdAl assay. The

Zr - LYTETT4 bi ochem cal assay enploys a fluorescence-based,
coupl ed-enzyne format and is based on the differential sensitivity of

phosphoryl at ed apgs ani.magﬁmayg at ed

10 Mass spectral analysis was used to determine whether Compound 2 was a
covalent modifier of CSFIR. CSFIR (0.09 pg/ul) was incubated with Compound 2
(Mw 518.17) for 3hrs at 10X excess prior to tryptic digestion. lodoacetamide was
used as the alkylating agent after compound incubation. For tryptic digests, a 2pl
aliquot (0.09pg/ul) 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 CSFIR
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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peptides to proteol ytic cl eavage. Compound 1 was tested at
0.1 p.Mand 1 pl'n in duplicate. Conmpound 1 25 showed a nean
inhibition of PDGFR-a of 76%at 1 p.Mand 29%at 0.1 p.M Mthod B
Briefly, 10X stock of PDGFRa (PV3811) enzyne, 1.13X ATP (ASOO A) and
Y12- Sox peptide substrates (KCZ1001) was prepared in | X kinase
reaction buffer consisting of 20 MM Tris, pH 7.5 5 mMMd2, 1 nmM
EGTA, 5 mM gl ycerophosphate, 5% gl ycerol (10X stock, 1CB002A) and 0.2
mv DTT (DSOO A). 55 Usiag theepoydinatopéar ¢heprray domplel af &dT bepnd tGortining
(#3574) 384-vel |@d%@ﬁetl?as)'a%bscrl%&'?dowaﬁb&ﬁél@g%n&&bl%‘f%mf?‘nﬁsegbﬁ’l I%t

(Corning, NY) for m n at pL vol une o

seriall'y dilut e ®oRolinues gspapeat dde hemdommrreoes kyikydes heleld ons
were started W tHonidngy adailé inQ)_"isc@%rﬂgmcﬁb-uQTg th VKTV AR Y8 gihent'sh@ampOX

pepti de substrate m x _and nonit ve 30-9 seconds for 60 m nut es
D10 Xe. 380/ ARAB i S 7 dS ST BB P i B efPe

(W noos k| VT) . vAte dxhlpred nmlica Sh Mym]ﬂldceamhhaamm a @ﬁrﬂgﬁ oGl vﬁﬂll’tMﬁEySf rom
each well were act | |net

tati sti cs (Re, DabyASH HLThd AFRkolbER kR b E RSP bl
Initial veloci tﬁYéﬁlamonldtbesmdlﬁﬂQm m nut es) from each reaction was
determ ned fromthe slope of a plot of relative fluorescence unlts VS
time (mnutes) 15an !
estimate | C5ORT r om:F BGEAm B bive OhE NN B0 RGPS H oF Wat 12 at, &5 $E’H#H“Mtdil
in GaphPad Prism ﬁr,om @ aphPad, Sof tware (San D ego, CA). [PDG-Ra
2-5 nM [ATP]:§§’: 60 Pt Sl F R 5 gk VR Pl e :sr;swzlmmx,ﬁ\mlmp;:s”s.

and

e
1

1.1M PDG-R 1 nhibition dafa for Conpound I and Conpoung 2
YT E T d0AE KO Pt
are Set fort h:KI] n ZGAL-EQH ?\SfM ;‘g_}’zﬁg?ﬁsﬁ_: Ezg H,BDLAAEMTVGE ,E:VEEQIEGLSRE.aMT-'G‘Dng', nd

#%lnhlbltlQn Concl. (TM 1C0 (MW 1776 17172792

i'
cm ;KGNARLPVKWMAPESEFNCVYTFESDVWS\’GIFLWE FSLGSSPYPGMPVDSKF KMIKEGFR:i
J.p,m_ iHAGAKFPIKWTAPESLAYNKFS!KSDVWAFGVLLWE ATYGMSPYPGIDLS.-QYVELLEKDYR |
.f | i
i :;_L I 1 1 L et 1 L II
lcm I.M SPEHAP AEMYDIMKTCWD&DPLKRPTFKQI Q JEEQISESTN------c--voenn i
l,qm_ iLM RPEGCPEXKVYYELMRACWQWNPSDRPSFAEIHQAFETMFQESSISDEVEKELGKRGT ’

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

15 Example2. Irreversible Nilotinib
Nilotinib is a potent reversible inhibitor of ABL, ¢cKIT, PDGFR and CSFIR
kinase. Using the structure-based design algorithm described herein, nilotinib was

rapidly and efficiently converted into an irreversible inhibitor that was shown to

inhibit ¢KIT and PDGFR.
20

»&
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Nilotinib
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2 91 1 2.2 PDGR Mass Spectral Analysis of Conmpound 1 25Mass
spectral analysis of PDGFR-a in the presence of Conpound 1 was
performed. PDGFR-a protein (supplied fromlnvitrogen: PV381l1l) was

i ncubated with 1 pM 10 p.M and 100 pM Conpound | for 60 m nutes.
Specifically, 1 pL of 0.4 pg,/ pL PDGFR-a (Ilnvitrogen PV3811l) stock
solution (50 MM Tris HCI ph 7.5, - 67 - 150 nM NaCl, 0.5 nM EDTA,
0.02% Triton X-100, 2 nM DTT, 50% gl ycerol) was added to_ .9 pi, of

Compound 1 in 10% DMSO (final concentration of 1 pM 10 and 100
pM. After 60 mnutes, 9 pi, of 50 mM amoni um bi car bonatje, 3.3 pi,

of 6 mM i odoacetam de in 50 mM anunoni um bi car borf%l? S e -t 35
5ng/ 'AL trypsin was added to stop the r§ {ryptic

di gest was anal yzed by mass spectrpneter TOF) M Ot he
five cysteine residucs F otej n he
cysteine residues were i el doacetRam de,

while the fifth cysteine pdi fi gd by the congound |I. Mass
spectral analysis of th i " was consi st efts with
Conpound 1 bei ng coval, pr dteei n at Cys814. M/ M5
anal ysis of the tryptic digests confirnedq presence of the Conpound 1
at Cys814. EOL-1 Cel Rylar Rssay 15EOL-1 cells purchased
+*hed in RPM (Invitrogen #21870)+ 10%
FBS +1% penicillin/streptlonycirf| (I nvitrogen # 15140- 122). For cell
proliferation assays, ce onplete nedia were plated in 96 well
plates at a density o cells/well and incubated in duplicate
wi th conmpound rangi ng *f r om 500nM t 0 | M for 72 hours. Cell
proliferation was assayed byg,20 neasuring nmetabolic activity with

Al amar Bl ue reagent (I nwtrogen cat # DAL1100). After 8 hours

i ncubation with Alarnar Bligembemiae (dhsor bance was read at 590 run
and the 1050 of gel Im;gr prol i feratl on was cal cul at ed usi ng GraphPad
Dose response i nhi bi f roI iferatio EQL: 1 I

ref erence conpound a ﬁ’ﬁB‘ﬁsn Féaycﬁlﬁi’l&’i ‘éfd’q?t lﬁogldtg‘é‘%g%’d%&n

Cel | Washout 3ASSaB9) was obtained from the protein databank (world wide web rcsb.org). The

coordinates of nilotinb were extracted and all protein Cys residues within 20

angstroms of nilotinib when bound to ABL were identified. Then, 14 substitutable

pﬁsitions on the nilotinib template (II-1) were explored in three-dimensions to

determine which could be substituted with a chloroacetamide warhead to form a
10 covalent bond with the Cys in the binding site. The methodoiogy 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 (Il-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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ECQL-1 cells were grown in suspension in conplete nmedia and conpound
was added to 2 x 106 cells per sanple for 1 hour. After 1 hour, the

cells were pelleted,

the nmedi a was renoved and replaced with

conmpound-free nedia. Cells were washed 30 every 2 hours and
resuspended in fresh conpound-free nmedia. Cells were collected at

specified tinepoints,

| ysed in Cell Extraction Buffer and 15 pig

total protein |ysate was | oaded in each | ane. PDGFR phosphoryl ati on
was assay by wesinépwe GisdEyshi4 prpatdaefifermiiascoraint bood yith e cl@9dcttamifin e
results of this expeli CBHPouRl LwhtPidmlad a'cﬂon%!zcg‘mﬁewl,%m}s LyninSsiROWN
that relative to DMSQO control and to a reversible reference conpound,
Conpound 2 mai nt@dred @NZIRE FEl O Of o RBERR ViR BCkvicall | s af ter
"washout " afteriﬁ
Usi ng the coor digrates Fae i HE. 4 EES O R Y KT TR NOURGEE0 | i nat i ni b
s descri bed above, a honD,oqv nDdeI of , CSFTR}ki nase
(Uni prot 10 cod R0 73331 e T gl “ﬁf”iéd?fTﬁémﬁﬁﬁbedV ﬁﬁd@f“Was bui | t

(pdbcode 1T46)

usi ng the Build iHonol'

hoursand 4 hours. 5 C u;—l DesT g ivet fiog

GA DPSSPNYE-CWENERTDIYEKH&}GGGQ}& YWEKKYS -~ ---ETYAVETLKE

YD 5 SMLDS KNL SDDN EGLTLL lLSFTVQ? RGMEFLA!
ckKIT-CSF I R allgnnen_" RED 15 s on the
i matini b tenpl atig.uer s i ne
whi ch coul d be stibsti woul d

form a coval ent Henrd

15nmet hodol ogy i

denti fied Two,_tenpiate positions (R and rR2) qnd

i:c[nlegpe‘*iln FIEVHL;'

MBACWOWNPSDRPSFAEL:

O
LE GG TL)

1
LEXKDYRM R‘LGC’EKV$¥

Cys774 that coulzfor g onnd;n:t haan acryl am de warhead. ~ T | 1.il
|~ GNNYYYTDPTQLPYW KWEEPANAL SFGKI L GAGAFGKYVEATAYGLI KSDAAMTVAVAMLKP.
GNSYTTI OPTQLPYNEKWEPPI | NNL4FGKI LGAGAFGKVWEATAFGLGKEDAVI KVAVKMLKS: |
i. 1t 11 SPHLBERBAIGYRELKNA SMufaNHRY AR RAGTINSEETHW NEYCCYGDLLNFLRRKR
ABL: human ABL (SEQ ID NO:4)

10

15

C.

CSF1R
A homology model of CSF1R kinase (Uniprot code: P07333) was 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-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

binding site. The methodology identified one template position (R;;) and one Cys

(Cys774) that could form a bond with a chlorcacetamide warhead.

;:sm.
8

f'CSFtQEQAQEaRn -------------

1 1 1
GNSYTFlDPIQLPYHEKWEFPRNNLQFGITLG&GAFGXVUEATAFGLGKEDAVLKVAV KMLKES
i -GAMDPSSPHNYD- KWEMERT DI TMKHK L GGGQYGEYYEGVWKXYS- - -4 LTYAVKTLKE

1 b i H

ZHAHADEKEQLMSEL ki SﬂlﬁQHENIVNLLGﬁCTHGGPV Vf EYCCYGDLLNFLRRKRP

DY - -MEVEEFLREAAVMKEIK -HPNLYQLLGYCTREPPFYIITEFMTYGHNLLOYLRECH-

i

i 1 1 1 1 A 1
------------------------------------------------- PGLEY - -+ + ¢ 2 s -

. 1 1 L 1 1 .

R EYRPor--uoo.-non suuvuq:.ssamLHFssan-ﬁ_uarmerctanbun
R R RQEYSAVYLLYMATQISSAMEYLERENFIHROLA

i!

] o i L ] .
nRNVlLTHGHV&KIEDFGLARDI MND S 1VKGNARLPVKWMAPESIFOCVYTVQSDVWSYGI
ARNCLVYGENHLYKYADFGLSRIMTIGDT - Y TAHAGAKFP [KWTAPESLAYNKFSIKSDYWAFGY

H I 1
WEIF SLGLHPYPGILVHSKFYKL KQGVQMQQPAFAPKNIYSIM 1
WETATYGMSPYPGIDLS - Q¥ YELL EEDYARMERFPEGCPERYYELMRACWQWNPSDRPSF 1.

1
QACWALEPTHRPTFQQ
AE
1

1 i L El

HQAFETMFQESSISDEVEKELGKRGT
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TAHADEKEAL MSELKI MSHLG. HENI VNLLGACTHGGPI LLVI TEVCCYGDLLNFLRRKRPPG  t
[11 i DEFLAI DLEDLLSFSYQYAKGVAFLASKNCI HROLAARNI LLTHGRETKI DFGL
EYSYNPSUNPEEQL SSRDL L HF SSOVA9 GVAFL ASKNCI HROVAARNYL L TNGHVAKI GDFGL.
111.1.1.11 1

ARDI KNOSNYVVKGNARL PYKWVAPESI FNCYYTEESDVWSYA FLVEELFSI . GBSPYPGWPYD:
ARDI MNOSNYI VKGNARL | DVKWVAPESI FOCVYTVQGBDVW\SYG LLVEI FSI GLNPYPG LVW

li; | SKFYKM KEGFRI\/LSPEHAPAEIWDI VKTCWDADPI KRPTFKQ VQLI EKQ SESTN
5KFYKLYKDGYQVA| ﬁ FPRA BRPTFQQ CSFI QEQAQEDRR 20 CKI T:
human CKI T ( SEQ fﬁﬁé‘m&f* IDNQ#an SCF IR (SEQ ID NO 3) CSF1R

I nhi bition Assay Conpounds were assayed as inhibitors of PDGFR in a
manner substantiml | yeRBSIimlar to the net hod descri bed by Invitrogen

Gal [forn o &b st nf TpReoR pe R LRRE AR UE pfF50 M8 reauced,

sim | ar bi ochemwiab thaggaystrudihee oPXlo@ER biyRd (FAVB)) aya tiyplate (pdPeage CRY).
The homology model was built using the Build Homology module in Discovery

Studio using the ABL-¢KIT alignment shown. Then, 14 substitutable positions on

the nilotinib template (II-1) were explored in three-dimensions to determine which

10 could be substituted with a chloroacetamide warhead to form a covalent bond with

the Cys in the binding site. This constraint left one template position (Ry;) and one

Cys (Cys788).

H H L 1 ] L.

H 1

L:G(n’ 5 NN‘IVYIDPTQLPVDHKWEFPRHRLSFGKTLGRGRFGKVVEﬂTAVGLIKSD:RAMTVAVKMLK?

ABL -GAMDPSSPNYD-KWEMERTD! IMKHELGGEGRYGEYYEG - - - - - VWKKVSLTVA’I'KTLKEy

" 1 a i 1 4 1 L i)

CRIT sﬁHl'lEREN!.MSELKVlS_VtGNHMNIvNLLGﬁCT[GGPTL?lTEVCC\'GDLLNFLRRKRDSFL\

8L lPT‘--MEVEEF’LKEARVHKE{K'HPNIVQLLGVCTREPPFY[]TEFMTYGNLLDTLRECNR Q
1 . ) 1 1 ) i

CETT ALDLEDLLSFSYQVAKGMAFLASK NC!HRDLAARN]LLTHGﬂ.]TKlCDFGLARD]KNDSNYV"I'

ARL E¥SAYYLLYMATQI SSAMEYLEﬁ NF]HRDLHRRNCLVGEHHLUKVADFGLSRLMTGDT YTA

: by ! ) 1 ! I L 1

AT KGHNARLPYKWHMAPESIFNCYYTFES DVWSVGIFLWELF LGSSPYPGMPYDSKEFYKMIKEGFR:

S HAGAKFPIKWTAPESLAYNKFSIKSDYWAFGYLLWEIATYGMSPYPGIDLS-QVYELLEKDYR-

i L I . ! : 1 1 i

T MLSPEBAPAEMYDIMKTCWDADPPLKRPTFKQIVQLIEXQISESTN--------v---- E

im_ FERPEGCPEKVYELMRRCWQWNPSDRPS AEIHGAFETMFQESSISDEYEKELGKRGT l

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

Synthesis of Compound 3
Fs H
N\n/\CI

Ni N 0
spoa

=N
a
N

Scheme 3-A
-4 -



- 69 - Mxture was prepared in 50 mM HEPES pH 7.5, 0.01% BRI J-35, 10
mM MyCl12, 1 nM EGTA. The final 104 Ki nase Reaction consisted of 0.2
-67.3 ng CSF1IR (FM5) and 2 pM Tyr 01 Peptide in 50 mM HEPES pH 7.5,
0.01% BRI J-35, 10 mM MyCl12,1 nM EGTA. After the 1 hour Kinase
Reaction incubation, 5 1il., of a 1:128 5 dilution of Devel opnent
Reagent B was added. Compound | showed 72% i nhi biti on agai nst
CSF1R at | OpM and Conpound 2 showed 89% i nhi bi ti on agai nst CSF1R at

| 01.1.M Mass s ectra anal ysi s data 10 specfral analysis

used to determn of Cofourid ao%g a nodlwpr%r@%

R CSF I R (0.09 1) was |ncubat UNGNKe, M/\551 7) for
3hrs at 10X excess prior to tryptic digestion. | odoacet am de vgas used
as the al kylating agent after conpound incublation. For tryptic
digests, a 2pl aliquot (0.09pg/pl) was djlytled with 10 p.I of 0.1%
TFA prior to mcro C18 Zip 15 Tipping dlrﬁctly onto the MALDI target
usi ng al pha cyano- 4- hydroxy cinnanmic acid“ag the matrix (5ng/nl in

0. 199FA: Acetonitrile 50:50). For trypti'c digests, the instrunent

was set in Reflectron node with g extracfidp setiti ng of 1800.
Cal i brati on was done using the a§l’eC§/\La*bs PEpTM t ahdard

(1046.54, 1296.69, 1672.92, 2093Y09; 7465. 2@® . Fbr PSD anal ysi s
the 20 peptide was sel ected usi cursors to s ion gate timng and
fragnentation occurred at a | asew=Npower about % hi gher and He was
used as the collision gas for G;ltDmanId bration for fragnents was done
using the P I4Rfra%mentat| calibration for the Curved field

Refl ectron. Dat Zb¥Ee-NsELMVALCRGO 4t lfﬂé’)PWp[PMé“ thgelstelyy 1okE) | R
identified it cOaOHMEOHN, refiidcosporati ng the Conmpound 2 nodification

518.17) also 2 fied the.target peptide.e t ed . NCl

5342. 31+)518. 17= 1%&9 gjf’ a58iod gl %ﬂﬁ‘?‘?éﬁ”ﬁ%&ﬁ@g MROLIR § a“‘)g:"\s{Hg
alnial ysic s of gh![ srflolr)e\ta‘s kdiled sOrgNHNO{ 13160), WDowgcab;eS@fa_@q&gsb;ufwraq’rmmtamldeo f
allow for a da i 0
this peptide. 8 #%pr@s%twﬁ%ﬁ%%s J\m Aéédcagggép glr%%t he
x-ray conpl ex ofeqgdCeTo ud’qdolnd)Pliemtateﬁlqyt (Nb@bcmélé’lltiffdm)fﬂsw ‘d@sethrlbed

above, a honol ogyHDER mQ f@ﬁyl kemaa%ﬁ) ﬁqlém%oane9q9%1v£&9%ﬁéspm&g

generated. The honpl og built usin
guanidine eﬁll g g 76 5%) as a hght 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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Honol ogy nodule in Discovery Studio using the cKIT-ABL alignnment
shown. 5Then in three-dinensions, the 15 substitutable positions on
the imatinib tenplate were explored to place an acrylam de warhead to
forma covalent bond with the Cys in the binding site. The

met hodol ogy identified no tenplate positions or a suitable Cys that
could be nodified. .II1.111I.

| GNNYVYTDPTSL PY% EPANRL FGKTL GAGAFGIQNEATAY%I KSDAAMTVAVKI\/L KP.

- - - - GAMOPSSPNYD- RIATERRY VEESPOEEGIKRYELAVRIH REHH (H~-4)

5. 9HLTEREALNELKKM&X&GNMNNMMN&E&M@EHGﬁPﬂﬁﬂﬁHﬁKﬁﬁ&Eﬁﬂ&EﬁRR&RB&H&%%
DT- - MEVEEFLr EAAVNKEI K- HPNLV(Q_EY azeo%zPPFYLHaIiEFN"—Y LDYHQII?&)UI%) t9 get

1i 1i.1 watef was remove ic dis on over Loluene

ALVLECQOLL5FSYQVAK@ked AsKIED. Hig B &l ARdRNYdLib W HERI. THKINRHOMERDE KINDOSNVG

101 111 KC SW&“F%NE%@@&%@@@%%&&%S%&%

CM KEGFR (m, 2H), 8.26 (5, lH) 8.57 (d, J = 6.84 Hz, 1H), 8.64 (d, J = 10.28 Hz, 1H), 8.70-

| SALAPESUCOE SiCSIA {m | AFYGHERYRE Dha YVELLRSRNR drk -
Er

VERPEGCPEKVVEL NRA@%QWQ@F@%@A rseslee@mwa get tesgsteri9fi man
CKIT (SEQ 1D NOIht)enﬁaiate O R B4 (IPRR hiAndQufified BEXIY Ehrdmatography

Irreversible Niloti
10 (81102, éO 120 mesh, MeOH/CHCI; : 10/90) to get the ester of Intermediate C (0.54

g) as a yellow solid.

