PROTEI N KI NASE CONJUGATES AND | NHI BI TORS RELATED APPLI CATON [ 0001] Thi s
applicaton clains the benefit of United States Patent Application No.

61/ 242, 9880 2billmdboon Sept ember 16, 2009, the entire teaehirnugsoiofh4ssmé ch are
i ncorporated herein by reference. BACKGROUND OF THE | NVENTI ON [ 0002] The
search for new therapeutic agents has been greatly aided in recent years by
a better understanding of the structure of enzynes and ot her bionol ecul es

subj cct of ext PRPIINRUYSPE ¢PBILFC keS8 INWBES ci n i nases
constitute a large famly of structurally related enzynes that are

responsi ble for the control of a variety of signal transduction processes
wi t hi n tReLAdIEID APPSAEAT®Nnases are thought to have evol ved froma conmon

ancestr ne -the conse I - hei t re. catal ytic
functi oﬁ.hm%l nos nglai’glﬁ%aﬁ(ﬁls‘glgﬁ%othgﬁﬁe?g OgifUrIr]itl tfgrs Eaﬁ%olgag%g%éﬁlgéc}goélcﬁ% catal ytic
domai n. clie2lsRasEsd nay Septepeicegds, i 26D, | hitoeciitani tchelandy of h@hittbaier at es t hey
phosphoryl at e (S.g.h g;otein-tyrosine, prot ei n-serine/threonine, |ipids,
etc.). [[ORSBRYRIF &R BY refefERicei n ki nases nediate intracel | ul ar signaling by
effecting a phosphoryl transfer froma nucl eoside triphosphate to a protein
acceptor that is involved in a signaling pathway. These phosphoryl ation
event s dBACESGROUMNR QK THE BYYEMiIOMes that can nodul ate or regul ate the

t ar get in biological function. These phosphorylatio vents are

it e POV o 2h? s Bor, el byl "G5 e S YBER b Py A VSRS o1 ner
stimul i .yelsaiyph ®stt@f urkldtsiandtngnal the istGétueteoednsy el MR oitler diwnsibamscal stress
signals (e.g., osnmotic shock, heat shock, ultraviolet radiatjon, bacterial
endot oxiaisockies pEh diseaseyt ORE fapotant glass ofangymey hehbas tepp theysulisel ofynor

Necr osi St Ak ey (sTNbtei®kihasedNd growth factors (e.g., granulocyte
macr ophage- col ony-stinulating factor (GWCSF), and fibroblast growh factor

(FGF)). 10003 xt r Bodih (Himases tomstibuls antaygeafafrelyt ofostancturalippradated lehgymags r esponses

act rvat i B 6 ropdindts Fpf il 867 afrist SRR Rl ERI ity S

met abol ithécelt ORtotéth kdfasgy ot ehdughy it M8sieSolvaddrontgebatioamneésttahgerzel | cycl e.
WO 2011/ 034907PCT/ US2010/ 048916 100051Many di seases are associated with

abnor malduedp|thy apnserapemsbdheir stgtre anbyaiBlge dppetiopnadigareall dindgesevent s as
descri bed,ahove sinfileSE AL GE Ao '%f‘d %Qﬁlyti@uhorﬁéiﬁ. ”%elﬁiﬁh&@%%%bea“t ol mmine

di seases, Inflammtory di seases, bone di'seases, netabolic di seases,
neur ol ogiatabriznidintre fantlegen dreatubsteateli thep pbssphontates.g.c aradéiovpwsing ar
di seases @Ilergj s _and ﬁshgnq Al zhei ner' s di sease, and hornone-rel ated
diseaseéﬁoﬁﬁﬁﬁ?lFﬁ@???m?’5? *¥%&dmi ns a need to find protein kinase

i nhi bi t qoeo4ysef W gaserdlngfAdig WihGea@RAa% intracellular signaling by effecting a
phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is
involved in a signaling pathway. These phosphorylation events act as molecular
on/off switches that can modulate or regulate the target protein biological function.
These phosphorylation events are ultimately triggered in response to a variety of
extracellular and other stimuli. Examples of such stimuli include environmental and
chemical stress signals (e.g., osmotic shock, heat shock, ultraviolet radiation, bacterial
endotoxin, and H;0,), cytokines (e.g., interleukin-1 (IL-1) and tumor necrosis factor
o (TNF-a)), and growth factors (e.g., granulocyte macrophage-colony-stimulating
factor (GM-CSF), and fibroblast growth factor (FGF)). An extracellular stimulus may
affect one or more cellular responses related to cell growth, migration, differentiation,
secretion of hormones, activation of transcription factors, muscle contraction, glucose

metabolism, control of protein synthesis, and regulation of the cell cycle.
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(0006] Protein conjugates in which a protein of interest is covalently
bonded to an inhibitor of the protein can be used for several purposes. For
exanpl e, wbeotiasgewgat es can be used to study protein stPattusc@oamdic
function. In addition, if the inhibitor has therapeutic potential

determ ning the presence or anmount of conjugate in a sanple obtained froma
patient can provide information about inhibitor efficacy and target protein

met abol i Accordingly, there remajns, a need fof new protein conjugates.
sy Bt E RWEN%T’G@\FS[ ﬁe@?wta@émg@ﬁo‘al&léﬁ [RBEPSPPRSES HigAeEh ki nases

can be g40BRth BASE&IMOMalel  vRTESERSE R HEVL TR PR LRRINME D ¥RT €1 nes
that are present in or near the ATP binding site. The conmon non-conserved

cyst ei ne®t dingteddd caut@mmunchizyeasas, msla@wslory A¥8iRsdnuie aligatear metabolfoor

coval ent ,.nodi fication. to farmpraotein kinase conjugates. lrreversible

b bi 1ol g, e R G eSSt R BRe SR o gb bGP Gues
can sel editdav&l wllEQidN H@njstgad, eslzneiterBrdidedbd) dlNas@sné-Fddted Aideadend. t he
target cysteine residue. lrreversible inhibitors that are suitable for

f or mi ng AcOBHpelyattbersf s dvasRd &h Enprcteis kingsen dithbitarei wefult #at  bi nds
in or negt icALELRi nding site of a protein kinase, and a warhead noiety.
[0008] In dgh§$§I; ?he conj ugates have the fornula: [0009] X-M S- CH2- Pr ot

[ 0010] whi@he6ln PPoiteinsonjugntes @i whikh agsetemrofputeteision covmerlyfbantded tocant ai ns a

cysteine jn.or ar _the ATP binding site: 100111S-CH2 is,the .sulfur atom
o met rOEHE" g BE BT 40t e Caiiher anah BUFORe 6] SEUTHE PESTHILI 0012] M i s
a nodi fi&h bisel Yo shady préte inoftARErd¥nd AercEoN alleREdibON A BE @hibRorBihead group
with the side chain of the cysteine residue; and 2 .

therapeutic potential determining the presence or amount of conjugate in a sample

obtained from a patient can provide information about inhibitor efficacy and target

protein metabolism. Accordingly, there remains a need for new protein conjugates.

SUMMARY OF THE INVENTION

[0007] It has been determined that protein kinases can be grouped based on the
presence of certain non-conserved cysteines that are present in or near the ATP
binding site. The common non-conserved cysteines are referred to herein as CYS1-
CYS13 and are targets for covalent modification to form protein kinase conjugates.
Irreversible inhibitors that form a covalent bond with one of the target Cys residues
can selectively form conjugates with protein kinases that contain the target cysteine
residue. Irreversible inhibitors that are suitable for forming a conjugate of the
invention comprise a binding moiety that binds in or near the ATP binding site of a

protein kinase, and a warhead moiety.

[0008] In general, the conjugates have the formula:
[0009] X-M-S-CH;-Prot
[0010] wherein Prot is a protein kinase or portion thereof that contains a cysteine

in or near the ATP binding site;

(0011} S-CH; is the sulfur atom and methylene group from the side chain of the
cysteine residue;

[0012] M is a modifier moiety that is formed by the covalent bonding of a

warhead group with the side chain of the cysteine residue; and
2



WD 2011/ 034907PCT/ US2010/ 048916 [0013] X is a chem cal noiety that binds in
or near the ATP binding site of the protein kinase. [0014] The invention

al so rel ave=otin3ewnpounds di scl osed herein that irrever 2Chlus2010/0i891é a
protein kinases. BRI EF DESCRI PTI ON OF THE DRAWNGS [0015]FIG 1 is a

hi st ogram showi ng the inhibition of PDGFR with reference conpound sorafenib
and an irreversible inhibitor (XVI11-11) in a "washout" experinent using
EOQOL-1 cells. [0Q16] FI GS.. 2A and 2B are histograns show ng prol gnged

Cnhi bi t1OALHt ' o %&hﬁf@}??ﬁyn%‘ﬁtya‘ﬁa‘i Dipds, B @ pfag t enﬁiTgiltl g s of ey )

rel ative,hRis@haeeni b in a cKIT phosphorylation assay (2A) and downstream
signaling assay that neasured ERK phosphorylation (2B). [0017]FIG 3 shows
t he resullpB]of rhssnephent rlap rdatad ysitanpfunds disglosédchaeigebat iokva@sibki T af t er
inhibitig ibv%“hr ttpn ‘rgsversi ble inhibitor XVI11-11. [0018]FIG 4 shows the
results | hﬁspsos?pe TP anal ysis of a tryptic digest of KDR after
inhibition with the reversible inhibitor 11-2. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a histogram showing the inhibition of PDGFR with reference
compound sorafenib and an irreversible inhibitor (XVIII-11) in a “washout”
experiment using EOL-1 cells.

[0016] FIGS. 2A and 2B are histograms showing prolonged inhibition of ¢KIT
activity by an irreversible inhibitor (XVIII-11) relative to sorafenib in a cKIT
phosphorylation assay (2A) and downstream signaling assay that measured ERK
phosphorylation (2B).

[0017] FIG. 3 shows the results of mass spectral analysis of a tryptic digest of C-
KIT after inhibition with the reversible inhibitor X VIII-11.

[0018] FIG. 4 shows the results of mass spectral analysis of a tryptic digest of
KDR after inhibition with the reversible inhibitor II-2.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0019] Compounds of this invention include those described generally above, and
are further illustrated by the classes, subclasses, and species disclosed herein. As used
herein, the following definitions shall apply unless otherwise indicated. For purposes
of this invention, the chemical elements are identified in accordance with the Periodic
Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75" Ed.
Additionally, general principles of organic chemistry are described in “Organic
Chemistry”, Thomas Sorrell, University Science Books, Sausalito: 1999, and
“March’s Advanced Organic Chemistry”, 5" Ed., Bd.: Smith, M.B. and March, J.,
John Wiley & Sons, New York: 2001, the entire contents of which are hereby
incorporated by reference.

[0020] The term “aliphatic” or “aliphatic group”, as used herein, means a straight-

chain (i.e., unbranched) or branched, substituted or unsubstituted hydrocarbon chain
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Definitions [0019] Conpounds of this invention include those descri bed
general ly above, and are further illustrated by the cl asses, subcl asses,
and speciw® 2igshw3ied herein. As used herein, the foll owrcmgiSdebionsoié ons
shal | apply unl ess otherw se indicated. For purposes of this invention, the
chem cal elenents are identified in accordance with the Periodic Tabl e of
the El enments, CAS version, Handbook of Chem stry and Physics, 75th Ed.
Addl ti onaI ly, general principles of organic chem stry are descrl bed in

"Or gani dheHEsPEPIRly satHERs ostRt é@}tammwar 81ary gty ghuesaBERRA, %S3usal it o:

1999, a%now&ﬁ:hhy%r&cw@d?lcﬁ%lg@l@myﬁm@g%h%ﬁétyls corﬁkﬂ:te@j satux%%d oramitt h, MB.
and March, J John ons, "New Yor k he” entire cont ent s of
whi ch aroenhmsatmy or mywe polrta«b@dlsmyrartehebléndech [s()@zel]oﬁtvelct(elsméfatmqotwat ic" or
"al i phat,ic ou u,s@ ,means [ t cha| i .e.

unbr ancﬁ’gﬁf)1 g?‘robtﬂ %yﬁgélﬁ% fedo r’:yﬂﬂ%lg%ls? tﬁ%}t‘&ﬁ ah§/18 BB chain 3
that is mm}h@ﬁ% Yhesfﬂstudﬁfatﬂiedn&éaﬂ@aUn‘Rﬁ@bﬁdeﬂﬁls@@pec@fﬁedf@hﬁhdﬁfdlgrﬁulﬁf
unsaturation, or a nonocyclic hydrocarbon or bicyclic hydrocarbon that is

conpl et étoptaglahﬁraéep%l%arhqaaaw% ningsopys egrRodinents pEPRAICtEOWs coR@Ht Lir ati on,
but whi t f h
gycl oal I pLgtdi?fg Cﬁg&ima% oaI Lsg’*ﬁeﬁ e%Et gﬁ%@s aasfﬁratlﬁ? aﬁo%ﬁ?&ggxat t achrrent to

t he restalmhattchearhmh atmﬂlse Irdtitls sthet hmbwlmem&pehpﬁatedgroabs phratamclgr oups
contain Ea“Z{)EatIC carb nato rreengwgllmsnts aI| c groups
cont ai n AfPRECEATAGM, A00RISe ARG, i Vel e‘tﬂﬁo PRRE U HERPS co atic gr oups
cont ai n alipatd ERbeH m@n@arm@an@t@t&dlméh@t‘icyttosttﬂlt@ﬁc’e(690%!53@}&@” & i phatic
groups contain 1-3 aliphatic carbon atoms, and in yet other embodi nents,

al i phat i @Y@P@&b‘ ) &fmsap ] IEOIPCaPthﬁaﬁédlYéatCB@ﬁn dhayrs completatyrsatartrddi nent s,
“cycl oal j | ogl f o] nocycllc
C3-C6 hy rocarg m@f(%he O??I{soqggkr{r% ete %/mgag%égr% Vgﬁ{m % Ogta%cngar%{ca}hﬁtsﬂ%ne or nore

units ofa singlatpoi@t ofoattachmentwioi thh ress afahe a’[(ﬂ(fmmd c Suitdidé¢ alipimtia g:rom;g;l e point

of attach nt to the rlest of the no ecu h’é?fLe al i hatia ?ups
i ncl ude, PHHde APbassgot lingeddl. tinear of E’é‘F B 2 87 s %tttFte % or
unsubst i fikned alikoHyl ylandl kysnds GmerBs apch hybr idgiddenpasuch as
(cycl oal kyl ) al ky’m aécr:#‘?; kaennS/ el Ky! or (cycl oal ky|)§$°kearh}sr§/|ﬁ [0021] As
used her(éYQioalkwl)ﬁHKb’hﬁ)P (swle@m dkoydlic" refers to any bicyclic ring
system car, I r Q fur I

unsat ura[tbefcil,] ha\'?”llgg&sxg Hefélgs 0%1215 b?lyl?i%édcblﬁga I%Ire?g Cg f% ﬁ‘z ﬁé r}/ngb“ dge" is
an unbrwyctlamdlehearbo«xyf:habohstemrcydm ahtaratal OIapatahle)nﬁﬁSahﬁmtéd cmﬁt%ctm ng two

bri dgeheads, ere a, "Qridgehead' is any skeletal atomof the ring system
whi ch i SBbABRATHE t A9 g%fl ‘lf%e%ﬁg)‘*s‘lke‘t @trﬁtgeafso%ur(bé%@%%nﬁ a8len) - 1n
some emhRdin"RehSor aavaéﬁdémdtvoﬁmlnhg t06 BRI gBRR A -widerf aNGriABIREHS j@and 0-4
het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur. Such

bri dged dyckelkiat algmoafpibe aing syetein winobws bandedéo thrge @mdonerﬁdﬁ:lmé atofisse gr oups
set forth ﬁ@cilg%’lhgﬂg e3f Qox%r % od{‘?ne%ttsg %Goh%%ecf Qlcgct] r%ﬁémh 75§ qo! ecul e at

any subs(’teX on or o en a g spemgfl ed, a
bri dged rba:mtyc&h izmdg@@uhetemammsl Qﬂaﬂ)ényicﬁt%bsélle&w(ﬂ efebrid ditto@ime oy gemr &
substltue t t&%&)hfor al i phatic_groups. Additiopally or

al ter nat¥ BTy, f?rlé ¥ EHeBIUPh At ¥ge PG diedn }net%lﬁteosgroup is

opti onal dryu s tdrthWeRbly Wlﬁél%r@cl@%%ug rid g@ﬁ‘f’le@ b6 € Of {h@%&lgﬁjle at 4i9022] The

term"lower alkyl" refers to a strai ght or branched al kyl group.
Exenpl arsylbtttbnrt/@bleaslatbph oy mifeesn aten. meinkegs otheripe Squrﬁndyh bnds@bblgpyic butyl,

i sobutyl , and t 0] The term ferstoaC14
st rai ool BreafRhal Wrprd bt S bR R i s Gt oy o
hal ogen @b@¥B.Additionally or alternatively, any substitutable nitrogen of a bridged bicyclic

group is optionally substituted. Exemplary bridged bicyclics include :



[0024] The term "l ower cycloal kyl" refers to a C3_5 saturated cyclic group,
and i ncludes cycl opropyl, cyclobutyl, and cycl opentyl. [0025] The term
"het er catwol20nae®7one or nore of oxygen, sulfur, nitro@emuspiosmsyos us, or
silicon (including, any oxidized formof nitrogen, sulfur, phosphorus, or
silicon; the quaternized formof any basic nitrogen or; a substitutable
nitrogen of a heterocyclic ring, for exanple N (as in

3, 4-di hydro-2Hpyrrolyl), NH (as in pyrrolidinyl) or NR+ (as in

N- substi t ut'e urated," as used herein,
nmeans that |a noi i of upsat/ufati on. 100271As used
herein, t i uyated or

unsat ur ated, refers to bival ent

al kyl ene, al kenyl ene, and alkynylene chains that are straight or branched
as defined herein. 5 WD 2011/Q34907PCT/ JS2010/ 048916 [ 0028] The term

"al kyl ene" efers t a bival ent aIkyI gr . An "gNkyl ene chain" is a

pol yret hyl '. ) Mhe positive integer froml
to 8, fro to f:?ﬂo 0 ffonf 1|To 7, from2 to 8, from
2 to 6, fron12 0 3 suﬁttltut d é1ky|ene chain 'g a pol ynet hyl ene
group in whi ch one or nore nethylene hydrogen atoms are replaced with a

subst i t uenp_ Suj e de t des hed bel ow for a
substit ut egl ﬁ|| h@tic eltermy al\kenyl|eng"| refers to a

bi val ent : * KenyleneNBha iNH a pol ynet hyl ene
group contalnlng at Ieas one oouble bond |n ich one or nore hydrogen

atons ar Ia u-. ituents include those
descri be -o aI c
NH

[0022] The term “lower alkyl” refers to a C4 straight or branched alkyl group.
Exemplary lower alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
and tert-butyl.

[0023] The term “lower haloalkyl” refers to a Cy4 straight or branched alkyl
group that is substituted with one or more halogen atoms.

[0024] The term “lower cycloalkyl” refers to a Cs.s saturated cyclic group, and
includes cyclopropyl, cyclobutyl, and cyclopentyl.

[0025] The term “heteroatom”™ means one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus,
or silicon; the quaternized form of any basic nitrogen or; a substitutable nitrogen of a
heterocyclic ring, for example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in
pyrrolidinyl) or NR” (as in N-substituted pyrrolidinyl)).

[0026] The term "unsaturated," as used herein, means that a moiety has one or
more units of unsaturation.

[0027] As used herein, the term “bivalent C;3 (or Ci, Cz3, Cy6) saturated or
unsaturated, straight or branched, hydrocarbon chain”, refers to bivalent alkylene,

alkenylene, and alkynylene chains that are straight or branched as defined herein.
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[ 0030] As used herein, the term"cyclopropylenyl” refers to a bival ent

cycl opropyl group of the follow ng structure: [0031] The term "hal ogen"
means F, WD,208ro34wr |. [0032] The term "aryl"” used al onePom/ts201pA889160f a

| arger noiety as in "aral kyl,"” "aral koxy,"™ or "aryl oxyal kyl ," refers to
monocyclic and bicyclic ring systens having a total of five to fourteen or
five to 10 ring nenbers, wherein at |least one ring in the systemis
aromatic and wherein each ring in the systemcontains three to seven ring
menber s. (08 ¢ erlff teqpyfelkylens” Befeiidad bivitlentalan geamr yAu tkylepechadt m "ar vl
ring". |I; i ' S_ he ) it d : 1 fers to an
aronatiégﬁﬁﬁg%§§g¥%ﬁ?gﬁ#gﬁﬂ%hclSgéhngﬁ?§§€ES? ¥§?%%9?3?rgﬁg%§f§gbiphenyl,
napht hyl fromnt terGaéspim aha4t fiem|li tees, o ¢ o Aafromeato Hiwno? tobr e Sabst i t uent s.

Al so i ncl| ude i thin.the.scope. of the te "aryl,".as it i ed herein,
2 oroup tond aeihliBa AR BREs o By HELT SR i o Moo BB e
rings, suethyRse iHydaspyh,atht had irepladdd, widphtfbsthahy! suiphgoanbdimiedtyl , or

t et rahydronapht hyl, and the like. [0033] The terns "heteroaryl" and
" het er oaif¢lude thos¢idescabrd balow forgagubstipted aliphajisrgrow ety, e. g.

"hetero yl, ThOhar e b , i aw 10 ring
at ons, S’Eﬂg? rabITg/lQé?mg,&lgéfggénr%i ﬁgﬁégﬁ tgniﬁfvﬁg?\l/l} %%‘g%’ql%“& orA %%Sat&ttefg ectrons
shar ed i alkenytapel dhainaisrapolyarethylani grgup icontachthg atokagtooreaddubie howirsy, from one
to five heteroatons. Th erm " heteroatony refers to nitrogep,. gen, or
Sl ur . WA 68 QacBomngyUREL AT i GPRTY POlert SYOSSUERr SUNE any

quat er ni g@ekithetiNneiudd RS ideschibtd BASH- for B bidysRAked alPhiPsobpc! ude, W t hout
limtation, thienyl, furanyl, pyrrolyl, imdazolyl, pyrazolyl, triazolyl,

t et razol WP30loxazsl yised j kassiaz dhg | }er@xé‘av‘éemwlpnyl%i geleisylto @ sbivhleazol yl |

t hi adi azol yl, pyridyl, pyridazinyl, pyrigndinyl, pyrazinyl, indolizinyl,
purinyl, naphthyridinyl, and pteridinyls. ternms "heteroaryl" and

"het er oagyclopr@s1 gl ofiecfolowimlg SGructagd: udé_groups in which a heteroaromatic

ring is fused tg one or nore aryl, cycloaliphatic, or heterocyclyl rings,
S

wher e t @3 Hdi cdhe drmpdiipgent mainsde »°f5 on the heteroaronatic ring.
Nonl imtj exa | R i Yy acl (S04 i e »
benzofurgggﬂ, dﬁgé§§g¥u§gﬁy ?H?ﬁ%ﬁf%f?ﬁ%ﬂhgﬂg%%%%ggggéf%pﬁéE%¥h¥%zoIyI,
qui nol yl ‘aralkeguii eofaryloxyakylialkefans fo, mphedyaliazndicyclguiimagyotenmsyhaving

qui noxal i nyl,, ui.nol i zi nyl, carbazolyl, acridiny]l, phenazin

aenot ni aotr ISR BReR R Yive |70 2R Mcmiter SR M el BERy oY disaui no
inyl, angsey isdebdatc Bld Vhéreim¥REirthg3in4ht s@iiém cOnlapkanRarny ke@nauiy may be
nmono- or bicyclic. The term"heteroaryl” may be used interchangeably with
the ter ngemhggedBaism Brygmeybeawed Bigryhangpahlp with dhe tepat‘apdapsnald ¢, " any

of which ]p§mg&ﬁﬁgg§ FiHRGSesk gty tSn 0P 18 Dk Ao L hdted. term

"het er oa?egﬁLy " refer sOt 0 g’?]esaﬁﬁy‘( éfr%g’u%tr%ub%tg]%st atﬁggﬁﬁ/&}g rﬁ%ts g%glr yl,
wher ei n whighahdiydesamd neetimited tey Iphpaylt biphenyl, ndehtbpld enthracyharel tptlikenal |y
substi tut ed 0Q34] As used herein, the terns, "heterqcycle,"."heterocyclyl,"
"het er oc‘ﬁ‘/@lcpﬁaryg3 F%:%IFC, ar e S”ﬁszltuéeil%scy‘glls? dnclydeg-wi %at?s%apéi i @p ieﬁglngeabl y
and ref efarflp & Btiabbe BereihOis7r BRAP K &chiC B GYhdte Mg &-thedRNGRy &d bi cyclic
heterocyclic noiety that is either saturated or partially unsaturated, and
havi ng, MArcadaPRiastmats cHPdon Atbnss omdawil, mphibalipid.er Bahhimdylt o f our,
het er oat def | 4J.n reference to a ring atomof a
heterocfble?n&ﬁgquPﬁﬁﬂﬁﬁggﬁggﬁﬁbg%8 u gg&a substituted nitrogen. As an
exanpl e, [0083]a sdhenatsdhoterg@aylt’ iaad |“Tetarmaat, Unsidedond ogashpart nfja Qarger

het er oat ons_  sel ected fr oxygen, sulfur or nitrogen, the _nitrogen may be N
(as 1 Sheg far Gosre Yo Ttk Presie SREE R9YIDE S IRREas 11
N-subst i 41§ dorBher 4t 5db ¥ 9 rink U0GRI: Mab&lze8 Oy ©F 1§ A LIRGr&RNhBRJahtached to
its pendant group at any heteroatomor cCarbon atomthat results in a stable
st r uct ureychndrrayryandfhaving, mi additadotvscarbon emepfrbwmnalel ty fowghistdroatbmd. Exanpl es

of such saturated or partially unsaturated heterocyclic, radi cals include,
o thout T R Sh o kPR Dtk ar G bR o 781 | iyl
pi peri di oWdize PYSrHObF Rittogett SF sallfiyd hAE Wh{ Quhtelizedt @b a8ty bais agriger! i nyl ,

decahydr oqui nol i nyl , oxazolidin L,.PLperazin | , di oxanyl, 7 dioxolanyl,

di azepi n@@tﬁr%wézgéwmyn‘;lw%i%}ﬁ@ﬁ{m,atlﬁ%rtbmvilrfyqapylamrrqhyi,namiazalyhy 1. The
terms "heterocycle," "heterocyclyl,” "heierocyclyl ring," "heterocyclic
group,” "heterocyclic noiety," and "heterocyclic radical,"” are used

i nt erchangeably herein, and al so include groups in which a heterocyclyl
ring is fused to one or nore aryl, heteroaryl, or cycloaliphatic rings,
such as indolinyl, 3Hindolyl, chromanyl, phenanthridinyl, or

t et rahydroqui nolinyl, where the radical or point of attachment is on the
het erocyclyl ring. A heterocyclyl group may be nono- or bicyclic. The term

. o o v o N -, N .



i ncludes at | east one double or triple bond. The term"partially
unsaturated"” is intended to enconpass rings having nmultiple sites of
unsat ur atworp11nsg907s not i ntended to i nclude aryl or hetreramseyl/onsdiet i es,
as herein defined. [0037] As used herein, the term"solubilizing group”
refers to a chemcal noiety that pronotes the solubility of a conpound to
which it is attached. Suitable solubilizing groups include, for exanple,
saturated heterocycljc rings, such as norpholino, pi,eraziny[, and

pi per adi HyfF2oldndtaePd  geBatlylsuonaadyldi rormplylanritiagelyl,  thiazolyl,

met hoxy 1 N@; | As ABSELk efek g jinvent i on
may co n!toi g‘?‘ﬁ%&@glt intglr?g Iia%g/@gu S ﬁi{?u P %ﬂé&%ﬁlnyllpeg’ %Ig{dllﬁg’nggﬁg@zll’ %Stiﬂgz%%}g’r m
"subst i trireg), "naphtby héinypraadgutendibyl. {The teenanitapbarylahidy “hateromet’, asreans t hat

one or nore . hyvdrogens of, the desi gnated i et re.replaced with a suitable
Subst 1 t URRE bt o8 Befide ateus Rl ik auniBiofit s By REEhel tuvha gr oup
nmay havemares dhll aby@osliphatié,t beMeteddcyeBE NifldDSitickdi ttRd | radipalS bf ipdit0bf t he

group, and when nore than one position_in any given structure may be
subst i t vdtBahWmeRthisneR dhe hgksrepamatimsingt Nomimdlen e ekaaples onslades doili ed gr oup,

the 5“*’%&5&'&9{, BER otﬁf-’engf tﬁ!:%&ofhﬁ%gﬁa&ﬁ%gﬂ%ﬂl,ﬁ'ﬁ%@%lﬂf RYEEMaBRRL ! On.

Conbi nations of substituénts envisi'one Invention are preferably

t hose t hiznzthesualyl, | uinblglf orsnatinaml,of cistahiygé ophtbhlenhylal |quidazalinyd) e
conpounds.. The term "stable," as,us herein, refers to conpounds that are
ot substippranty e Benkn SThE: d B koRbrEr NG PTG or he:
product i ghenogeABet ﬂe&ﬂhy&é‘tﬂbindliﬂyﬁQéﬁﬁiyﬂrcﬁmﬁﬁbﬁﬁy"ﬁ, and tpYaES[20EHPUELY,
purification, and use for one or nore of the purposes di_scfosed herein. WO
2011/ 034997zRcTAbs200/ D Asgawalyb oBousuntyaPeemepero vl Bisyclubsthe dem s on a

oo b, SO A WP A

- 0- ( CH2) thett BBy Dftoup.{ GHiZIHe Grif@Rn 2tic,” @GHDY OvidGRIerms (itHRJo ridghthankich may be

bstituted with R. - 1. . 40(CH2) 0-]),Ph which b bstituted with R
® e o provti ot el TR e Ao Rlert sy B trotm SRRty 1 i o
Moy 0 4 St S allo AR tofelbars Do AL R e cptionally
(GrR) 0 wkgiRyiEi0) OR. - N(R)N (R) O(0) R~ N(R) N(R) &( 0) NR2; - N( R) N R) O( 0) OR:

(&) o WEF b 5 B " B LR Sgronst

- (CH2) 0_M8ic41) Rid “HeBHa)yCli0 XINE2 are Ge8)iNBR hangBallySRd reSE¢Sh SRble 5- to

- (CH2) 0_40C( 0) NR2; - %{;%(OR R -X(0) X %}R; = C(0)C2C(0) R, - C(NOR) R;

- (CH2) 0_47@%&?8@{%%@ 092 ;191&2@6 ?Qg WE’GCR%EC(@M?I}Y)-%WG}@R}S

- S( 0) 2NRgiher é4eiaicd-oF Pafialt; mM&%@ﬁmmggiﬁ'@@i%@}@&rbér{\lﬁ%%ne C( NH) NR2;
-P(0)2R, -P(O)R2; -0 (O)Rg; - CP&O)(CR)Z; i R3; -(Cl-4 straight or branched
al kyl eneyrOM(R) prefesgbly (qmg- @ Squrahgleroatmsyrasndéfogdatbioy ke N&)e@( 030- i R) 2,

wher ein R.may . be bst | fined .bel ow.and.is ind ndent |y
hydr oge nl%?%&_cg tglagﬁ rpl)lﬁ:’aﬁ%gl gff %hg%ﬁ)% y?%’( %{%ﬁ%& 1%%?81%9 &ngs fe rsr@gl?eéig

het er oaryitrogdmngds amrexampleb-imearbauractdsat padibbyl ,unpattatedl Hyg hasiaguo-at ed, or
aryl ring having O 1 Het er oat ons independentl¥ sel ected from nitrogen,
oxygen, Brereypmyselepied g Qrygroy aHiiny Mesdethentitrrgsn wByPe, N @bin

| ndependeptg; YIRORAOLAL B 1AKRNpLRARkiRgS, W TRRE 8! i WoL@kyRndng
aton(s), forlm 3-12- neﬂ{)eredgsatu?%t ed,l&ggrti al | ybﬁnsnaturatsed, or aryl
nmono- orpwidaidglyle ring having 0-4 heteroatons i ndependently selected from
ni t rogen, ygen, . Qr L fur. which e.substituted as defined bel ow.
[0040] SEPE o mondtiare Hog s 4ftieE Dl ‘tﬁgﬁ%‘ia“{ #190 b A ERREOBy ¢ aki ng
two i ndegendoil atoaCthat esnars i0h JblOgrRidiee Mdt dhyt beihe didd goMeNiaAGdeat ons) ,
are independently hal ogen, -(CH2)0 2R, -(haloR*), -(CH2)(1_20H,

_(CHR) 0. mbirnally. - qubsistpisdy cEamplye: of oyushy s#turatedy, or. partially CrpFguntdo) R |

- (CH2) a- 2 QR - 2),0_2 R, ) O4; o (

- (CH2) 0.2 Nﬁz,}g-lf CcH2 gkj ZI)SNHR. %@h?’mz)wd%%. 2?1%?’ h s?%ag’,“%%?‘ﬁl’s,

- C( 0) SR tetral{y@totiiopharyi ghpyrrolidiby lanpipeddal ky |pgrme)if)l0) @GR hydroquis3RYy Lwher ei n
each R s unsubstituted or where.preceded by "hal o" is substituted only
with oneteg?hyﬁﬁ(?‘%oqﬂg‘logﬁ%elns?eCQW??l$%W§ eﬁﬁ%‘?%ﬂ?y€e?‘88“taé‘(’i‘y¢r AHEY 4

al i phatic, -CH2Ph, -0(CH2)0. iPh, or a 5F6-nenbered saturated, partially
unsaturated, or aryl ring having 0 heteroatons independently selected from
ni trogen, oxygen, or sulfur. Suitable divalent substituents on a saturated
carbon atomof R include =0 and =S. [0041] Sui tabl e dival ent substituents on
a saturated carbon atom of an "optionally substituted" group include the
following: =0, =S, =NNR*2, =NNHC(0)R*, =NNHC(0)OR*, =NNHS(0)2R*, =-NR*,
=NOR*, -0(C(R*2))2 30-, or -S(C(R*2))2_3S, wherein each independent

- o o o o, N - o



[ 0042] Sui t abl e substituents on the aliphatic group of R* include hal ogen,
-R, -(haloR'), -CH, -OR, -0(haloR"), -CN, -C(0)0OH, -C(0)0OR", -NH2, -NHR ,
- NR'2, owoO-2nGZA349Merein each R is unsubstituted or whece/Usc@omdssds by
"hal 0" is substituted only with one or nore hal ogens, and is independently
C1l 4 aliphatic, - CH2Ph, -0(CH2)c, 1Ph, or a 5-6-nenbered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatons independently
sel ected _from nitrogen, oxygen, or sulfur. [00431 Sui t abl e substl tuents on
T

a subst iHeRNYE dir4ePBYybPxarerin L hinzemiax) Iorehmioy . and cprinugidigp L i el ude -1 e,
-NRt 2, - R R, < R« 2 Rt $S(0) 2NRt 2,

s NRttg(an? ’hetegc%%lg hgtél%):’\ﬁ R?DS hetegcgll eﬁgpéachﬁteﬁ%)g 1@?%13)(38(3% d)ent ly
hydr oger’i,hetc:nOCGClad nmmyf’cﬁnvlhﬂxeh:rmm/yhbeacbm,é’tarc wised irdsrcblaigeatdyl Heedimw,

unsubsti t -0 or an_unsubst. ute nber ed saturat ed, partially
unsat ur aatngtzl"ﬁs {:?pblgr?li‘pﬁgmh‘a ltﬁ) ?O?Vecggr% ’Sﬁs’?dﬁ Qe AFS 291 ect ed
from ni tHeeg&ityl, Oéﬂxy@@aloawhaﬁul tlugs Qich 89t WHSIRSA, arssdHtﬁiome Hedrhdyl i on above,
two i ndependent occurrences of , taken together with their intervening

at on(s) Hhsraatdipys Gbéqtﬁabmr@ﬁfllgolml’nﬁ%éﬁ}é’dr@atah Phpagt ot)atttqhatenyls

unsat ur 0
i ndepenﬁ)tn 3}1%{5% ityegl‘H g T én%%:tﬁr?‘%}%dgr%r&u&glgg bgq}ééd%gu fbfj}cr}tm&oggégggst abl e
subst i t Utatesocgnlytalieyl'akdfphat mc alfgy bgroup futiRtituarEby adepexgddpnt, wheteat dgen, - R',
- (hal oR' - -OR,. -0(halaR’), -CN, -C(0)0H, -C(0)0 - NH2, -NHR ,
-NR 2, ci%lkyl ﬂ%heW§V@VWO %lpgnegd%ﬂg&ﬁ%m%%m "gg“%tﬁgr e pr eceded by

"hal 0" i[903djbst ik ub@hQ@Bihytheitdrth Gty UNBAtrafdl 8RS0 a3 thSiclynA/pPendent |y
Cl-4 aliphatic, -CH2Ph, -0(CH2)0 113h, or a 5 6 nenbered sat ur at ed,
parti al |igcludesaiuteasteanc goubleyor Hinhgy beadi mge gemn ﬁ‘@méuaammturam@%’péndent ly
sel ecte the term

aneB&’éH tlgletnE&gﬁ S 11 g?ggﬂn%t plti‘d‘l‘% s of [uplgqféxlatogn "H%?% 1\%?' Med

"pharmaceutically accepta a &rs to those § are, within
t he scope igfludecuylchrie tiraay] mmd@emeuﬂher&md‘eﬁbé(b for use in cont act with the
tissues s and. | ower, ani mg t.hout unduge toxi ci irritation,
al | ergi cl%%ﬁpongé ”ﬁ?‘fgh‘trﬁ‘él fhelgrm ﬁ‘gum@n%(gmn%%ﬁ@ W}tﬁt't}/“aalr“é‘ag%nabl e
benef i t/tﬁatsisrotratesomePbaumgel&fl@@bhﬁpoa&pe@tmtﬁ i8ak t a8k, Wl ditakROWN i n the
art. For exanple, S. M Berge et al., describe pharmaceutically acceptable
sal ts i robtlging jgroups matdﬁacfequelaplesaa@m@@% hetegqepcligarings, 59¢h jascor por at ed
her ei n e npounds of
this i n\%nrg)ﬁ%lﬁ{of ﬁfﬁ%m t hos %IJF :‘\1\% %P(?%%%%gougl{% hﬁl %%bnordglgﬁtlhgﬁ “or ganic
aci ds amﬂldbﬁiﬁm{.ypﬁ)p&mmhﬁﬁ of pharmaceutically acceptable, nontoxic acid
additio re salts. of an am no, gr.o formed with ingrgani ¢ acids such
as hydrggmrl c éFEF”bﬁééFWHPSHnEOQHSCPft%WBW&nI mayepnfaing @ ?“Eftat?lé’ aci d and
per chl ordupsiagied” aloiMcth 1 d@zfaetat: IS o syﬁalﬁ&dm%aﬁe@ﬁﬂeeede@w e acid,
mal eic acid, tartaric aci citric acid, succinic acid or malonic acid or
by usi ngemt Fentionellyioefsnatismepnisiihat leae ar moseibydragenis o thexddsimged n@ittgr
phar mace| c I n | e . al te or bat e,
Pepart athe e (A6 FRURIE SRkhBal, "EREE oARHERE Rt 37 Gy fRP.
canphor estlbstmﬂan’pgmup wlafydiaa¢ e suicdble aubstitueytcikt e@ﬁrshasmpal@lelpomnaﬁ efthdi g | uc
onate, dodec y ‘élrfate hane sulfonate, formate, fumarate

gl Ucohe B Bd Bispaapisy B SRGPEsItig (& AR &SN HENF IR e, sthgittsfoat e,
hexanoatgith Jmsetrtﬁwgwﬁtbst%uEM%@&a %Hﬁ@%@ ffe@%%u% thleBGHQM R AaG be! aCt at e,

| aurate, |aur fate, malate, naleate, mal onate, nethanesul onat e,

2- napht teathen Isfamname differentt ishavery mosifian.e, Condutasions ] atbstitupatsni t at e,
pampat e, LR sIf n Ion hosphat e, . pi val ate,
proplona e%Km%d% WS%lsuﬁ%}%gﬂhd3“$ ﬁgfy&%”eg qke?ﬁﬁ%@?@ﬁgggwe

p- t ol uengstHefrigully efeasibldecansiaigs. vaieefeatle“ﬁailés,asatuedtﬁwelhi kers[10046] Sal t s
derived from appropri ate bases include alkali netal, al kaline earth netal,
amoni urﬁoé{‘rﬂ’ﬂu@&g thetjargaptsphsiantioly pieregayen shieeed tecoariians taorllosy foal i ne eart h
metal s e m and the
S R R R By S G AR A
nontOX|@nQMﬂDﬁnon¢oqmaﬁn@hhﬂymaqnﬁdmuhﬁahmﬂmanlne cations forned using
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, |oweral kyl sul fonate and aryl sulfonate. [0047] Unl ess ot herw se
stated, structures depicted herein are &l so nmeant to include all isomeric
(e.g., enantioneric, diastereoneric, and geonetric (or conformational))
forms of the structure; for exanple, the R and S configurations for each
asymmetric center, Z and E double bond isoners, and Z and E conformati onal
i soners. Therefore, single stereochem cal isoners as well as enantioneric,
di astereoneric, and geonetric (or conformational) m xtures of the present
conpounds are mnthln t he scope of the |nvent|on Unless othermnse stated
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to the target protein kinase once coval ent bond formation has occurred.
Irreversible inhibitors usually display tinme dependency, whereby the degree
of 1 nhi biwDaniwaiereases with the time with which the i nRCIHIUSEI10i0$39i16
contact with the enzynme. In certain enbodi ments, an irreversible inhibitor
will remain substantially bound to target protein kinase once coval ent bond
formation has occurred and will remain bound for a tine period that is

| onger than the |ife of the protein. [0049] Methods for identifying if a
compoundP&lact ﬁH@abi% meRoy plely SHSHBE RS | hrbiubsuiabls kHBh 3t sHhetof

or di nar y...5kj i #-t ch.n Rale . bt erbot (ymited to,
enzyne kiOi#égtnlgel(%lyaguc';ltS {3@{% o%rotﬁﬁeg}? Eﬁ?‘g’“‘%ﬁ ;&%{rt]l@/plrl%i?%né SFH?L%RC’O”{,%%?& with
target pORei-O€HIRSKS, tOqQUbR Q(OMRS SEELH] ATRIOR’)Of (IB)pjSRCei-n drug
target nodified in the presence of the inhibitor conmpound, discontinuous
exposur CHlsEhy whish By boadnbuted ¥ith& es(Chna+ Qs horhichmayibey, such as
radi ol a Hnhibi hor ., ~f0 w I i i Qn0h ot h ynme, as
wel | ast%g%) %}g{r;]telrire‘?hgd}g ’kn%%/\llnctﬁg)ql bnvglg%l? rgil}lt Ibllgnlglrll) Sttlﬁgetdag{&.h FODS %}é of

or di nar ys(XKHh Jo-iipyridike whidh wiay |ber bstiniczdewith R °; c&NQai4CN;ea€s; i -¢€Hf)unct i onal

7S TN S SRR B o oA BT o e
present ADCREpR T el ek UORETTogtolp | o SRR cHRNal ent Ty

ot her reN(HOREREAHAPNR O -BeR NN (ROCAOBDR P,y -0, fol€4D) T es€nB)Rm t-he bi nding
pocket of the target protein, thereby irreversibly inhibiting the protein.
It will @@w@aﬁaf;edqw&@ésm-- Hroup(OES Rt ifed)andCeesc: i-bed

b 1 oK RR VR Ot 1y AR e RORE T B pBR% RINEGE ™) L

def | ned agsgronPOUBGsRAALChLAADA0)RRE:/ TORDRRS: aBICEIRP! of i n

ki nase measurable affinity. In certain enbodinments, an inhibitor has
an 1050 GEICHLCHO RS ng- DR AT of CHessSBREN alddine- SOOLRCM (@Hs)ot han about