Scheme 3-B

OaN CF
2 U 3 Stﬂp"l 02N\©CF3 SteE_z HzN \©:CF3
a
NH; b N(Boc),

N(Boc)z

15 a)(BOC)0, DMAP, E;N, THF, b) H,, Pd/C, CH3OH

Step-1: To a stirring solution of the nitroaniline (0.15 g, 0.7 mmot) in THF (0.3 mL)
was added EzN (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;SO,,
filtered and concentrated under reduced pressure to get a crude mass. The crude
product was further purified by column chromatography (SiQ,, 230-400 mesh,
Hexane/EtOQAc : 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 (H,, 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,

- 76 -



Nilotinib is a potent reversible inhibitor of ABL, cKIT, PDG-R and
CSF IR kinase. Using the structure-based design al gorithm descri bed
herein, nilotinib was rapidly and efficiently converted into an
irreversible inhibitor that was shown to inhibit cKIT and PDGFR. 20
R Nilotinib template (I1-1) A ABL The coordinates for the x-ray
conplex of nilotinib bound to AN (pdbcode 5 3CS9) was obtai ned from
the protein databank (world w de web rcsb.org). The coordi nates of
nilotinb were ext7réat BHNMRACEEPD 108 Miilz) SQyren)r b6 GuESHWEBH6137 20, 1H),
angstrons of nilodsid-A, n bound to ABL were identified. Then, 14
substitutable positions ' on the nilotinib tenplate (11-1) were
explored in three-dinensions to determ ne which could be substituted
wi th a chl oroacei.gedecwar head to forma 10 coval ent bond with the
Cys in the binding ﬁite. The net hodol ogy identified no tenplate
positions or a syjtable s that could be nodified B. PDGFRa A

honol ogy nodel df P al pha ki nase (Unjprot code: Pis23a) NEER15
produced using t & 1 ay &t € of_nftgiini @EiEL as a
tenpl ate (pdbcode~3CS9)." The Oggy nodel 10 using the Build
Honmol ogy nodul e YN Di scovery Studi'6”usi ng the ABL- PDGFRa al i gnnment
shown. Then, 14 substitutable positions on thg filotinib tenplate

(11-1) were exphgmedes G three-dinensiéfﬁgpa’de m ne whi ch coul d be
|

substituted with a warhead to form a covalent bond with 20the Cys in
the binding site. The nethodologycﬁggntified one tenpl ate position
(R11) and one Cys (Cys8H) ca&p of formng a covalent bond with a
chl or oacet am de war he , Whi ch contains a chl oroacet am de
at Rl I, was synthesi

[ 5
5 ~N  Intermediate D

a) HATU, DIEA, CH;CN, 85 °C, 16 h, b) TFA/CH,Cl,, 0 °C to rt, 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

{o room temperature,

To a stirred solution of Intermediate D (0.1 g, 0.22 mmol) in.THF (10 mL) at

0 °C was added E;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,SOy and filtration the
EtOAc solution and was concentrated under reduced pressure to give crude residue,
which was then purified by column chromatography (Si0,;, 60-120 mesh,

CHCI3/MeOH : 9/1) to give III-14 (50 mg, 43%) as a pale yellow solid. I1H NMR
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il.

; GNEYI PPDPNQ PPD5RVWEFPRCeLPI . GRPI GG GPFCKPPEGTAYA . SRSQpy MKPAPKM KP
... . GAMDP55PNYD. KNEMVERTDI t MKNKLGGGQYGEPPEGYWKKYS  LTPAPKI LKE |
JARS5EKQPI . MBELKI MTNYGPHLNI PNLI . GACTUGPI PI | TEPCFPGDLYNyi NKNRD5Ft

M - - MEPEEPCCEPAYM ETK- HPNI VCI LEG . CTREPPFYI | TEPMTYGNI LOYLREGN !

; SHHPEKPKKELDI FG NPADESTRSYW L5FENNGDYNVDMGQAPTI QYYPMLERKEYSKy 501
PSLYDRPASYKKKSMLOSEYKNI LSDI NSEGYI LI DI . LSFTPQVARGVEFLASKNCYNROLA
RQEPSAPYL L YNAT Q(BBAVEY) ERNESHRDEA, 4. 30 (s, 2H), 7.42-7.48 (m, 4H), 7.73-7.75 (m, 1H),

ARNPI LANGKI PK B Iy ANES
AFI NG Y@NHLY%E%@SéW@@AMGEK% WAPE \%ﬁ: rJ>'<5 @%ﬁm

LVEI F5L GGTPYPGVNPdES H PNk G AR ARPOAS d,J=
LVEI ATYGVBPYPG Q@%bhﬁm@m&mﬁmmwm@m%m%ma Pl PE
QAFETI\/FQESSlSDEPEKELGKRGT PDGFRALPHA: human PDGF Recept or Al pha

(SEQ I D NO 2) ABL: human ABL (SEQ | D NO 4)
Target inhibition

The capacity of Compound 3 to inhibit cKIT or PDGFR was assessed using
the cKIT inhibition assay or PDGFR inhibition assay described in Example 1. The
data showed that Compound 3 was a potent inhibitor of cKIT (ICsy = 0.7 nM) and

10  PDGFR (ICsp = 9 nM). (Table 8)

Table 8. Compound 3 Inhibition Data

Target 1Cso (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-o (43 pmols) was incubated with Compound 3 (434 pmols) for
3 hours at 10X access prior to tryptic digestion. Iodoacetamide was used as the
alkylating agent after compound incubation. For tryptic digests a 5 pl aliquot (7
prmols) was diluted with 10 ul 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
(Smg/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-a. 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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C. CSF1R A honol ogy nodel of CSF1R ki nase (Uniprot code: P07333) was
produced 10 using the x-ray structure of nilotinib bound to ABL as a
tenpl ate (pdbcode 3C59). The honol ogy nodel was built using the Build
Honol ogy nodul e in Discovery Studio using the ABL-CSF1R al i gnnment
shown. Then, 14 substitutable positions on the nilotinib tenplate
(I'l-1) were explored in three-dinensions to determ ne which could be
substituted with a warhead to forma coval ent bond with the Cys in
the 15bi ndi ng site. ¥aes snestrilgoadyssgy cKdBmtthef firesehco neC ammopidad wasposi ti on
(RI) and one Q/ ekfbhRd. 759&(:1?%9 &1@1‘1"@1&%%;@0@%91&5\6%& &@ith Compound 3

chl or oacet am de war head

YTFI DPTQL PYNENVERBHMIIS G G arssss PAT A GG ERRben: Kpseeraanids was

. GAMDPS5PNYD- NVEIVERY e & %Egr@MMatielpﬁPﬁk estsa 5 pul
' aAMADEKEAL VBEL K| NBNLGONENTYNIT GACTEI GGRY1PI TEYCGY NFLISRIAP! - -
j OY- - MGYEEPL KENABRIOE I/PReL WeadiTespriBESpb e . PEERAr vt merrEdNn -

ROEVSAPPI LYVATQL BANEPL EMEL B A | 11 e oS W
. ARNPI LI NGKPAG @MEB%%@W%M%%@P ‘FOGYY7YQEDPVG Y6

- 2 AFI NGLYGENHO NYADFGSRpfTdEEF: Was AMNGARFh4Q/IpAREDk AMNKE T IKE I\ WESY

1L $i . o o .

NLVIEI F51 GLNPYPG TS RB RO Sy SRR S B A O Tt & A s TR e

0. LVEI ATYGVSRYPEhBienty BRVEolcEKNNRIGRREGEREK CYEMRAGIEY RRF DRREFAE
C5FI GEQAQEQRA | NOAREINRGES1 5 DEPEKE! GKRGT

c¢KIT Washout Assay
GIST430 cells (See, Bauer ef 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 FNN0Q11) 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 c-KIT enzyme inhibition in GIST430 cells after “washout”

at 0 hours and 6 hours.

Table 9. ¢KIT Wash Out Assay

Treatment Relative cKIT phosphorylation (%)
DMSOQ 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 Icinase (Uniprot code: PI0721) was produced
using the x-ray structure of nilotinib bound to ABL as a tenplate
(pdbcode 3CS9). The honol ogy nodel was built using the Build Honol ogy
nodul e in Discovery Studio using the ABL-cKIT alignnent shown. Then,

14 substitutable positions on the nilotinib terrpl ate (Ir-1) were

expl Or ed i n thr T TTL. JI UIIJ tU dCL CI III Iliag\llll \JII .LU CCU! d be

substituted with 6%\’"’8H‘Td roacet am de warhead’to form a coval ent bond
with the Cys in&tlmarsbvasidmmg site. ThIS constraint left one tenplat
p05| tion (R11l) and—one—Cys—(Cys788):

gritl YWI DPTQLPYDFI KWEFPRNFI LSEGKDLGAGAFA CVWEATAYGAL| KSPAAf r | i VAVKM K
P 1- - - -GAMDPSSPNYD- KNEMERT 01 |f I KHKL GGGQYGEVYEG

VWL(t YSLTVAVKI LKE olntel 3. swrgﬁw@ﬂr( V LS, Y1. 0111MNI VNL LGACT 1
GGPT LYIMCCYGDL | NF LRAKRDSF1. Irr --MEVEEF LI CEAAVMKEI K HPAI LVOL
LGY. Cl REPP FY Eli EFVI-636812 motot rme@kﬂnhlblgﬁpf T3 |naggy Bismphe structure-
LSFSYQVALS. GVAF Baseﬁ%b’d\gial al doFliRka c{eﬁﬁﬁ’éﬁl hetein VX-dgfolas réfidly GhldiiRieiRO

| C. NDS. NYVY 1EVSAYV 1, LYMATQ 5% . LEQ. KNE
| HRDLAARNCL YGENNICUIeUR128 e VsiF! RFLLP. 1)

KENAI | LMAWAPESI ENCVMESDYWSYd PI mWE FSL GSSPYPG\/PVDSKFYKKI KEGFR

D

.1111aKFP 1 KWAPESt . AYNKFSI KS GVLI . ATYGWBPYPA DLS- QVYEt
LEICOVR 11,121 IM SPEHAPAEI\?\ ADPL | ;;IKQ VQL1EI LQ $ESTN
/
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 FL'T3 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 (1RIB) and Aurora Kinase/VX-680
complex (2FB4) with 256 structurally equivalent positions with an RMSD of 3A.
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NERPEGCPEKVYELM SACWQMANP SDRPSFAE 1 11QAPETMFQESSI SDEYEK E L 6K RGT
15 CKIT: human CKIT (SEQ ID NO 1) ABL: human ABL (SEQ I D NO 4)

Synt hesis of Conmpound 3 20 CI Schene 3-A Internediate C a) NH2CN,
Et OH/ HCl, 90C, 15 h, b) DV DWVA, ethanol, reflux, 16 h, c) NaOH Et OH,
reflux, 16 h Step-1: To a stirred solution of the aniline ester (5 g,
30.27 mml) in ethanol (12.5 5 nL) was added conc. HNOG3 (3 ni),

foll owed by 50% aq. solution of cyanamde (1.9 g, 46.0 mmol ) at rt.
The reaction mxture was heated at 90C for 16 h and then cooled to O
C. Asolid precipitated out which was filtered, washed with ethyl
acetate (10 nlL), diethyl ether (10 nL), and dried to give the
correspondi ng guanidine (4.8 g, 76.5% as,a light pink so|lid which
was used wi treret f @f f"f%ﬁfﬂilﬂzﬂggfuc@w@aﬁﬂ?ps-—ﬁ@ﬁ@p«:@ruvﬁn&twmrzed sol ution
of 3-acetyl |pysidi e cbibrbntor Rdovs aibhm NGLIBLEVE S or mani de

di met hyl acetal (12.8 g, 96.00, rrrml) in ethanol (40 n) was refluxed
for 16 h. |t|was:thenr o %ﬁgﬁiﬁmmgﬁﬁ%nm@mtvﬁmmYumD reduced
pressure to |gei. a8 of eemiaste:dittcichokidhar Wb, eben Hesther (10 nl),
cooled to 0!C and 15filtered to get the correspondl ng enamde (7.4 g,
50. 8% as a jyetd owecks @dﬁ#hrme*cls@#md—w&: wae:suﬁmssﬁusnrmedwaa xture of
the guani di nendes i sabiailat o daBmaiBbn it a Hamnda Hetivat i ve (1.88
g, 10.7 mmol{) and NaOH (0,44 g, 11.0 mml) in ethanol (27 nL) was
refluxed at |[36wG: f oy sBriprLf e eattriconmin e wasqci-hen cool ed and

1111111311123211 11123113231311112333213222121333221231211323133113111111
Chain 2: €82 FELGVNPYPGIPVDANF YKL IONGFKHDQPFYATEEIYT INOSCUAFDSRKRPSFPNLTSFLGCQL

Chain 1: human Aurora Kinase (SEQ ID NQ:5)
Chain 2: human RAF (SEQ ID NO:6)

5 The homology model of FIt3 with VX680 identified six Cys residues in FIt3
that ar¢ within 20 angstroms of bound VX680 (Cys694, Cys695, Cys681, Cys828,
Cys807, and Cys790). Then, 7 substitutable positions on the VX-680 template
(Formula I1I-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

10 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 III-1 ——N

HN
s J\%
R
N
Ry
20

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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20 concentrated under reduced pressure to get a residue. The residue
was taken in ethyl acetate (20 nL) and washed with water (5 nL). The
organi ¢ and aqueous | ayers were separated and treated separately to
get the corresponding ester and Internmediate C respectively. The aq.
| ayer was cooled and acidified with 1.5 N HCL (pH, --3-4) when a white
solid precipitated out. The precipitate was filtered, dried and
excess water was renpved by azeotropic distillati ver tol ene
(2x10 nL) to gef"a PRIGFPRISING checoksdigses iffhe wahey B%ﬂvﬂ%i)’eqoﬁl“éwg‘éf’ FYOohH
NMR ( DMSO- d6, 4%1&&Bf)ed53y5reéxﬁwﬁn thebiddnd Ste. Sthfidard GetBifes (vdre wdeddn 19, 44
Hz, 114), 7. 53 760-7. 7 21 8. ‘s, 1H),
8.57 (d, J = lf‘"?ffid D?L’li’ﬁ““’s §a%ﬁdegsj&?,"”ﬁ“-"“iﬁf"§§’%ﬂ(z@c‘il?ﬁﬁs‘“é‘fc‘?és-q‘“g&78
(bs, 111), 9. 15 ves.L. 7lmpccﬁyﬂﬁc)(psqtoc§zl-f))t mdltrelapdygamice simplptiast Thwas
washed with hri

reduced pr es?ur egc{ré]gatm d@ﬂh&ﬁ'@%&fgﬂ% g‘?% g?’ gﬁgkg@&ggﬁgﬁé ggdl d.

It was further pfmd&meajthbywbmm#ﬁnaems@maagrr aphy 10 (8102, 60-120
resh, NeOH/ CHOS - 10 Qhnilicy Dtk Bodithe(r, Ol b kONIRA Akencl; (0. 54 0)
as a yellow solid. Schene 3- a) (BOQ) 20, E\tﬁN THF, b)
H2, Pd/ C, CH30OHse838- (Lablyd0d hg%eut@mlﬂr‘ﬁfogl Pliitwc&rfulafct f%eﬁ*ﬁ 1eB%Ai 1 i ne
(0.15 g, 0.7 mméo)nréd'thz;f W2 abiQlaideken ctmfproﬂﬁﬂeﬁll(ﬁie%r(eﬂ)b&&edﬁthe candiBie

nmol ) and DVAP (Q..05 g, . 0.44 nm wa

(0.33 ., 1.5 rtpr %ﬂ&yfgﬁg’ W@d‘%“"i&’ﬁ&ﬁé@“&?ﬁd@@g‘e to ref‘"ln %Sm;’?%usfn r 5
h. The reacti on astaxdact! @olv@br dynenice simbiedhn. dhis vensghiniviahsuFedssigilys ) and
washed with brin The rgam r over
Na2sO4, filter edamﬁdi tlE;:%)rlllcen I?OS':% % ?23‘%@%&%%2@5&%@91{&3%3&9%
crude mass. The Repositenprogutesiigds further purified by colum

chr omat ogr aphy (Si 02, 230-400 nesh, Hexane/EtOAc : 8/2) to get
correspondi ng di-Boc protected ani Line (0. 25 g 88% as 25 a whjte
crystal line sol|iT#bd® ch was taken for next step wi t hout further
purification. LPP%—,ﬁcﬁf A SRkl qMDiRe: RERTHCT EACABIIBE FrhedD| 0,
0.62 mmol ) in (5 m) was hydriogenated (H2. -8B Kg)-—over10%Pd/ C
(0.14 g, 0.13 mibl) at 2pC for 12 ﬁﬁ’ofﬂe reactlon m xture was ppssed
t hrough a shortggad of Uegtbﬁ(e@aggon@ﬁhrat ed undel reduced pressure to
get the corresponding aniline ec n—of-f-—whi-te—soeld-(6-318—¢g—F7. 6% .
1H NVR (CD30D, 480 M) BSESf<h 1. 36 (s, 18 H), |6.84-6.87 (m [H),
6.95-6.97 (m 2K),. Scheng 3-C 5N Ir’(hlerrredi ate D | Yes

Rs OK No
Rg oK Yes
Ry OK Yes

15
Synthesis of Compound 4

=",

Jo—

Step 1.4,6-dichloro-2-methylsulfonyl pyrimidine
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a) HATU, DIEA, CH3CN, 85 C, 16 h, b) TFAICH2C12, O0Cto rt, 3h Step I:
Coupling of Internediate C with diboc protected aniline in the
presence of HATU, DIEA in acetonitrile can provide the correspondi ng

am de Step 2: Deprotection of the Boc groups to give Internediate
D can be acconplished 10 by treating the am de with TFA i n nethyl ene
chloride at 0 C and then warm ng up to roomtenperature. To a

stirred solution of Internediate D (0.1 g, 0.22 mmol) in TI IF (10
m.) at 0 C was added Et3N §0.033 g, 0.32 mmol) under N2¢i Chl or oacet vyl
chloride (0.029 g, 15 0. nmol ) gedi dr opwi se w stirring
and the reaction m xtuge al Fowe cone +e—+eom r}tnp rature and
was stirred for 12 h. The Nea€tion m Xture was concegfrafed under
reduced pressure to give a residue, which was taken®i ® Et 0Ac (10 mnl).
Thi s sol ution wesS-Righlaec-tuicthltvigpeaidine 224z 0.123md]) aedissgivebin S00ndpér  was
agai n extract ed @i,eh, FuBAGm . I j

conbi ned and 20 were Wasﬁg(;Il(]%\A’aﬁ]’gﬂ_(r%ceg;ra?1 nhéag_ghlﬁo?@x%{%%c%é@ﬁé'%moé)ver
Na2SO4 and fi | t 4 Pdied slpwly i ppssiod off 40min rf harractina :bdwn varired ot binder
el et s s s i e
col um chr omat ogr a (S 02, - _esh, .9 0 give
111- 14 (50 nyg, g‘%‘@/ég‘géféé é‘abea“l’aé “@ﬁFﬁg Bl @Bir3ief 2a49quiNNaR L way dried ove\EO. d6)
5 PPril: 2.34 (3VeS¥hl)and aBen(ftere? HRemokake? salvehBunden vadknh, yiclded 8bott 242 (M

1H), 8.05-8.10 H. 8 24 (d ] =2 1H), 8.29 (s, 1H), §.43
(5? J = 8.04 Hz,("%%ﬁg%’."?2““?'&%35@%%?'711%%%&‘?5%%@ 8. 67 (dt(j,s Bl
4.76 Hz, 1H), 9.St@ % Ert-Bul N-@-reeapidphedylycabandtz. 11-1), 9.89 (s, 1H),

10.50 (s, 1H); LCVMs: mle 541.2 (Mrl) 5 Target inhibjtion The
capacity of Conpound 3 to _iwbiNi,t cKIT or PDGFR ed using
the cKIT inhibition assay PDGFR (Pe¥hPbitien as dgscnrbed in

Exanpl e 1. THe data shd¥édthat Conpound 3 wa® a potent inhibitor of
cKIT (ICso = 0.7 nM and 10 PDGFR (1C50= 9 nM. (Table 8) Table 8.