1p.M | t t. 100, 1 about 10
o or 1S09aN-CiB MY obED ke s R e Nk oS TR M enc  on ey
be teth det .y X di n i Lhpjdpehe art will
Fecogn 2o har R Qe Sy RETe ol YN be QERenal R e S IiEa sonpound

via a suDPE@hl@RDSIR e, 4 Asraipghe dorhbraacied taheldneyOnN @It ad?l e(Gupsti t uent ™
refers to a noiety that is capable of coval ent attachnent to a detectable

noi ety. Sigight gpbenshed dikdergdC{OXhdiR  koWBersinggach Rdimay he sudstifutgdag he art

and i ncl E Al 0l r te het agjno noi ety,
2"t ol Sagte? HMRRr ARl Bdint e, £ MRS SCRRE (R TPhEe

appr eci atd3t-GhHatmausdredrohetdrpas] mag).ber da redt-hngndttedc badratenl, gpaptialy ded
conmpound or,  via, a tetherin roup, ,such as a bival ent saturated or
unsat ur atPSHHE o¥arbt n“%g‘?ag'?ngl oPFECTORBB HdiPndenthy hgetj?ﬁfegt Fr8§‘ may be

at t achedhitthgent bk FdenChedtlsE, fo¥, ndtWit BLIRI M UeTRIALS abSKS RvdRidepdASntmay be
attached via a 1,3-cycloaddition of an azide with an al kyne, optionally in
t he presesueenses f cpplekerc dogethest withvishdindetenfengi atgmed)i danchedtBry are

known in_the art and incl.ude those described by Rostovtsev et ., Angew.
chom 1 eyl byBgted, PEEE b S8R S SR IO ordn el e Sl | 2006,
17, 52- Shkterb0m3JiMEpusRatiieElet®d ftone nit@psh, dehet t@BuEuNaIgtly maysseused

i nterchangeably with the term"label” and relates to any noi ety capabl e of
bei ng detBeitegd apdgfineddelavary | abel s and secondary |abels. Primary |abels,

such as [;06% oi sgp%ggg n{oﬁo%lenttshﬁﬁtt&dé%s 3&??; r@e‘rﬁe n%??mr?efd @48%11\%{1%%5' tags,

and fl uorescent S are signal genera g reporter graoups ich can be
det ect edinwégeh@er: bryurkatesmodi Rccaddeties. whdt epdiabintriaigt | &6ma), Sard ncl ude
| um nescent and phosphorescent groups.
independently halogen, —(CHj)o2R®, —(haloR®), —(CH;)e.,OH, —(CH;)¢.,OR®, —
(CH2)o2CH(OR®),; -O(haloR®), ~CN, —N3, —(CH3)o>C(O)R®, —(CH,)y..C(O)OH, —
(CH2)0-2C(O)OR®, —(CH2)0 2SR®, —(CH2)o2SH, —(CH2)o2NH,, —(CHz)ooNHR®, —

(CH2)o 2NR®;, -NO,, -SiR®;, —OSiR®;, -C(O)SR®* —(C;4 straight or branched
9



[ 0054] The term "secondary | abel” as used herein refers to noieties such as
biotin and various protein antigens that require the presence of a second
i nt er mediviDeofios4groduct i on of a detectabl e signal. For PoratSzer/osdses
secondary internedi ate may include streptavidi n-enzynme conj ugates. For
antigen | abels, secondary internedi ates may include anti body-enzyne
conjugates. Sone fluorescent groups act as secondary |abels because they

transfer ener t o _gnot her group. in the process of nonradiative fluorescent
r esonanc?ékﬁ?ﬂé"% ORansf ebS Q‘Fﬁﬁq‘)‘“n 58 & hié LeBPshytegrBuphes BrsGedsd Bhe

det ect edgj,9 r]?-lsubskiggéﬂ)ﬂ-lgewltﬂ‘?h% or HHOLEREER! ahdReinde enﬁéﬂi@é@&%t dye" ’

and "fluorophore" as used herein refer to noieties that absorb |ight energy
at a deffrerediexadiphatid, oﬁ?fwahejr@f@ﬁﬁodﬂdoem i—6|—mghtbe®|deiaglyatadl mriilhf er ent
wavel engt rrpes f fluoresc bel s i ncl.ude, of. limted to:
A oxa PR aredariiy B FSEE™ RS B0 meiagien cElefiedofoy. Al exa
Fl uor 54ﬁtrog‘¥n$&6§/g|5hu@fsu5fﬁﬁ Sitadradikhlear subStuet 6Xa shtubiéd E&36on AAbxa Fl uor
660 and Al exa Fluor 680), AMCA, AMCA-S, BODI PY dyes (BODI PY FL, BODI PY R6G

BODI PY TNR® imcpfeyOrRd <8OD) PY 530/ 550, BODI PY 558/ 568, BODI PY 564/ 570,

Car boxy Gt n8 B SR SR iRRs s e e SR we R 4y RO

Yel | ovvI sﬁbmmred’:ﬂ g3dp enehdyﬁﬁlo(ngS hIQ(S SQ/%'NHR QBI\@HC@RS,yI
Dapox anm n +5' -Di ¢hl or
P R R b s i iR TR ief Qor G SEF R =Rt

Hydr oxy ¢ Quéih RacH ﬁ@&’ﬁeﬁdéﬂt%@@lﬁrenhggf ﬁﬂg seleRA24GRMN hy n, ke, S; Gﬁhﬁﬁ; rhodam ne

B, Marina Blue, Methoxycounarin, Naphthofl uorescei n e on een 488,
Oregon Grideh 880 becwégt@mte@r wedetitod, boawi fqrcathumlbsthWBC@ GnyrreaﬂmredRhodarri ne

B, Rhoda n een Rhodol Green

2', 4 5 rﬁffﬂgt ra r@n rr%%sﬁ atee’ 'R %fgls Zhlahmg et ra?w%rtoﬁg?fnsrlﬁgfp H‘P%ly( ™R,

Car boxytseIei’cﬁi:ﬂEﬂrbtyﬂ fitregatyi 0xg g énl AYRAN fur TesdtbRe divaltax asbsBa@n¥. thi0@R61The term
"mass-t as used herein refers to any noiety that is capable of being

uni quel 0&8@ & ViEnahyuBsiutahle g3rbprssofifRs §pagwlg WagEuts fe gtupiatlde: (vB)
det ect i qfy e un@ﬁere@@mhﬁ{)ﬁfdeﬂp&%uﬁg% |1§‘9§ec%c@i?&ﬁ9ﬁﬁﬁg@ rel ease
(p- uor

t ags such as Met hoxytetra obenzypoxy -3 -nmethylg
| ycer onyCis alg)djﬁilq)\xé]@thtmgy Agcisdbstituted as defined below, or an unsubstituted 5-6—

-[2,3,5 | yor o-4-. entaflu ophe y t.hyl ac to henone, and
the| r delplr{}lé?reé/ Iuralliﬁ B%% esflgatgfﬁ1 utl ?rtyi; ”dg ﬁvég% Q;Fg E £ 1SR
descri baddép&n&hﬁlfy&dleateaif@&l mnabeet, oxdabolr sibr. 4, 709, 016, 5, 360 8191,

5,516, 931 602, 273, 5,604,104, 5,610,020, and 5, 650, 270. Qher exarrpl es
of mass- PQ‘E}J i notiRble swhstituepis orbthe| ?I}ﬂhﬁ%gf%lp ofuR] é@ﬂqdée@logen -R?,

di deoxynieh§eh)! dss; @kl-goaﬂﬁhcf}@g)]' SBenald r@ﬁ?@w o ?Iﬁ{?l c pol ymers

conposi tion, ol|gopept|des osacchar ot her synt
of varyiNg*l engiNOanchenomeagr Réasrpmsmustlwmed Ar mhegepreaededtly Bialat gani ¢

nol ecul es ot h neutr. | and char ged bio l.ecul es or,. synthetjc. conpounds)
of an apBPStg\’tegto yrrﬁ’é@ %rem(oﬁ)gelfﬁ%ﬁ t‘%HBd)e NN Xj(; eﬁast@d as

mass- tag:SHzl{hQQ@ItﬁbﬁlPErdeBa Sreasehblte safufdte, tpmruaal@dmsam&a?ew aplayyli nhi bit,
as used herein, nmeans a neasurabl e change in protein kinase activity

bet ween @%W@%dﬁ&ﬁ%?%l@%@%@bhwwedtwﬁrtwémowa%m iSléﬁJr or
conposi tjyss theé&@efm%géﬁ@%tﬂﬁ&’i&'&} 3 AL stﬂﬂtaﬁﬂ:u' d;ﬂlg%ﬁt oPaa{HD' Ising the

proteln kln sence sal npoun or conp05| |on her eof .
Protein ststMed’chrpu;ganelsde[ 006’8] TR H’ﬂé@DR on—(r?(é})@lRés —KIQO@C(@)R] Jugat e

ot ng SEVEHRRPRs aRERELr TP s e RE T5 AL ot Lhe AT
N(R*)S(O)QR*; wherein each R is independently hydrogen, C 1-6 aliphatic which may
be substituted as defined below, unsubstituted —OPh, or an unsubstituted 5—6—
membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding the

definition above, two independent occurrences of R', taken together with their
10



ATP binding site. In the conjugate of the invention, the inhibitor is
covalently and irreversibly bonded to the cysteine residue in the ATP

bi ndi ng swoeonfo3sdee protein ki nase such that the activi PgTafS2atba49met ei n
kinase is irreversibly inhibited. 100591The conjugates described herein
have a variety of uses. For exanple, the anobunt of conjugated target

pol ypeptide relative to unconjugated target pol ypeptide in a biol ogical
sanpl e obtained froma patient that,haa been treated with an irreversible

i nhi bi t of'CYH He FIBW) a0 BT ofRHREIVES okt tsmbats Ayueidh epatithicy in
i nhi bi ti g, pelPeRtdrfenRabL Wt tbycyznysmgvﬁm HLLKEE DRI m_a@;',e%gr%s are used

t herapeutically, the”conjugates 'can be used to tailor dosing o
i rrever sseldceed tndmh bittages, gxegen, orquléurt i ty admi ni stered and/or tine interval

bet ween I.ni strations) to gbtain the desired t apeuti g effect. 100601As
descri be@ﬂﬂbr ei #,uﬁ? le hsa%’s%%‘é S g?emaﬁ%}ba%fhglio%r ‘gfg n?Ki ng%eéldﬁ%f be
grouped hasgsl, oR*! hBalpREEEAMIE, o@Rc,eLogianbm,n;ngsewggﬁpy@(@j(j}e's, that are
present in or near the ATP binding site. The comon non-conserved cysteines
are ref eNHed VBRAer MR 2: 85 -HQs1Weranzagh & *oif ansubsdited erophere pasceded

modi 1 i Calg)%]oﬂalh’nist Elﬁ,sﬁf?l?éd“&ﬁ%:%&% d BE nld?Y S0hE AN aiﬁfl?s' fhdlpddERRNS Protein
ki nases t'hat have a target CYS, the sequence~code for the am o aci d
sequences diphatie p1@i.2hn kP&, Phhe oam n6-@enanizeeliesteatedc oppassi ng t he
cysteine of interest, and the.resjdue nunber of the cysteine of interest in
The. am riRaLrEEei ah e Mg i T e e BR G sa FsPERERY irioFih €% cvsy
refers teitby&Dokyah, JARur.Cys619 of FGFRL, Cys622 of FGFR2, Cys613 of

FGFR3, CYS607 of FGFR4, Cys788 of CKIT, Cys744 of CSFRL, Cys814 of PDGRF-A,
Cys545 of0fHEK2, Asyused hewsin, thettarm CphmmacaticHibracceptaldy galof refrsto tyse1 22 of

CDKL1, ; : 4 1 8. of FLT1
and Cys8 i Spnigl gt i 2 ﬂsgéféygf 6‘5@ m&@@, ’Q%%g{“’ g@@@’le&é sgge Bys7, cyss,
CYSl1l1l, CxsiRtawidh GYStBswaf of humaparandclobar anysils ewmhaue surdiue stokizitpar ti cul ar
protein ki.nases as .set forth in Table 1. The cysteines.identifi in Table
1 that a‘tnét_aﬁg%dal GG EU" W B’P%?}FF Ekﬁa%r’(lglsarﬁrcé"q%?ns‘d@ﬁs et r‘?aﬁo’iiﬁgﬁ‘ protein
ki nase fguHetivriskobtiol PRarntiRBltichilPAcCpslbRi BES RE SvelOMYNR {n0thangh. f egnd in the
particul ar proteins that nmake up the protein kinase groups identified in

Tabl e 1, exawhe. & M.ngergy st alkidesgstrs phammcgutically agxptabilnsade isEeyatdDE:
(v, EXpﬁl@ﬁn%te)dczﬁE(gégﬂ%, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention include those
derived from suitable inorganic and organic acids and bases. Examples of
pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric
acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic
acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically
acceptable salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate,
fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy—ethanesulfonate, lactobionate, lactate, laurate,
lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate,

nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3—
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RESI DUE NUMBER CYS1 JAK3 P52333 RCVHRDL (SEQ ID NO 1) 945 CYS 1 FGFR1
P11362 KCIHRDL (SEQ I D NO 2) 619 CYS 1 FGFR2 P21802
WO 2011/034907 PCT/US2010/048916

phenylpropionate, phosphate, pivalate, propionate, stearate, succinate, sulfate, tartrate,
thiocyanate, p—toluenesulfonate, undecanoate, valerate salts, and the like.

{0046] Salts derived from appropriate bases include alkali metal, alkaline earth
metal, ammonium and N+(C1,,,,4alkyl)4 salts. Representative alkali or alkaline earth
metal salts include sodium, lithium, potassium, calcium, magnesium, and the like.
Further pharmaceutically acceptable salts include, when appropriate, nontoxic
ammonium, quaternary ammonium, and amine cations formed using counterions such
as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and
aryl sulfonate.

[0047] Unless otherwise stated, structures depicted herein are also meant to
include all isomeric (e.g., enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example, the R and S configurations for
each asymmetric center, Z and E double bond isomers, and Z and E conformational
isomers.  Therefore, single stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational) mixtures of the present compounds
are within the scope of the invention. Unless otherwise stated, all tautomeric forms of
the compounds of the invention are within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein are also meant to include
compounds that differ only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present structures including the
replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
BC- or "“C-enriched carbon are within the scope of this invention. Such compounds
are useful, for example, as analytical tools, as probes in biological assays, or as
therapeutic agents in accordance with the present invention. In certain embodiments,
a warhead moiety, R’ of a provided compound comprises one or more deuterium
atoms.

[0048] As used herein, the term “irreversible” or “irreversible inhibitor” refers to
an inhibitor (i.e. a compound) that is able to be covalently bonded to a cysteine
residue in a target protein kinase in a substantially non-reversible manner. That is,
whereas a reversible inhibitor is able to bind to (but is generally unable to form a
covalent bond with) a target protein kinase, and therefore can become dissociated

from the target protein kinase an irreversible inhibitor will remain substantially bound
12



KCl HRDL(SEQ I D NG 2) 622 CYS1 FGFR3 P22607 KCI HRDL(SEQ I D NO 2) 613 CYS1
FGFR4 P22455 KCIHRDL(SEQ I D NO 2) 607 CYS 1 KIT P10721
WO 2011/034907 PCT/US2010/048916

to the target protein kinase once covalent bond formation has occurred. Irreversible
inhibitors usually display time dependency, whereby the degree of inhibition
increases with the time with which the inhibitor is in contact with the enzyme. In
certain embodiments, an irreversible inhibitor will remain substantially bound to
target protein kinase once covalent bond formation has occurred and will remain
bound for a time period that is longer than the life of the protein.

[0049] Methods for identifying if a compound is acting as an irreversible inhibitor
are known to one of ordinary skill in the art. Such methods include, but are not
limited to, enzyme kinetic analysis of the inhibition profile of the compound with
target protein kinase, the use of mass spectrometry of the protein drug target modified
in the presence of the inhibitor compound, discontinuous exposure, also known as
“washout” studies, and the use of labeling, such as radiolabelled inhibitor, to show
covalent modification of the enzyme, as well as other methods known to one of skill
in the art.

[0050] One of ordinary skill in the art will recognize that certain reactive
functional groups can act as “warheads.” As used herein, the term “warhead” or
“warhead group” refers to a functional group present on a compound of the present
invention wherein that functional group is capable of covalently binding to an amino
acid residue (such as cysteine, lysine, histidine, or other residues capable of being
covalently modified) present in the binding pocket of the target protein, thereby
irreversibly inhibiting the protein. It will be appreciated that the —L-Y group, as
defined and described herein, provides such warhead groups for covalently, and
irreversibly, inhibiting the protein.

[0051] As used herein, the term “inhibitor” is defined as a compound that binds to
and /or inhibits a target protein kinase with measurable affinity. In certain
embodiments, an inhibitor has an ICsy and/or binding constant of less than about 50
uM, less than about 1 uM, less than about 500 nM, less than about 100 nM, less than
about 10 nM, or less than about 1 nM.

[0052] A compound of the present invention may be tethered to a detectable
moiety. One of ordinary skill in the art will recognize that a detectable moiety may be
attached to a provided compound via a suitable substituent. As used herein, the term

“suitable substituent” refers to a moiety that is capable of covalent attachment to a
13



NCI HRDL(SEQ I D NO 3) 788 CYS1 CSF1R P07333 NCI HRDV(SEQ I D NO 4) 744 CYS1
PDGFR- A P16234 NCVHRDL(SEQ I D NGO 5) 814 CYS 1 FAK2 Q14289
WO 2011/034907 PCT/US2010/048916

detectable moiety. Such moieties are well known to one of ordinary skill in the art
and include groups containing, e.g., a carboxylate moiety, an amino moiety, a thiol
moiety, or a hydroxyl moiety, to name but a few. It will be appreciated that such
moieties may be directly attached to a provided compound or via a tethering group,
such as a bivalent saturated or unsaturated hydrocarbon chain. In some embodiments,
such moieties may be attached via click chemistry. In some embodiments, such
moieties may be attached via a 1,3-cycloaddition of an azide with an alkyne,
optionally in the presence of a copper catalyst. Methods of using click chemistry are
known in the art and include those described by Rostovtsev et al., Angew. Chem. Int.
Ed. 2002, 41, 2596-99 and Sun et al., Bioconjugate Chem., 2006, 17, 52-57.

[0053] As used herein, the term “detectable moiety” is used interchangeably with
the term "label" and relates to any moiety capable of being detected, e.g., primary
labels and secondary labels. Primary labels, such as radioisotopes (e.g., tritium, **P,
3p, 358, or 14C), mass-tags, and fluorescent labels are signal generating reporter
groups which can be detected without further modifications. Detectable moieties also
include luminescent and phosphorescent groups.

[0054] The term “secondary label” as used herein refers to moieties such as biotin
and various protein antigens that require the presence of a second intermediate for
production of a detectable signal. For biotin, the secondary intermediate may include
streptavidin-enzyme conjugates. For antigen labels, secondary intermediates may
include antibody-enzyme conjugates. Some fluorescent groups act as secondary
labels because they transfer energy to another group in the process of nonradiative
fluorescent resonance energy transfer (FRET), and the second group produces the
detected signal.

[0055] The terms “fluorescent label”, “fluorescent dye”, and “fluorophore” as
used herein refer to moieties that absorb light energy at a defined excitation
wavelength and emit light energy at a different wavelength. Examples of fluorescent
labels include, but are not limited to: Alexa Fluor dyes (Alexa Fluor 350, Alexa Fluor
488, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 568, Alexa Fluor 594, Alexa
Fluor 633, Alexa Fluor 660 and Alexa Fluor 680), AMCA, AMCA-S, BODIPY dyes
(BODIPY FL, BODIPY R6G, BODIPY TMR, BODIPY TR, BODIPY 530/550,

BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591,
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NCVHRDI (SEQ I D NO 6) 545 CYS1 FLT3 P36888 SCVHRDL(SEQ I D NO 7) 807 CYSL
FER P16591 NCI HRDL(SEQ I D NO 3) 680 CYSL FES P07332
WO 2011/034907 PCT/US2010/048916

BODIPY 630/650, BODIPY 650/665), Carboxyrhodamine 6G, carboxy-X-rhodamine
(ROX), Cascade Blue, Cascade Yellow, Coumarin 343, Cyanine dyes (Cy3, CyS5,
Cy3.5, Cy5.5), Dansyl, Dapoxyl, Dialkylaminocoumarin, 4'5'-Dichloro-2'7'-
dimethoxy-fluorescein, DM-NERF, Eosin, Erythrosin, Fluorescein, FAM,
Hydroxycoumarin, IRDyes (IRD40, IRD 700, IRD 800), JOE, Lissamine rhodamine
B, Marina Blue, Methoxycoumarin, Naphthofluorescein, Oregon Green 488, Oregon
Green 500, Oregon Green 514, Pacific Blue, PyMPO, Pyrene, Rhodamine B,
Rhodamine 6G, Rhodamine Green, Rhodamine Red, Rhodol Green, 2'4'.5",7'-Tetra-
bromosulfone-fluorescein, ‘ Tetramethyl-rhodamine (TMR),
Carboxytetramethylrhodamine (TAMR A), Texas Red, Texas Red-X.

[0056] The term “mass-tag” as used herein refers to any moiety that is capable of
being uniquely detected by virtue of its mass using mass spectrometry (MS) detection
techniques. Examples of mass-tags include electrophore release tags such as N-[3-
[4°-[(p-Methoxytetrafluorobenzyl)oxy]phenyl]-3-methylglyceronyl]isonipecotic Acid,
4°-[2,3,5,6-Tetrafluoro-4-(pentafluorophenoxyl)]methyl acetophenone, and their
derivatives. The synthesis and utility of these mass-tags is described in United States
Patents 4,650,750, 4,709,016, 5,360,8191, 5,516,931, 5,602,273, 5,604,104,
5,610,020, and 5,650,270. Other examples of mass-tags include, but are not limited
to, nucleotides, dideoxynucleotides, oligonucleotides of varying length and base
composition, oligopeptides, oligosaccharides, and other synthetic polymers of varying
length and monomer composition. A large variety of organic molecules, both neutral
and charged (biomolecules or synthetic compounds) of an appropriate mass range
(100-2000 Daltons) may also be used as mass-tags.