Conmpound 3 I nhibjtion a Target 1Cso |le cKIT 0.7 PDGFR 9
P J—Am?noth%%}menol (25g90.2mol) was dissoived 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 NalHCQ; 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 MgSQO,, 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. Terr-butyl 4-(4,6-dichloropyrimidin-2-ylithio)phenylicarbamate

5 OINE\CI ' HS/©/ ll/ 7< T >I/ \(ll/ \Q\S/“\N/ Ci

s

0

A mixture of ferf-butyl N-(4-mercaptophenyl)carbamate (5g, 0.022mol) and 4,6-
dichloro-2-methylsulfonylpyrimidine (5g, 0.026mol) in 150ml of ;-BuQH was
25  heated at reflux for 1 h and then NaQAc (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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PDGFR Mass Spectral Analysis 15Mass spectral analysis of PDGFR-cc in
the presence of Conpound 3 was perforned. PDGFR-a (43 pnols) was

i ncubated with Conpound 3 (434 pnols) for 3 hours at 10X access prior
to tryptic digestion. |odoacetam de was used as the al kyl ati ng agent
after conpound incubation. For tryptic digests a 5 Rl aliquot (7
prols) was diluted with 10 Rl of 0.1% TFA prior to mcro Cl8 Zip
Tipping directly 20 onto the MALDI target using al pha cyano-4-hydroxy
ci nnam ¢ acid asvasHissahge #1 sthyt asggiendiheiorganic phapekas Aaslied sirecsssivey Bk 50) .
The tryptic di gesitovasuphatd/szRsidd¥qEBsNENeat daete MJSHALRYE witn

Mass spectral anglysis of 't trypti. i gests s. consistent wth
Carmound 5 hei adtiabdeaRta o B e asBest s g Brf Faoe Rl (k1 o

7) MS/ M5 anal ysisslidf the 25 tryptic digests confirmed presence of the

Conmpound 3 at; Cyg814... c- Kl T, Ma Spectral Analysis . .
spectr al analsysisigpo %FIIEIQFI?%B Oéog?%@gtﬁ%é%ﬁr%%n%gﬁmnﬁo)gng%§s
perforned. Speciithigph¢nylcatbarktT ki nase (86 pnobls) was incubated with
Compound 3 (863 pnols) for 3 hours at 10X access prior to tryplguj,_q,
di gestion. |odoacetam de was used as the alkylating agent afterj >

conmpound i ncubation. For yptic digests a 5 pl 5 al gquot (1aNpndl s)
was di | ut ed~wothN | of -, 1% TFA g/-Nor to m%goﬁil Q. Ti pping
directly o the I/tl\ar/ et ‘usi ng@ma cya -4-Ohy cli nplam ¢
acid as the matTix 39/~ Ton 0.MNATFA: acetonitrile 50:50)8" N C The
tryptic digest was anal yzed by mass spectroneter (MALDI -TOF). Mass
spectral anal ysigsoftioh Bred-bpl4-@, 60k BRSSpFiMAR- LA )SHeStarbiik A (Gompound
3 being 10covalently hound to c-KIT protein_at two target cysteine
resi dues Cys¥88 YifEf™ )3—aﬁtaylr5~@g%b’érpxrﬁ%°ﬁ@ﬁ)7mgnqé*ﬁm%shout Assay

G ST430 cel | s ( Stisyprdpgledylagine gdl.87mEAnciatal R8$ear CIPAme6() 18) mPAFTMPO 161

15(2006)) were seeded .in I l.ate at a.densit 5

col orvel 1 and crantd it o HonSBb aiestarrpait f ebafiBe nedi a
for 90 m nutes tdeate)@etorgaly phodé tvey wdlledRudaessiedy witheataieald satwatsd r enoved
and cells were h it h -fre i I e

every 2 hours a\r%g&ro gsg\lljés@pl)’e“rr]a grg&%%gr;}g%sfscﬁ’ %18 %gﬁ%%ﬁl&fégéﬁ% Flzf.fg\@epﬁg
were col | ect Bd arcwmedsidel ebput | 29engrdicrtisprodugts which was@atifiedbytsiligegdion 20

Buf fer (Invitrogem, ERNORLLhe Hﬁ@él@m&%e%lé&nﬁgﬂl‘@ conpl ete protease
i nhibitor tablets (Roche 11697498001)" and phosphatase inhibitors

(Roche 04 906 83rerdo I Adny! 4-Gunctiut-Ai-rppet-eivkmineg Gidmilsivirgrasied i n
each | ane, c- Kl §nphesgioryhaipheiicadsmassayed by western blot with
pTyr (4610) anti body and total kit antibody fromCell Signali ng,
Technol ogy. The results aref icted in Table 9 where it is

t hat 25Conpound 3 mai nt ai Rg”¢KI T enzyme inhibition in G Sk cells

after "washauty_afl 0 hours)%ild 6 houxgs- ow_N N
% \g/ SJ\N/ cl+ H@ o >( 21}/ \©\s r‘(r::LN/ﬁ
NN

A mixture of tert-butyl 4-(4-chloro-6-(3-methyl-1H-pyrazol-5-ylamino)pyrimidin-2-

20

ylthio)phenylcarbamate (61mg, 0.14mmol)} and ! ml 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 MgS04, and was then filtered.

25  Removal of solvent in vacuum yielded about 68.2mg of crude product as light
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Table 9. cKIT Wash Qut Assay Treatnment Relative cKI T phosphorylation
(%9 DWMSO control 100 Counmpound 3 O hours washout 11 Exanple 3.

I rreversible VX-680 VX-680 is a potent reversible inhibitor

of FLT3 kinase. Using the structure-5based design al gorithm descri bed
herein, VX-680 was rapidly and efficiently converted into an
irreversible inhibitor of FLT-3. HN t:)__k HN VX-680 The bindi ng node
of VX-680 to F1t3 was g“{therm ned |nferenc§ fromthe 10 binding
mode of VX-680 WITTH PH EF‘&P%H*“E{ by sificpes] £0&0 EQachprigngsitg gived9.5 me
structure of tha;fﬂmmﬂéanﬂﬁomaismsmnrﬂf)emmbth VX- 680 has been

determ ned. A h del usi ray
structure of Aurork é)%yﬁg%o’ém pB%&@@ﬁ%ﬁt?ﬁﬂgW?lﬁneﬂ 8 éq)f(ﬁ nodel i ng
conponent i n AcgedtinyripeBizgeloxipyymBintidinaing Di scovery Studio v2.0. 1. 7347,
Accelrys Inc). The alignment u%%d for the nodel buil ding based
15upon the structural alignnment of\ he x-ray conpl exes of)T and
Aurora | cinase. The h' gh strumtur | simlarity betweenui &%e two
proteins, and t% ' y of the bindim itions
further supported t 1y del i ng—stTat 69@8 t ur al
al i gnnent bet ween n /\u|r ora Kinase N N/\l

5 N\ N\

A solution of fert-butyl 4-(4-(3-methyl-1H-pyrazol-5-ylamino)-6-(4-
methylpiperazin-1-yl)pyrimidin-2-ylthio)phenylcarbamate (44.5mg) in 5 m! of
MeOH was treated with 2ml of SN HCL. When TLC was showed that no starting
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
MgS80,, and was then filtered. Removal of solvent in vacuum gave about 32.1mg of
the title compound. "H NMR (300 MHz, DMSO-ds): & 11.68 (s, I 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-
yDpyrimidin-2yithio)phenyl)acrylamide

ﬁ e 4o ﬁl
K/N\

Acryloy! chloride (6.85 mL, 7.33mg, 0.081mmol) was added to a solution of 2-(4-
aminophenyithio)-N-(3-methyl-1H-pyrazol-5-y1)-6-(4-methylpiperazin-1-

20 yDpyrimidin-4-amine (32.1mg, 0.081mmol) in 3 ml of CH,Cl, at 0°C. After 30 min
the reaction mixture was diluted with ethy! acetate. The organic phase was washed
with NaHCO3 solution, saturated aqueous NaCl solution, was dried over MgSOQ4,
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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conplex (2FB4) with 256 structurally equival ent positions with an

RVESD of 3A. Chain 2: 230

PNYMEMERTDI 7f | KI LI LLOCCOYGEVYEGVI OCCRMLWAVWSLKEDI NEVEEFLKEAAVI | KEI -

%111%%1111111111111111111111111111111111111111111 1111111 1111 Chain
5

EYOLKYEFPRENLEFG NLGSCAFGKVI VATAVG SETCVSI QVI VKI | LKE- - - - REI LNSELKMMIQ

LG Chain 1. 296

KHPNLVQLLGVCREPPFTI | | EFMTYGNLLOYI RECNKEVNI VWLLTMAT. 3155AVEVEMNFI HRD

Biochemical Testing

Compound 4 had an IC50 of 2.2 nM for inhibition of FLT3 phosphorylation
in the FLT3 biochemical assay. VX-680 had an IC50 of 10.7 nM in the assay.

FL.T3 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, Carisbad, CA, world
10 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
15  stock, KBO02A) and 0.2 mM DTT (DS001A). 5 pL 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-
20 90 seconds for 60 minutes at hex360/Aem485 in a Synergy” plate reader from BioTek
(Winooski, VT). At the conclusion of each assay, progress curves from cach 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
25  vstime (minutes) and then plotted against inhibitor concentration to estimate ICsp
from Log{Inhibitor] vs Response, Variable Stope 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 uM (ATP Ky, = 61
30 M)
[FLT-3] = 15 nM, [ATP] = 500 uM and [Y5-Sox peptide] = 10 pM (ATP Kygopp = 4700M)
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1 Chain 2: 670
SHENI VNI LGACMSGPI YLI FEI TCYGDLLNYLRSKREKFLTTEDL L CFATQVANGNEFL EFKSCVHAD

Chain 1: 364
LAAANCLVGENHLVKVADFCLSRLI UCDTY- TAPAG XFPI KUTAPESLAYNXFSI KSDVVI FOVLLWE

I 1111111111111111111111111111111111111111111111111111111111111

Chai n 2: 812
LAARNVI VI | | G NVKYIEBSpeesraiSESNYVVRGNARL PVYVNAPESLFEGQ VTI KSDVWWB YA LLV

El Chain 1: 433 Flt3 was incubated with Componnd 4 for 3hrs at 100X excess prior tot th
AT7GVBPYPQ DLS- q\/ges ion. L_}cl)%ga\élgtamlge was use é Lhea ky iatm age e?cl::o'rb\nl}zaloun 1ncu atlon ' For

tryptic digests a Sul aliquot (7 pmols) was diluted with 10 ul of 0.1% TFA prior to micro
5  CI8 Zip Tipping directly onto the MALDI target using alpha cyano-4-hydroxy cinnamic
acid as the matrix (5mg/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
10 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

15 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)
proteasc. Using the structure-based design algorithm described herein, boceprevir
20 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
25 boceprevir were identified. This identified five residues Cys16, Cys47, Cys52,
Cys145 and Cys159. Then, 4 substitutable positions on the boceprevir template
(Formula 1V-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
30  dimensions onto the boceprevir template (Formula IV-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.
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11112111211212112121212121212121211212122112121221121212111212121121121111
Chain 2: 882

FSLGVNPYPA PVDAWYKLI ONGFKMDQPI YAMEI VI | MOSCUAI DSRI MPSFPNLI SFLOCQL
Chain |I: human Aurora Kinase (SEQ ID NGO 5) Chain 2: human RAF (SEQ ID
NO 6) 5The honol ogy nodel of F1t3 with VX680 identified six Cys
residues in F1t3 that are within 20 angstrons of bound VX680 (Cys694,
Cys695, Cys681, Cys828, Cys807, and Cys790). Then, 7 substitutable
positions on the VX-680 terrpl"a«ye (Formula I'l'1-1) were explored in

t hree-di nensions to determne ich cauld be substituted with a
war head to coval ent bond WI e wdentified Cys residues 10
in the FLT3 binding site eagls re built in three dinensions

onto the VX680 tenpla %@( oSCOVéTy Studi o, and the structures of
the resulting corrpouri*d re checked to deternine if the warheads
could reach a Cys in the bindifhg site. 15 20 Forrmula I11-1 I n order
to sanple the flexibility of Fhguwavheads and the side chain
positions a standard nol ecul ar dynam cs sinul ation of the warheads
and side chain positions -81 - was performed, and checked to see if
t he warhead was W t hinpréer arsgapie Givglexibiligy the fvathbals prgighd sideicain fysgions

residues in the Bl AdhRdq3 s araHARLR dnifibd SMOFiNSE e UaHEhal Ml
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 ICsq_app of 1.3 pM in a biochemical assay (HCV Protease FRET Assay )
and was shown to inhibit HCV replication in a replicon cellular assay with and

15 ECS500f230 nM.

Table 11

Position | Placement Distance to CYS | Can Bond be Formed
R, OK No

R, Steric Clash Clash

Ra OK Yes

R4 Too Far

Synthesis of Compound 5
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St andard Dynam cs Cascade Simul ations protocol of Accelrys Discovery
Studio v2.0.1.7347 (Accelrys Inc) protocol for nol ecular dynam cs
sinmul ati ons. The 5 coordi nates of the non-warhead positions and the
Cys mai n-chain atons were held fixed during the nol ecul ar dynam cs
si mul ati on. This identified 3 tenplate positions (R4, R6, and
R7) which were near Cys828. (Table 10) These tenplate positions were
subject to a final filter that reqU|red that the acryl am de reaction
product could be forned between the candldate 10 i nhibitor and
Cys828, which involved form ng a bondséf | essqothan 2 angstrons using
a standard nol ecul ar dynami cs S|nula1£f3mnfﬁ i 3 _caistraint was
successfully satisfied for all threge ppsi Conmpound 4, which
contai ned an acryl anmi de at thggﬁgggbsrﬁhdh A %ynthe5|zed Tabl e 10
Posi tion Placenent Distance frt siCan Bond[bke Formed Rl Too Far
R2 Steric dash Cash R3 Steric Claigﬁv/

=

o

Compound 5

Compound 5 was prepared according to the steps and intermediates as
5  described below.

Scheme 4-A
DH
HaN NH;H‘\/ u'\‘__’/".
\/ H
\/ . % \)Y"HI 4N HO " N\/l»\”/mi;
—_— 5
CH/ " HaTy, DIEA boc © H:J Ha © ﬁ
BOC 8 BOC O ab 41
Ha Mea
M ¥
OH n H o
AT, DIEA Qr NHz \/L N N
H H
H 4N HE H. _N o ]
PP Sl e )
T "
o L He Je
|

M

\/‘ a\/Mu
NH; Pess-Hartin H
>( \/g ¢ Perlod'“;]e/:jll/:vk o °
H [+]
P oy
= af
o)\/ Compound 5

Step 1: Intermediate 4a
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RA OKYes R OKNo Rb K Yes R7f K Yes 15 Synthesis of Conpound
4 MN Step 1.4, 6-dichloro-2-nethylsul fonyl pyrimdine

Me
\/

e
OH
N
4&0
o
[ ]

A

To a solution of (1R,2S,5S)-3-tert-butyl 2-methyl 6,6-dimethyl-3-
azabicyclo[3.1.0Jhexane-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 at rt. 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 HCl 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

Me, Ma

DEN=

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 NaHCQ; and brine. The organic layer was

20 separated and was dried over Na;SOi. After removal of solvent, the crude

product was subject to chromatography on silica gel (cluents: 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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- 8 - CICBH CINCI 0 O 4,6-Dichloro-2-(nethylthio)pyridine (24g,

0. 123npl1l) was di ssolved in 500m of CH2C12, under stirring and ice
bat h. Met a- ehl or oper oxybenzoi ¢ acid (about 0.29nm0l) was added slowy
in a period of 40 min. The reaction m xture was stirred for 4 h, 5
was diluted with CH2C12, and was then treated with 50% Na, S203/ NaHCC3
solution. The organi c phase was washed wi th saturated aqueous Nad ,
was dried over MgSHM, and was then filtered. Renoval of solvent under
vacuum yi el ded aBepd: IRdomaliatéde titl e conpound as a |ight purple
colored solid. Step 2. Tert-Butylw N« 4-mercapt ophenyl)carbamate 10HS
NH2a N O + (Soc)20 HS 4- Am not hi o}{henol (259, 0.2nol) was dissol ved
in 250nl of EtO0Ac. The sol ution wa

\coo| ed™wi th an ice bath and
di -t -butyl di carbonate (48g, 0.22n0Y ®: dropwi se with
stirring. After stirring for |h, sdtugatéd HCO3 in water (200nl)
was 15added. The reaction mixture Was sti d for overnight. The

organi ¢ phase was washed with water, saturated aqueous NaCl sol ution,
was dried over MjSO4Theametueeitont sten2 {0.40 €N @demdRenRvidsoladd i95G@NY &

sol vent under v umyield about 68q. of ve]l.o il, ich S
treated with hei}g(;\iem td%){)x?ﬂe‘e?gﬁ QB‘S‘{},‘? WEDg G a%/ HL f?r},\i[ F‘@"'c‘%&%dﬂﬂ?ﬁ'\gg a
yel | ow spl id.5 ZGStv.eps., 3:10:ﬁe[r DGMWDCM was poured in followed by evaporation to
4- (4, 6-dichlor ORIt Fllnipfn%éa\ﬂ BPb@QApJ&%XA ?O%B\QW &raporation was repeated

four times to give a residue solid which was used directly for the next step: MS
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,4. 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 de

-91 -



A mxture of tert-butyl N-(4-nmercaptophenyl)carbamate (5g, 0.022nol)
and 4, 6- dichl oro-2-nethyl sul fonyl pyrimdine (5g, 0.026nol) in 150ml
of t-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.

Sol vent was renoved under vacuum and the residue was dissolved in
ethyl acetate. The organi c phase was washed successively wth K2CO3
sol ution and saturated agqueous NaCl, was dried over MgSO, and was
then filtered. Removal of the sol venthyi'el ded about 5g of the title
conpound as yellow solid. 5Step 4. Tegft;- butyl o

4- (4-chl oro- 6- (3- et hyl - 1H pyr azol -5% o) pyriwai di n- 2-

yl t hi 0) phenyl carbamate NHN'-N A S NCHR A sol ution of
tert-butyl 4-(4,6-dichloropyri “Em/rl‘ . t*hi ojphenyl car bamate (100ny,
10 0.27mol ), 3-nethyl -5-am o+ 1Hpykazol (28L2dng, 0. 3nmol),

di i sopropyl et hyl ami ne (41.87ng), and Na&l (48.6ng, 0.324mol) in 1 ni
of DMF was heated at 85C for 4h. Foll o ng cooling and dilution with
20 rnL of ethyl acetBieerodudidronrstpni @5 plaatE mas) wesstwed vsilic 8 @dsifdel y
with water and ated aquepus NaCl ' V, d was
then 11 ter o0 ROHGURISSAZSRONE ettt ?gg”@%é%ﬁ“?%aﬁfé&“%%ﬁ? o my
of crude productef sabentse fved. goctionfof ©EMbyassiohied an éB‘PWf(dSU%’aPOYaUOD to
_Ete?ff‘(:{)n?;; la‘nes5) td?ynas.ehgs Igré&gs 95 D@ﬁeadﬁilti&lx ﬁ)llggwgpora%%ﬁ Rva® repeated

444- ( 3- met hy1- 11hupyiimesde ee g light bieyyn slid aodvaspedodifsethaler he pext step.
yppyrim di n- 2- ylyding) plaenyl+ery. bamate HN N ClI O r SNNTh

Step 6: Intermediate 4f

Y g

\NH

A

Acrylic acid (13.6 mg, 0.19 mmol) was coupled with the product from

- 10

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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HN44 HN, MN\ NCI 20 A mixture of tert-butyl

4- (4-chl oro- 6- (3-net hyl - 1H pyr azol - 5-yl am no) pyri m di n- 2-

yl t hi o) phenyl carbamate (61ng, 0. 14mmvl) and | M of nethyl pi perazi ne
was heated at 110C for 2 h. The reaction mxture was diluted with 20
nm. et hyl acetate. The organi c phase was washed with water, was dried
over MgSH, and was then filtered. 25 Renoval of solvent in vacuum
yi el ded about 68.2ng of crude product as |ight brown solid, which
was purified by sili Mesg@pctgmetyipanalysis PEHEY inpbeipresendyBt Civinpéund 5 4857 . 36.