[0057] The terms “measurable affinity” and “measurably inhibit,” as used herein,
means a measurable change in a protein kinase activity between a sample comprising
a compound of the present invention, or composition thereof, and protein , and an
equivalent sample comprising the protein kinase, in the absence of said compound, or

composition thereof.

Protein Kinase Conjugates
[0058] The invention relates to a conjugate comprising a protein kinase that

contains a cysteine residue in the ATP binding site and an inhibitor that binds to the
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CClI HRDL(SEQ I D NO 8) 679 CYS1 CDKL1 Q00532 NCI HRDV(SEQ I D NG 4) 122 CYS1
CDKL4 BMAIS NCIHRDI (SEQ I D NG 9) 122 CYS1 FLT4 P35916
WO 2011/034907 PCT/US2010/048916

ATP binding site. In the conjugate of the invention, the inhibitor is covalently and
irreversibly bonded to the cysteine residue in the ATP binding site of the protein
kinase such that the activity of the protein kinase is irreversibly inhibited.

[0059] The conjugates described herein have a variety of uses. For example, the
amount of conjugated target polypeptide relative to unconjugated target polypeptide
in a biological sample obtained from a patient that has been treated with an
irreversible inhibitor can be used as a biomarker to monitor dosing and efficacy in
inhibiting polypeptide activity.  Thus, when irreversible inhibitors are used
therapeutically, the conjugates can be used to tailor dosing of irreversible inhibitors
(e.g., quantity administered and/or time interval between administrations) to obtain
the desired therapeutic effect.

[0060] As described herein, it has been determined that protein kinases can be
grouped based on the presence of certain non-conserved cysteines that are present in
or near the ATP binding site. The common non-conserved cysteines are referred to
herein as CYSI-CYS13 and are targets for covalent modification in the conjugates of
the invention. Table 1 presents protein kinases that have a target CYS, the sequence
code for the amino acid sequence of the protein kinase, the amino acid sequence
encompassing the cysteine of interest, and the residue number of the cysteine of
interest in the amino acid sequence. For example, as is apparent from Table 1 CYS1
refers to Cys945 of JAK3, Cys619 of FGFR1, Cys622 of FGFR2, Cys613 of FGFR3,
CYS607 of FGFR4, Cys788 of CKIT, Cys744 of CSFR1, Cys814 of PDGRF-A,
Cys545 of FAK2, Cys807 of FLT3, Cys680 of FER, Cys679 of FES, Cys122 of
CDKLI, Cys122 of CDKL4, Cys1033 of FLT4, Cys1024 of KDR, Cys1018 of FLT1
and Cys822 of PDGFR-B. Similarly, CYS2, CYS3, CYS4, CYSS5, CYS6, CYS7,
CYS8, CYS11, CYSI2 and CYSI13 refer to particular cystiene residues in particular
protein kinases as set forth in Table 1. The cysteines identified in Table 1 that are
used to group protein kinases are not conserved in the protein kinase family, but the
identified cysteines are common to and found in the particular proteins that make up

the protein kinase groups identified in Table 1, such as the CYS1 kinases.

Table 1
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KCIHRDL (SEQ I D NO 2) 1033 CYS1 KDR P35968 KCI HRDL (SEQ I D NGO 2) 1024 CYS |
FLT1 P17948 KCIHRDL (SEQ I D NO 2) 1018 CYS1 PDGFR-B P09619

WO 2011/034907 PCT/US2010/048916
CYS Kinase SEQ CODE SEQUENCE RESIDUE
(www.expasy.org) NUMBER

CYSl JAK3 P52333 RCVHRDL (SEQ | 945
ID NO:1)

CYSl1 FGFR1 P11362 KCIHRDL (SEQ | 619
1D NO:2)

CYS1 FGFR2 P21802 KCIHRDL(SEQ | 622
ID NO:2)

CYSI FGFR3 P22607 KCIHRDL(SEQ | 613
ID NO:2)

CYSl1 FGFR4 P22455 KCIHRDL(SEQ | 607
ID NO:2)

CYS1 KIT P10721 NCIHRDL(SEQ | 788
ID NO:3)

CYSl1 CSFIR P07333 NCIHRDV(SEQ | 744
[D NO:4)

CYSl1 PDGFR-A P16234 NCVHRDL(SEQ | 814
ID NO:5)

CYS1 FAK2 Q14289 NCVHRDI (SEQ | 545
ID NO:6) ‘

CYS1 FLT3 P36888 SCVHRDL(SEQ | 807
ID NO:7)

CYSi1 FER P16591 NCIHRDL(SEQ | 680
ID NO:3)

CYSl1 FES P07332 CCIHRDL(SEQ | 679
ID NO:8)

CYS1 CDKL1 Q00532 NCIHRDV(SEQ | 122
ID NO:4)

CYSlI CDKL4 QSMAIS NCIHRDI(SEQ 122
ID NO:9)

CYS1 FLT4 P35916 KCIHRDL (SEQ | 1033
ID NO:2)

CYSl1 KDR P35968 KCIHRDL (SEQ | 1024
ID NO:2)

CYS1 FLT1 P17948 KCIHRDL (SEQ | 1018
ID NO:2)

CYS1 PDGFR-B P09619 NCVHRDL (SEQ | 822
ID NO:5)

CYS2 KDR P35968 ICDFG (SEQID | 1045
NO:10)

CYS2 MEK1 Q02750 LCDFG (SEQID | 207
NO:11)

CYS2 FLT3 P36888 ICDFG (SEQID | 828
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NCVHRDL (SEQ ID NO 5) 822 CYS2 KDR P35968 | CDFG (SEQ | D NG 10) 1045 CYS2
MEK | Q02750 LCDFG (SEQ I D NGO 11) 207 CYS2

WO 2011/034907 PCT/US2010/048916

NO:10)

CYS2 KIT P10721 ICDFG (SEQID | 809
NO:10)

CYS3 JAK3 P52333 SGCLRDF (SEQ | 909
ID NO:12)

CYS3 BLK P51451 RGCLLDF (SEQ | 319
ID NO:13)

CYS3 MAP2K7 014733 GTCAEKL (SEQ | 202
ID NO:14)

CYS3 ITK Q08881 HGCLSDY (SEQ | 442
ID NO:15)

CYS3 BMX P51813 NGCLLNY (SEQ | 496
ID NO:16)

CYS3 TEC P42630 RGCLLNFL 449
(SEQ ID NO:17)

CYS3 BTK Q06187 NGCLLNYL 481
(SEQ ID NO:18)

CYS3 TXK P42681 NGCLLNYL 350
(SEQ ID NO:18)

CYS3 EGFR P00533 FGCLLDYV 797
(SEQ ID NO:10)

CYS3 ERBB2 ErbB2 | P04626 YGCLLDHV 803
(SEQ ID NO:20)

CYS3 ERBB4 ErbB4 | Q15303 HGCLLEYV 803
(SEQ ID NO:21)

CYS4 NEK2 P51955 YGRCQK (SEQ | 22
ID NO:22)

CYS4 PLK3 QYH4B4 FARCYE (SEQ |76
ID NO:23)

CYS4 PLK2 QINYY3 FAKCYE (SEQ |96
ID NO:24)

CYS4 PLK1 HUMAN | P53350 FAKCFE (SEQ | 67
ID NO:25)

CYS4 MSK2-b

CYS4 MSKI-b

CYS4 MAP3K]

CYS5 PFTAIREI 094921 DLCQYMD 218
(SEQ ID NO:26)

CYSs5 INK2 P45984 NLCQVIH (SEQ | 116
ID NO:27)

CYS5 INK1 P45983 NLCQVIQ (SEQ | 116
ID NO:28)

CYSS INK3 P53779 NLCQVIQ (SEQ | 154
ID NO:28)

CYS5 BMPR2 Q13873 SLCKYLSL 288
(SEQ ID NO:29)
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FLT3 P36888 | CDFG (SEQ I D 828 NO 10) CYS2 KI T P10721 | CDFG (SEQ I D
NO. 10)

WO 2011/034907 PCT/US2010/048916

CYS6 TNK1 Q13470 SGCFGV (SEQ 126
ID NO:30)

CYS6 YES P07947 QGCFGE (SEQ 287
ID NO:31)

CYS6 FGR P09769 TGCFGD (SEQ 273
ID NO:32)

CYS6 SRC P12931 QGCFGE (SEQ 280
ID NO:31)

CYS6 LIMK1 P53667 KGCFGQ (SEQ | 349
ID NO:33)

CYS6 FGFR2 P21802 EG CFGQ (SEQ | 491
ID NO:34)

CYS6 FGFR3 P22607 EGCFGQ (SEQ 482
ID NO:34)

CYS6 FGFR1 P11362 EGCFGQ (SEQ 488
ID NO:34)

CYS6 FGFR4 P22455 EGCFGQ (SEQ 477
ID NO:34)

CYS7 FAK Q05397 GRCIGEGQFGD | 427
(SEQ ID NO:35)

CYS7 ALK P37023 VECVGKGRYG | 207
(SEQ ID NO:36)

CYS7 ALK2 Q04771 LECVGKGRYG | 213
(SEQ IDNO:37) |

CYSS8 ZAP70 P43403 GCGNF (SEQID | 346
NO:38)

CYS8 CRIK 014578 GCGHF (SEQID | 105
NO:39)

CYSS8 Erk3 Q16659 GCGGN (SEQID | 28
NO:40)

CYS8 CKlgl QI9HCPO GCGNF (SEQID | 52
NO:38)

CYS8 CKlg2 P78368 GCGNF (SEQID | 54
NO:38)

CYS8 CKl1g3 Q9Y6M4 GCGNF (SEQID | 51
NO:38)

CYS9 RORI1

CYS10 MELK

CYSl11 KIT P10721 YCCYG (SEQID | 674
NO:41)

CYSl11 FMS P07333 YCCYG (SEQID | 667
NO:41)

CYSI11 RON Q04912 YMCHG (SEQ 1165
ID NO:42)

CYSl11 FLT3 P36888 YCCYG (SEQID | 695
NO:41)
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809 CYS3 JAK3 P52333 SGCLRDF (SEQ ID NO 12) 909 CYS3 BLK P51451 RGCLLDF
(SEQ I D NG 13) 319 CYS3 MAP2K7 014733 GICAEKL (SEQ I D NO 14)

WO 2011/034907 PCT/US2010/048916

CYS11 FGR P09769 FMCHG (SEQ ID | 338
NO:43)

CYS12 ALK KINASE | Q9UMT73 AARNCLLTCPG | 1259
PGRVAKIGD
(SEQ ID NO:44)

CYS13 B-RAF P15056 TKPQLAIVTQW | 532
CEGSSLYHH
(SEQ ID NO:45)

[0061] The conjugates of the invention contain a protein kinase or portion thereof.
Preferably the protein kinase or portion thereof is a human protein kinase or portion
thereot. However, the invention encompasses conjugates that contain a protein kinase
or portion thereof from any desired species, such as a rodent (mouse, rat) or primate
(macaque, chimpanzee). The sequence codes for human protein kinases are provided
in Table 1. The invention is not limited to conjugates that contain protein kinases or
portion thereof that have the same sequences as the database sequences provided in
Table 1. It is well-known in the art that there may be two or more sequences for a
particular kinase that differ in amino acid sequence in sequence databases. These
proteins are nonetheless recognized as being the same kinase. The sequence variation
may be due to natural sequence variation, such as allelic variants or naturally arising
mutations. The conjugates of the invention encompass all forms of protein kinases,
including allelic variants and mutant proteins.

[0062] Irreversible inhibitors that form a covalent bond with one of the target Cys
residues (CYSI — CYS13) can selectively form conjugates with protein kinases that
contain the target cysteine residue. Irreversible inhibitors that are suitable for forming
a conjugate of the invention comprises a binding moiety that binds in or near the ATP
binding site of a protein kinase, and a warhead moiety. As described herein, the
warhead moiety can react with a target cysteine of the protein kinase, and is provided
by the group -L-Y.

[0063] In general the conjugates have the formula:

[00064] X-M-S-CH;-Prot

[0065] Prot is a protein kinase or portion thereof that contains a cysteine in or near

the ATP binding site;
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202 CYS3 | TK Q08881 HGCLSDY (SEQ I D NO: 15) 442 CYS3 BMX P51813 NGCLLNY ( SEQ

I D NO 16) 496 CYS3 TEC P42680 RGCLLNFL (SEQ I D NO 17)
WO 2011/034907 PCT/US2010/048916

[0066] S-CH; is the sulfur atom and methylene group from the side chain of the
cysteine residue;

[0067] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of the cysteine residue; and

[0068] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase.

[0069] The modifier moiety is formed by the covalent binding of a warhead group
(-L-Y) with the side chain of the cysteine residue. The modifier moiety can be
provided by reaction of any of the warheads described herein with a target cysteine. It
is to be understood that the L and Y components described herein can be variously
combined to provide a warhead of formula ~L-Y, and that conjugates of the invention
encompass the reaction product of a cysteine and any combination of the L and Y
groups described herein. In one example, the modifier moiety is provided by the
reaction of —L-Y with a target cysteine, wherein

[0070] L is a covalent bond or a bivalent C g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —-NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO:N(R)-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -S-, -SO-, -SO,-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N,)-;

[0071] Y is hydrogen, nitrile, C;. aliphatic optionally substituted with one or
more OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R groups; and

[0072] Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

[0073] each R® is independently selected from —Q-Z, OH, oxo, NOg, halogen, CN,
a suitable leaving group, or a C aliphatic optionally substituted with oxo, halogen,
NO3j, or CN, wherein:

[0074] 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
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449 CYS3 BTK Q06187 NGCLLNYL (SEQ ID NGO 18) 481 CYS3 TXK P42681 NGCLLNYL
(SEQ I D NG 18) 350 CYS3 EGFR P00533 FGCLLDYV (SEQ I D NO: 10)
WO 2011/034907 PCT/US2010/048916

and independently replaced by —N(R)-, -S-, -O-, -C(0O)-, -OC(O)-, -C(O)O-, -SO-, or
-SO;-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO,-, or -SO,N(R)-; and

[0075] Z is hydrogen or C;, aliphatic optionally substituted with oxo, halogen,
NO,, or CN.

[0076] Further examples and embodiments of —L-Y that can react with a cysteine
to form a modifier moiety are described in detail herein. Table 2 presents the
structures of a number of non-limiting examples of modifier moieties that are bonded
to the side chain of cysteine (S-CH; in the structures shown in Table 2). In some
embodiments, the modifier moiety is selected from the non-limiting exemplary
modifier moieties that are bonded to the side chain of cysteine (S-CH») presented in
Table 2. In some embodiments, the conjugate comprises a structure selected from

those presented in Table 2.

Table 2. Exemplary Modifiers:
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797 CYS3 ERBB2_ErbB2 PO4626 YGCLLDHV (SEQ I D NO: 20) 805 CYS3 ERBB4_Er bB4
Q15303 HGCLLEYV (SEQ I D NO:21) 803 CYS4 NEK2 P51955 YGRCQK (SEQ | D NO 22)
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22 CYS4 PLK3 QOH4B4 FARCYE (SEQ ID NO 23) 76 CYS4 PLK2 QONYY3 FAKCYE (SEQ
ID NO. 24) 96 CYS4 PLKI _HUMAN P53350 FAKCFE (SEQ I D NO. 25)
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67 CYS4 MBSK2-b CYS4 MBK1-b CYS4 MAP3K1
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{0077] As described above, the conjugates have the general formula:
[0078] X-M-S-CH;-Prot.

[0079] Prot is a protein kinase or portion thereof that contains a cysteine in or near
the ATP binding site;

[0080] S-CH; is the sulfur atom and methylene group from the side chain of the
cysteine residue;

[0081] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of the cysteine residue; and

[0082] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase.

[0083] In one aspect, the conjugate comprises a CYS1 kinase, CYS35 kinase,
CYS6 kinase, CYS7 kinase, CYS8 kinase, CYS9 kinase, CYS10 kinase, CYS11
kinase, CYS12 kinase, CYSI13 kinase or a portion of any of the forgoing that contains
the target cysteine (i.e., CYS1 or CYS5 - CYS13).

{0084] The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase. Many suitable chemical moieties that
bind the ATP binding site of kinases are well-known in the art. In addition, the
binding modes of many such chemical moieties are known and can be used to design

additional moieties that bind the ATP binding site using conventional methods of
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CYS5 PFTAI RE |

094921 DLCQYNMD (SEQ I D NO: 26) 218 CYS5 JNK2 P45984 NLCQVI H

(SEQ ID NGO 27) 116 CYS5 JNK1 P45983 NLCQVI Q (SEQ I D NGO 28)
WO 2011/034907 PCT/US2010/048916

structure based design. For example, nilotinib, imatinib, sorafenib (US 7,235,576),
VX-680 (US 6,664,247), BI2536 (US2006/018182), TAE226 (US2008/01322504),
PF-573,228, CP-562,271-26, CPP690550, and the like are well-know compounds that

bind to the ATP binding site of protein kinases. These compounds, portions thereof

and derivatives thereof can be used as a chemical moiety that binds to the ATP

binding site of a protein kinase, for example, by attaching a warhead to the

compound, portion thereof or derivative thereof.

[0085]

The invention relates to a conjugate comprising a protein kinase that

comprises CYSI and an inhibitor that binds to the ATP binding site of the CYSI1

kinase. In the conjugate of the invention, the inhibitor is covalently and irreversibly

bonded to CYS1 such that the activity of the protein kinase is irreversibly inhibited.

[0086]
[0087]
[0088]
[0089]
CYSI1;
[0090]

In some embodiments, the conjugate has the formula
X-M-S-CH;-Prot
wherein Prot is a protein kinase or portion thereof that contains CYSI;

S-CH; is the sulfur atom and methylene group from the side chain of

M is a modifier moiety that is formed by the covalent bonding of a

warhead group with the side chain of CYS1; and

[0091]

X is a chemical moiety that binds in or near the ATP binding site of the

protein kinase that contains CYSI.

10092]

In these embodiments, Prot is selected from the group consisting of JAK3,

FGFR (e.g., FGFR1, FGFR2, FGFR3, FGFR4), CKIT, CSFR1, FAK2, FLT3, FER,
FES, CDKL1, CDKL4, FLT4, KDR, FLTI1, PDGFR (e.g., PDGRF-A, PDGFR-B),

and a portion of any one of the foregoing that comprises CYSI1.

[0093]

The conjugate can comprise substantially the entire mature protein kinase

or a portion thereof that comprises CYS1. Generally, Prot comprises at least a portion

of the protein kinase that has an amino acid sequence selected from the group
consisting of RC*VHRDL (SEQ ID NO:1), KC*¥IHRDL (SEQ ID NO:2),
NC*IHRDL (SEQ ID NO:3), NC*IHRDV (SEQ ID NO:4), NC*VHRDL (SEQ ID
NO:5), NC*VHRDI (SEQ ID NO:6), SC*VHRDL (SEQ ID NO:7), CC*IHRDL
(SEQ ID NO:8), or NC*IHRDI (SEQ ID NO:9), wherein C* is CYSI.
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116 CYS5 JNK3 P53779 NLCQVI Q (SEQ I D NO 28) 154 CYS5 BWMPR2 Q13873 SLCKYLSL
(SEQ I D NO:29) 288  CYS6 TNK1
WO 2011/034907 PCT/US2010/048916

[0094] Some conjugates of these embodiments, contain a modifier moiety that is
selected from the moieties shown in Table 2.

[0095] The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase. Many suitable chemical moieties that
bind the ATP binding site of kinases are well-known in the art. In addition, the
binding modes of many such chemical moieties are known and can be used to design
additional moieties that bind the ATP binding site using conventional methods of
structure based design. For example, nilotinib, imatinib and sorafenib are well-know
inhibitors of protein kinases that contain CYSI, such as C-KIT, PDGFR (PDGFRA,
PDGFRB), FLT3, CSF1R and/or KDR. In some embodiments of conjugates in which
a warhead is covalently and irreversibly bonded to CYS1, Prot is C-KIT, PDGFR
(PDGFRA, PDGFRB), FLT3, CSFIR, or KDR and X is nilotinib, imatinib, sorafenib
or a portion thereof or derivative thereof that binds C-KIT, PDGFR (PDGFRA,
PDGFRB), FLT3, CSF1R, or KDR.

[0096] [t desired, a compound of Formula I, [T or III disclosed in US 12/132,537,
filed June 3, 2008, ‘can be used as a chemical moiety that binds in or near the ATP
binding site of a CYS1 kinase, such as C-KIT or PDGFR. The entire teachings of US
12/132,537, including Formulas I, I and III and the descriptions thereof, are
incorporated herein by reference. Other suitable chemical moieties for binding to the
ATP binding site of a CYSI1 kinase include compounds of Formulas XVIII — XX
described herein.

[0097] The invention relates to a conjugate comprising a protein kinase that
comprises CYS1 and an inhibitor that binds to the ATP binding site of the CYSI
kinase. In the conjugate of the invention, the inhibitor is covalently and irreversibly
bonded to CYS1 such that the activity of the protein kinase is irreversibly inhibited.
[0098] In some embodiments, the conjugate has the formula

[0099] X-M-S-CH;-Prot

[00100] wherein Prot is a protein kinase or portion thereof that contains CYS5;
[00101] S-CH; is the sulfur atom and methylene group from the side chain of
CYSS;

[00102] M is a modifier moiety that is formed by the covalent bonding of a

warhead group with the side chain of CYSS; and
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QL3470 SGCFGV (SEQ I D NO 30) 126 CYS6 YES P07947 QGCFGE (SEQ I D NO 31) 287
CYS6 FGR P09769 TGCFGD (SEQ | D NO 32) 273 CYS6 SRC
WO 2011/034907 PCT/US2010/048916

[00103] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYSS5.

[00104] In these embodiments, Prot is selected from the group consisting of
PFTAIRE], a JNK (e.g., JNK1, JNK2, INK3) and BMPR2, and a portion of any one
of the foregoing that comprises CYSS5.

[00105] The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYSS5. Generally, Prot comprises at least a portion
of the protein kinase that has an amino acid sequence selected from the group
consisting of DLC*QYMD (SEQ ID NO:26), NLC*QVIH (SEQ ID NO:27),
NLC*QVIQ (SEQ ID NO:28), and SLC*KYLSL (SEQ ID NO:29), wherein C* is
CYSs.

[00106] Some conjugates of these embodiments, contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00107] The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase. Suitable chemical moieties for
binding to the ATP binding site of a CYSS kinase include, for example, compounds of
Formulas VI — VIII, IX, [X-a, X, X-a, XI, XII and XII-a described herein.

[00108] In some embodiments, the conjugate has the formula

[00109] X-M-S-CH;-Prot

[00110]  wherein Prot is a protein kinase or portion thereof that contains CYS6;
[00111] S-CH; is the sulfur atom and methylene group from the side chain of
CYS6;

[00112] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS6; and

[00113] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS6. |

[00114]  In these embodiments, Prot is selected from the group consisting of TNK1,
YES, FGR, SRC, LIMK], FGFR (e.g., FGFR1, FGFR2, FGFR3, and FGFR4), and a
portion of any one of the foregoing that comprises CYS6.

[00115] The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS6. Generally, Prot comprises at least a portion

of the protein kinase that has an amino acid sequence selected from the group
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P12931 QGCFGE (SEQ I D NO 31) 280 CYS6 LIMKL P53667 KGCFGQ (SEQ | D NO 33)
349 CYS6 FGFR2 P21802 EG CFGQ (SEQ I D NO 34) 491 CYS6 FGFR3
WO 2011/034907 PCT/US2010/048916

consisting of SGC*FGV (SEQ ID NO:30), QGC*FGE (SEQ ID NO:31), TGC*FGD
(SEQ ID NO:32), KGC*FGQ (SEQ ID NO:33), and EGC*FGQ (SEQ 1D NO:34),
wherein C* is CYS6.

[00116] Some conjugates of these embodiments contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00117]  The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase.

{00118] In some embodiments, the conjugate has the formula

[00119] X-M-S-CH;-Prot

[00120]  wherein Prot is a protein kinase or portion thereof that contains CYS7;
100121}  S-CH; is the sulfur atom and methylene group from the side chain of
CYS7;

[00122] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS7; and

[00123] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS7.

[00124]  In these embodiments, Prot is selected from the group consisting of FAK,
ALK (e.g., ALK1, ALK?2), and a portion of any one of the foregoing that comprises
CYS7.

[00125]  The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS7. Generally, Prot comprises at least a portion
of the protein kinase that has an amino acid sequence selected from the group
consisting of GRC*IGEGQFGD (SEQ ID NO:35), VEC*VGKGRYG (SEQ ID
NO:36), and LEC*VGKGRYG (SEQ ID NO:37), wherein C* is CYS7.

[00126] Some conjugates of these embodiments contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00127]  The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase. Suitable chemical moieties for
binding to the ATP binding site of a CYS7 kinase include, for example, compounds of
Formula IV described herein, and the well-known com.pounds TAE226
(US2008/01322504), PF-573,228, and CP-562,271-26.

[00128] In some embodiments, the conjugate has the formula
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P22607 EGCFQAQ (SEQ I D NO 34) 482 CYS6 FGFR1 P11362 EGCFEQ (SEQ I D NGO 34)
488 CYS6 FGFR4 P22455 EGCFGQ (SEQ I D NG 34) 477 CYS7 FAK
WO 2011/034907 PCT/US2010/048916

[00129] X-M-S-CH,-Prot

[00130] wherein Prot is a protein kinase or portion thereof that contains CYSS;
[00131] S-CH; is the sulfur atom and methylene group from the side chain of
CYSS;

[00132] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS8; and

[00133] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYSS.

[00134] In these embodiments, Prot is selected from the group consisting of
ZAP70, CRIK, ERK3, CKlgl, CKlg2, and CK1g3, and a portion of any one of the
foregoing that comprises CYS8.

[00135] The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS8. Generally, Prot comprises at least a portion
of the protein kinase that has an amino acid sequence selected from the group
consisting of GC*GNF (SEQ ID NO:38), GC*GHF (SEQ ID NO:39), and GC*GGN
(SEQ ID NO:40), wherein C* is CYSS.

[00136] Some conjugates of these embodiments contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00137]  The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase. Suitable chemical moieties for
binding to the ATP binding site of a C'YS8 kinase include, for example, compounds of
Formula I-a, I-b, I-c, I-d, I-e, and I-f described herein, and the well-known
compounds imatinib, nilotinib, and CP-562,271-26 and the compounds disclosed in
US 2006/0247246, in particular the compound of Example 6.

[00138] In some embodiments, the conjugate has the formula

[00139] X-M-S-CH;-Prot

[00140]  wherein Prot is a protein kinase or portion thereof that contains C YS9;
[00141]  S-CH; is the sulfur atom and methylene group from the side chain of
CYS9;

[00142] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS9; and
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Q05397 GRClI GEGQFGD (SEQ I D NG 35) 427 CYS7 ALK1 P37023 VECVCGKGRYG (SEQ I D
NO: 36) 207 CYS7 ALK2 Q04771 LECVCKGRYG (SEQ I D NO 37) 213 CYS8 ZAP70
WO 2011/034907 PCT/US2010/048916

[00143] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS9.

[00144] In these embodiments, Prot can be RORI or a portion thereof that
comprises CYS9.

[00145]  The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS9.

[00146] Some conjugates of these embodiments contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00147])  The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase.

[00148] In some embodiments, the conjugate has the formula

[00149] X-M-S-CH;-Prot

[00150]  wherein Prot is a protein kinase or portion thereof that contains CYS10;
[00151] S-CH; is the sulfur atom and methylene group from the side chain of
CYS10;

[00152] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS10; and

[00153] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS10.

[00154] In these embodiments, Prot can be MELK or a portion thereof that
comprises CYS10.

[00155] The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS10.

[00156] Some conjugates of these embodiments contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00157]  The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase.

[00158] In some embodiments, the conjugate has the formula

[00159] X-M-S-CH;-Prot

[00160] wherein Prot is a protein kinase or portion thereof that contains CYS11;
[00161] S-CH; is the sulfur atom and methylene group from the side chain of

CYSIi1;
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P43403 GCGNF (SEQ ID NO. 38) 346 CYS8 CRIK 014578 GCGHF (SEQ I D NO 39) 105
CYS8 Erk3 QL6659 GCGGN (SEQ I D NG 40) 28
WO 2011/034907 PCT/US2010/048916

[00162] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS11; and

[00163] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS11.

[00164] In these embodiments, Prot is selected from the group consisting of ¢-KIT,
FMS, RON, FLT3, and FGR, , and a portion of any one of the foregoing that
comprises CYS11.

[00165] The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS11. Generally, Prot comprises at least a
portion of the protein kinase that has an amino acid sequence selected from the group
consisting of YCC*YG (SEQ ID NO:41), YMC*HG (SEQ ID NO:42), and FMC*HG
(SEQ ID NO:43), wherein C* is CYSI11.

[00166] Some conjugates of these embodiments, contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00167] The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase. Suitable chemical moieties for
binding to the ATP binding site of a CYS11 kinase include, for example, compounds
of Formula XIlI-a, XIII-b, X1II-c, XIII-d, and XIV - XVII described herein.

[00168] In some embodiments, the conjugate has the formula

[00169] X-M-S-CH;-Prot

[00170]  wherein Prot is a protein kinase or portion thereof that contains CYS12;
[00171] S-CH; is the sulfur atom and methylene group from the side chain of
CYS12;

[00172] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS12; and

[00173] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS12.

[00174] In these embodiments, Prot can be ALK kinase or a portion thereof that
comprises CYS12.

[00175]) The conjugate can comprise substantially the entire mature protein kinase

or a portion thereof that comprises CYS12. Generally, Prot comprises at least a

32



CYS8 CKlgl QQHCPO GCGNF (SEQ ID NO :38) 52 CYS8 CKlg2 P78368 GCGNF (SEQ I D
NG 38) 54 CYS8 CKlg3 QQY6MA GCGNF (SEQ I D NO 38) 51
WO 2011/034907 PCT/US2010/048916

portion of the protein kinase that has the amino acid sequence
AARNCLLTC*PGPGRVAKIGD (SEQ ID NO:44), wherein C* is CYSI12.

[00176] Some conjugates of these embodiments, contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00177] The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase.

[00178] In some embodiments, the conjugate has the formula

[00179] X-M-S-CH,-Prot

[00180] wherein Prot is a protein kinase or portion thereof that contains CYS13;
[00181] S-CH; is the sulfur atom and methylene group from the side chain of
CYS13;

[00182] M is a modifier moiety that is formed by the covalent bonding of a
warhead group with the side chain of CYS13; and

[00183] X is a chemical moiety that binds in or near the ATP binding site of the
protein kinase that contains CYS13.

[00184] In these embodiments, Prot can be B-RAF or a portion thereof that
comprises CYS13.

[00185]  The conjugate can comprise substantially the entire mature protein kinase
or a portion thereof that comprises CYS13. Generally, Prot comprises at least a
portion of the protein kinase that has the amino acid sequence
TKPQLAIVTQWC*EGSSLYHH (SEQ ID NO:45), wherein C* is CYS13.

[00186] Some conjugates of these embodiments, contain a modifier moiety that is
selected from the moieties shown in Table 2.

[00187]  The conjugate can comprise any suitable chemical moiety that binds in or
near the ATP binding site of the protein kinase.

[00188] The invention also relates to conjugates comprising a protein kinase that
contains a cysteine residue in the ATP binding site and an inhibitor disclosed herein,
wherein the inhibitor is covalently and irreversibly bonded to the cysteine residue in
the ATP binding site of the protein kinase such that the activity of the protein kinase
is irreversibly inhibited. In one embodiment, the conjugate comprises an inhibitor
disclosed herein and a protein kinase, wherein the inhibitor is covalently and

irreversibly bonded to a cysteine residue in the ATP binding site of the protein kinase.
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[00189] In some embodiments, the conjugate comprises C-KIT or a portion thereof
comprising CYS! of C-KIT (Cys788) and a compound of formula XVIII, XIX, XIX-
a, XIX-b, XIX-c, XX or XX-a that is covalently and irreversible bonded to CYS1 of
C-KIT (Cys788), such that C-KIT is irreversibly inhibited.
[00190] In some embodiments, the conjugate comprises KDR or a portion thereof
comprising CYS1 of KDR (Cys1024) and a compound of formula XVIII, XIX, XIX-
a, XIX-b, XIX-c, XX or XX-a that is covalently and irreversible bonded to CYS1 of
KDR (Cys1024), such that KDR is irreversibly inhibited.
[00191] In some embodiments, the conjugate comprises PDGFRA or a portion
thereof comprising CYS1 of PDGFRA (Cys814) and a compound of formula XVIII,
XIX, X1X-a, XIX-b, XIX-c, XX or XX-a that is covalently and irreversible bonded to
CYS1 of PDGFRA (Cys814), such that PDGFRA is irreversibly inhibited.
[00192] In some embodiments, the conjugate comprises PDGFRB or a portion
thereof comprising CYS1 of PDGFRB (Cys822) and a compound of formula XVIII,
XIX, XIX-a, XIX-b, XIX-c, XX or XX-a that is covalently and irreversible bonded to
CYS1 of PDGFRB (Cys822), such that PDGFRB is irreversibly inhibited.
[00193] In some embodiments, the conjugate comprises FLT3 or a portion thereof
comprising CYS1 of FLT3 (Cys807) and a compound of formula XVIII, XiX, XIX-a,
XIX-b, XIX-¢c, XX or XX-a that is covalently and irreversible bonded to CYSI1 of
FLT3 (Cys807), such that FLT3 is irreversibly inhibited.
[00194] In some embodiments, the conjugate comprises CSFIR or a portion
thereof comprising CYS1 of CSFIR (Cys744) and a compound of formula XVIII,
XIX, XIX-a, XIX-b, XIX-c, XX or XX-a that is covalently and irreversible bonded to
CYSI of CSFIR (Cys744), such that CSFIR is irreversibly inhibited.
[00195] In some embodiments, the conjugate comprises B-RAF or a portion
thereof comprising CYS13 of B-RAF (Cys532) and a compound of formula XVIII,
XIX, XIX-a, XIX-b, XIX-c, XX or XX-a that is covalently and irreversible bonded to
CYS13 of B-RAF (Cys532), such that B-RAF is irreversibly inhibited.
[00196] In some embodiments, the conjugate comprises FLT3 or a portion thereof
comprising CYS2 of FLT3 (Cys828) and a compound of formula II-a, II-b, II-c or II-d
that is covalently and irreversible bonded to CYS2 of FLT3 (Cys828), such that FLT3
is irreversibly inhibited.
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[00197] In some embodiments, the conjugate comprises MEK 1 or a portion thereof
comprising CYS2 of MEK1 (Cys207) and a compound of formula II-a, II-b, II-c or II-
d that is covalently and irreversible bonded to CYS2 of MEK1 (Cys207), such that
MEK1 is irreversibly inhibited.

[00198] In some embodiments, the conjugate comprises JAK3 or a portion thereof
comprising CYS3 of JAK3 (Cys909) and a compound of formula V that is covalently
and irreversible bonded to CYS3 of JAK3 (Cys909), such that JAK3 is irreversibly
inhibited.

[00199] In some embodiments, the conjugate comprises PLK1 or a portion thereof
comprising CYS4 of PLK1 (Cys67) and a compound of formula III that is covalently
and irreversible bonded to CYS4 of PLK1 (Cys67), such that PLKI is irreversibly
inhibited.

[00200] In some embodiments, the conjugate comprises FAK or a portion thereof
comprising CYS7 of FAK (Cys427) and a compound of formula IV, IVa or IVb that
is covalently and irreversible bonded to CYS7 of FAK (Cys427), such that FAK is
irreversibly inhibited.

[00201] In some embodiments, the conjugate comprises JNK1 or a portion thereof
comprising CYSS5 of INK1 (Cys116) and a compound of formula V1, VII, VIII, IX,
IX-a, X, X-a, XI, XII or XII-a that is covalently and irreversible bonded to CYS35 of
JNK1 (Cysl116), such that INK 1 is irreversibly inhibited.

[00202] In some embodiments, the conjugate comprises ZAP70 or a portion
thereof comprising CYS8 of ZAP70 (Cys346) and a compound of formula I-a, I-b, I-
c, I-d, I-e, and I-f that is covalently and irreversible bonded to CYS8 of ZAP70
(Cys346), such that ZAP70 is irreversibly inhibited.

[00203] In some embodiments, the conjugate comprises RON or a portion thereof
comprising CYS11 of RON (Cys1165) and a compound of formula XIII-a, XIII-b,
XI-c, XIII-d, X1V, XV, XVI, or XVII that is covalently and irreversible bonded to
CYS11 of RON (Cys1163), such that RON is irreversibly inhibited.

3. Compounds that irreversibly inhibit protein kinases
[00204]  The invention relates to compounds that irreversibly inhibit one or more

protein kinases and to pharmaceutically acceptable salt and compositions thereof.
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Without wishing to be bound by any particular theory, it is believed that the warhead
groups in the compounds described herein are particularly suitable for covalently
binding to a key cysteine residue in the binding site of certain protein kinases. The
compounds disclosed herein are inhibitors of at lease one protein kinase and for

descriptive convenience are referred to as inhibitors of a particular kinase.

A. Warheads

[00205] The compounds of the invention comprise a warhead group that is
provided by -L-Y in the formulas described herein. The following detailed
description of the warhead groups provided by —L-Y apply to each of the compounds
and formulas described herein. It is to be understood that L and Y can be variously
combined to provide a warhead. The particular L and Y groups described herein can
be combined in any desired combination to provide a warhead for any of the
embodiments of compounds described herein,

[00206] In general, a warhead is provided by —L-Y, wherein:

[00207] L is a covalent bond or a bivalent Cyg saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(O)-, -OC(0)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;

[00208] Y is hydrogen, nitrile, C4 aliphatic optionally substituted with one or
more OH, NRxRy, oxo, halogen, NO», or CN, or a 3-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R® groups; and

[00209] Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

[00210]  each R® is independently selected from —Q-Z, OH, oxo, NO», halogen, CN,
a suitable leaving group, or a C\ aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

[00211]  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
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P15056 TKPQLAI VTQW CEGSSLYHH (SEQ I D NG 45) 532 [0061] The conj ugates of
the invention contain a protein kinase or portion thereof. Preferably the
protei n kwoasa/muooporti on thereof is a human protein ki R@TAIS010/0¢8916é ON

t hereof . However, the invention enconpasses conjugates that contain a
protein kinase or portion thereof fromany desired species, such as a
rodent (nouse, rat) or primate (macaque, chinpanzee). The sequence codes

for human protein kinases are provided_ in bl ...The invention is not
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parti cull@21R] nades hidrogahi bf Er.s iahplaticrptiqoally subgtietrdewith oxeqb@ngd dat abases.
These p ei ng are nonet hel ess recogni zed as being the same ki nase. The
sequenc a5 Gl on may be due to natural sequence variation, such as

al l el i c (2nBRNt B RFtaif@hibodIhantAILi is b RGvATetabh&ns. The conj ugates of the
i nvention encmass all fornms of protejn kinases, including alle]ic

var i ant $0Qdd] munasrtas srdedgentadesy or Proleps ok safWiHFHI Y HHEA PR f or m a
coval emstr{ﬁggt?oor%érﬂhg&%a&focyﬁgnEﬁéig.ein Sid Gabsitigens GYRLCH,CYS13) can

sel ective rmconjugates wth protein kinases that contain the target
cyst ei ng002d§| dul. cdrtairevmbadibieetsi fhisbd coyaent Hmindar€Hsi-Nalbl CHo¥HS or mi ng a

o A U IO 2 OOl M g o e
descri bedvheieicH,dd@)Wa bs@NmDi ety can react with a target cysteine of
the protein Kinase, and is provided by the group -L-Y. [0063]In general the

conj ugatl@@216hv el remeormbpdimeptoel] -  Bivelt Prot Sir_@@@S[l‘F’r Sfancked; protein

e e

si de chanaihyénd hait< pétleiarne opsiatiyeand independently replaced by -NRC(O)-, -
C(O)NR-, -N(R)SOz-, -SO;N(R)-, -S-, -5(0)-, -S0,-, -OC(O)-, —C(0)O-,
cyclopropylene, —O-, -N(R)-, or -C(O)-.
[00217] In certain embodiments, L is a bivalent C,g straight or branched,
hydrocarbon chain wherein L has at least one double bond and at least one methylene
unit of L is replaced by -C(O)-, -NRC(O)-, -C(O)NR-, -N(R)SO>-, -SO;N(R)-, —S-, -
S(0)-, -SO,-, -OC(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)-.
[00218] In some embodiments, L is a bivalent C;j3 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)-.
[00219]  As described above, in certain embodiments, L is a bivalent C; g straight or
branched, hydrocarbon chain wherein L has at least one double bond. One of
ordinary skill in the art will recognize that such a double bond may exist within the
hydrocarbon chain backbone or may be “exo” to the backbone chain and thus forming
an alkylidene group. By way of example, such an L group having an alkylidene
branched chain includes -CH,C(=CH;)CH,-. Thus, in some embodiments, L is a
bivalent Cpg straight or branched, hydrocarbon chain wherein L has at least one

alkylidenyl double bond. Exemplary L groups include -NHC(O)C(=CH,)CH;-.
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100671Mis a nodifier noiety that is forned by the coval ent bonding of a
war head group with the side chain of the cysteine residue; and 100681X is a
chem cal woi2etwy3sdat bi nds in or near the ATP bi ndi ng siPC&/uskomwioegsops ot ei n
ki nase. 100691The nodifier nmoiety is forned by the coval ent binding of a
war head group (-L-Y) with the side chain of the cysteine residue. The
nodi fi er noiety can be provided by reaction of any of the warheads
described herein with a target cysteine
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1-4 Re ghaups;is aphct@By20BopNd Ry are independently hydrogen, |ower alkyl,

| ower hal oal kyl, "or | ower cycl oal kyl ; i .
[00222] ° In some embodiments, L™ 1s a bivalent C,jg straight or branched,
hydrocarbon chain wherein L has at least one double bond and at least one methylene
unit of L is replaced by -NRC(O)-, -C(O)NR-, -N(R)SO»-, -SO;N(R)-, =S-, -5(0)-, -
SO,-, -OC(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)-. In
some embodiments, L is ~CH,OC(O)CH=CHCH,—, -CH,-OC(O)CH=CH-, or -
CH(CH=CH,)OC(O)CH=CH-.
[00223] In certain embodiments, L is -NRC(O)CH=CH-,
-NRC(O)CH=CHCH;N(CH3)-, -NRC(O)CH=CHCH,O-, -CH,NRC(O)CH=CH-,
-NRSO,;CH=CH-, -NRSO,CH=CHCH>-, -NRC(0)(C=N2)C(O)-,
-NRC(O)CH=CHCH,;N(CH3)-, -NRSO,CH=CH-, -NRSO,CH=CHCH>-, -
NRC(O)CH=CHCH,O-, -NRC(0O)C(=CH;)CH,-, -CH,;NRC(O)-,
-CH,NRC(O)CH=CH-, -CH,CH,NRC(O)-, or -CH,NRC(O)cyclopropylene-, wherein
each R is independently hydrogen or optionally substituted C) aliphatic.
[00224] In certain embodiments, L is -NHC(O)CH=CH-,
-NHC(O)CH=CHCH,;N(CH3)-, -NHC(O)CH=CHCH;0O-, -CH;NHC(O)CH=CH-,
-NHSO,CH=CH-, -NHSO,CH=CHCH>-, -NHC(O)(C=N,)C(O)-,
-NHC(O)CH=CHCH,;N(CH3)-, = -NHSO,CH=CH-, = -NHSO,CH=CHCH,-, -
NHC(O)CH=CHCH-O-, -NHC(O)C(=CH;)CH>-, -CH,NHC(O)-,
-CH,NHC(O)CH=CH-, -CH,CH,NHC(O)-, or -CH,NHC(O)cyclopropylene-.
[00225] In some embodiments, L is a bivalent Cpg straight or branched,

hydrocarbon chain wherein L has at least one triple bond. In certain embodiments, L
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100731each Re is independently selected from-QZ, OH oxo, NO2, hal ogen,
CN, a suitable leaving group, or a C1_6 aliphatic optionally substituted
wi t h oxo,wbabogsmo7NO2, or CN, wherein: 100741Q i s a cowvalraseolooumdior a
bivalent C _6 saturated or unsaturated, straight or branched, hydrocarbon
chain, wherein one or two nethylene units of Q are optionally and

I ndependently replaced by -N(R -, -S, -0-, -C(O) -OC(O) -C(0)0-, -SO,
or -S2-, -N(RC(0)-, -C(O)N(R)-, -N R)SOZ- or - ]E, ; and [0075]Z S
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to the side chain of cysteine (S-CH2) presented in Table 2. In sone

embodi nef(9)O0+ he-@oPlugt-©-conpri ses a structure selected fromthose
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NHC(0)C=CCH,CH,-, -CH,-C=C-CH;-, -C=CCH0-, -CH,C(O)C=C-, -C(O)C=C-,
or -CH,OC(=0)C=C-.