Step 6. 2(4- Am nepoekl dsihi Qhe MIBwIBIMbeol: HCV NS34A wild type (oo s
met hyl pi per azi n_'lﬁ}{)le}%f%rl mdin-4-amne HN, \-N\ HN O LW'S N'N-Th
5¢c_Ask, A soluti8 B it %GII)W( fold access of Compound 5 to protein. 2ul aliquots

44443- net hy 1- 1H g1y hazehpli&s WeRNGRON - O 1001 of 0.1% TFA prior jo micro C4 .

met hyl pi per azj n- lﬁ yrimdi n-2-ylthi oﬁq%henyl car bamat e 844. 5ng) in 5
m of MeOH was t¥BHPREE WD 200 e SMLIELarephaviner Soapipis ssitowedha hat
no starting mat edebaption eiFkix €8mgin1en 0.8BCIFAK ebhikiil 5@sMRThinkdiinRe Wi th
et hyl acetate. Thae o[jqr?r]f;ﬂg%lrg?q%hase was d with NaHCO3, an

shed . h d
saturat ed aqueou¥ °N& Uiy B rPURES GATCiGTy SSipe thahd80 mider ed.
Rermoval of sol vembmyaglobimcasuhe gtanderdatb aualibr@2 tHengst@erith eCdnifated t6 @goound.
| FI NMR (300 Mz, : 8.(s..1 H. 9.65 (s, 1 9.25 (s,
1H, 7.60 (d, 2 r‘%‘?%ﬂ% Cﬁ%}’&*}d% fhgé’?"é‘iﬁn ?é",‘ba%i-“i‘)h,é%‘.Pﬁ%’st{e“i%),
2.38 (m 4 H9 2igdicinily topiefluce 2 0@ spavies Mhidh is ppBRinfas]y B7H)a hehBer
(MHHY) @ 397. 18. ] $i@Pprét d consi ith th
N- (4- (4- (3- Net hyl - 1+ pyr 820l 5oyl am no) - 6Tas Tet T et P 470%- 1-
yQpyr i ni di n- 2y1t hi o) pHaRFRatRlramf dompoundct oy b mbired e ¢BHES ni,
7.33ny, 0. 081mmpkqteaiti whtt €ls159 was SOkted to®Rr, Bhovwéd fiat Compound 5 did not

am nophenyl t hi 0) - NA3-net hy1-11-/-pyrazol - 5-y1) - 644- met hyl pi per azi n- 1-
20 yl)pyri ni di n-"4* hﬁ@“t"é‘%‘.‘ °‘¢8?.é081mm|) in 3m of CH2C12 at OC.
After 30 mnlthe reaction m xture was diluted with ethyl acetate. The

organic phase g, sl 4 NHOR Bl ORien 32k YRS, uE0US NC]

The single-chain proteoiytic domain (NS4A;,3-GSGS-NS33.43)) was

cloned into pET-14b (Novagen, Madison, WI) and transformed into DFI10B

cells (Invitrogen). The resulting plasmid was transferred into Escherichia coli

20 BL2I (Novagen) for protein expression and purification as described previously
(1, 2). Briefly, the cultures were grown at 37°C in LB medium containing 100
pg/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;PO;, 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 pg/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 = g for 30 min,

The supernatant was further clarified by passing through a 0.45-um filter
(Corning) and then loaded onto a HiTrap chelating column charged with NiSO;
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and was then filtered. Renobval of solvent yielded the crude product,
whi ch was purified by silica gel to give 20ng of the product. M
(M+H+) : 451.36. Biochem cal Testing Conpound 4 had an I C50 of 2.2 nM
for inhibition of FLT3 phosphorylation in the FLT3 bi ochem cal assay.
VX-680 had an 1C50 of 10.7 nMin the assay. 5 FLT3 Bi ochem cal Assay
A continuous-read ki nase assay was usedto neasure activity of

conpounds agai nst active FLT-3 enzyne. The assay was perforped in a
mannor subst ant i(Anershasy Bharapcia Bieted). e Sernd eREFIPHEE A& W éfidor

(I'nvitrogen, Carhgbaf sofsfon WA 100-tdl So0WhAGinée Rradient. Selected fractions were
i nvi trogen. com cont ent. cinPpagei d=11338). Briefl %"ﬁeﬁox ckg.1 of KDR

S
from I nvi t r ogen Tgy thigpel B ool thgemaegreg e SP allltl(_)%-sg 'Bv3182)
enzynes, 1.13X A&'&cﬂéﬁ?{a (Al)ls;ajstdyaw&aﬁﬁde 1) TP{éIﬁHiSad(?rp‘eintviladeesslu@sltyr a]'E e; 0
KCZ1001) were epared.in | x kin ti,on e kSt o]
T it 7 5 e hER e APkt b gpd | b RAR S OF 20
gl ycerol (10X 1histdiblose nEBOBRAThanmtedh Fandalyaer HOBOGIA)blot Fuagiysisof
enzyme were pr e‘u'siﬁc%ﬁ‘otc%q%ﬂ ﬂti?ad%?%%ﬂiﬂ&é%ﬁ%&éhs 238 08hiked Whishg a

non- bi ndi ng surface mcrotiter e l(rhj rning, NY) for 30 m n at 27C
with a 0.5 1. 1. lchemjluminssceshiceslondKawisd withdharesradigh | pgrogidpssreaiugdlpedinds
prepared in 50%, V00 KiiBSEes" BAGEd) ORS sohbidtry Shribbdad. Wht hpréttia asldi ti on
of 45 pL of the ATP/Y9 or Yb-Sox peptide substrate mi x and nonitored
every 30- 20100 abgwoisAged $88d 8080 nut es at Xe, (3600, ,,,485 in a
Synergli plate reader from Bi oTek (W nooski, VT). At the conclusion

of each assay, progress, curves f each we re _.exam ned for
| i near reaction %"ﬁ'&’f"(f'se"ﬁ'i‘fﬁf'qﬂi“cfhg‘{pa?ﬁogeﬁe@ghk’v S4B onf i dence
interval, absol ute sMmasfDNAUAKmEShts df MTS4AANSIy Bl ciehgratéd byri il el t o
o ) L M AR R0 AR BRI IATHS BEoPLORRLAM

pl ot of rel ative Frudrescence units ' m nut es) and then
pl otted agai tst celishibbiexmessicmwaseinduced VENIPTE ferst havest Ehe Iistregsddpsion

Log[ I nhi bitor] v RRAS Surindal kst Sty RS uR dSliovcd & aphRaelufsi sm
from G aphPad So?ctﬁ%fe (Sg%nbi egsgi,g CAI\) .)p[ Rléagent(i eused in optimzed

prot ocol s: dhppaeRaphy= 2-5 nM [ATP] = 60 ptM and [ Y9- Sox
peptide] = 10 pM (ATP Kmapp = 61 30 pM [FLT-3] = 15 nM [ATP] = 500
pM and [ Y5- Sox peptide] = 10 p. M (ATP Kmapp = 470pM Mass Spectral
anal ysi s BipehemichlAss¥ cubat ed with Conpound 4 for 3hrs at 100X
eXCesS Prior2d o tryphhelCyi yesdst BRET AcdpkcHCHMNSAE AW nageed1G9_AND

al kyl ati ng agent_after _compound i nglr'RQ{]J N Fg; t& VY Rlh® [ddoest s a
. t ) al ent” ;
5111 al i quot (7 ‘ﬁ%feg) Tﬁ\/\%@%‘f’ﬁﬁ%ﬁ W't S%O RS pr%/o TFA prior to
mcro 5C18 Zip TUGHOLARP)drlnesc Wihowighingiiebanaum byraay psticulss thagy-dl hha
cyano- 4- hydr OXy &ll{lﬁé{ﬂhﬁc h@?%n&eﬂ@d Wk 158 vAIRE DA prévide a more useful
0. 1990 FA: Acetonitrile 50:50)" . ey . e
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,
A1568, 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  (SanJose, CA) were prepared in 50 mM Tris-HCl, pH 7.5, 5 mM DTT, 2% CHAPS
and 20% glycerol. 5 pL of each enzyme were added to Corning (#3575) 384-well,

black, microtiter plates (Corning, NY) after spotting a 0.5 pL volume of 50%
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The mass spec instrunment was set in Reflectron node with a pul sed
extraction setting of 1800. Calibration was done using the Laser

Bi ol abs Pep M x standard (1046.54, 1296.69, 1672.92, 2093.09,
2465.20). For CI D/ PSD anal ysis the peptide was sel ected using 10
cursors to set ion gate timng and fragnentation occurred at a | aser
power about 20% hi gher and He was used as the collision gas for C D
Calibration for fragnments was done using the Pl4R fragnentati on
calibration for R¥8O @ sgualyfdiletdcoRppindepremred in 50% DMSPh Eromragti rédceahs f or m
of the tryptic Rplhifalchuhlr.SralpRcaalGidARdbho(RRANIE 4

attached formed a contr ol est did not show

15evi dence of t HEREL3ubstrpie and mangered oppLabmingtes 3 de AYing SypagFi ed

pepti de. Exanpl elde reddef 4 BRHITEI @ViRQSIBPYBY ik the conclusioB¥CEM MY, 1S a
potent reversjble inhibit

of atitis C Virus CV) protease.
Using the str ctpﬁ?géesb%‘é?ag&‘@§?°5h"egP”§’i§F?‘%“HPﬁd5‘ér§@FﬁrEF@H“’H&F‘&‘?% ,"’“‘dsf%
boceprevir 20Wa$tanatas yosan@nfidchdcditanilt, ybsemrR\sarh bEduiresp Midal welvem(n bl e
i nhibitor into an |rre rs:b i nhi bitor o ease.
coor di nat o6t or TRRLHE YS! R B ek rhshondos BERmBl hERRE gl anr o o
(pdbcode 2008) wére@n@bﬂmqa@dcefunumstﬂme (oot} amddatlalotbfairvkalnsThlblbltor
coordinates of hggepr XA dsa gsg{céht 62thd ;?o%ﬁﬁto?ﬂrﬁ Bl %zyHJ %FF]ﬁF tocéégm&@s' dues

Wi thin 20 angstrons o eprevir were | entified

five residued OpsuaEnt @Q ir?m 1‘@}@5‘@0@?&&@5&%&@9‘9 §5pe magskin GraphPad

substitutabl e pagihireRGrmPidRikaeeRneih, ¢opl ate (Fornula IV-1)
were explored in three dinensions to deter mi'ne whi ch coul d

be
substituted with a wadTRode Skrdirhittited HEVistisreatithsUe0 ¢iorinM itdal ent
bond with the Cugay.n the boceprivir binding site. Acrylam de warheads
were built in three 30 dinensions onto the boceprevir tenplate
(Formula 1V-1) using Accelrys Discovery Studio v2.0.1.7347 (Accelrys
I nc, CA) andist hReplidodissaiyes of the resulting corrpounds wer e checked
to see if the war heaﬁns couolug I‘eeflzlecass detogfalutaF&e 2Nt ac V’g' 'S resi dues
in the HCV protease |n8|lr)1 Site if THRRGTFEER 0 sanmpl e
the flexibility cpbtoxiady wﬂapmmdcb usingirepliren-girited blh!énrase pmlsntx iThimgss®y we
perfornmed a standangl c'gmlﬁ'ecﬁ’l*ﬂc-ﬂ¥%@?’[§§vh§c'hw@Ha?ﬁuﬁhehﬁ&né’@ﬁhﬁ@ds

and side chain positions and 0 see | he war head was wi t hi
6 angstrons of aycaptains prHCY &R Fplisan @ifisa slablg yeifsss Guereponsrand fiege

site. This igentlif &fGreddipgtdh@li®nP0osi tions (Rl and R3) which were
near Cys159. (Table 11 These two tenpl ate gﬂﬁil ons re t hen

subject to a final flietEdrcel H%Ftwﬁséfffﬁ?‘ﬂlb “1??‘?%0 sdsPrept ’Bﬁpﬁ to be
formed 10 bet weeDMERD, 108 feiadiatie sehrnemsgnﬂlpemmnmsbe;ﬂ@ﬁycﬁr(plen@ﬁs@59,

whi ch i | ved f ' d of | th

ot andar d ol eoul ST 208 AT “ariod BRI Y EPE Sne
tenpl at e positi dnepbakd at XZEﬂ‘rp@lum canummgytmwbresbtzledi famdIngirogen( t 0 have
an | C3o_App ff %‘aﬁsb?dxh {%@&) C(T’«%t Dfﬁ%dﬁ%?%@ﬁ%@ef T Assay

) and was shown to |cat nlnare ul ar
assay with and télsPeiin @}pltez)goveﬁ msay 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

-95-



Tabl e 11 Position Placenent D stance to CYS Can Bond be Forned R
No R2 Steric CQash dash R3 OK Yes R4 Too Far

10

15

20

25

luciferase activity using the Steady-Glo Luciferase Assay System (Promega,
Madison, WI) according to manufacturer’s instruction. The number of cells in each
well was determined by Cell Titer Blue Assay (Promega). Compound profiie was
derived by calculating applicable ECsq (effective concentration inhibiting virus
replication by 50%), ECs {effective concentration inhibiting virus replication by
90%), ICsy (concentration decreasing cell viability by 50%) and Slsp (selective
index: ECs¢/ICsq) values.

Compound 5 inhibited activity in this assay with an ECsy_spp of 230 nM.

Example 5. Irreversible Inhibitor of Hepatitis C Virus protease
Compound V-1 is a potent reversible inhibitor of HCV protease (1Cso_app of
0.4 nM in the biochemical assay described in Example 4.)

o \"“\a

7

;
)d\)(&
\ v-1)

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
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 Cys155.
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
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

-06 -
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Synt hesi s of Conmpound 5 Compound 5 was prepared accordi ng
to the steps and internedi ates as 5descri bed bel ow. Schene 4-A OH
Step 1. Internediate 4a To a solution of

(1R, 2S,5S)-3-tert-butyl 2-methyl 6, 6-dinmethyl-3-

azabi cycl o[ 3. 1. 0] hexane- 2, 3-di carboxylate (0.30 g, 1.1 mmvl) in 4 nL
THF/ MeOH (1: 1) was added 1 N aqueous LiOH solution (2.0 nL). After

stirring 5 at r.t. for 10 hours, the reaction m xture was neutrali zed
with 1.0 N Ho . FravbrgahismeaBlissenbswia @ceslple A9 and thelsrcures of iy

and the remai ni ngsuBBYeSSHURRIRR Netke S sdliif th&farh@aPddu réaémﬂoth N HCl
and was extracteﬁ W%HQ Eto@ﬁ The or. nlc | ayer was washed with

brine, and was dffEHcGVEresEHER G HEd ﬁﬁeS|un1squate After renova
of solvent, 0.28 g of Internediate |a was 10obtained: M5 mlz: 254.2
(ES-). Step . ate 4b To a solution of the product of
step 1(0. 28 S% f% ‘ﬂg@ and 3-am no-4- 15

cycl obutyl-2- hydroxyb ananide\(O.Z? g, 1.3 mol) in 10.0 m of
anhydrous acetonitrilfe Was ed HATU (0.45 g, 1.2 mol) and DI EA
(0.5 mM, 3.0 mol) at . tder stirring. TLC anal ysis indicated
conpletlon of the coupllng reactlon had occurred after 10 hours. A
50-m portion Ofpﬁﬁﬁf fadded in and the mixture was washed with
aqueous NaHCO3 a en e organic | ayer was 20 separated and was
dried over Na2SM4. "Afte noval of solvent, the crude product was
subject to chronatography°o _S#dJ ca gel (eluents: EtOAc/hexane). A
total of 0.4 g of the title~anpound was obtained (88%. M5 niz:
432.2 (ES+, M+Na). \

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 Ry) which were near Cys139. 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, Rj.
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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Step 3: Internedi ate 4c The product fromstep 2 (0.40 g, 1.0
mml ) was dissolved in 5 nL 4 N HC1 in dioxane. The m xture was
stirred at r.t. for 1 hour. After renoval of 5 solvents, a 10-nL
portion of DCM was poured in followed by evaporation to dryness. This
process of DCM addition followed by evaporation was repeated four
times to give a residue solid which was used directly for the next
step: MS mz: 310.1 (MtH+). 10 Step 4: Internediate 4d 'NH To
a solution of the prqduct :omstep 3 (0.10 g, 0.28 nunol) and (S)-3-
(tert-butoxycarbonyl am -(3-tert-butylureido)propanoic acid (0.10
g, 0.33 mol) in 3.0 n&67" anhydrous acetonitrile was added HATU (125
ng, 0.33 15 nmol) d DDEA (0.17 mL, 1.0 mml) at r.t. under
stirring. After e Jhoury 15 nL of Et0Ac was added in and the m xture
was washed with S HCO3 and brine. The organic | ayer was
separated and was ldrieds/oyer, Na2SO4. After renoval of solvent, the
crude product was| subj ectey g mat ogr aphy on silica gel (eluents:
Et 0Ac/ hexane) to afford {103 ng 6t the title conpound (60% . M5 20
infz: 595.2 (Mt Step 5: Internediate 4e MM The product from
step 4 (75 ng, 0.12 mmmol ) was dissolved in 3 nL of 4 NHCL in

di xoxane and t he r eant{ldndinebylghaxy)catiofylr3-[(2-propmodiamip]-LAfapdr r enoval
of solvents, a 3; j - d il Lowe N
evaporation to 34!%3';4%2%%@9{%?&%%(: SEII@% ﬂé@éll g%’ﬁg\?gﬁh%\l/\gd by
evapor ati on Was (PhepdatfenylrBRA8)-¢vickerepanecaghoxamide: | Thg Htle wppownd3f i d and
was used di r ect |pyeoly0f adobiind Rthe My hd iMBiniHldics A%cAvdiMiteh. Step 6:

I nternedi ate 4f "1

S

f

Intermediate 5-1
| g
0 N
U
o)
0., O)L COEt
o
%’o =

10 Ethyl-1-[[[(2S,4R)-1-[(1,]-dimethylethoxy)carbonyl]-4-[(7-methoxy-2-
phenyi-4-quinolinyi)oxy]-2-pyrrolidinyl]carbonyljamino]-2-ethenyl-(1 R,28)-
cyclopropanecarboxylate: To a solution of (IR, 28)-1-amino-2-
vinyleyclopropane carboxylic acid ethyl ester toluenesulfonic acid (2.29 g, 7.0
mmol) and N-Boc (285, 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 mi, 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 MgSQ,. 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: Rr 0.3 (EtOAc:hexane = 2:1);
MS mvz: 602.36 (M+H").
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Acrylic acid (13.6 ng, 0.19 nmol) was coupled with the product from
step 5 with HATU (65 ng, 0.17 rnnol) follow ng the procedure
described in step 2 to afford the title conpound (60 ngy, crude). M5
mz: 549.3 (MtH+). 15 Step 7. The crude product fromstep 6 (60 ny,
0.11 mmol ) was dissolved in 5 m of dichloronethane foll owed by the
addition of the Dess-Martin periodinane (60 ng, 0.15 nmol) The
resul ting sol utiQp Wasa tsl red for 1 h at roomtenperature. The

sol vent was t hen renove and t he resi due was subject to

chr omat ogr aphy on si¢ica gel (eluents: EtOAc/Heptanes) to provide 13
ng of 20 Conpound mz: 547.2 (MtH+). Mass Spectral Anal ysis
Mass spectronetric \|palysis of HCV in the presence of Conpound 5 was
performed using the  olll] o i ng protocol: HCV NS3/4A wild type (wt) was
i ncubated for 1 hr %at a X fold access of Conmpound 5 to protein. 2pl
aliquots of the sghmles were diluted with 10p.1 of 0.1% TFA prior to
mcro C4 5 Zi pqug d| rectly onto the MALDI target using Sinapinic
acid as the desofpt bo trix (10 mg/mm in 0.1% TFA: Acetonitrile
50:50). The instruner 8 set in linear node using a pul sed

extraction setti f 00 .and a | ohin as the standard to
calibrate the i r}g[ﬁpgf [8 &‘g@ﬁgﬁ’% cﬁrg%nyﬁr“o[t(%inﬁth‘aﬁytmwl@onpound 5,
the protein i ncmhmblﬁdl)wﬂ-b-p(ﬁemaﬁw]dﬁﬁnilﬁﬂﬁfo?@eﬂq%y&l(H’Otﬁf)l cantly to
produce a new spegi es heavi er than HCV

prot ease and con§‘§%pt“¢’snm{m‘aI ?’1’("???‘?%%018?0”65%8{?@6% ofjptemediatsy

Addi ti onal anal \5V&g, 8183 @ombon ivd il ofl THRGL@/MeoHabsd . Sbmamddéd lhiGMn
protease in whig, t showe mpound 5
did not nodify t?g&{nﬁégﬁlow %g%sﬁergmcﬁgj&ger Stlfrmg 811 |dr ot ease
(W) peptide expieassionmises yaniuilzad wiinl.0 N HCL m@rgnlngdlemtsharen

proteol ytic dOmb@oﬁwgvag&n%@shmgimg?;&ue&@&éé ?E%qm%f{g& g PET-14b
(Novagen, i son and transforned nvi trogen).
The resul ti n‘é plplé‘s?‘ﬁ‘%f’gv!/aﬂsN HChardres paactrdyigh OARSME efgpric lexsirvapo BL2|

(Novagen) for prasted ﬂutﬁixlﬂfe;?ﬁlﬂM@er&ﬂdv@ﬂﬂiyﬁrb@ﬁhdgﬁ&uﬁﬁsuﬂﬁ@Qﬂ'ﬂeped
previously (1, 2‘) i.ef | ur es at 37Cin LB

o
nedi um cont ai ni nmofgﬁfﬂv %fml_% f’ftg 1ﬁc‘?"fnP‘? Wﬁi%‘a‘memg&tl cal density

at 600 nm ( 0D60QHtOAedERED- 1D: 0); M‘Sdn/mﬁﬁem tviCed by addition of

i sopropyl - P-D-t hi ogal act opyranoside (IPTG to | mM After an

addi tional incubation at 18C for 20 Il, bacteria were harvested by 25
centrifugatildn Zmteued®d® %% for 10 min and resuspended in a lysis

buf fer containing 5Q mv Na3PO4, pH 8.0, 300 nM NaCl, 5 nM

2- mer capt oet hanol , 1Q% gl ycerol, 0.5% I gepal CA630, and a protease

i nhi bitor cocktail sisting of 1 ni M phenyl net hyl sul fonyl fluoride,
0.5 pg/nL | eupeptinypgpstatin A and 2mM benzani dine. Cells were

| ysed by freezing and ety ng, followed by 30 sonication. Cell debris

was renoved by ce on at 12,000 x g for 30 mn. The

super nat ant was f:i:iger cl fied by passi ng through a 0.45-pmfilter
(Corning) and then | @o a Hi Trap chel ating colunm charged with
Ni SO4 (Aner sham Phar otech). The bound protein was el uted
with an i mdazole s utlonoin a 100-to-500 mM | inear gradient.