[00227] In certain embodiments, L is a bivalent C,3 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 —~C(O)-,
-NRC(O)-, -C(O)NR-, -N(R)SO;-, or -SO,N(R)-. Exemplary L groups include -
NHC(O)-cyclopropylene-SO,- and -NHC(O)-cyclopropylene-.

[00228] As defined generally above, Y is hydrogen, C,¢ aliphatic optionally
substituted with oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with at 1-4 R® groups, each R° is independently selected from —Q-Z, oxo,
NO,, halogen, CN, or C aliphatic, wherein Q is a covalent bond or a bivalent Cy
saturated or unsaturated, straight or branched, hydrocarbon chain, wherein one or two
methylene units of Q are optionally and independently replaced by —-N(R)-, -S-, -O-, -
C(0)-, -0C(0)-, -C(0)0-, -SO-, or -SO,-, -N(R)C(O)-, -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.

[00229] In certain embodiments, Y is hydrogen.

[00230] In certain embodiments, Y is C. aliphatic optionally substituted with oxo,
halogen, NO,, or CN. In some embodiments, Y is Co. alkenyl optionally substituted
with oxo, halogen, NO,, or CN. In other embodiments, Y is Cz. alkynyl optionally
substituted with oxo, halogen, NO,, or CN. In some embodiments, Y is Cy. alkenyl.

In other embodiments, Y is Co4 alkynyl.
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[00231] In other embodiments, Y is C;., alkyl substituted with oxo, halogen, NO,,
or CN. Such Y groups include —CH,F, -CH,Cl, -CH;CN, and -CH;NOx.

[00232] 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 substituted with 1-4 R® groups, wherein each R® is as defined above and
described herein.

[00233] In some embodiments, Y is a saturated 3-4 membered heterocyclic ring
having | heteroatom selected from oxygen or nitrogen wherein said ring is substituted
with 1-2 R® groups, wherein each R° is as defined above and described herein.
Exemplary such rings are epoxide and oxetane rings, wherein each ring is substituted
with 1-2 R® groups, wherein each R® is as defined above and described herein.

[00234] In other embodiments, Y is 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. Such rings include piperidine and pyrrolidine, wherein each ring is substituted

with 1-4 R® groups, wherein each R° is as defined above and described herein. In

(R®)122 (R%1-2
- @Y .
‘%T/_\MN/Q Z ‘%(/\/\NR <\—(J§N:%
certain embodiments, Y is 1-2 , 2 or 2 wherein

eachR, Q, Z, and R is as defined above and described herein.

[00235] In some embodiments, Y is a saturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein each R® is as defined
above and described herein. In certain embodiments, Y is cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, wherein each ring is substituted with 1-4 R® groups,

wherein each R® is as defined above and described herein..
SR
and described herein. In certain embodiments, Y is cyclopropyl optionally substituted

with halogen, CN or NO;.

[00236] In certain embodiments, Y is , wherein R° is as defined above

[00237] In certain embodiments, Y is a partially unsaturated 3-6 membered

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

[00238] In some embodiments, Y is a partially unsaturated 3-6 membered
carbocyclic ring, wherein said ring is substituted with 1-4 R® groups, wherein each R®
is as defined above and described herein. In some embodiments, Y is cyclopropenyl,
cyclobutenyl, cyclopentenyl, or cyclohexenyl wherein each ring is substituted with 1-
4 R® groups, wherein each R° is as defined above and described herein. In certain

0-3

/,
-~ 7~(R® . .
(%\——/ ( )1’2, wherein each R° is as defined above and

embodiments, Y is
described herein.

[00239] In certain embodiments, Y is 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. In certain embodiments, Y is selected from:
O

s )l\ R ‘%)([/:?1_2 L‘}\..(J &
o (o)1 (Re12

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

Re12

[00240] In certain embodiments, Y is a 6-membered aromatic ring having 0-2
nitrogens wherein said ring is substituted with 1-4 R groups, wherein each R® group
is as defined above and described herein. In certain embodiments, Y is phenyl,
pyridyl, or pyrimidinyl, wherein each ring is substituted with 1-4 R groups, wherein
each R is as defined above and described herein.
[00241] In some embodiments, Y is selected from:
N Ns N

§Q(R€>M é—i( ey 3 <Re s 3 £ R 3_[ }(Re’“’

A A ~ N
wherein each R® is as defined above and described herein.
[00242] In other embodiments, Y is a 5-membered heteroaryl ring having 1-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said

ring is substituted with 1-3 R® groups, wherein each R® group is as defined above and
4]
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described herein. In some embodiments, Y is a 5 membered partially unsaturated or
aryl ring having [-3 heteroatoms independently selected from nitrogen, oxygen, and
sulfur, wherein said ring is substituted with 1-4 R® groups, wherein each R® group is
as defined above and described herein. Exemplary such rings are isoxazolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyrrolyl, furanyl, thienyl, triazole,
thiadiazole, and oxadiazole, wherein each ring is substituted with 1-3 R® groups,
wherein each R® group is as defined above and described herein. In certain

embodiments, Y is selected from:
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wherein each R and R is as defined above and described herein.

[00243] In certain embodiments, Y is 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. 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
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.

[00244]  As defined generally above, each R group is independently selected from
—Q-Z, oxo, NO,, halogen, CN, a suitable leaving group, or C, aliphatic optionally
substituted with oxo, halogen, NO,, or CN, wherein Q is a covalent bond or a bivalent
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C\. saturated or unsaturated, straight or branched, hydrocarbon chain, wherein one or
two methylene units of Q are optionally and independently replaced by —N(R)-, -S-, -
O-, -C(0)-, -OC(0)-, -C(0)O-, -SO-, or -SO;-, -N(R)C(0)-, -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.

[00245] In certain embodiments, R® is C;, aliphatic optionally substituted with
0x0, halogen, NO,, or CN. In other embodiments, R® is 0xo, NO,, halogen, or CN.

In some embodiments, R® is -Q-Z, wherein Q is a covalent bond and Z is hydrogen
(i.e., R® is hydrogen). In other embodiments, R® is —Q-Z, wherein Q is a bivalent C 4
saturated or unsaturated, straight or branched, hydrocarbon chain, wherein one or two
methylene units of Q are optionally and independently replaced by -NR-, -NRC(O)-, -
C(O)NR-, -S-, -O-, -C(O)-, -SO-, or -SO»-. In other embodiments, Q is a bivalent Cy.4
straight or branched, hydrocarbon chain having at least one double bond, wherein one
or two methylene units of Q are optionally and independently replaced by —NR-, -
NRC(O)-, -C(O)NR-, -S-, -O-, -C(0O)-, -SO-, or -SO»-. 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,.

[00246] In certain embodiments, each R® is independently selected from oxo, NO,,
CN, fluoro, chloro, -NHC(O)CH=CH,, -C(O)CH=CH,, -CH,CH=CH,, -C=CH, -
C(O)OCHCl, -C(O)OCHF, -C(O)OCH,CN, -C(O)CH)Cl, -C(O)CH,F, -
C(O)CH,CN, or —CH,C(O)CHj.

[00247] In certain embodiments, R® is a suitable leaving group, ie a group that is
subject to nucleophilic displacement. A “suitable leaving” is a chemical group that is
readily displaced by a desired incoming chemical moiety such as the thiol moiety of a
cysteine of interest. Suitable leaving groups are well known in the art, e.g., see,
"Advanced Organic Chemistry,"” Jerry March, 5™ Ed., 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 diazonium
moieties. Examples of suitable leaving groups include chloro, iodo, bromo, fluoro,
acetyl, methanesulfonyloxy (mesyloxy), tosyloxy, triflyloxy, nitro-phenylsulfonyloxy

(nosyloxy), and bromo-phenylsulfonyloxy (brosyloxy).
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[00248] In certain embodiments, the following embodiments and combinations of —
L-Y apply:

[00249] (a) L is a bivalent C,.5 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;-, -
SO,N(R)-, =S-, -S(O)-, -SO,-, -OC(0)-, —-C(O)O-, cyclopropylene, —O-, -N(R)-, or -
C(O)- ; and Y is hydrogen or C aliphatic optionally substituted with oxo, halogen,
NO,, or CN; or

[00250] (b) L is a bivalent C,.5 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)-, -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO,N(R)-, -S-, -S(0)-, -SO;,-, -OC(O)-, 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 C4 aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

[00251] (c) L is a bivalent C,5 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 one or two additional methylene units of L are optiénally and
independently replaced by cyclopropylene, —O-, -N(R)-, or -C(O)-; and Y is hydrogen
or Cy aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

[00252] (d) L is a bivalent C,.g 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 Y is hydrogen or Cy aliphatic optionally substituted with oxo, halogen,
NO,, or CN; or

[00253] (e) 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

-OC(0)-; and Y is hydrogen or C, aliphatic optionally substituted with oxo, halogen,

NO,, or CN; or

[00254] () L is -NRC(O)CH=CH-, -NRC(O)CH=CHCH,N(CHj3)-,
-NRC(O)CH=CHCH,O-, -CH,NRC(O)CH=CH-, -NRSO,CH=CH-,
-NRSO,CH=CHCHj;-, -NRC(O)}(C=Ny)-, -NRC(O)(C=N,)C(0)-,
-NRC(O)CH=CHCH,N(CH3)-, -NRSO,CH=CH-, -NRSO,CH=CHCH;-, -
NRC(O)CH=CHCH,O-, -NRC(O)C(=CH,)CHj>-, -CH,NRC(O)-,
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-CH;NRC(O)YCH=CH-, -CH,CH,;NRC(O)-, or -CH,NRC(O)cyclopropylene-; wherein

R is H or optionally substituted C).¢ aliphatic; and Y is hydrogen or C,, aliphatic

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

[00255] (g) L Is -NHC(O)CH=CH-, -NHC(O)CH=CHCH;N(CH3)-,
-NHC(O)CH=CHCH,O-, -CH,NHC(O)CH=CH-, -NHSO,CH=CH-,
-NHSO,CH=CHCH,-, -NHC(O)(C=Ny)-, -NHC(O)(C=N»)C(0)-,
-NHC(O)CH=CHCH,N(CH3)-, -NHSO,CH=CH-, -NHSO,CH=CHCH;-, -
NHC(O)CH=CHCH,O-, -NHC(O)C(=CH,)CH,-, -CH,NHC(O)-,

-CH,NHC(O)CH=CH-, -CH,CH;NHC(O)-, or -CH;NHC(O)cyclopropylene-; and Y
is hydrogen or C aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

[00256]  (h) L is a bivalent C,.5 straight or branched, hydrocarbon chain wherein L

has at least one alkylidenyl double bond and at least one methylene unit of L is
replaced by -C(O)-, -NRC(O)-, -C(O)NR-, -N(R)SO,-, -SO;N(R)-, ~S-, -S(0)-, -SO;-,
-OC(0O)-, or =C(O)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 aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

[00257] (i) L is a bivalent Cy3 straight or branched, hydrocarbon chain wherein L

has 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,-, -
SO2N(R)-, -S-, -S(0)-, -SO,-, -OC(O)-, or —C(0)O-, and Y is hydrogen or Cj4

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

[00258] (j) L is -C=C-, -C=CCH,N(isopropyl)-, -NHC(O)C=CCH,CHy-, -CHa-
C=C-CH,-, -C=CCH,0-, -CH,C(O)C=C-, -C(0)C=C-, or -CH,0C(=0)C=C-; and Y

is hydrogen or C | aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

[00259] (k) L is a bivalent C,3 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-, -N(R)SO;-
, -SO;N(R)-, =S-, -5(0)~, -SO,-, -OC(0)-, or —C(0)O-; and Y is hydrogen or C

aliphatic optionally substituted with oxo, halogen, NO», or CN; or
[00260] (1) L is a covalent bond and Y is selected from:

[00261] (i) C1.6 alkyl substituted with oxo, halogen, NO,, or CN;
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A ,?N-1?1.Me , "z,z_-?NI?1, M nme bbbbbcccccdddddeeeee [0077] As descri bed
above, the conjugates have the general forrmula: [0078] X-M S- CH2-Prot .

[ 0079] Pr owo0i2811203p00t ei n ki nase or portion thereof that ®OmMUESR2MS/0889¢ySt ei ne
in or near the ATP binding site; 100801S-CH2 is the sulfur atom and

met hyl ene group fromthe side chain of the cysteine residue; [0081]Mis a
nodi fier noiety that is forned by the coval ent bondi ng of a warhead group
with the side chain of the cysteine residue; and [0082] X is a chem cal

noi ety tIA8362bi nds i n orlith€as atkkayloptionglhdsubgtitgiadevivt oxhafngsteNR2ki nase.
[0083] I n.eR¢ fspect, the conjugate conprises a CYSL kinase, CYS5 ki nase,
CYS6 ki nase,” CYS7 ki nase, CYS8 ki nase, CYS9 ki nase, CYS10 kinase, CYSl 1
ki nase, [@YZEBP ki nase, QY513 dallagkoptionallpeutistititedvithnyo,dfaldges, WOs.goi ng t hat
cont ai nsorté}?; Otrar get cysteine (i.e., CYS1 or CYS5 - CYS13).

[00264] (iv) a saturated 3-4 membered heterocyclic ring having 1

heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2

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

[00265] (v) a saturated 5-6 membered heterocyclic ring having 1-2

heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-4

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

(R®%)1-2 (R®)12
%//\N/Q‘Z ‘?;L\/\NR i\_:/)N%—

[00266] (vi) \_M“z , \_(_151‘2’ or 2 wherein each

R, Q, Z, and R® is as defined above and described herein; or

[00267] (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

[00268) (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

[00269] (ix) a partially unsaturated 3-6 membered carbocyclic ring,

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

above and described herein; or

0-3

/)
—_ T e

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

[00271] (xi) a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-4 R® groups, wherein each R® is as defined

above and described herein; or
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[ 0084] The conjugate can conprise any suitable chem cal noiety that binds in
or near the ATP binding site of the protein kinase. Many suitable chem cal
noi et i es wbaniimw7t he ATP binding site of kinases are werivSkeomsoite t he
art. In addition, the binding nodes of many such chem cal npieties are
known and can be used to design additional noieties that bind the ATP

bi ndi ng site using conventional nethods of structure based design. For
exanple, nilotinib, imatinib, sorafenib (US 7,235,576), VX-680 (US

6, 664, 247), B12536 (US2006/018282), TAE226 (USZ008/01322804), PF-573, 228,
CP-562, 271- 26, CPP690550, and fhe |ike are mel - know compounds that bind to

the ATP binding site of prétﬂ'n i nases. c@npo n s m&rtlons t her eof
and derivatives thereof can Reas a ch at binds to the
ATP binding site of a protei klnase for e gata Y ng a war head
to the déApRnd, portldﬁnlhé?eof or derlvat hereof f200851 e i nvention

relates tosf conjugate conprising a protein klnase that conprises CYS1 and
an inhibit that binds to the ATP binding site of the CYS1 kinase. In the
conj ugat e invention, the inhibitor is covalently and irreversibly
bonded to CY such that the activity of the protein kinase is irreversibly
|nh|b|ted gGlIn sone enbodi nents, the conjugate has the formula
100871X- e -CH2 Prot 100881wherein Prot is a protein kinase or portion

t her eof that contains CYS 1; 100891S-CH2 is the sul fur atomand nethyl ene
group frwohareineagh Band Raiimesaletigsdabove@od dasvribed kerginddrf i er i et y that is

f ormed coval ent i rhead roy h..the side chain of
CYSL; aﬁ'ﬁoﬁ_g‘ggllx is a (gh’ %62131 %%‘%Stg‘%“%%c“ ng:’tﬂnﬁ BIFOsEas VEHE AT

bi ndi ng said gn®fs subeityre dinethnl -k iR\ gs@ipk, halﬁerélﬁl’&:faai R§ gfloUpls as]&:@iﬂad kbovchese

n P I fromth r nsistin f JAK
enbodlnam%%egxﬁgghgémggrected omthe group consisting of JAKSI,

[00274] (xiv)
\
3\/,(R 4 §, (R)14g\/|(R)1~3§‘\/' ha $T )
wherein each R® is as defined above and described herein; or
[00275] (xv) a 5-membered heteroaryl ring having 1-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-3 R® groups, wherein each R® group is as defined above and

described herein; or

§ N §
N
{ 2 ¢ 2 < N
o P T 5 s
R
N\
S
N—T R
N N N N,
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FGFR (e.g., FGFRl, FGFR2, FGFR3, FGFR4), CKIT, CSFR1, FAK2, FLT3, FER, FES,
CDKL1, CDKL4, FLT4, KDR, FLT1, PDGFR (e.g., PDGRF-A, PDGFR-B), and a

porti on oVoany/cw®7of the foregoing that conprises CYS1PCTOB®L/Ds16
conjugate can conprise substantially the entire mature protein kinase or a
portion thereof that conprises CYS1. Generally, Prot conprises at |east a
portion of the protein kinase that has an am no acid sequence sel ected from
the group consisting of RUVHRDL (SEQ I D NO 1) KC* I HRDL (SEQ I D NG 2),

NC* | HRDL (SEQ£[§ I SEQ I D NO NC*VHRDL (SEQ I D NG 5),

NC* VHRDI ( SE \B% 3 5HRDL(SEQIDNO8) or
NC* | HRDI (SE 3 wher ZCYS

2011/ 034907PCT/ uSZOlO/ 048916 10094180ne conj ugat es of these enbodi nents,
contain a modi & erNnoi ety that is selected fromthe noieties shown in Table
2. [00951The gqm_ﬂg'é te can conprise any suitable chemcal noiety that binds
in or near the ATP binding S|te of the protein kinase. Many suitable

chem cal noi et |(e§ t hat bi nd t_gle TP bi ndi ng s $e of kinases are well-known
in the art. da; t he rmdes \ such chem cal noieties
are known and éﬁg‘saed to d\ESNgn aadltl o \]——Hm(l e)t’Fes that bind the ATP
bi nding site u5|gg conventional nethods of structure based design. For
exanple, nilo ml bN imatinib and sorafenib are well -know i nhi bitors of
protein kinaspsytHak® contain CYSl, such as C-KIT, PDGFR (PDGFRA, PDGFRB),
FLT3, CSF1R and/or KDR. In sone enbodi nents of conjugates in which a

war head WhereioeatleRtang Raﬂmasdefmv@a@mla}lddmd@cﬁ hge@Y®1, Prot is CK T, PDGFR

(PDGFRA RB), FLT3, r | ot | i mati.nj b,
sor af enllb ?ra:a portion C§r e%“ grloderl va F’(\%/(e bfc%fr‘eof Bﬁ%ﬁd’bl%ﬁ%ﬂ@- KIT,
PDGFR (RB@tBlQ&,tedDEﬂ:BB)I rifrg TRavikgSHLR, h@éro!ﬁaﬁs ﬁﬁ@&ﬁlﬂblﬁtl}d&élebﬁd framconmpound

of Formula I, or |11 (f] sclosed in US 12/132, 537, l ed June 3, 2008, can
be used IHEO%F“CWéPfg%Iorn%‘i yWhersin pidqig i epbsiipigd t”I*Fé IFRbigFIPRg site of

a CYSl kipas Reqygsm@ﬁle@ais% 0 dBHHpR ndfif. entire teachings of US

12/132 537, including Formulas I, Il and Tl and the descriptions thereof,
are i ncohOQZ)Wzit eﬂnhérl%f@(cﬁyamtt’[{e$ sxriedted oer suitabl e chenical noieties for
bi ndi ng e ATP bin CySl. kin ounds of

For mul aslt()?&}fﬁ - XX deg(lc) O%Sltlﬁlt é@?ﬁ’ ‘?gﬁ{}’(e\]ﬁ{i? ooﬁ%pét es to a

conj ugat[@ozIpri si ng a (@y @tzelancehylnm@nallrgagub@@tﬁwdl WEIS ok Jhickied, RO, nhi bi t or
that binds_to the ATP binding site of the CYS1 kinase. In the conjugate of

the i nvetitG™r the inhibitor is coval entl y and irreversibly bonded to CYS1
such thafpoideg activity @f ézr},eallgrngl Shtibnk 1P @SR tikFed &/ftﬁ%ﬁ{) Halg¥n! QBLDI t €d.