Sel ected fracti Nr(s,1mmﬁyrethaxﬁ)b'errlﬁvﬂgbl(m)zT(?Qﬁﬁthshé rmt ography and

were anal yzed on.a.l odec sul cryl am de
gel . The gurl f.%‘&“"“wg} ﬁﬁ‘%@f@gﬁ’f’ HleWE\nggqn&]é Biﬁlﬁ r]%@)syl na 12%
SDS- PAGE gel and'cmhl@mnbafaamsmde“élabaanmmnaafmetpfoﬁﬁcebfluieﬁﬁealafésrmr ane. The
protei n was,gna Y, %s i ocl gnal

ant i bodi es agal lﬂg%ég robg(lgﬁlsglv@rl%\%%l g%eglPl?Az]let(?j Oggg fk ‘gpa“d

chemi | um nescenEA #3 mRdiaymal) ﬁlhnﬁmsea%sdnsifopewdmurdbaﬁe-adﬁng’ ugat ed
goat anti-nouse anti bodies (Pierce) as.gecondary anti bodi es. The
protein was l1l0al'i'quoted and stored at -80 C.



Cl oni ng and expression of HCV protease and C159S vari ant Mut ant
DNA fragnments of NS4A/ NS3 were generated by PCR and cloned into pET
expression vector. After transformation into BL2l conpetent 15 cells,
t he expression was induced with | PTG for 2 hours. The Hi s-tagged
fusion proteins were purified using affinity colum followed by size
excl usi on chromat ography. Bi ochem cal Assay 20An HCV Protease FRET
Assay for HCV N%%ﬁ%&&bgﬁé%moﬁdnﬁé%.wg maﬁﬁﬂmﬁ ©gf £b4 owi ng

protocol was used to enerate "appar ent lCSON{F val ues.

W t hout W shi ng Bolba k%?dh@ B¢ %‘ﬁ@‘mﬁléfntlﬁdﬂloép h%‘HF‘S&g °°P nuediope| j eved
thgt 1050 APfP %&tlg@ﬁm&glomstneke@aﬁnwaituemas diRiyed Wi \EkOlec ad v@g e usef ul
i ndi cation of tine-dependent are_t r.e
representative ofekAiar ﬁ@“@@% %P‘ff??p};l‘ﬁ ggpﬁ’c')o%]@%@ssrggu%ﬂflfi ed
FREI bazed ass(sjayonﬁy y:¢c) drgixayale]?migsbmdmwammmrmmrpebdpat ency,
rank-order and resista rofiles. a t an

ALS6S, ALS6T  DRESRISE ReAdtingesestrion PERCN. T fJ{“ﬁaée %T%\?"‘N%gﬁ

pr ot ease enzyne tBSreﬁmielvmmmb}emecKtoshmmk@gr@rﬁhy Nfs?.:/hélaégepusmgéasxee/é@z’yne from
Bi oenza (Mount ai O FRET, pepti de
substrate from Anaspg)cAStgé%Oé Jgjb ﬁl%)g&g OF"@an r@§8§d55n3 50 nM
Tris-HC1, pH 7. 5{Et®cd1%@ﬁ3IZ%WPB?’%@/I?H%@S%@#WM5 [IL of each
enzyne were gfded to Corning (#3575) 384-well, black, mcrotiter

pl ates (Com ng, NY) after spotting a 0.5 pL voI une of 50% DMVBO and
serial ly dilutedntesmeliatadd prepared in 50% DVBO Prot ease reactions
were immedi ately started after enzyne addition with the addition of
45 nL of the FRET siybstrate and nonitored for 60-90 m nutes at
1ex485/ Xenb20 in nergy4 plate reader from Bi oTek (W nooski, VT).
At the conclusion ach assay, 5 progress curves fromeach well
wer e exam ned for g e eaction kinetics and fit statistics (R2,
95% conf i dence i nterval absol ute sum of squares). Initial velocity
(O mnutes to 15%%5) rom each reaction was determined fromthe
sl ope of a plot of a @ | uorescence units vs tinme (mnutes) and
then plotted agai nSt Lpitor concentration as a percent of the no
i nhi bitor and no eRZyne cohtrols to estimte 10 apparent 1050 from

| og[ | nhi bitor] JSRRelportexy-¥pendbi@itslinhexyiddeblyl- haGnepehesyl i sm
from G aphPad” Soft WAL froh 3R BsRARIop e RTRAUD o3 sBdfor aHli t ed NOV

protease with an i's assay Replicon Assay
The conpoundss werelueidtemylatgmediatesal indf el eHeCM ek yddeddrorydes imlyf and

cytotoxicity of mwgyﬂgﬁums@&rgd%pﬂ il ©PRodRY. W& derthdlal Jresiase, amLi vity.
This assay used the cell_line ET (| uc-ubi-neo/ ET ich is. a human

Huh7 hepat oma ceniportiopat PR was parediim ! %‘ﬁedl-%‘\?"w RAPTYRSH Wit h a
stabl e | ucifer aqﬁocédswbcmmﬁbﬂouam bylawpefat?@ﬁeis Irepeaueldtfwranﬂdapti ve

mut ati ons. gr own ified
essential nedia M ?%@g?“\ﬁﬁ% Ve yeva di oA
penicillin-s:r ephmmyofthns(:pneargasdmep;qe tlﬁ%ogﬂxﬁtfam«@g\i%emowdeessentl al
am no acid, 400 pg/ % 7
cul ture reagent sﬁ'\’cf\&/esjrné g{g%gtllerfg urﬁ‘({m n?/l!tr g Eg‘%aﬁtl‘&ﬁ %I]ahg
wer e trypsi ni zedvifNgHGOs prostbirirERTINe campoupil:air@d (BUM MO =510:1pH1S

m/z: 613.65 (M+H").

25  Intermediate 5-5

- 100 -



cells/well in white 96-well assay plates (Costar) dedicated to cell
nunber (cytotoxicity) or antiviral activity assessnments. Conpounds
were added at six 3-fold concentrations each and the assay was run in
DVMEM 5% FBS, 1% pen-strep, 1% glutam ne, |% non essential am no
acid. Human interferon al pha-2b (PBL Biol abs, 30 New Brunsw ck, NJ)
was included in each run as a positive control conpound. Cells were
processed 72 hr post corrpound addition when the cells are still
subconfluent. Antiviral a®tivity was measured by anal yzing
replicon-derived luciferg#se activity using the Steady-d o Luciferase
Assay System (Pronega, Medisgn, W) according to nanufacturer's
instruction. The nunber of cII in each well was determ ned by Cell
Titer Blue Assay (Pronegd). und profile was derived by

cal cul ating appllcable 0 (e‘ ective concentration inhibiting virus
Sreplication by B6%, effe ve concentration inhibiting virus
replication by 90% @ati on decreasing cell viability by
5099 and SI 50 (sel ectl ve | YIN- 04C50) val ues. Conpound 5

i nhi bited activi w th an EC50 App of 230 nM 10
Exanple 5. Ir re\}iil(%’ll%f'%et ?)F%'i’o“éﬁlﬂ SHEHEIPIEES-C Vi rus prot ease
E:orrpound V-fl is }amqug)ahrbds:@mamﬁb]m-aanyntzukbmt[grmé@ffox#i%h&fymeaSe I )
| CSO_APP of 0. cemc Exanpl e 4.
(V-1) 15The cooqruﬁll\ﬂuaé3 éﬁ]? hig 01{/ e "eth ﬁ@r%@?ﬂ@f”‘%&&%gﬂ r bound to
HCV pr ot ease X pctbdw@afz@@ﬁyxameeTwoaumd tfﬁd’}mdﬂuttlmélrmmécﬁﬂtd‘ﬁ—dalﬁbank
(world w de web rgs %&%anfg\hﬁoc oﬁjamﬁa%ﬁ}!é%&n&‘r{egg ?(E; i gase has

been determ ned Wwth ove nol ecul es | fihi bitors
bound to it, and- Q‘h’é}f@l\ﬁ?‘éasgiﬁ@ﬁmTéaﬁiIWrQ@Hmml)as&thhéﬁOtSlm in

their binding nmges mmbhe St maisuﬁﬁgqucbagﬁ%@Jlﬁaa&aﬁed\e@%plm%f%Q to

nodel -build the structure of V-1 HCV pr ot ease using Di scovery

St udi o. couphipg repgtigp Eftdr?cw@ ?%%Pfefd’égr 2! gorgion %fr’fg%mm of V-1

iq/n t he &odelzmerpembcdﬁlahd fhi &dcturag'hhﬁnrfldsmlﬁmfalbﬁ!ﬂﬂerfﬁ% ﬁfmm yCys16,
s47, s52, T Ituta ositions on

V-1 (using the%%%?é%q)gf% ﬁg?sémg‘g%‘ilegééi(y fﬁ?né’éad’?ﬁg‘ﬁg& Bfis to

det er m ne whi ch codebitiproducswisstbjéctitoebromto fraghy wa sieas] @nedthat t he 25

war head woul d f%ﬁcgmgg%%m&& H89 % 0 comgﬁm hd i PRI P! due 11

t he HCV prot ease Site f ek
di mensi ons ont o(Et@éC#@wmaﬂé) MS m/z: 1021.56 (M+H").

15

Intermediate 5-6

HyN N

NH O

Boc—NH © O _; Q
_ HN-S0,

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,28)-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
- 101 -



- 96 - (Fornula V-2) using a Discovery Studio (Accelrys Inc, CA) and
the structures of the resulting conpounds were checked to see if the
war heads coul d reach one of the identified Cys residues in the
binding site. 5 Forrmula V-2 In order to sanple the flexibility
of the warheads and the side chain positions a standard nol ecul ar
dynam cs sinul ati on of the warheads and side chain positions 10 was
performed and checked to see if the warhead was within 6 ang%rom; of
any of the i dentPFietpusypert adithen das svapyrHet 19 ARaTsHndss igh vagpymg The
identified two treygukakeripeRd WidR&alcRihea@d ) B3jcldWi whofwrelenear Cys159.

These two tenplate posifi [ en suhj ect ipal filter that
required that t tfgmﬁ‘g’f@lééhiaggﬁt&g%@{ebgﬁnwrlg’%gﬁzcz%%h/%@m?or nmed with
bet ween the candi date inhibitor and Cys159, which involved formng a
15bond of le than 2 gstrons using a standard nol ecul ar dynam cs
si mul ati on. ?fﬂ S oénopr?'sl?ilgi nt left one tenplate position, R3.

Conmpound 6 was synt hesi zéd and shown to be potent inhibitor of HCV
prot ease (1C50 0.4nM an hown to nodify 1-1CY protease on Cysl59
(Figure 4). 20 Synthesis Compound 6

N-[ (1, 1-di met hyl et hoxy) carbanyl] - 3-[ (2- pr openoyeam no] - L- al anyl - (4R) -
4-1 (7- met hoxy- 2- phenyl- £ qui n nyl ) oxy] - L- prol y1- 1- am no- 2- et henyl - N
- (phenyl sul fonyl }41R, cyc ropanecar boxani de: The title conpound
was prepared accor»di—%?{ t he st and intermedi ates as descri bed

bel ow. | nterned a

e_o- N1
10Et hyl - 1-[ [ [ (2S, %ﬁ) h 1-T€_;ﬂ7§- t hyl et hoxy) car bonyl | - 4- [ ( 7- et hoxy- 2

phenyl - 4- qui nol iNnidsdipetyleforperbany il 2RmensenPra s Ry | - (1R
28) - | cyc: opr OpaI’}ﬁ&]ﬂj&b@p}i&n?!-@t;uiﬂ-@igﬂ)cﬁtﬁ]—]i}bioqm1Qﬁir(olﬁtheﬂ)ﬁ)lf-g.- ani no- _221

VI nyl CycCl opr opane, car X Cl et ster..tol uen C .acCl
(2595, 7.0 moPearion FpE B oo s AT Rl AU N

qui nol i ne- 4- pxo)Pr3inad) 3.added drab®is? a3 WO b Jtirted sAQB®n pf 6%hg ST was

added HATU (3. 44 .05 nunal ) and .t t[:)hEA . )y
under stirring. pf‘%fémt%‘lmﬁslﬂtre réne\g\}g?se 526?1{19 e 2§P% o ?t%lgl'rng%e '\R{)m%éﬂlf%sngg}g\f ter
t he conpl et e coriBwmottiopmighresaastiiehss ravdordr la @d thehavay dlaeedivath 1A xt ur e

was washed with bri-pent whegaang s&lgtjko%aQ%@;hed\Q&%nh/éIiﬁeeJnd Lefmyal of
sol vent, the crude product was subject to chronmatography on silica
gel (hexane: Et 0/Ayer-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: Ry 0.25 (DCM:MeOH = 25:1); MS m/z: 892.55
(M-+HD).

20  Mass Spectral Analysis
Mass spectral analysis showed modification of WT protease but not C1595
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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202:1). 3.45 g of the title conpound was obtained: Rf 0.3

(Et OAc: hexane = 2:1); M5 mx: 602.36 (Mr1-0. Internediate 5-2 BooNH
(:)" OHtee

1-[[[(2S,4R) - 1-[ (1, 1- di et hyl et hoxy) carbony11-4-[ ( 7- met hoxy- 2- phenyl -
4- qui nol i nypoxy] - 2- pyrrolidinyl]carbonyl]am no]-2-ethenyl- (1R 2S)-
5 cycl opropanecar boxylic acid: To a solution of the product of
Internmediate 5-1 (1.70 g, 2.83 mmol) in 140 m of THF H20/ MeOH
(9:5:1.5) was adererdilufet miith A91H p80. %iTdé priorto mjds 64 BipTPpiaHdigectlPéhid

mol ). After st likd MﬂgDﬁttaHréf:tuts'r_Fﬁgﬁg il%é"ac!f'&)&rtlﬁal'de&o tefiéng %@&i&c'(%&%% ure was

neutralized with 1.0 N . _Ihe organic solve Wer'e “evapor at ed
under vacuum arfdl % Heé Aetonitile A Qg dedisss warefomeed opeiStinfaiadBietech] 0

pH3 using 1.0 Nukieh BOE (SRSads ifsBeh&it) Wik aflsRAGser BOS R RN Siohay er
was washed with bri ntgqbﬁgg{l(%/alﬁ dried over anhydrous magnesi um

sul fate. After refpo SIHE) massgpegtrgspeteryy Bhe sppg progedprpdiahd was
obtai ned: Rf 0. 2afitd 8Aen MaGinhos ot OICVI)159MButiilt & HOV 4roB@sel i) at
15I nternedi at e 51_§oldecso p .
N- (1, 1- di met hyl ePREXTIERPHEHYE AL GRPIYER: ( 7- met hoxy- 2- phenyl - 4-
qui nol i nyfl oxy] - L- prlotagtlHQV prricim@cei@edat MER O 24485 witl bretayponditg
fonyl)- (1R 295)- (Gy5L:e . de: sol ution,.of t.he product
of Internediate 55% Zgﬁa?rﬁ)ﬁ%%% g&?%%%%m%lﬁr?%gﬁg?ﬁ Eslosﬁjdl].ﬂf{ﬂ;}etr\/l\c/as added
HATU (0. 98 ¢l0 2 .imgromstien of SampaumiA (W of 35%Da2) ogeupdd, prediding arive mst ur e
was stirred for enevihaul phRkerAdeishODa LR MERERbM.I535 0 G
benzenesul fonampde (i 303_135, 8..a2,éfa(ignrm_l )? %I%&% (1‘.)0 g, 8. 23 gmo]) and
DBU (1.29 g, 8.4 rHiscopsistenswity ingrporpin ofay singlemrlecals at ¢ opepstnd Gor
addi ti onal four sh@ificsnt rdliRn b&AGED QBn fHieXt B8 (hWask GhdeHtRidn ¥ t h Et OAC
and was washed with acgugl?us lNaOAff buf f erWég%t%E"é 2x10 nm ), NaHCO3
sol ution and 5 BPPRPE™EFT A HIRAPHE GOEF! Ahe MFMW‘O"SOI vent
a pure produdt pFhe€lssivaiaptiommyofabicinmgneatiendp shiotviabnevadendd@? The
filtrate was co . he, resi due was subj.ected t
chr omat ogr aphy gn%gigiﬁﬁl%%g’gﬁgpé%gé?sﬁgmﬁgfgmn%oﬁ\g (o}t Hl?"ir:'gltgizg)f)lgg'A total of
0.76 g of the title Bompssuneiraasalplincanfredd thiRiaddiié f Eodpomih 6 xallieV =
3:1), M5 nfz: 1Rt résMdaH a md33niR Bf é%&@s;deﬂu@nstraﬁng that an adduct of

HCYV 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
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I nternedi ate 5-4
(4R)-4-[ (7- met hoxy- 2- phenyl- 4- qui nol i nyHoxy] - L- prol y1- 1- am no- 2- et hen
yl -N- (phenyl sul fonyl)- (1R, 25)-cycl opr opanecar boxam de: To a sol ution
of the 15 product fromlinternmediate 5-3 in 30 m of DCM was added
dropwi se 15 ml of TFA. The mi xture was stirred at r.t. for tw hrs.
After renoval of solvents, a 20- m portion of DCM was poured in

foll owed by evaporation to dryness. This ﬁ)rocess of DCM addj tion

fol | owed by evapor at FYRCHRE RS AFEE HGpHbor AReKIT *Fﬁfsﬁé?féa"(‘ -Jgsing he pas
added and then r®spyvagbritn e¥aibed Rkdif Borkfenibl Wi efidly add i A&ie past:S inaf
this cycle gave a. remglée t hat tsg+d|f|ed into 0.9 g white powder as
TFA salt of the FiFFEs ﬁxﬁlétﬂlﬁﬁo smal | sanple of the TFA salt was
neutralized with NaHCO3 to obtain the title conpound: Rf 0.4

(DCM MeOH = 10:1); Ms mz: 613.65 (MFH+). 25 Internediate 5-5 - 100-
FnccHNTh Bcc-NH O O 1 (0 HN- S02

1-di et hyl et hoxy) car bony1] - 3-[[ (9H

yl met hoxy) car bonyl ] am noRs al anyl @) - t hoxy- 2- phenyl -

qui nol i nyl ) oxy] - L-prol y1- m no- t henyl (phenyl sul fonyl ) - (1R, 2S)
- 5Scycl opropanecar boxam de: #Ao\a sol ution of the product of

I nternmediate 5-4 (0.15 g, O. nmol ) and

N- Boc- 3- (Fnocj ami no- L-al anine (0.107 g, 0.25 mol) in 3.0 mM of DW
was added HATU (85.1 ng, 0.224 mm@érifedad NMM (90.5 ng, 0.895 mmol) at
r.t. under stirring. TLC analysis indicated conpletion of the
coupling reaction had occurred after one hour. A 20-m portion of

Et 0OAc was 10 pouk eindlepyarvdeltofeXITikittaser(Enipas coderTH QTR 1 ywistpraudzdfufieg the

(pH 4, AcONa/ Ac O_gay SWQ (g%% 80 gfgnlg)fv(gugl& gyd]??ﬂ a‘é‘@‘?em fa ?gdbgoo[%rlU%O‘hl Af ter

renoval of sol ven crude ol
chr omat ogr aphy dremsiogy wadejehs tudd usiag the:Bulid Um@sblhmdeBG in Pis¢ayer|Stugfo 0. 12

g of the title {I\E‘;E@H@ﬁn""aﬁ R ALDG: sholdh bdov? FHER, QOSuIREN@RNE pitibnsl) ;
M5 nfz: 1021.56

on the sorafemb template (Formula VI-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 binding site. The methodology identified
15  two template position (Rg and Ryp) and one Cys (Cys788) capable of 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.

1& DOWEIPD

1 1 a
GQITVGQR!GSGSF’GTV\'Y.GKWHGD -------- VAVKI‘HNVT)\PFPQQLQ&FENEVG\'{

ot HEWEFPRNRLSPFGKT LGAGAF GV VERTAYGLIXSDAAMTIYAVKMLEPSARL -TEREALMEELEYL
1 1 I
‘RaF CRKT - RHVMJLLFqust APOL I?TQWCEGSS[?HHLH]IE rn ------------- FEMIZ
“COKET ;SVLGNHMPH‘VNLLGACTIGGP V!Ti‘fCCYGﬂLlNFLRRrRDSFICSKTSPAIMEDDELALDLED
' 1 1 I ’ 1
“RAE ;Lxh ARQ{AQGHDVLH#!SIIHRDLK&KN guszrvxisoFcLATVng ------------ 511
ot CLLEFSYQVAKGMAFLASKHCIHROLAARNILLIBGRITKICHFGLARDIENDSHNYVYKGHARLEYE

4 1 1
RAE ,WMAPEU1RMQOKNPYSFQSDVYAPGIerE LMt - GQt?YSH]NNRDQIIFHVGRGYLSPDLS!VRS
LT 'thPES!FN r CYYTFESDVWSYGLFIWELFSLGSSPYPGMPYDSKFYKMIKEGFRMLEP - -E
- Nl L] . 1 ]
RAF EHCPKAMKRLMJ!ECLKK!RDERPLFPQILASIE LARSLPK
HOKIT :.HAPAEMVDIHIZTCWD&DPLKR?TFKQIVQLIE QISESTHHI



15 Intermediate 5-6 H2N- Boc-NH 0 O HN-S02

1- di et hyl et hoxy) car bony1] - 3- am no- L- al anyl - (4R) - 4-[ ( 7- met hoxy- 2-
phenyl - 4- qui nol i nyDoxy] - L- prol y1- 1- am no- 2- et henyl - N- (phenyi sul f onyl)
- 20 (1R, 2S)-cycl opropanecar boxam de: A solution of 110 ng of the
product of Internediate 5-5 (0.108 mmol) in Im of DM with 12%

pi peridine was stirred - 101 - for 1.5 hours at r.t. and then was
evaporated to dryness under high vacuum The residue was trituated

wi th hexane/ et he%“ﬁ‘@WWﬁfél@N@ﬂhg of the title compound: Rf 0.25
(Et OAc: MeOH = 10cipri hiMRadraT (SIBIENONYHY) . 5 Conpound 6

N-[ (1, 1-di net hyl et hoxy) car bonyl1] - 3-[ (2- propenoyDam no] - L-al anyl - (4R) -
4-1(7-

nmet hoxy- 2- phenyl - 4- qui nol i nypoxy] - 1. - pr ofy1,%- ami no- 2- et henyl - N( pheny
| sul fony1)- (1R 2S)-cycl opr opanecar box g 'QA Zyloyl chloride (11 uL,
10 0. 132 nunol) was added dropw se & e{a_stirred solution of 69
nmg of the product from I nter®edi 2 m of DCM containing 3
eqg. of triethylam ne. Th&Nr&ac ure wds stirred at r.t. for

1.5 hrs and then was dil ate j m of DCM The resulting
sol ution was washed twi ce w bri ne®and was dri ed over nmgnesium
sul fate. Rem)vaIFoof ]asgf_i/entﬂzaf rgrded the crude product, which 15was

purified by chronﬁ?uography on silica gel eluting first with
hexane/ Et 0OAc X 1:3 - 1:5) and then with DCM net hanol (50:1 - 25:1)). A

total of 36 ny Qf.&bss drickh ound was obtai ned: R10. 25
(DCM Me01- 1= 25:} ; VB ﬁzﬁ“'@@?% ( . 20 Mass Spectral Analysis

Mass spectral addfysi4sAgHanider3aidrdrpmetilphengburdigo)picorerde but not
C159S mut ant whieHYifshsmids specific nodification of the targeted Cys
by Conpound 6.

HN o
L
o S N
0]

10
Step 1.C,C’-Bis-fert-butyl N-4-amino-2-trifluoromethylphenyl)iminodicarbonate
F3 CF3 CF3
NH, DMAP N(Bod), N(Boc),
+ (Boc)O —
O2N 0N HoN
15 To a stirred solution of 4-nitro-2-triflucromethylaniline (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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Mass spectronetric analysis of HCV wild type or HCV variant CI59S in
the presence of test conpound was performed. 100 pnols of HCV w ld
type 25 (Bioenza CA) was incubated with conmpound for 1 hr and 3 hrs
at 10-fold access of Conpound 6 to protein. 1 LI aliquots of the
sanples (total volunme of 4.24ul) - 102- were diluted with 10pl of
0.1% TFA prior to mcro C4 ZipTipping directly onto the MALD target
using Sinapinic acid as the desorption matrix in ,

0. 199 FA: Acet oni tha$ falpwesg by Cﬂﬁérftﬂ?g%“‘\ﬂﬁrréd“ﬁ@rﬁrﬁgfﬁgﬁg%# g regipe ki,
Bi ot ech Axi ma TGFg ﬁrStwmadalwnh e&bmu@qmlsmamnm pastisi/all haser 6/4)

desorption/ionizatio t T S 2 er.
The sanme proceddf &% \7\/&53 %élﬁ@’a o‘ﬁtd‘egﬁ ?é?)“k; déag: %a@yefﬂp%ﬁ%d ant
of HCV pr ot ease ridriaBwhy gissived On 501 oL enetiesd. of ToChspelitian Ginde nragerei n.
I ntact HCV prote cur t .
Si napi ni o (et (e e el S Bk LR haRR SRR PN 104
st ochi onetric 101tqnﬁ06hqamaqt0ndhv<t§fe @@mﬁ‘@@ﬁdﬁ GOQ\AN(thS‘B’@ ®akd de éepnt ed,

producing a new; ﬁat&@’a% Wy mrad%hramraoe&h%t&hw@&ﬁﬁa‘%@@a@@onmﬂgm@d
(MH+ of 25320- 253 (FIG 9) This is consistent. with incor oratlon

of a single nol é@ﬁqfée(b‘fiedoﬁ?ﬁﬁ‘&ﬁﬁ@ﬂ the residyn ives ditiind YiEREQASR add T 8@

even after 1 hr @kphdihGinl@%eC @NGENtiddatediedodque@EPREN® WL And@ddd yver
conpl ete convers on after 3hrs HreH Ox concentrat.ion

59S variant for M4 FREHANRY DISRCRAY BT HaH iG %‘fwasl}”nher
nodi fication whiphfieiosyf dotuien dhirmtatdghuphiC (SR GRR0, petradai/éthyl pgetdid &/4Tys
159. The mas p anal ysis_c that addition of
Conmpound 6 to H@\feér% egéeﬂl%%ompoxn asan&?%sersggs% ft of 853 Daltons,
denonstrating t Huep 2f(a@ddemint3-EHdvopmethrisbenyhineldophaosddpound was
formed. Al so, Congiaishlitendidead not form an 20 adduct with a nutated
formof HCV protease in which Cysl59 was changed to serine, as

expect ed bas&d upon the differential reactivities of Cys and Ser with
the acryl am de warhead. These data denonstrate th? t he net hods
descri bed herein have been used to design a specifllt ;rrever5|ble

i nhi bi tgr of HC\é rotease. 25 Bi ochemn cal %Eg' Ce Dat a

Conmpound 6 wa nyfyhe.bi ochem cal tep on assays
described in wi? o P nd 6 Nadya : APg i g the biocheni cal
assay of 2. 8, and an’ ECS e ¥ii con assay\ﬁ 174 nM 30
Exanpl e 6. IrreverS|bIe Sorafenib - 3 - St ib

potent reversible inhibitor of cKIT ki nase domain. t e/ eé‘j an
al gorithm described herein, sorafenib was rapidly and effd ci'enilly
convert into an irreversible inhibitor of cKIT. 0

To a stirred solution of C,C’-bis-fers-butyl N-4-amino-2-
trifluoromethylphenyl)iminodicarbonate (0.5 g, 1.32 mmol) and EN (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;SOy4 and was concentrated under reduced pressure to 0.62 g

of the title compound.
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5 sorafenib A honol ogy nodel of cKIT Idnase (Uniprot code: P10721)
was produced using the x-ray structure of sorafenib bound to B-Raf as
a tenpl ate (pdbcode 1UWH). The 10 honol ogy nbdel was built using the
Bui | d Honol ogy nodul e in Discovery Studio using the cKIT - B-RAF

al i gnment shown bel ow. Then, 10 substitutable positions on the
sorafenib tenplate (Fornula VI-1) were explored in three dinensions
to determ ne which could be substituted wth a warhead so that the
war head woul d f o¥ter & €@ d(®Atrybuid-viriflroometh@yrdeiyhuteide)phinnxi) g sit e.
The met hodol ogy madegi¢dlineniddl 5 two tenpl ate position (RO and R10) and
one Cys (Cys788) capable of formng a coval ent bond using an

acryl am de war head. However the bond invo\:\\r\;/iﬁpg the RO position

i nvol ved adoption of yhhe cis-am de which gss preferred, while the
bond invol ving the BKQ pesition was able to formthe trans am de
which is nore prefe . Compound 7 was synt Ji zed which tested the
i nportance of havin war head at 20(%( 0 pgSition. RAF <Ml ' RAF
<Ml -RAP CI T AW pai 4 Po CPV\EI PDGPI TVG@RI GS%;;[NYKGKVWGO

YAVI CMLNVTAPTPQQLQAFKK

r EKWEFORNR1. 5FGUI L%%‘I@&@}KSDAAWVAVW\@HI@LWEI XVI

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 acryloy} 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 FtOAc
(2x20 mL). The ethyl acetate extract was washed with saturated aqueous NaCl

10 solution (5 mL), dried over Na;SOy 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, /= 10.0 Hz, 1H), 6.37
(dd, /=176 & 17.16 Hz, 1H), 6.50 (dd, /= 10.28 & 17.16 Hz, 1H), 7.06 (dd, /=

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 ¢KIT phosphorylation
while Compound 7 had an IC50 of 31aM against inhibition ¢KIT phosphorylation.
Biochemical testing was performed using the assays described in Example 1 for

cKIT.

25  GIST882 Cellular Assay
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" RRT- RHVNI LLFMGY51. XPOLAI VTQWCCGSS5LYHRLHI | E- TK PRI CER

5YI AN MNI VNI AGAt TI 4GPTLYI TEVCCYGD LNPURKRDSFI CSRI SPAI MEDDELALDLED
11101 ARQTAQGVWDYLHAKSI | HROLKRUNI FIHECQLTVRI GCDFGLATV154 Sit

.. LCRRSVOAKGVARLASKWCI HROLAARM LLI kVRI TKI Cl DEGLARO' KNOSNYVVKGNAAL PYK
, WWAPEVI RMQDKNPYSF(BDVYARG VLYELMT. GQJ . PYSNI NNRW EMVGRGY1. 50DLSKYRS
WVAPESI FN. . . CVYTFESDVWSYG RLVELFSLGSSPYP. RMPVDSKFTKM KEGFRMLSP. - - - E
lerl 111 47CPKAVRRLMARCLK: KKRDERPLFPQ LASI ELI ARSLPK- - s

MAPAEMVDI VETCVWDAOCPI mﬁme\y@wEwgg ap W) plate at a density of 8 x 10 cells/well

in complete media. The next day cells were treated with 1uM compound diluted in
complete media for 90 minutes. After 90 minutes, the media was removed and cells
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 FNNOG11) 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 fysate was Joaded 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. Jodoacetamide 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 2yl 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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- 104- RAF: human RAF (SEQ ID NO 7) CKIT: human CK1T (SEQID NO!) 5
Formula VI-1 Synt hesi s of Conpound 7

4-(4-(3-(4-Acryl am do-3- (trifluoronethyl)phenyflurei do)phenoxy)-Nmeth
yl picolinam de Step 1. C C -Bis-tert-butyl N4-am no-2-tri

f I uor onet hyl phenyfli m nodi car bonat e 15To a stirred solution of
4-nitro-2-trifluoronethylaniline (4.12 g, 20 mmol) in 1,4- dioxane (
50 nL) was added 4-DVAP (1.22 g, 10 mmol) and Boc anhydride (13.13 g,
50 mmol ) at room t enprsrtaptis dgesty e ipstrament ovas st jat Reflectyonsndde aitbd paksed110C

for 2 h. The reaghicfh §E\t?ﬁtg léf onoa@am@b@@as &qags {h@tLQQr ﬂmiasg pépeaomced
pressure and the resid

i n
washed with 10%s&pdard @0%4&2?@6%6?@220%{)9@ 99 r%ﬂ§5 2 ]E‘EFI @Sﬁﬁl)al}éﬁdhe
sat ur at ed aqueoysptiNatis {eRctod singlpb & sOMBH gate thiiag and fragmentation occurred

5 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 peptide that was expected to be modified by Compound 7 has the
sequence NCIIR, and was observed at MH+ of 1141.5. (The monoisotopic mass of
10 Compound 7 was 499.15.} In comparison, the conirel digest of cKI1T which did not
include Compound 7 showed the complete absence of this mass peak. The data also
suggested that there may have been modification of a peptide peptide that has the
sequence ICDFGLAR.

15 Example 7. Irreversible Inhibitor of Hepatitis C Virus protease
As described in Example 5, Compound V-1 is a potent reversible inhibitor of
HCYV protease. Using a model-built structure of V-1 in HCV protease (see, Example
5), all protein Cys residues within 20 angstroms of V-1 in the model were
identified. This identified five residues Cysl6, Cys47, Cys52, Cys145 and Cys159.
20  Then, 4 substitutable positions cn 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
watrheads 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 1o 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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Na2SO4 fol |l owed by concentration under reduced pressure offered a
resi due which was purified by colum chromatography (Si 02, 60-120,
pet ether/ethyl acetate, 6/4) to give 5.3 g (13 mvol) of the bis-Boc
internediate as faint yellow solid. This material was dissolved in 50
mL nmet hanol. To this solution under nitrogen 5 atnosphere was added
acetic acid (3 nL) followed by iron powder (1.71 g, 19.4 g-aton). The
reaction mxture was heated at 70C for 2 h, was coole to,ro%md

t enper at ure and Wi Eetpanithe cerridaterinibjter apd Gyp i Peyhish igwaived fpping abond gf
was concent r at eghsHAsler ank@RuE A8nd Rm8atE RoRAdaridhgimi@ SinthisgiomeRhidi | ut ed
with EtOAc (30 nL). It was wafhed Wth water (2 nL) and saturated
aqueous NaCl (2 CPHSyaistliet e iaWaiReF " P Na2S04. Concentrati on under
reduced pressure gavieongpoh@iss whseyntiwhizalnde®wh tir tehpetentinhibifor efdi®Y col um

chr omat ogr a Si 02,..60-120Q, t et her/ et h 1 to dive
A R e T E

4-(4-(3-(4-amno-3-(trifluoronet H\}/I ) phenyQur ei do) phenoxy) - N-
met hyl pi col i nam de 15 TO @ irred solution of

C C-bis-tert-butyl i @

trifluoronethyl phenyl)i m nadycaf bonate (0.5 g, 1.32 nmol) and Et 3N
(0.6 nm, 5.97 mmol) in toluepe (5 nL) was added phosgene (20%
solution in tol uen .91 ng 201.85 nmol). The reaction m xture
heated at refl ux r 16 h @ng then was cooled to rt.

4- (4- Ami nophenoxy) - N, - pyridi necar boxam de, (0.32 g, 1.32
mol ) was added ani he feadgtion m xture was heated at reflux for 2
h. After that th action ¢ X urb_wds quenched with water (5 nL) in
a funme-hood, extragted with (2x€P nL). The ethyl acetate
extract was washed w th sat yrated aqueous NaCl (15 25 nl), was dried
over Na2SO4 and was concentriated under reduced pressure to 0.62 g of
the title conpound. - 106 - Step 3.

4-(4-(3-(4-Acrylam do-3-(trifl uoronmet hyDphenyHur ei do) phenoxy) - Nnet hyl
pi colinamide 00 To &"8tirred solution of 4-(4-(3-(4-amno-3- 5
(trifluoromet hylSypthesiydiomipgmdbhenoxy) - N- et hyl pi col i nani de (0.1 g,
0.22 mml) and pyridine (0.035 g, 0.45 mml) in DW (5 nL) was added
acryloyl chloride (0.03 g, 0.33 nmol) at 0 C. The reaction was
allowed to come ¢fugolind®d further stirred for 12 h, quenched with

ice-cold water (10_niL) and I ac i th Ft 0Ac X The et hyl
acet ate extrHtt Dy ‘@é‘é(ﬁ#ﬂ'%é%ﬁéﬁcé’aﬁ’é’ﬁlﬁé&ﬂi&%oy&)futi on (5
mL), dried over JNal§eMprapdcadbnaelid-atmahenycdephepdduisdii-pressure to get
crude CNX-43. The crude.prqduct putd flede LnbLi TR Utifial

al um na col um c’ﬁ%ﬁ?ﬁ rgb'@g%' %ngﬂ?hﬁ%’%&"g&eﬁmh‘ﬁ?g”‘%ﬁg% ve 18 ng of
the title conpounthpasdavanpicpgedaiording 10 the KIVR PNETEmedialgh# deseriged (g
3H), 5.82 (d, Js &QV.O Hz, 1H), 6.37 (dd, J= 1.76 & 17.16 Hz, 1H),
6.50 (dd, J= 10.58°% 17.16 Hz, 1H), 7.06 (dd. J= 15 2.6 & 5.94 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 : nfe 501 (M+2) BI OCHEM CAL TESTI NG
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20Sor af eni b had an 1 C50 of 50.5nM agai nst inhibition of cKIT
phosphoryl ati on whil e Conmpound 7 had an 1050 of 31nM agai nst

i nhi bition cK1T phosphoryl ati on. Bi ochem cal testing was perforned

usi ng the assays described in Exanple 1 for cKIT. 25 G 5T882 Cel |l ul ar
Assay - 107 - G ST882 cells were seeded in a 6 well plate at a
density of 8 x 105 cells/well in conplete nmedia. The next day cells
were treated with | uM conpound diluted in conplete nedia for 90
mnutes. After 90 minutes, the nedia was renoved and dells were
washed with corrpound Sywer e washed ev 2 hours and
5r esuspended ? g edi a. Gghls were T‘ d at

specified tinmep , sed ip, CelITExtra NQF?BUfHﬁCﬁrI' (1 gen
FNNOO11) suppl ermeng, th-dReche co pr ot a.éj_'é‘_?ﬂﬁ_nhl%ltor tabl ets
(Roche 11697498001)" d'uef pmasem ‘ors (Roche OQQ% 83% 001)
hgough a 28.5 gaugelsyki fige=a0
s
Ve

and | ysates were sheateedl pg,gsg;ng %
4 ot

times each. Protei on ntragume,ns e nmeasured 10 andsdO
protein |lysate was l'oaded i ne®ach | ane. 8¢KI T phosphoryl ati S
assayed by western bI ot with pTyr (4010) anti body and total kit

anti body from Cel | nal i ng Te@'hnol ogy. Sor af eni b and Conpound
7 were tested for %I ul ar activj in a GST882 cell line at 1

m cronol ar. Both conﬁo dsy1 nhi & cKFT aut ophosphoryl ation and 15
al so downstream si @ of ERK 0 r to understand whet her
there was a prol onged i nh‘im tion ®&ith the irreversible inhibitor the
cells were washed egATg).ﬁ,EAcorrpoun p fhe reversible inhibitor,
Sorafenib, the i nh'r‘bﬁ‘m%y—a‘t yi t.. NofHN t88nd downstream si gnal i ng
was overcone whereas {He irreveéy jlh'i Bisti on of Conpound 7
persisted for at |east 8 hou?— ata supports the superiority in
20 duration of action of the rr verS| beoudethi bi t or Conopund 7 over
the reversible inhibitor Sorafehilj. Mass Spectral Analysis c-KI T (15

prmol s) was incubated with Conpound™7 (150 pnols) for 3hrs at 2510X
access prior to tryptic digestion. |odoacetam de was used as the
al kyl ati ng agenunta;f.ﬁﬁiatcmn:pound i ncubation. A control sanple was al so

i gest s a 2p1 alPdapbiordt FismeTes Sadd & it b o6 DMF e seted b T
prior to mcro CDB (X2, Ti7opmaly ﬂwmuﬁﬂewa&aﬁradﬁh@nmwlbefowgemg |si ng
300. T EA Acet by o4 “bBREEhnRlaRiA0 2y, T8k BB @26 ll 1.5
mmol) and DIEA (0.9 ml, 5 mmol) in 2 mt of DMF. The resulting mixture was
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 Na28Q, 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: Rr 0.3 (EtOAc:hexane = 3:1),

MS m/z: 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-m! portion of DCM was poured in followed by evaporation to
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- 108- For tryptic digests the instrument was set in