100981l n sone enbodi nents, the ‘conjugate” has the form
100991 X-MHEV,@H2- Prot | 001001wher ein Prot is a protein kinase or portion
t her eof [bb%l] SR Y 5a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2
R° groups, wherein each R is as defined above and described herein; or
100282] (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 (R®)12

EON-Z X g X%

., v,

R, Q, Z, and R® is as defined above and described herein; or

[00283] (vi) 2 or 2 | wherein each
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1001011 S-CH2 is the sul fur atom and net hyl ene group fromthe side chain of
CYS5; 1001021Mis a nodifier noiety that is fornmed by the coval ent bondi ng
of a war wadogrsue’wi th the side chain of CYS5; and [ 0@CO3]S2040i0$89a6

chem cal noiety that binds in or near the ATP binding site of the protein
ki nase that contains CYS5. 1001041l n these enbodi nents, Prot is selected
fromthe group consisting of PFTAIREL, a INK (e.g., JNK1, INK2, JNK3) and
BWPR2, and a portion of any one of the foregoing that conprises CYS5.
1001051 1A®284bnj ugat e cdnikdrpuraded é&b@p@h@ﬁeglcasboméwermg, rehensn e prot ei n
Kinase qf, APl ot Qﬁﬁeﬁﬁ Iieh ouﬁimflééﬁs a%ﬁslﬁe iseggﬁgﬂeldy aboE/%gz{ndcorrp” SEs
at |east & portion of the prot& n Kinase tFat ha& &h am no" acl sequence
sel ect edlekeridthheigrooup consi sting of DLC*QYMD (SEQ I D NG 26), NLC*QVIH

(SEQ I D ), NLC*QVI Q.(SEQ I D NO 28), and SLC*KYLSL (SEQ ].D NG 29),
wher ei n [@I&ﬁ%l CYS5. 1Qdi’ﬂé13$8ﬁ%‘aubdinﬁﬁépé‘% gf6 f“ﬁ@? regnﬁlgﬂ‘?% £ dM&contain a
modi i erpiRieedy hé&tloatodnsS RldeFdraEntdy QBiBE A &litr&enSRAYEed, Nor T@lhE, 2.
1001071 The conjugate can conprise any suitabl e chenical noiety that binds
in or nediereinsalTengiinekibsgtusic withfl-¢ e goupseivhekdimgaeh RSis anbtfenedheni cal
noi eti es,f i hding 4o the ATP binding site of a CYS5 kinase include, for
exanpl e,abggérr%[gdu%éés SRS as VI - VITI, IX IXa, X Xa, X, X and

Xl | -a degezseped her ei n.(ixf) 00 Hafjally nuissaneatedridodi manbs&ed tcadboc@iljcugage has the

formul a 1001091X- M S-CH2- Prot. 1001101wherein Prot is a protein kinase or
portion whegeis spid %/I-%g it gHhstiutRd @10}}361;—4 l%w groups, wherein each Rp is as defined

above and described herein;

0-3

/
—_ T~ Re B
[00287] (x) ‘a" (R 2 wherein each R® is as defined above and

described herein; or

[00288] (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]

STty Sty

T(R%42 ‘éj)m g/
[00289] (xify © (R%)1-2 (R®)1.2 or
o)
"
)2
(R®)1-2

wherein each R and R° is as defined above and described herein; or
[00290] (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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1001111 S-CH2 is the sulfur atom and net hyl ene group fromthe side chain of
CYS6; 1001121 Mis a nodifier noiety that is formed by the coval ent bondi ng
of a war hwadogrisue7’wi th the side chain of CYS6; and [ 00PLC3USXN10MH48@1€hemn cal
noi ety that binds in or near the ATP binding site of the protein kinase
that contains CYS6. [00114]1n these enbodi nents, Prot is selected fromthe
group consisting of TNK1, YES, FGR, SRC, LIMK1l, FGFR (e.g., FGFR1l, FGFR2,
FGFRS, aB’% GFR4), and a portion of any one of the foregoi ng t hat conpri ses
cyse. 108P3%UThe conj ug%f"é can corrprl se substantially the entire mature
protein kinase or a pogtion ther that comprises CYS@ Generally, Pr ot
conpri se m east (ﬁ)m\\tl on oéj(t rot rﬁ anQ at an am no acid
sequence fReb*‘f m/t, &Ko \Q%g( §T3 %Q:?* SEQ | D NO 30),
QCC*FGE (SEQ I D NO 31)Y TGC*FGD QIDNO KGO*F(%(SEQIDNOBB) and
EGC* FOQ 5EQn! dacNR® s, de%&f@doﬂe@ﬁd uéscﬁP{e%ﬁheréiQOérlGlSOWe conj ugates of these
enbodi nents contain a nodifier moiety that is sel ected fromthe noieties
shown i nl%3%W1 e 2. [001&7) Fhé-resmhay thétewﬂwlcnng)rhagélgahﬁ Safetaabines cheni cal

moi ety tf%&péﬁh&ﬁﬁy lsBe8bd NESh Mﬁ%gpﬁr Po?yg%gl 9 ?ulitu? wherele RILLH L&l nlskI N ase.

substituted with 1-3 R® groups, wherein each R° group is as defined above and

described herein; or

N ¥ R
N
( } e ( } ¢ N
(ovi) g"r\ (R é—\\__,\;f(Reh-z g—‘—,\ T~(R%),,
N
£ N
SNTR

1
NV A

A N N .

/, / \N N

;\ (R4 Q__,;T(Re)«z ;\ (R, «N__/T R®
o)

. <y

V7 (R%:5 LN (R4 ? N/ (Re>12
O\
£ N
SNT R
s s s
< Y < ¢ N
ST R ST RNz S TR

<
SRTR
wherein each R and R® is as defined above and described herein; or
[00293] (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;

[00294] (n)_.L is -N(R)C(O)- and Y is selected from:
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[00118] In sone enbodi nents, the conjugate has the formula

[00119] X-M S-CH2-Prot [00120]wherein Prot is a protein kinase or portion

t her eof twetotass®rns CYS7; [00121] S-CH2 is the sul fur paramse@ed4sves hyl ene
group fromthe side chain of CYS7; [00122] Mis a nodifier noiety that is
formed by the coval ent bondi ng of a warhead group with the side chain of
CYS7; and [00123] X is a chemical noiety that binds in or near the ATP
binding site of the protein kinase that contains CYS7. [00124]In these
enmbodi nel®P295IProt is sdbdctsedkyl subptittied yitb gpo.dutegestNAg WICNAK, ALK (e.g.,
ALK1, A and a portgi. of foregol ng. that ri ses CYS7.
[ 00125] ‘Iﬂ‘ﬁéigc%nj ugat e ca(lﬁg)?’é alrkl%gil (%E%g?@nﬁﬂ)gﬁl%gedt‘ﬂgﬁ 8% ’iﬁr%)gr?g’?lgrgé’ protein
ki nase osr@Njpartion thereof that conprises CYS7. Cenerally, Prot conprises
at | east ortion of the protein kinase that has an am no acid sequence
sel ect edloﬁ?'{)% the gr oud”@o(ﬁzﬂ' %WWQOBWO“@&U‘I}&@E tg@ﬁ@ }!a%’ﬁq@l Ny,

VEC* VGKGRYH{(EQ | D NO: 36), and LEC*VGKERYG (SEQ I D NO 37), wherein C* is
CYS7. [00126] Some conjugates of these enbodi nents contain a nodifier

noi ety tI08298]s sel ect edifr dnsaturatedoi-dt ingmbstedwheterecTdisl ein2. hfvd@ 7] The
conj ugat.e. .can conpr.j any _suitable chem cal iety that binds in or near
the ATP BSIETRG SIEadron kasnal aifogen WheEh sif it SBRAM A PhdiZer | es  or
bi ndi ng ROgrbliss, AhBrelr eidh R isid defBbd abd@¥Shd Kestaised hareinyde, for exanpl e,
conpounds of Formula IV described herein, and the we|l-known conpounds
TAE226 (1082W8/ 01322504y) appateratpdod® meRtberss. Byorooyelicogng [hagies]-2 n sone

enbodi Mei SoatbMEsefel Rl 4B %x;llﬁg%ﬁ otrtﬂ?crcfggﬁ Wefein said ring is substituted with 1-4

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

(R®)1-2 (R®)1.2
‘%//\N’Q'Z (%L\/\NR N
[00300) (vi) 2 2 or -2 wherein each

R, Q, Z, and R° is as defined above and described herein; or

[00301] (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

[00302] (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

[00303] (ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein each R° is as defined
above and described herein;

0-3

/,

—_— T Re 3 ) )
[00304] (x) 2 R 2 wherein each R® is as defined above and
described herein; or
[00305] (xi) a partially unsaturated 4-6 membered heterocyclic ring

having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
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WO 2011/ 034907PCT/ US2010/ 048916 [ 00129] X- M S- CH2- Prot [ 00130] wherei n Prot
is a protein kinase or portion thereof that contains CYS8;, [00131] S-CH2 is
t he sul f woabo3aged net hyl ene group fromthe side chai nPofi/USY88/04891©0132] M
is anodifier noiety that is formed by the coval ent bonding of a warhead
group with the side chain of CYS8; and [00133] X is a chem cal nvoiety that
binds in or near the ATP binding site of the protein kinase that contains
CYS8. [00134]In these enbodinents, Prot is selected fromthe group
consi st iwhgren sgidpreg isoRbrituEErkaith drd & sropesg vhersind eahiB3is andetinegor ti on of
any one ing.t.hat conprises CYS8. [00135] The conjugate can

y a%véb&%a%g{ rgq%@ )}1@%';]& g mp [ ] 1 ug

conprise su € entire mature protein kinase or a portion

t hereof that conprises CYS8. Ggnerally, Prot nprises & |east a portion
of the protein kinase that has|lan am no acid sequence sg|lected fromthe

group consi sting of GC* GNRS( | D NG 38), (SEQT DNg 39), and
GC*GGN (SEQ I D NO 40), wheTei\n ke, CYS8. 3{;’({93} ] Scigréx_ %(jm ugat es of these
enbodi ments contain a nodifi hoi ety that is / el'ect ed f/ro 2 he noieties
shown i rqodasl e 2. [0013¥%}) Tie conjugate can(Romprise &h2suitable chenical
noi ety that, binds in or near the ATP binding site of the protein kinase.
Sui tabl e clfgem cal noieties for binding to the ATP binding site of a CYS8
ki nase includé: for exanple, conpounds of Formula I-a, I-b, I-c, I-d, I-e,
and | -f sc™N Bed herein, and the well-known compounds imatinib, nilotinib,
and CP-56 /-@@%—226 and the conpounds disclosed in US 2006/ 0247246, in
parti cul Ey t he conpound of Exanple 6. [00138] In sone enbodi nents, the
conj ugate Nas the fornula [ 00139] X- M S- CH2- Pr ot

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

[00307] (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

[00308] (xiv)

N
10 WY o Y U e (RN s I
3+\/—‘(R ra 3U—(R >M§,\/N R g,\/m >1.3§,.\N R

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

[00309] (xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-3 R® groups, wherein each R® group is as defined above and

described herein; or

§ § §
¢ 2 ¢ 2 & N
o FET 0 H s H T
N
€N
SN_TR
i i An Y

N N N N_
s Clooe (s L3
\ 7R LR\ ore, g__// R®
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[ 00140] wherein Prot is a protein kinase or portion thereof that contains
CYS9; 100141]S-CH2 is the sul fur atom and net hyl ene group fromthe side
chai n of VW¥3911/03j®0142] Mis a nodifier noiety that is fPormsdoloypsgone
coval ent bonding of a warhead group with the side chain of CYS9; and
[00143] X is a chemcal noiety that binds in or near the ATP binding site
of the protein kinase that contains CYS9. [00144]In these enbodi nents, Prot
can be RORL or a portion thereof that conprises CYS9. [00145] The conjugate
can conprise substagjx%lly the enti %@Dmature pr ot 'C?;l‘gi nase or a portion
t hereof that conpr SHACYS9. [00?’%? conj u el hese enbodi nent s
contain a nodi fimti;rg ﬁ'mlé% that i<s @c{ﬁg)&zfrom ﬁ\a—lﬁnﬁke)t"fes shown in Table
2. [00147] The gonjugate can conprise any suitable chem cal noiety that
binds in or dqr Ihe ATP binding site of the protein kinase. [00148] In
sonme enbodi ne T{@.’/t'ﬁee conjugate has the fornula [00149] X- M S- CH2- Pr ot
[ 00150] wherein Prot is a protein kinase or portion thereof that contains
CySIO [00151] S CHZ(SS t he sul fur \o)m and met hyl(éhq\l group fromthe side

\ .

. : L )
chain of CYSIO ¥ FRy)e  SLF®RI2 SR
s\
£ N
N—Y R®

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

{00310} (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;

[00311] (o) L is a bivalent C.3 saturated or unsaturated, straight or branched,

hydrocarbon chain; and Y is selected from:

[00312] (7) C\-6 alkyl substituted with oxo, halogen, NO,, or CN;
[00313] (i1) Co6 alkenyl optionally substituted with oxo, halogen, NO,,
or CN; or

[00314] (iii) Cr6 alkynyl optionally substituted with oxo, halogen, NO,,
or CN; or

[00315] (iv) a saturated 3-4 membered heterocyclic ring having 1

heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2
R® groups, wherein each R is as defined above and described herein; or

[00316] (v) a saturated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-4

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

(Re){/z\ (Re)1-/2\ 2

ION-QZ X NR N-%

S Ty WY

[00317) (vi) 12 , 2 or 2 wherein each

R, Q, Z, and R€ is as defined above and described herein; or
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[00152] Mis a nodifier noiety that is forned by the coval ent bonding of a
war head group with the side chain of CYSIQ and [00153] X is a chem cal

noi ety t O 2bidgo0rn or near the ATP binding site of thecprusteinisoinase
that contains CYSIO [00154] In these enbodinents, Prot can be MELK or a
portion thereof that conprises CYSIO [00155] The conjugate can conprise
substantially the entire mature protein kinase or a portion thereof that
conprises CYSI O [00156] Sone conjugates of these enbodi nents contain a
modi fi erlH8kty that i dVidet srtiaied F-onmemberssicatbogyc!is ign Wherepalspid 2.

[ 00157] fhe;.CORmit . i i I hem ety that binds
in or nen-zlaHr% ish%#%ég?ﬁg?ggg gﬁ?gﬂog?s, {a\ﬂ%er%lf{o%agﬁ nﬁklpsn%?ggﬂ{egg%gf ﬁnh sone
enbodi nmelesaibed heregof ugat e has the fornul a [ 00159] X- M S- CH2- Pr ot

[ 00160] in Prot is a. protei.n kinase or rtion thereof that. contains
CYS11: \[’@6{1@1] S G2 i SRRy “af%&‘ﬁa&r‘i‘d?%e?’ﬁw%@i‘?g YPRRFYCHT GWEt he si de
chai n ofhaGi$31d3 hdt&OAkRls MdeFendenBdisdlb@Ed MRINEtNrdRAl okSednOroregidy, t he
coval ent bonding of a warhead group with the side chai neof CySl1; and

[ 00163] Xheseig Sé%eﬂilg:aﬂ substitated Withitl-biRndgouns, otherpameachhB® AT Béfirgidng site of

the protghfe M @S&ibddderganal ns CYS1L.
[00320] (ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein each R° is as defined
above and described herein;

0-3

/;
w 5T R

100321] , wherein each R is as defined above and described
herein; or
[00322] (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 0
SN } o /\)\ NR
’/\(Re)1 2 %7 \\'/‘('/)1-2 (2” \\'/'(J 1
[00323] (xiiy © (R®)1.2 (R®)1.2 of
0

wherein each R and R is as defined above and described herein; or
[00324] (xiif) 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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[00164] In these enbodi ments, Prot is selected fromthe group consisting of
c-KIT, FM5, RON, FLT3, and FGR' and a portion of any one of the foregoing

t hat conpwO=es/G¥®11. [ 00165] The conjugate can conpri seCsaisgtianygssaé |y t he
entire mature protein kinase or a portion thereof that conprises CYS1l.
General ly, Prot conprises at |least a portion of the protein kinase that has
an am no acid sequence selected fromthe group consisting of YCC*YG (SEQ ID
NO 41), YMC*HG (SEQ I D NO. 42), and FMC*HG (SEQ I D NO 43), wherein C* is
cysil. [084%4] Some corf*idates of these enbodiments, contain a nodifier

noi ety that is selected fromthe noieties shown in Table 2. [00167] The
conjugate can conprise any suitable chemcal noiety that binds in or near
the ATP bipding site \\t he prot '\ Ki nase'/Ng_E;t abl e m cal noieties for
bi ndi ng t T nd i,telof JaregYShI- ki-Hass, i el Rof.0r exanpl e,
conpound 'kqf/F(c?f’Frgl wﬁ“’ WR% ﬁgu&/ﬂq At XIV - XVI|
described herein. [00168] |In sone enbodi nents, the conjugate has the

for mul a Yoodegpsh Rt s-asdelimdyboy gandrdqsariesdhenciprait is a protein ki nase or
portion of that contains. , 71], S CH?2 is e,sul fur atom and
net hyl en[tgbgir(ﬁup fromt h@ggﬁf c\ﬁgoﬂeﬁedokgt%%)gﬂ; g Jipyisp iﬂgl BSISrORMY | er

noi ety tind¢pendertiyr neldetby frdre sirogbenbxjpendiongsubfur,a whiardire adidgripagpisni t h t he

side chain of CYS12; 00173] X is a chem cal poiety_ that binds in or
near the" ﬁ‘ﬁ“tﬁgnﬁiltﬁgl’g ir}%eE‘ES’PPi’ hg’(?fre@t 8‘?“%‘ | $TWe 15t pa iRk atavs ads12.
[00174] ddcdithaseranedi nents, Prot can be ALK kinase or a portion thereof

t hat conpri ses CYS12. [ 00175] The conjugate can conprise substantially the
entire mature protein Ki ﬁase or a pdjtion thereof tﬁ1at conpri ses CYS12.
~

Ceneral ly, Prot conpri iés;ﬁtRel eas§_(a l . < N
[00327] (i) & T e ST TRz TR
N
¢ N
SR_T R
i A A '
N N N ~
/ / \N N
;\ (R4 &N\(Re)«z ;\ T (R0 gj R®
o o 0
<’y <3 <
T (R R ST TR
0]
7
TR
N
S S S
< 3 _\_( J { N
3 Y7 (R%4a 3 (R 3—\\ 7-(R®),,
S
{ _N
S TR
wherein each R and R° is as defined above and described herein; or
[00328] (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;

55



portion of the protein kinase that has the am no acid sequence

AARNCLLTC* PGPGRVAKI GD (SEQ I D NG 44), wherein C* is CYS12. [00176] Sone

conj ugat esoab1ttdze®e enbodi nents, contain a nodifier noi eCy/ush@ab/oiicel ect ed
fromthe noieties shown in Table 2. [00177] The conjugate can conprise any
sui table chem cal noiety that binds in or near the ATP binding site of the
protein kinase. [00178] In sone enbodi ments, the conjugate has the fornula
[ 00179] X- M S- CH2- Prot | 001801] wherein Prot is a (Erot ei n ki nase or portion

t her eof (3%%cont aiPnd evspyalepigeprds TCH-crdHLsC{RE. STHMNH-, aNBRRnd msth hyl ene
roup fr  SiC i 'S13;. M )di f gk Lety that is
?orngd bgpﬂtq(]g?éovgﬁ}}égg@jb%}#gcn(g@{df ac&éq?ﬁggda) ’groa\bﬁsw(ﬂ?h tf@ism e thain of
CYS13; aNHCEDLEIBPCXO)s om-SEhdiH-caidd Yiis tactedfadmbi nds i n or nea]r t he ﬁ\TP

bi ndi ng gj of the protein kinase that contains CYS13. [00184] In these
enbodi ?re toé?mPr ot can b‘f—’:-) %’-‘ﬁﬁk"&f‘gﬁmﬁtﬁ t ﬁ@ﬁ@i%ﬂ%%@t&&m&ri ses CYS13.
[00185] [Dpg3gon] ugat e c@n GMMenFEoptbAINRRIsiultdd WIIE oRD RS ABNE,e protein
ki nase or a portion thereof that conprises CYS13. Generally, Prot conprises
at | eastoLBoftion of the protein kinase that has the amino acid sequence

TKPQLAI EGSSLYHH ( SEQ-1 D %)] . reln 1S, CYS13. 4 00186] Sone
conj ugat %s o] t hese enb @an%ﬁﬁﬂé\gygg ?(gl:grl}(;zgﬁﬂr)rsglall%? g%thr%(lo’e a>1/° Fat' ’s sel ect ed
from t heom®Netri es shown in Table 2.
[00333] (iv) a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2
R® groups, wherein each R¢ is as defined above and described herein; or
[00334] (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®);2
EON-GZ X SN
SCeh, 3y
(vi) 12 , 12 or 1

R, Q, Z, and R® is as defined above and described herein; or

2, wherein each

[00335] (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
[00336] (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
[00337] (ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein each R® is as defined
above and described herein;

A
I\(Re)1-

[00338] (x) g e % wherein each R is as defined above and

described herein; or
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[ 00187] The conjugate can conprise any suitable chem cal noiety that binds
in or near the ATP binding site of the protein kinase. [00188] The invention
al so rel avox011903¢wNj ugat es conpri sing a protein ki nase PhatUuscanaims a
cysteine residue in the ATP binding site and an inhibitor disclosed herein,
wherein the inhibitor is covalently and irreversibly bonded to the cysteine
residue in the ATP binding site of the protein kinase such that the
activity of the protein kinase is irreversibly inhibited. In one

embodi melf¥33%lhe conj ugat® éd??yﬁ%lbesn@ﬁ”iﬁﬁﬁl%6t@?mb¢f§él&@cheﬁeﬁlmg and a

protein . r C I a r | bI y bonded
Po o cysiarie, dGEahd! MRucbOloh NtekBachis Syt Woshly & fiflrast

[ 00189] Whersmmialda mingds ebtisyted methc bdj Riggtoaps omrrrrelﬁwclcﬂﬂ iJ a® rdeﬁncp;br tion

t her eof ong g E 1 of GKIT (Cys788) and a compound of formula XVIII,
XX, X X% feseipsd hereigo oty xx_a that is coval ently and irreversibl e
bonded to CYS1 of CGKIT (Cys788), such that G®IT is irrgversibly

i nhibited. [00190] In sonme enbq@di nents, the cof)j ugate coljpri ses KDR or a
portion thereof conprising-€LYSINof KDR (Q/sl 4)pand a 0 Rund of formula