Refl ectron node with a pul sed extraction setting of 2200. Calibration
was done using the Laser Biolabs Pep Mx standard (1046.54, 1296. 69,
1672.92, 2093.09, 2465.20). For CID PSD anal ysis the peptide was

sel ected using cursors to set ion gate timng and fragnentati on
occurred 5 at a | aser power about 20% hi gher and He was used as the

collision gas for CID. Calibrat s was .done usi t he
P14R fragnent at FeResSal FHrasessy l#(g\ﬂ afl‘ﬁré‘mc{?ﬁ&méq?y SPRYTHEEY FELEPE i The
pepti de that wasre@xpes tegivetlatehfedianes-2iaeitk B sao ffoutads77. Zh@tlst)he

sequence NCI HR, and was observed at M+ of 1141.5. (The nopnoi sotopic
mass of 10 Conpound 7 was 499.15.) In conparison, the control digest
of cKIT whi ch dilgtemaddiate®B:ude Conpound 7 showed the conpl ete absence

of this mass gpe tohams) TRY 0. bavecfbeen
nodi fication ofafjé Jhﬁog%%}eﬁh r@ﬁ%ﬁé&%ﬁ(éfigéeﬂuenge | CDFE_AR. 15

Exanple 7. Irr e\mhyéiom EHF r«ms eﬂdﬁcb% mgthylpppd oy hraagnesi bramige &t Xk

As described i nﬁamtez §mm99r5nosmﬁswév1} ThS rédctitn@Rttire QY @il Br e h
i nhi bi tor of HCVpr bui | t re of V-1 in

nodel - qﬁér uc

HCV prot ease (sék; 78E§Ea]n'BII IéC]5()25 ”g‘ F‘quﬁ?‘ﬁtsgli“ﬁo‘ﬁ%g WP 12520
angstrons of V- Loty wdi@edmade RTVWEIeH wie Bdjhdddad ~3 EBthHCde”ﬂlnei THR@asf | ve
resi dues Cysl16, s47, s52 sl and .Cys15
substi t ut abl pé‘%ﬁ“&‘ﬁ% er\}{ail%haéé%’g&ﬁr%rgé%a%%%lsstl gi%gﬁeﬁy M
enone war head s@X béinL).Hehewegahie dayennoas| dified ovthhzﬁﬁb,v@te%mdbhm@lwtt h an
identified Cys r%g}egn edltg }opiﬁ J}—l| mgcr}epq(gaggtse bi nding site were expl ored

YHe” far head

in three di mensi'ons. uilt in three dinensions onto
the tenplate (Fornmula V-2) using Discovery Studio (Accelrys Inc, CA)
and the struct urgs,,efad i€ resulting conpounds 25were checked to see

i f the warheads codjld reach one of the identifie ‘ﬂ Be5| es in the
bi ndi ng siteld tert-butyh(Sld@sRy2LURFSE1(gyelopropyls ‘F"PY‘E"V YROYHE

war heads and t hgisig o lfhrpﬂﬁdyl)lm&ah(&tyaqd:aﬁgdquﬁﬂlﬂmul ar dynami cs
simul ation of the war h\?’g gﬁﬂf#?ﬂ’“’é’ ane"" opasrb\/\g%ep%eftg%rred and

checked to see MOPMET strons o " 30t he
identified Cys rempdnésad madbhecdmpm@lngrmettwe BYhnctIut@emdlﬂMse?cPStn&o

tenpl ate positi gﬂfﬂ ng‘%"”{‘%thR%g“ E& r&ﬂn(‘ﬁ{e&e?c | naT {%{&ﬂn@%ate-%%%et WO

tenpl ate positi en subject to a ter that required
t hat the enole rspalasisohConprnd 6. coul d be forned - 109 - with between

the candi date i nDj,bi £/ oM rViad ahpotll vl obtRHAd (¥ /? Rew MBigag; bond of
| ess than 2 ang%gg,ygsggy@grm1 standard nol ecul ar dynam cs sinul ation.

This constraint left one tenplate position, RS.
Biochemical Data
25 Compound 8 was tested in the biochemical assay described in Example 4,

and shown to be potent inhibitor of HCV protease (ICso_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

HCV protease with the compound was formed. (FIG. 11)
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Compound 8 was synt hesi zed and shown to be potent inhibitor of HCV 5
protease (I Cso_App < 0.5nM and shown to nodify HCV protease on
Cys159 . Conpound 6 Synthesis of Conpound 8 Conpound 8 10
tert-butyl-(S)-142S, 4R) - 2- (OR 2S)-1-(cycl opropyl sul f onyl ear bamoy1) - 2-
vi nyl cycl opr opyl car banoy1l) - 4- ( 7- met hon- 2- phenyl qui 10l 11n- 4-

yl oxy) pyrrolidin-1-yl)-7-methyl -1, 5-di oxooct - 6-en-2-yl carbamate: The
title conpound was prepared accordl ng to the steps and i nternedi at es
as described Jaiample8. 11JmprovedPetemeydihaeugh&otalenky. a sol uti on of

I nternediate 5-2 (0. thgexa;np@%eﬁb’rﬂﬁétés ?Bm@no‘?ﬁ fk dg%ﬁ )}g@ﬁhﬁqg Hemea CDI
(0.28 g, 1.7 mmol ). The m xture was stirred 0 our ore

addi ng a sol ut i dAdEiEn@gErpTEsipledpiigrattine frew r%rs@le ighiljtorvth) | DBU
(0.26 m, 1.8 nmmdderatervddwhlkpbietd.9 M, 5 nmol) in 2 nl of DMF. The
resulting m xture was stirred at 600C for 10 hours. The reaction
mxture was diluted with EtOAc and was washed with aqueous NaOAc
buffer (pH 5, 2x10 nB.)j, Nakibitd os8tustihea 10 and brine. After drying

over Na2SO4 and reno aI of o ve S su ed to
chr onat ogr aphy on si I EEUa¢ 15ﬁs“fe[ﬁl‘gfeh%@?\‘@ﬁ’%?‘ﬁﬂ&ﬁmiwi%z WMiipthg|  of
0.8 g of Inter nﬁxﬂcicamcaéBasiawvasl Yobtiag the etruckife-Kascd déﬁxﬂ&@nﬁ%ﬁbﬁb&l 3:1),

M5 ink: 677.2 ( t nter 89,
1.18 mol ) was ssoFmA}%mJ &égﬁngﬂ nﬂ]! %}%ﬁ%&n g xoi‘%’nae“ ?%’afs{%%
reaction vvasl%tlniﬂ’r“e@f?@fkl hour at RT. After rermval of solvents, a
20-m portion of DCM was pQu A owed by evaporation to - 111 -

dryness. This process of ol | owed by evaporation was
repeated three tines to g e 8-2 as its|HC1 salt. Ms nk:

577.2 (MrH+) . N N 0
N7 X
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 mode! 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 Cys327) 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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Internediate 8-3: 5To a solution of N-Boc-pyroglutamc acid (0.23 g
1.0 nunol) in 10.0 m of anhydrous THF was added

2- met hyl prop- 1-enyl ) magnesi um bromde (0.5 Min THF, 5 nL, 2.5 muol)
at -78 Cslowy. The reaction m xture was stirred for 1 h at -78 C. 1
N HC1 (2.5 m) aqueous solution was added and the m xture was slowy
warnmed up to RT. The pH was adjusted to -3 by 1 N HG The THF was 10
t hen renoved under vacuum and the remai ni ng aqueous was extracted by
DCM (3X 20 nl). vereadgoyldagach # Gysdn thedindiae (i np ere e sgesstoms free g and
the sol vent was dygpoved to provide the crude product. Conpound 8:
15tert-butyl -(S)-14(25, 4R)-24( 1R, 2S) - 1- (cycl opr opyl sul f onyl car banoy1)
-2- vinyl cycl opropyl carbanoyl) - 4- (7- met hoxy- 2- Phenyl qui nol i n- 4-

yl oxy) pyrrol i di rfolmydyHiA-met hyl- 1, 5- di ozooct - 6- en- 2-yl car banate: The
title compound was made by couplipg Internediate 8-2 and Internediate
8-3 using HATU fol | owi ng the” Coppl Mg T epction described for
Internediate 5-5 in the 20 esi s Conmpound 6. A total of 70 ng
of the title conmpound was obtafned (684~ ~Rf 0.5 (E&QAC); M5 m X:
844.2 (M+H+). Bi ochem cal Data 25Conpound was testied in the

bi ochem cal assay described in Exanple 4 Q be potent

tral Anal ysis
i n Exanpl e 5.
30 The analysis confirmed that addition of np¥und to HCV protease

resulted in a mass siyf {HpRhcHARRMGH IRL B ¥1B8AR DRkl th #dsat i ng
t hat an adduct of HCV protease with the conpound s forned. %FIG
Séggﬁlﬁé??é%m'ﬁ? s

11) - 112 - Exdapac g2y ovEd aod thehbs distarcs wghe
exanmpl e denonst ratyRmidREkidcakddaa wak fdhel ieskgiic aingiost nhivir@nadd met hod
to design potent irreversihble . inhibitor tarti from r.eversible
inhibitors wth %%?ér‘ﬁlflgi IBYOIWQ gcr{mwgtagbﬂ% o'f?ess tlizan f;gngstroms 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 ICsy 1.8 nM in the biochemical assay. This is a

15  significant improvement in potency relative to Compound 9 (ICs 8.6 uM). The
activity of Compound 10 was also assessed in a Ramos cellular assay. Because
Compound & 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 %)

and that the potent irreversible inhibitor (Compound 16) had activity in cells.

Synthesis of Compound 10
25  N-{3-[6-(4-phenoxyphenylamino)-pyrimidin-4-ylaminc|phenyl}-2 propenamide
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5 8. A Inhibitor of Btk kinase Compound 9 is a weak reversible
i nhi bitor of Btk kinase (I1C50 8.61.1.Min the biochem cal assay, and
). Using the structure-based design al gorithm described herein,
Compound 9 was rapidly and efficiently converted into an irreversible
10i nhibitor of Btk. N7-%% NN Conpound 9 The bindi ng node of Conpound

9 in Btk was obtained through the docking met hod using the Btk
apo structure (pdb code: 1K2P) and the co-crystal structure of 15
EGFR i nhi bitor (pdb code: 2R&R) e protein queling conmponent

in Discovery Studio (D scovg Stu- 2.0.1.7347,1Accelrys Inc). The
bi ndi ng nodel of Conpound 9 Zdy Bt deptified S residues

that were within 20 angstrons (Cys464, s481 s502, Cys506, and
Cysb527) of Compound 9. In the three di ona
527

uctures, however,
four (Cys464, Cys502, 20Cys506, and Cy ou the five cysteines

wer e bl ocked by side chains or the prot Kborie. Those cystei nes
are not easily accessible due to the s er| hashes. Therefore, only
one cysteine (Cys481) was reachabl e an a preferred distance.
One substitutable position on the Cbnpound 9 tenpl ate was explored in

three di nensions o nvhino ) Y was
built onto 25 tﬁ%Qﬁﬁlhgﬁﬁ (Héh %%+éfékhs Eﬁmﬁ?sE§Very%@fJ d(ao

the structure ofmg Rd WIE@W|WYWQWM§5M 5iomi QfTHfEWBtSlecﬁSI ng
Accel rys Di scOVefxr. Si;asl;ci&)@cmano@ {éerZ 679 n(rﬁeﬁfﬁésfax&d hﬂ?&?he re-g&ﬁn];ﬂlﬂ@lje ahd1" €€

di nensi onal strycture was_checked det enni ne
war head coul d r é5%43 siredpeRT fprd e by ?‘W(fflh‘@as (fme%lay W@l etkuen and the

angstrons from andy shduck@isBikifedByl ladr chromatography on sitica gel with EtOAc¢/DCM
solvent system to afford 115mg (40% 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, ), = 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 pM 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 MgCly, 1 mM EGTA, 5 mM B-glycerophosphate, 5%

25  glycerol (10X stock, KB0O02A) and 0.2 mM DTT (DS001A). 5 uL of enzyme was
pre-incubated in a Corning (#3574) 384-well, white, non-binding surface microtiter

plate (Coming, NY) for 30 min. at 27°C with a 0.5 pL volume of 50% DMSO and
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5NN Thi s approach confirnmed that the selected RI position on the
Compounds 9 tenpl ate was near Cys481, and that the distance was | ess
than 6 angstrom The acryl am de reaction product was forned between
t he candi date inhibitor and Cys481, which involved form ng a bond of
| ess than 2 angstrons using a standard 10nol ecul ar dynani cs
sinmulation. This constraint was successfully satisfied for this
position. Using the nethods and assays describec bel ow, Conpound 10,
whi ch cont ai ns asria dijtedrepipovads nr¢pareiRin PHPYSSrKingsa eagtipnt Hes FisEd and
shown o be a paligi B9 L BF mBPAIRS Gelat ludud R Andmriadsi 1

t he bi ochem cal assa IS 1S %g ficant grov gnent in
potency rel ati vevem3 eiAion6q minsies B Aa360fY=8Tine Sxparey, pleip repder from

Conpound 10 was B%T%Q(\ﬁ&%@sﬁﬁ@@?}%@ﬂﬁ cBRNBiSn 68kdHHs }ﬁ&;‘i&’%ycurﬁ@ﬁahﬁ&h
Conmpound 9 was such a week jnhibitor of Btk i ssay,

it was not expectedaers iy BrPeRTARCE s SR ‘{]ft\ff"f‘?‘c?ﬁ{ %? %OBH‘:‘B
assay. However, imked, Asdde @i & sQAREEMitlabtel@ity @fmidutesi ~Tonipows) drok0

howed 85% i nhi bi f Bt . | i t
R i ML R
i nprove the pot e»nmyie Oliimoés) andwisamiplatied/ ggambt itfondendentrgion (@;Wp@m 0 9)
and that the pOtfe rom 10 nﬁa@?%g%] Igéagoi%é]gérlﬂbk%opg %HH%’@Q;»}&Q& PWfrﬁﬁt fvity

in cells. Synthesis

N- { 346- ( 4- phEnoXGrathmSofimrigdandiedon§ ) n- 4- yl anmo] phenyl | -2
propenam de - 114 - A solution of

346- (4- phenoxyphenyl am no) - pyri m di n- 4-yl am no] phenyl am ne (250 5 nm,
0.7 mol) and trmhéwli‘!&m my, 1.75 mml) in 5 nL of THF was
stirred at RT. Atgnpb@ial CRRLIBAE 8554520 i MhmoP m@nanTBatklt Washaecters. iRamos t he
reaction m xture fimd it was stirred.a for 1h Theres%socncfad é‘%
renoved by vaculffNSeVsIpErRRid ARREOP Hb [ JHESHTPEY JRY™ R EPSNFT f by
flash ChrOﬁBIS)grsaIFlﬂ)freBmc&hlallctlaa@abdfMthOlEt meomwg@ﬂdeémRmtcel}ﬂmo
afford 115ng (400 10
solid. MB (n2): fie e o WI%MSE‘%W? ? @‘ddogmfo%@%gqu
8.22 (s, 1H), ‘Mcﬁ@mc@ated wijth camsand @r 1 heyr, ashedgng@nméresuwesée Lin 400y
(ml é:“l:?z 6. 42 (gggl fwmetll% Ce]ﬂs?veil-e thiay stirhglated Jv%\th QPQ'Bf)goat(]}?a% )t delii-Hhkan J1
= 10.1 Hz) PPm Igngng m@%t?d P'Pé‘teo%’bll ﬂ@ﬁ“‘?ﬁo‘PeaﬁE‘gﬁteAgsféﬁsfﬁ’ﬁH‘Pr Rﬁ“:‘%ﬁ%t
Bt k 15The pr & ocQihwkel Q;Weldﬁﬁ’ﬁiﬁl!ltpaeﬁle eamvbﬂaum;ﬁd backitk PBaamd taaﬂas;s oif 0

enzyme. 'TRQGLSQE%%% eoet CAC B gy ok BB p it PR B e
vendor (1 nvitrogeded &pdel Sladthts ety proted fdr@hosplidreativh dethwBik sal_nstrate PLCy2.
i nvi trogen. coni site/us/en/ hone/ Product s-and- Servi ces/ Applications/Dru

g-Di scovery/ Tar get - aglg Leia}(libltor I}HJ‘} lgrogelagen- and-
25 Compound 11 is a weak reversible inhibitor of HCV protease (ICsg 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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20

Val i dat i on/ Ki naseBi ol ogy/ KB-M sc/ Bi ochem cal - Assays/ Omi a- Ki naseAssay
s.htm . Briefly, 10X stocks of 5 nMBtk fromlnvitrogen, 1.13X 40 gM
ATP (ASCO A) and 10 p. M (ATP I Cvapp - 36 inM Tyr-Sox conjugated
pepti de substrates (KCZ1001l) were prepared in | X kinase reaction
buffer consisting of 20 MM Tris, pH 7.5, 5 "M MgC12, 1 nM EGTA, 5 nmM
p- gl ycer ophosphate, 5% 25 gl ycerol (10X stock, KBOO2A) and 0.2 nM DTT
(DS001A). 5 '"IL of enzyne was pre- |nc\ubat ed in a Com ng (#3574)
384-well, white, non-binding surface njcrotiter plate (Com ng, NY)
for 30 nm at 27C with a 0.5 pL vol ung 50% DVSO and - 115 -
serially diluted conpounds prepared i 0% DVSO. Ki nase reactions
were started with the addition of 45 pi othhe ATP/Tyr-Sox pepti de
substrate m x and nonitored every 30-90xS€ for 60 m nutes at
Aa360/4,n485 in a Synergy4 plate reager fro
At the concl usion of each asgay, pr
exam ned for linear reaction klﬁletl nd fit statistics (R2, 95%
confidence interval, absolute s @nes) Initial velocity (O
mnutes to -30 mnutes) from each

| etermnedfromthe
slope of a plot of relative fluores ni s uvs e (m nutes) and
then plotted agai nst inhibitor concen tTon te | C50 from
| og[ I nhi bitor] vs Response, Variable Sl ope rmdél | n GraphPad Prism
from 10 G aphPad Software (San Di egoCoffgund Bt K Ranos Cel [ ul ar Assay
Conmpounds CNX- 85 was assayed in Ranbs human Burkitt |ynphoma cells.

Ranpbs cells were grown in suspension in 1225 flasks, spun down,
resuspended i n 50m Betfysglotrucmts délUveliptaasaindomplexiival edr f(l)sﬁna]]l hour .

Conmpound was sa ;35%3 f
concentration o?‘% %CEIQS %6&9 Ah%]tbﬂggv% bﬁpdﬁéﬁg&ﬁ%fiﬁg}eﬁe - ffqu?%ﬁbat ed
Wi th conpound f G‘P‘Uclmﬁémlaﬂmm binginig modeschf the dnbehisernd €t %-1ay 3400wyt of

serumfree medi gue c%bl'e:?wi@@ﬁcﬁcﬂré‘f?ﬂp@ﬁ:&@b@%ﬁ%s\%&medﬁ{gnfﬂg geat F(ab')2
Anti - Human | gM and |ncubate on ice for 10 mnutes to activate B cell

receptor si gnal i9A@P22bRsd pideyeeb roap prgy anflysoditoyppded buildiike sragtprg ofyer e
washed once wit ftoRB&mand it REW pgrot&echsag Dikebven duid. nvi t rogen Cel |

Extraction byffer. 16n otal. pro n froml es were | ogded, on gel

and bl ots weltbe pr obed gg?:ysp[ﬁﬂ "Eﬁ%’f&t\éﬂoﬁ?ﬁe@?%‘f‘%h a‘ﬁfﬁio"ésd‘ﬂ)g?g%“géd PLCy2.

8. B. Inhibitor obmpdoh Brletmsealsievere identified. This identified five residues Cys16, Cys47,
Cys52, Cys145 and Cys159. Then, one substitutable position on the Compound 11

S from each 5wel |l were

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 reversibie 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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25Conpound 11 is a weak reversible inhibitor of HCV protease (IC50 of
165 nMin the biochem cal assay). Using the structure-based design

al gorithm descri bed herein, Conpound 11 was rapidly and efficiently
converted into an irreversible inhibitor of HCV protease. - 116 -
Compound 11 The crystal structures of HCV Protease in conplex with
over 10 small 5nol ecul es pepti de-based inhibitors have been

determ ned, and there are S|gn|f|cant structural simlarities in thee
bi ndi ng nodes of the inhibitors. Thex- ray structure of the conpl ex
wi th boceprevir (pdbcode 2008) was old{ ained fromthe protein databank
(world wide web rcsb.org) and used L pdel -build the structure of
Compound 11 in HCV protease using D OVET Y Studi o. 10AIl Cys

resi dues of HCV protease within 20 angstfons in the docked conpound
in the nodel were identified. This d-dés ctiyfive residues Cyslo,
Cys47, Cys52, Cysl45 and Cys159. Then, /stltutable position on
the Conmpound 11 tenplate (RL in F la VIT'+8-1) was explored in
three dinmensions to determnegif iy fould be substituted with a

war head so that the warhead wo forym@ coyal ent 15 bond with an

identified Cys residue in the H igding site. The warhead
Qﬂgt enpl ate (Fornul a
i nhi biit ox_was kept unchanged.

(acrylam de) was built in three dinensj

VII1B-1) and the rest of the reversi

The structure of the resulting conpound was cRecked to see if the

war head coul d reach one of the i denthofmeglVi@ps! r esi dues i n the binding
site. - 117 - 0 000 Il NS I

In order to sample the flexibility of the warhead and the side chain positions,
5 astandard molecular dynamics simulation of the warhead and side chain positions
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 approach confirmed that the R,
position on the template was near Cys159. This position was then subject to a final
filter that required that the acrylamide reaction product could be formed between the
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
(25,4R)-1-(2-acrylamidoacetyl)-4-(7-methoxy-2-phenylquinolin-4-yloxy)-N-
((1R,28)-1-(phenylsulfonylcarbamoyl)-2-vinylcyclopropyl)pyrrolidine-2-

carboxamide:
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0 Formula VI1I1B-1 In order to sanple the flexibility of the

war head and the side chain positions, 5 a standard nol ecul ar dynam cs
sinmul ati on of the warhead and side chain positions was perfornmed and
checked to see if the warhead was within 6 angstronms of any of the
identified Cys residues in the binding site. This approach confirnmed
that the position on the tenplate was near Cysl159. This position was
then subject to a final filter that required that the acryl am de
reaction product could be formed betwee# the 10 candi date inhibitor
and Cys159, which involved fgoqi of less than 2 angstrons
using a standard nol ecul ar dyna mul ati on. These constraints
were met by Conpound 12. A 7Cri bed beI -ound 12 was
synt hesi zed and shown to be potent bnh blt rOOfI arotease 15

Synt hesi s of Conpound 12
(2S,4R)-1-(2-acryl am doacetyl)-4-(7- ne

phenyl qui nol i n-4-yl oxy)

-NR1R, 2S) - 1- (phenylsulfonylcarbanny 9ny| ycl opr opyl ) pyrrolidi ne-
2- earboxam de: - 118 - The t " conpound was prepared
according to the steps and inter tes as b5descri bed bel ow.

Internediate 8.B-1

Et hyl-1-[ 11(28, 4R)- 1- 1(1, 1- di net h;?l‘"é’f"r'm"dx”)(gg?‘bz&h&/l] 4- (7- et hoxy- 2-p
henyl- 4-

L0qui nol i ny1 ) 0x¥ke GBXofaBhubl kY | il B QDKL o B~ £epS LF idrinbales?B) -
eyel opropaneear boxyl ate: “To a s tion

2S) - 1- am no- 2- vidaspriked bkleyr opane carboxylic acid ethyl ester

tol uenesul fonic acid (2.29 g, 7.0 mmol) and N-Boc (2S,

4R) - ( 2- phenyl - 7- met hoxy qui nol i ne- 4- oxo)prollne (3.4 9, 7.3 mol) in
100 i of DCM was added HATU (3. 44 lgferme EJ%eWI) and then DI EA (3.81
m, 21.9 nunol) 15 under stirring. The ure was stirred at r.t.
for two hours. After the conplete.c on of starting materials,
the reaction m xture was washed w pline twice and dried over
MySO4. After renoval of solvent, the crudetproduct was subject to

chromat ography on silica gel (hexane Br W u9¥3. 3.45 g of the
title conpound was obtained: Rf 0.3 (Et A%%ﬁe ane = 2:1); M nh:
602. 36 ( MtH+) . :7,0 Z

Ethyl-1-]][(25,4R)-1-[(1,1-dimethylethoxy)carbonyl]-4-[(7-methoxy-2-phenyl-4-
10 quinolinyl)oxy]-2-pyrrolidinyl]carbonyl]amino]-2-ethenyl-(1R,28)-
cyclopropanecarboxylate: To a solution of (1R, 28)-1-amino-2-vinylcyclopropane
carboxylic acid ethyl ester toluenesulfonic acid (2.29 g, 7.0 mmol) and N-Boc (28,
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: R¢ 0.3 (EtOAc:hexane = 2:1); MS m/z: 602.36 (M+H").
20
Intermediate 8.B-2
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20 Internediate 8.B-2 - 119 -

1-[[[(28,4R)-1-[ (1, 1-di net hyl et how) car bonyTh4- 1( 7- met hoxy- 2- phenyl - 4-
qui nol i nyl ) oxyl - 2-pyrrolidinyl | carbonyl | am nol - 2-et henyl - (1R, 28) -
cycl opropanecar boxylic acid: To a solution of the product of
Internediate 8.B-1 5 (1.70 g, 2.83 mol) in 140 m of THF H20/ MeOH
(9:5:1.5) was added |ithium hydroxi de nonohydrate (0.95 g, 22.6
mol ). After stirring at r.t. for 24 hgurs, the reaction m xture was
neutralized with 1.0 N HC1. The organicysol vents were evapor at ed
under vacuum and the remai ni ng aqueou hase was acidified to pH 3
using 1.0 N HC1 and was extracted with c. The organic |ayer was
washed with 10 brine, and was dried OVE rous magnesi um sul f at e.
After renoval of solvent, 1.6 g of theititl onpound was obt ai ned:
Rf 0.2 (EtOAc: MeOH = 10: 1): M m z: %36 MrH+) . | nternedi at e

8.8-3 15 ool

N- (1, 1-di net hyl et hoxy) car bonyl) - (4R) - 4- 7ot hoxy- 2- phenyl- 4-
qgui nol i nyl ) oxykL- prol yl - 1- am no- 2- et he “N-gphenyl sul fonyl ) - (1R, 2S) -

cycl opr opanecar hoxaya de: . sal ution o e, Pk | of ernedi ate
8.B-2 (1.24qg, 2%6“@%%‘% llﬂlzg'mrﬁﬂ‘yyf%h" '&&@Eﬁ@ég’%ﬁ%{ﬁ%&“@g?g, 2. 58
mrol ) and 20 DI EdifolindBxyl2-p8rélfinyliedrbonyl]amingl-dcethenylnas st i r (B82$)or
one hour before ' y . Raih @,p-B- 24
mol ), DVAP (1. 0@9?.&.3_9%% m%ﬁ%’b gﬁ%{@?o %%@HQ%%B%L 29ﬂ§f&%?§9%|) in
15 m of DVF.5 Stk iné 5 g hiacktO el of Sty BC0HaPH (Bt h it &ddedginunn
react i on m xt ur Gy uasigd o thaei(d 55 ELOAGANY ARRS sUARI LA RGUSALS
NaOAc buffer (pH 5, 2x10 i

_ , , NaH sQ] ut | brine. After drying
Dver NpSat and rEREYAMDIS St AZ e gt SUHEL BrcbRBi Ry
addi ng one por t i @#podfedimBMacutiiparkiithe ®Rbigingagie0.6 pben twag hadifiaind pHhe
resi due was subj ect hr.omat ogr.aph: si4i c i .
hexane/ Et 0Ac (1ffpiﬁgf§ﬁgf?€fé a%%aﬁgyél%B@fxbﬁgﬁ?%?Fﬁgigﬁggﬂﬁ%w&%s
obt ai ned: Rf1®. JripEtaddenhdricdrneeranBydidus meBheniim:sulfdd AMBr (eMek pf soPR8t. 36

(MeNa') . 101 nt eryedi gk e & BrithothdRvas obtained: Re 0.2 (EtOAc:MeOH = 10: 1); MS m/z:
574.36 (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,28)-
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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HN- S02
(4R) - 4-1(7- met hoxy- 2- phenyl- 4- qui nol i nyBoxyl - L- prol y1- 1-am no- 2- et hen
- N( phenyi sul fonyl) - (1R, 28) - eyel opr opanecar boxam de: To a sol ution

of the product fromlilnternediate 8.11-3 in 30 m of DCM was added
dropwi se 15 ml of TFA. The 15 m xture was stirred at r.t. for two
hrs. After renoval of solvents, a 20-m portion of DCM was poured in
foll owed by evaporation to dryness. This process of DCM addition

fol | oned by evagdhlatliipne Bdsmmelpémten! plODMEt BiirBag contihuge e af@Gonal foumas
added and then nggoved raxuo%\mwe% qutéuowmﬁlt@ﬁ%%&JMJS%@%&QJO# hi's

cycle gave a residue that solidified int
salt of the tit | NeCosiydemat~A 240 SﬁthaHéfQBrmlétlQljfanﬂ Hoeinef FWGS dtyingyeysr

neutralized wt
(DO We0F = 10: %ﬁf"ﬁiﬁﬁ%a@@ﬁs@lv@m%rﬁﬁre%wdhﬁ p&ggmearbgflagﬁg %e ortign of

-A O filtrate was concentrate and the residue was subjecled to

( 23 4R) - 1- ( 2- t - hulopxyeasRonkiRILO 0aeEhatBreAnOLc MRL-hOXY AZstRNENY IagbnOl i
n -

yl oxy) - N-((1R, 2 8e. iile someasnd s o8 RPF & B 2GRt ey vk MbPG I 3By rro
| i di ne2-car boxariMdH*) T5.38 ("oNaf).i on of the product of Internediate
8.B-4 (0.10 g, 0.15 5 mmvol) and N-Boc-glycine (0.035 g, 0.20 mmol) in
3.0 nL of acetonitrile was added HATU (85.1 ng, 0.22 nmol) and D EA
(0.09 nL, 0. mmmol) at RT under st ilntermgliatd®B-4 eacti on nixture was
stirred for 2 h. LCM and TLC anal ysis indicated conpletion of the
coupling reaction. A 20-nL of EtOAc s poured in and the m xture was
washed with a buffer (pH 4, AcONa/Ac , NaHCG3 and brine, and 10 was
dried over Na2SO4. After renoval of s nt, the crude product was
subj ect to chromatography on silica ents: EtOAc/ hexane). A
total of 0.11 g of the title conpoupd was tained : Rf 0.2

(Et OAc: hexane = 2:1); M ink: 770. H+). Internediate 8.B-6 15

10001] (28, 4R) - 1- ( 2- am noacet y1l) - 4- N]M phenyl qui nol i n- 4-
©b
I

yl oxy) - N-alR, 28) - 1- (phenyl sul f onyl ea -vi nyl eycl opropyl ) pyrro
| i di ne- 2-earboxam de: The product f nmedi ate 83-5 (0.11 g,

0.13 nmol ) was Cthliﬁﬁl(]?&iitﬂoﬂy—@-pﬁkn)ﬂlﬁ-qﬂmoﬁi@h)g?{}%rXSQ'X-iUBﬁl[ﬁfﬂdetﬁ F‘/I-N-t
et por t 1 on GTBRMRA ARk on orarteathatpge: 1o & Sohution r i prodtll °

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 NaHCQ; to obtain the title
compound: Ry 0.4 (DCM:MeOH = 10:1); MS m/z: 613.65 (M+H").

Intermediate 8.B-3
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- 122 - evaporation to dryness. This process of DCM addition

foll owed by evaporation was repeated three tines to give the conpound
Internmediate 6 as its HClL salt (0.10 g). MS mz: 670.2 (MrH+ ).
5Conpound 12 (CNX-221) O

(25,4R)-1-(2-acryl am doacetyl) - 4- ( 7- met hoxy- 2- phenyl qui nol i n- 4-yl oxy)
- NOR, 25) - 1- (phenyl sul f onyl car banoy1l) - 2- vi nyl cycl opropyl ) pyrrolidi ne-2
- carbozam de (1-27): The title conpound. was rmade by coupling
Internmediate 8.11- 10 6and acrylic aci d uging HATU fol |l ow ng t he
coupling reactions described.fs gimedi'ate 8.B-5. A total of 0.10
g of the title conpound was obt@i ned B7%: Rf Q.&8 (5% MeOH in DCM;
Ms mz: 724.3 (MrH+). Biochem cal” a d CeI I ulgr 23 5Conpound 12 was

tested in the replicon assay descri be e 4~ Conpound 12 had
an EC50 of 204 nMin the assay, where sNr 1/si bl e Conpound 11 had an
EC50 of greater than 3000 nMin the ass HCV Prot ease FRET

Assay for WIld Type and Mutated NS3/ bOEnz s 20(1C50) [0002] The

protocol is a nodified FRET-based %fsséay (v_02) fromln Vitro
Resi stance Studies of HCV Serine/Rrotease Inhibitors, 2004, JBC, vol.

279, No. 17, pp17508 17514. |1 nherent potenc ds. was
assessed agai nst@iBik- tﬂq,!grrcarmg!,&lln%ﬁﬂylb¥-é§ve&ﬂ{im %PE enylauinglin-f
N53/ 4A | b pr ot eagdyPNE#RE2SHS- (ﬂﬁnfflﬂilfoﬁyiﬁarbﬂlﬁéﬂd)SI-ﬂﬁMSchfprdﬁSBﬁﬁﬁohdme-

pr ot ease enzymne from Bi 0p R

5- FAM QXLTn520 r—’F!iE’T‘gn Baptae dé 8 % °F °? b F’F"S‘r’ﬁ‘ ﬁg?Q'@%Q?g?hﬁ?@ﬁg g 0-15
Jose, CA) wer®e pregpmddN-Boc-SecineND.HERES,20 pisho}). i 3.0 rdoofaddtagiidie wasadird DTT
and 20% gl ycer Oll—FA'ﬁg)FHaS 1%&%% DRPAIBIMR (Fodih dmrka?feafeﬁr hﬁhe@stﬁ@x{gwg

(#3573) 384- wel non-tr eat m Cr ot Cornin
for 30 mm at 25 hwiredstien gurg (was \sgireshrEor G hsb@‘ol\ﬁvs@ ahd @@ﬁﬁamdvated

di l uted conpoundgypleRAsesle téh ﬁ%@eQM@QAfzoEﬁLoaieamcrm%m@m& e
started with the additi on of E

of the F ﬁbﬂé%]{igt a}) 5
noni tored for 120XWentasegshed "%h&é’?ff%éﬂ%féﬁfﬂw 3 and brine, an
monochr onot e  iwhsAri&Y Hef YyA0R| AdleLreimead of sofl\l‘eﬁtmlBlcﬁftlfehro(lﬁN ﬁ'mk_]leqt W/T) .

At the concl usion of each as 0 rve wer e
exanined for |i rfgtgefna}ogaglw%w l?%’/ﬁgt hé'%{s ﬁtgmfc}}l'te Xan‘?) %‘ﬁ‘g?l"ggqy RZ, It e
absol ut e sum of @mp@anmdsys obtaibetli: A} 0.% EHt@4¢:heyar(eG I )M eEz: 160 BO4+H").

Intermediate 8,.B-6

ve

A0 O b ?

[000F] (2S,4R)-1-(2-ammoacetyl)-4—(7-metho_xy-Z-phen‘quuinolin-4-

15

yloxy)-N-((1R,28)-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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10 m nutes) from each reaction was determ ned fromthe slope of a

pl ot of relative fluorescence units vs tinme (mnutes) and then
plotted against inhibitor concentration to estimate | C50 from
log[Inhibitor] vs Response, Variable Slope nodel in GaphPad Prism
from GraphPad Software (San Diego, CA). Resuts are presented in Table
12. Conpound tested Enzyne / Assay 1050 (nM Conpound 12 WI 0. 30
HCV DI 68A 17 Reversible Conpound 11 WI 165 HCV D168A Greater than
3000 The data sivemratipmte @om;oliln'tlprﬂz@fswﬁ D§IM edircaifvibwad tracvapadion hat

coval ent | y bi nd fMePilaRRE  fvAnPAER mﬂt_gkélm 6% jhtfadoPfo gRd

mut ant HCV prot ease, whereas the rev oun I's N
t eachi ngs of al IMPaY%AT&2 (iEbDi shed appl i cations and references cited

5 Compound 12 (CNX-221)

O

/

(25,4R)-1—(2—acrylamidoacetyl)-4-(7-methoxy—2-phenquuinolin-4-yloxy)-N-
((1R,28)-1-(phenylsulfonylearbameyl)-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% : R
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 (ICso)

[0002] The protocol is a modified FRET-based assay (v_02) from Jn Vitro

Resistance Studies of HCV Serine Protease Inhibitors, 2004, JBC, vol. 279, No. 17,

pp17508-17514. Inherent potency of compounds was assessed against AlS56S,

Al56T, DI68A, 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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herein are incorporated by reference in their entirety. Wile this

i nvention has been particularly shown and described with references
to exanpl e enbodi nents thereof, it will be understood by those
skilled in the art that various changes in formand details nay be
made therein without departing fromthe scope of the invention 25
enconpassed by the appended clains. - 124- CLAIMS 1.An irreversible

I nhi bitor conprisin hem cal, ety that bi L ndi '
on a target polﬂﬁ%p-@ﬁ@g%ﬁgkgﬁwhgnlgﬂ%Qﬂgfgvﬁb?ﬁ@n&gpﬁggégﬁ%@q?ﬁé ©
fC ?r EUG I gl g I R3 g\ga,egl EIB}_ EI,L.l,L c{?%a?rkgz)lﬁ% \ﬁerr@pﬂemdewadﬁtﬂowdg)(&mg)enﬂ-
- yl, or - al ky at i.,s su I t.ut | =N -
NI TR 57 8 K Ry o 30 Ry Ko

and Ry are inde
conj ugat e, wher gilfvolufR of S0% DYESIEnt Serfahe din@RChinpeungly Pebaet irof0%@aDMSO.

oS bl L 0 SO, SORLEL 1S, 5. SORIUSR €0 SABnG aLeRd 1 °
X-M S- CH2- R wheng@jnfioredkcs 130 @lnands Gk 480Nei5y4 thadiph Igunt] sndnochidmeotdss indi ng
e o ool Sl RELNRCR! 02, MISLELR NS, OIS0 5l unliie,d 0P
assay, progress curves from each well were examined for linear reaction kinetics and
fit statistics (R®, absolute sum of squares). Initial velocity (0 minutes to 30+
10 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 ICsp from log[Inhibitor] vs Response, Variable Slope model in GraphPad
Prism from GraphPad Software (San Diego, CA). Resuts are presented in Table 12.

15 Table 12,
Compound tested Enzyme / Assay ICsp (nM)
WT 0.30
Compound 12 HCV D168A 17
. WT 165
Reversible Compound 11 FICV DI6SA 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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formed by the coval ent bondi ng of a conjugated enone-cont ai ni ng

war head with the sulfur atomof said cysteine residue; S-CH is the
side chain sul fur-nethylene of said cysteine residue; and Ris the
remai nder of the target polypeptide, wherein the conjugated 'enone
war head conprises 0 R2 (CH2)16 3 wherein RI. R2 and R3 are

i ndependent|y hydrogen, CI-C6 alkyl, or C Co alkyl that is
substituted with -NRxRy; and Rx and Ry are independently hydrogen or
Cl.C6 al kyl. The pol ypcptide conjugetamsfs claim 2,, wherein the
conjugate CH2 0 (CH2) .6R2 Rsll wherein X is a chem cal nvoiety that
binds to the binding site of a target polypeptide, wherein the

binding site contains a cyst e'ﬂ?m@@e?é;ﬂb’ﬁdnb:t&"cgﬁ@rﬂu% 4&&1@&1%%E&Jﬂ§lhln of
said cysteine residue; R is the renuninder arget pol ypepti de;

R, R2 ands o Endingits an A et Rolyppeiids gesha weslleaéswawyrthe varhegll- 06 - al Ky
that is s tgfl With -N bay; and RXx and Ry are independently

hydr ogen o qg?%#qa'%glk | . 4. The pol ypepti de conjugate of claim2 or 3,
wherein the target polypeptide is

wherein Ry, R; and R; are independently hydrogen, C,-Cg alkyl, or C;-Cg alkyl that is
substituted with -NRxRy; and

Rx and Ry are independently hydrogen or C,-C alkyl.

2. 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 is a chemical mojety 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



not BTK, a BTK honmpol og, or a STK tyrosine ki nase cystei ne honol og.

formed by the covalent bonding of a conjugated enone-containing warhead with
the sulfur atom of said cysteine residue;
3-CH; is the side chain sulfur-methylene of said cysteine residue; and

R s the remainder of the target polypeptide, wherein the conjugated ‘enone warhead

comprises

wherein Ri.R:and Rsare independently hydrogen, Ci.Cs alkyl, or Ci.Csalkyl that is

substituted with -NRxRy; and
Rx and Ry are independently hydrogen or C,.C; alkyl.

3. The polypeptide conjugate of claim 2, wherein the conjugate

is of the formula:

R
CH,
0 s
R
X
(CHz);5 Ra
R, N




wherein X is a chemical mojety that binds to the binding site of a target polypeptide,

wherein the binding site contains a cysteine residue;

S-CHa 1s the side chain of said cysteine residue;

Ris the remainder of the target polypeptide;

Ry, Rz and R; are independently hydrogen, C;-Cj alkyl, or C,-Cy alkyl that is substituted
with -NRxRy; and

Rx and Ry are independently hydrogen or C;-Cg alkyl.

4, The polypeptide conjugate of claim 2 or 3, wherein the target polypeptide is

not BTK, a BTK homolog, or a BTK tyrosine kinase cysteine homolog,