XVITL, XIX XlIXa, X X-b, XPX-gc, - R%r XX-a ﬁfs co y and
irreversi ble bonded to CYSle%—K 6%51024) 2 éhzth t 1S irreversibly
i nhi bi t eho346)0191] I n s@y di ments, the (BYnj ugat e (RYpri ses, PDGFRA or a

portion thereof conprising CYS1l of PDGFRA (Cys814) and a corrpound of
formula XVI{1, XIX, XIX-a, XIX-b, XIX-c, XX or XX-a that is covalently and

irreversi blle bgnded to CYSL of PDGFRA (Cys814), such that PDGFRA is
irreversi §l y Nnhibited. [00192] In sorme enbodi nents, the conjugate

conpri ses RB or a portion thereof conprising CYSL of PDGFRB (Cys822)
and a co nd?of formula XVI11, XIX, Xl X-a, XIX-b, XIX-c, XX or XX-a that

is coval 2y and irreversible bonded to CYS1 of PDGFRB (Cys822), such that
PDGFRB | §hérei@4ek R4k R lihN Riftn8d abdv@Qh dbschBeSRORINCAPOdI nent s, the

conj ugate conprises FLT3 or a portion thereof compfising CYSI of FLT3
(Cys807) [08%Hlla conpoundxab afdymﬁmbareﬁt\arqmanc)mg haxing-&2 nirogehs wienginc, XX or

XX-a th Iofe e bon et o CYS1 of Cys807),
such tha%al(}:ﬁ[fé%l g*”?%‘%é‘?@ hﬂfgn ‘Hem[e@gllgﬁmluﬁ %% ef’é‘ﬁ%&ﬁ?‘%ents t he
conj ugat smdolenpitied dsreiSlot R or a portl on t her eof conprising CYS1 of CSFlR
(Cys744) 03?422 a conpound o; formula XVIII, XIX Xl X-a, XIX-b, XIX-c, XX or
xX-a t hatP%%lcoval ent | y“&Ad irreversible bonded to CYS | of CSF IR
(Cys744), such that CSFIR is irreversibly inhibited. [00195] In sone
enbodi ments, the conjugate conprises B-RAF or a portion thereof conprising
CYS13 of ( 5 and ac und of fogpul a xvg/|N|§‘1 XI'X, Xl X-a, Xl X-b,
Xl X-c, @Qﬁa l-s(pegy ntH(Rang n-g;?gm% @8ck t o CYS13 of
B- RAF ( suc Nrrev y |nh|Lb|,¢/ed [ 00196] In sone
enbodi nents, . the conju ate corrprl ses FLT3 or a portl on thereof conprising

CYS2 of ‘Ff]ilersm(eesks%ze)as ﬁ@n%iac?@ﬁ?)é%ﬁfé?seﬁa qddiergina®r| 1 -a, 11-b, Il1-c or I1-d
t hat IST@@?{@ jently and (k;rgv ?edbﬂf]%'%%gg] %%%Vné {:%Tﬁ%t(:&t% 8), such

that FLT |S|rrever3|bly|n|b|ted enbodi men t he
conj ugatiedensngentiye selddEdl foom aniprogesi, ooxyigher eofsu&fmrrpwihsreng saMS2ingf isSVEK1

207 f d- - t hat
((:OC}I/ZI en%ﬁu@lagﬁ&dl‘?n@ae? ék bgré)ugr % etfelfloeaél?sé §f°uR/E‘RlaS( &f%?&ovga@ﬁ t hat MEK1
i's irrevassibedherdihiopi t ed.

R R
N
( \ re < 2 < DN
100344] (wviy & T Rna EL—N (R%1-2 ST TR
N
£ N
SR-T R
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[00198] In sone enbodi nents, the conjugate conprises JAK3 or a portion

t hereof conprising CYS3 of JAK3 (Cys909) and a conpound of fornula V that

i s coval emoOl2g11z203d007r r ever si bl e bonded to CYS3 of JAK3 ( €¢3A62)10/0389eh t hat

JAK3 is irreversibly inhibited. [00199] In sonme enbodi nents, the conjugate
conprises PLK1 or a portion thereof conprising CYS4 of PLKL (Cys67) and a
conpound of fornmula Il that is covalently and irreversible bonded to CY$4
of PLK1 (Cys67), such that PLK1l is irreversibly inhibited. [00200] In sone
enbodi ments, the conjugake conpri s~e»9v FAK or Anportion t her et conpri sing

CYS7 of FAK (Cys427) andNa corrpo forrrum IV, 1Va or [Wa that is
covalently and ir revers nde INAK (Cys427)( t hat FAK
is irreveosdsply inhibi t 201 gbdRAent s, thN—ebnj ugat e
conprises JNK1 or a portion thereof ,5orrpr| SI ng CYS%of JNK1 (Cys116) and a
conpound of formul EVII VI XI'l or Xll-a that
is coval 3&@ and ‘r‘r ble b g\gSS of (@5116), such t hat
INKL is ersibly 1 nhl b| ted [00205‘] In sonme enbodi nents, the conjugate

conpri ses ZAP70 orOa ortion thereof conprising CYS8 of ZAP70 (Cys346) and
a conpound of f ge-a I-b, l-c, 1-d, l-e, and I-f that is covalently
and irreversi bl eﬁﬂed to CYS8 of ZAP?O (Cys346), such that ZAP70 is
irreversibly inhibite [00203] In sgnme enbodi nent Sg t he conjugate

conprises RON or a pog}ion t her eof ¢Conpri sing CYS ‘qf, RO\I (Q/51165) and a

corrpoundwgglgf]or mul @), X - ,\\__ ReG. X112 XV, XVI, or XVl

that is ently and i rreversible nded to C 11 of RO\I (Q/51165) such

that RON is Hf\:ﬁlbly |nh|b|ted. 3.Corrpounds that irreversibly inhibit
0

protein kinases The invention relates to conpounds that irreversibly
i nhibit one or otein kinases and to pharnmaceutically acceptable salt

and conpg i tion r,eQ t.hout shi 0 be bound by any particul ar
theory, Vt<'F8 eB%Ht{ 8%\ f%%?td%fﬂgge\%)rvﬁé‘ﬁ dﬁﬁpggg‘%}t’?rﬁlntﬂre conpounds descri bed
herein a{l)e34mrt| cul arl y(szw t apl g_morm@lﬁu@g@nbicycm Ndiafi@att® FPak@MlyCcyst ei ne
residue in the bindi nq site of certain protein kinases. The conpounds

di scl osehsparadsdy o enylnAngi haying OF3 dhetsraatems omdepinderthn sricptsd eframd f or
descri pt r t 0 o} g ul ar

ki nase. ddf@ e%\é‘gg%‘f)oozo g&gglrrp%g%n gi %f gL{BE{éQlietr?v{evﬁt? i i;ﬁa%o%p&%ge a

war head \gh&mlpR has desflnpdalvcvWemdbiyscribed(hemlm he formul as descri bed herein.

The followi ng detaile scriptign of th rou ro ed by -L-Y
apply to each"SF¢A& SH%WCI aﬁ&rturl?‘rfﬁ %fée%tg ?]i‘fgg&etﬁépgﬂ%ilatﬂ? is to be
under st ontelohatvheredmeack v 1€ ivaEdtast PoiaOphitAcEnt R WiHREAef thenar head. The
particul ar L and Y groups descri bed herein can be conbined in any desired

conbi natPe§c¥l®e provi de a warhead for any of the enbodi nents of conpounds
descri bed herein. [00206] In general, a warhead is provided by -L-Y,
wher ei n:

Table 3. Exemplary Y groups:

o 0 0 0 0
z-@ <7 e-Nﬁ( z-N;J e-N)»;/(C‘ a—Nf;f(C”f’
o) O:> 0 CHj; /o) Cl o) Cl 0 CHs;
a b c d e f

0 s Ci s
0 : ;
A ZAX% ‘3'”%@ gﬁ ®
CH, CHs K N N el
g h i j k !

58



[00207]L is a coval ent bond or a bivalent Cl_8 saturated or unsaturated,
strai ght or branched, hydrocarbon chain, wherein one, two, or three

met hyl enewontig3aefo’L are optionally and i ndependent |y r eplraseaoloysse

cycl opropylene, -NR-, -N(RC(0)-, - C(O)N(R)-, -N(R) S02-, -502N(R)-, -0-,
-C(0)-, -0Cc(0)-, -C0)o0-, -5-, -SO, -502-, or [00208]Y is hydrogen,
nitric, CL.6 aliphatic optionally substituted with one or nore OH NRxRy,
oxo, hal ogen, NOZ, or CN or a 3-10 nenbered nonocyclic O bicyclic,
sat ur at ed, ally ura d Cor aryIN ﬁ@ haV| 0- 3 heter gt ons

[ ndepend@} | yg sel eﬁ \fr %gen %@ angi, Lp said
ring is sub%tl tuté Nh 1 roups [00209] are

i ndependent |y hydrogen, Iomer al kyl , Iomer hanaIkyI Iomer cycl oal kyl ;
[00210] each e is independentlyasel ected fpom-Q Z, qO‘| oxo, NO2, hal ogen,
CN, a swtal?_J e leaving group, or a Cl1 6 aliphatic optionally substituted
wi th oxo, hal ogen, N2, or CN, wherein: [00211]Q is a covalent bond or a

bi val ent " By sat ur atyed £Or unsaturf_ated st rai ght r branched hydrocarbon
chai n, V\%7 orfe hyl ene s of FQ .\- I(J\y and
i ndepend -S 0-, - '6) - SO,
or -SCp- | > SR(RFSO “*’vo
\4
e

\)Se\“/\ \f’e\(\’/\ }:WI/N\
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[00212]Z is hydrogen or C1_6 aliphatic optionally substituted with oxo,
hal ogen, NO2, or CN. [00213]In certain enbodinents, L is a coval ent bond.
[ 00214] | rwoentizi3woegnbodi nents, L is a bival ent Cl, 8 sat BCAUSA010/048916
unsat urated, straight or branched, hydrocarbon chain. In certain

enbodi ments, L is -CH2-. [00215] In certain enbodinents, L is a covalent
bond, -CH2-, -NH, -CH2NH, -NHCH2-, -NHC(0)-, -NHC(0)CH20C(O0)-,

- CH2NHC(0) -, - NHSOZ- - NHSQ2CH2- , - NHC( 0) CHZOC( 0)-, or SOZNH- [00216] I n
some enbodi nentg+N a | ent strai ght N br anch@d’ hydr ocar bon
chai n wherein L ha Rele st mne doylbl ¢ nd an iR% onal

nmet hyl ene uni L ar onal [§ rde i ndep st I y r acéd by -NRC(O0) -

- C(O)NR-, -N(R) SO2-, - S N( -S— -S(0)-, -Sx2-, -0C(0)-, -C(0)0-,

cycl opropyl ene, -0-, -N(R)- C(O) [00217] In certai n errbodi ments, L is

a bival ent C2b&b strai gh&ccor br anchedrddhydr ocar bogechai n whgrein L has at
Ieast one doubl e bond and at | east one nethylene unit of L is repl aced by

- -NRCK}O) C(O NR- -N(R) SR2-, -SO2NLRy-, -S- S(p)-, -S™2-,
-OC( 0) o - 0)0 AEH one orH wo\addi ti ofpal Yyret hyﬁn ts of L are
opti onal i nd nt d cy? rop -0- -N(R)-, or

-C(0) - 02 8]In=s enb0|rréts L is &’biwalenf C2M8 stralght or’

branched hyd ar bon chain wherein L has at /1/ ast one doubl e bond and at
| east one nethylene unit of L is replaced by“C(0)-, and one or two
addi ti onal negtdeyl ene unkAss of L aﬁze optionajjfy and i neigpendent |y repl aced

by cyclopro éene -0-, -N(R) - r -C(0)-. 1002191 As described above, in
certain e , L | |vaI nt C2_s s@raight or @ranched hydr ocar bon
chai n wher asy on bIe bpn e of |nary skill in the
art wll s gnlze uch a?‘7 qe eﬁ t he hydrocar bon
chain backbone or may be "exo™to he ba kbone chaf d thus form ng an

al kyl i dene group. By way of exanpl &=such an L group haV|ng an al kyl i dene
branched chaigy i ncl udes,,; CH2C( - - =;,..CH?) CH2- Thus, in some embodi ments, L

is a bivalent C2-8 stral ght or br anched hydr ocar bon #Rain wherein L has at

| east one atRyli denyl ubl e bond. rrpl ary L gNoups i ncI ud
01I n er , a\bi val ent C2-8
st rai ght 2%r ranch dro hé\ a J@}_ﬁ\ne doubl e

bond and at | t one nethylene
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unit of L is replaced by -C(0)-. In certain enbodinents, L is
-C(0)CH=CH(CH3) -, - C(0) CH=CHCH2NH( CH3) -, - C(0) CH=CH(CH3) -, - C( 0) CH=CH, -
CH2C( 0) CrxQHo11/0GHBC( 0) CH=CH( CH3) - , - CH2CH2C( 0) CH=CH-, PCT/US2010/048916
CH2CH2C( 0) CH=CHCH2- , - CH2CH2C( 0) CH=CHCH2NH( CH3) -, or - CH2CH2C( 0) CH=CH( CH3) -
or -CH(CH3)0C(0)CH=CH. [00221]In certain enbodinents, L is a bivalent
C2..8 straight or branched, hydrocarbon chain wherein L has at |east one
doubl e bond and at |east one nethylene unit of L is replaced by -0C(0)-

[ 00222] In""é‘orre enpadi ments, L is a bival ent C2-8 straight or branched,
hydr ocar OH\ chal n ein s at_| Iea yubl e d and at |east one
met hyl en 9{7 : rep:% O)N C(0) NRil, ,M(R) S02-,
-S2N(R) -, -S— S(o) - | -OC(O% - Gp0) 0~ arid one or two

addi ti onal thyI ene units of-‘“t are opti onal |y and i ndefendently repl aced
by cycl oprofyl ene, -0-, -N(R)- -C(0)-. In sonme enbod)nments, L is

- CH20C( 0) CH=CHCH2-, - CH2-0C(0) CH:CH- or - CH(CH=CH2) 0C(0) CH=CH-. [00223]
| ncert ai nembdiil ment s, LikkKRC( 0) CHHCH- - NRC{Hn rdir= CHCHiixsCH3) -

- NRC( 0) CI—I=CI—I§:HZO- -CHZNRC( 0) CH=CH-,

- NRSCR CH=GHE S« NRSQR CH- . - NRC( N2 y-, s N,N

- NRC(0 QTNESD) -, R IRs HCH2-) - N
NRE(C(()))QCE%« i -NR)C( 0) > ON N\ oN

- CH2CH2NRC( 0) - or - CH2NRC( 0) cycl opr yI ene-S\ wher ein each R i s

i ndependent |y hydr ogen or optionally“substituted C1_6 aliphatic. [00224]
| ncer t ai nenmbadoaent s, LigppHC( 0) Crizgit | PR r—

“‘zh\@ J\@ ‘%‘K@ A n,u

uuuu WWww XXxXxX

‘a,f”\/Re ‘a,il\/\ %,JK/\/ TN §=

Me

oy aaaaa bbbbb cceee

wherein each R® group depicted in Table 2 is independently selected from halogen.

In certain embodiments, R' is -C=CH, -C=CCH,NH(isopropyl),
-NHC(O)C=CCH,CH3, -CH,-C=C-CHj3, -C=CCH,0H, -CH,C(0)C=CH, -
C(0)C=CH, or -CH,0C(=0)C=CH. In some embodiments, R! is selected from -
NHC(O)CH=CH,, -NHC(O)CH=CHCH,N(CHj3),, or -CH;NHC(O)CH=CH,.

[00349] 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

l\lne

i‘(\Nj\@ /\/'ﬂ X\/H\,(\ca }(\/Nj]/\m
H & \”/\ o) o)

o)
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- NHC( 0) CH=CHCH2N( CH3) -, - NHC( 0) CH=CHCH20-, - CH2NHC( 0) CH=CH-,

- NHSQ2CH=CH- , - NH SO2CH=CHCH2- , - NHC( 0) (C=N2) C(0) -, - NHC(0) CH=CHCH2N( CH3) -

- NHSQ2 CHEZb201 /0S8R CH=CHCH2- , - PCT/US2010/048916

NHC( 0) CH=CHCH20- , - NHC( 0) C( =CH2) CH2- , - CH2NHC( 0) -, - CH2NHC( 0) CH=CH-,

- CH2CH2NHC( 0) -, or -CH2NHC(0) cycl opropyl ene-. [00225]In sone enbodi nents,
L is a bivalent C2.8 straight or branched, hydrocarbon chain wherein L has
at | east one triple bond. In certain enbodinents, L 38 is a bivalent C2-8
strai ght or Wranched, hydrodarbon chain where¢n L has at |east done triple
bond and one or two additional nmethylene units of L are optionally and

i ndependently replaced by -NRC(0)-, -C(O)NR-, -S-, -S(0)-, -Sx2-, -
C(=-NR)-, -0-, -N(R-g or -C(0)-0 In sone errbodlments L has aj IeastMeone
triple b%tﬁﬁ\@ad at I/é.ast on%{ret e unlt DQ[;repl

-N(R) C(0) - C(O) -C(0)0-, C(0) -, g? 00226] Eﬁenﬂ?l ary L ngﬁps
i ncl ude - C- - -e C CEECCHZN(l sopropyl) - C=CCH2CH2-, CHZC( 0) =G,
-C(0)C=C, or -CHZOd --,--0) CEC. g [00227] I n certal n enbodi rrents Lis a

bi val ent C2- & straight gr br anchedMe hydr ocar bén chal n wherei n one n&t hyl ene

unit of L _islrepkaced by cycl gy a,e,mg W a,ﬂ@/tcu mﬂ%h,yd;lene
' by -C() @b L NRY

units of~ re I ndé€ eh'de y repla C(G)
-N(R) S02-, or - S2N( RS-~ npl ary groups i ncl ude -
NHC( 0) - cycl opropyl ene- 50 and - NHC( 0) - cycl opr opyl ene-.
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[ 00228] As defined generally above, Y is hydrogen, C _6 aliphatic optionally
substituted with oxo, halogen, NO2, or CN, or a 3-10 nenbered nonocyclic or
bi cycl i c,weabwmt®wd, partially unsaturated, or aryl ring@Chaseg/ 088936

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, and
wherein said ring is substituted with at 1-4 Re groups, each Re is

i ndependent|y selected from-Q Z oxo, NO2, halogen, CN, or Cl_6 aliphatic,
wher ein Q is a coval ent bond or a bi val ent Cl 6 saturated or unsaturat ed,

Bne or fwNget hyl ene units
pl ac -N(R)- -
Nelo) -, - oo

-0-, -
\ , -, -N(R)S02-,
or - SOZN( R)-; and, %eis hydrpgagen or 6 ali phat i c optionagel y substituted
wi th oxo, hal ogen, NC2, or CN. [00229] In certain enbodi nents, Y is
hydr ogemr [00230] h certai nﬂenbodi mentd, Y isvWCl _6 aliphatt optionally

onal | ylan [ nd pehgentl

substitutedywi th oxo, hal ogen, NO2, or CN. In sonme enbodinents, Y is C2_6
al kenyl Nonally substitutted with oxo Io en, NO2, @4-"CN. I n other
errbodl JM\%NY is C2-6 ﬁf%? opt i ona(l122 tituted 'J&(’%’f hal ogen,
NC2, I n some enbt nt Yis aI kenyl . In ©ther enbodi nents, Y
is 024 al ky®yl . WD 2011/ 034907PCT/ US2010/ 048916 [00231] In ot her
embodi ngpts, Y is Cl- Gy%_'kyl substituted with oxo, '\%gen NCO2, or CN.
Such Y groups include -CH2C1, -CH2CN, and -CH [00232] In
certain e iments, Y i®Mea saturated 3-6 nber ed rmnocyq@ c ring having

0- 3 het ergz%‘,:rrs indepelggé:i}{u sel ected f| etrogen wR@r sul fur,
wherei n ¥ +§ substit ut th 1-4 Re gr vvherelne e is as defined
above and described hérein. [00233] In sorm enbodi rrents Y is a saturated
3-4 menbered heterocyclic ring having 1 heteroatom sel ected from oxygen or
ni trogen wheddPn said ring icscsubstituted Wi€h 1-2 Re grodps, wherein each
Re is as defined above angl described hereint. Exenplary sugh rings are

epoxi de afjd gxet ane rg@smrei n each [fipgres substimﬁéh 1-2 Re
groups, ei n each ig as defined and descri erein. [00234]
In other e diments, Y is a saturated 5-6 menbered heterocyclic ring
having 1-2 het er oat om sel ected from oxygen or nitrogen wherein said ring is
substituted ffth 1-4 Re grosg§, wherein ead¥Re is as defiihed above and
descri bed herein. Such rings include piperidine and pyrrolidine, wherein
each ring is substituted with 1-4 Re groups, wherein each Re is as defined

above and scri bed heret®. In N s-N
N l R® | D>—R® S—Re
“Lﬁ? “Lﬁ} Lo s
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each R, Q Z, and Re is as defined above and descri bed herein. [00235] In
sone enbodinents, Y is a saturated 3-6 nenbered carbocyclic ring, wherein
sai d ri ngwp0sI3g907t uted with 1-4 Re groups, wherein ea®hTRS2019/08891€lef i ned
above and described herein. In certain enbodinents, Y is cyclopropyl,

cycl obutyl, cyclopentyl, or cyclohexyl, wherein each ring is substituted
with 1-4 Re groups, wherein each Re is as defined above and descri bed
herein.. rsS,,A ,, Re [00236]In certain enbodi nents, Y isz--1, wherein Re

is as defi above apd describen herein. .nNcertaln inents, Yis
cycl oprop dntlon substitjte th h CN o [00237] In
certain I men y>T§\Q aII ate 33 £d nonocyclic
ring havihg §-3 he erBato |ndependently sel ected fromnitrogen, oxygen,

or sulfur, wh in saidring is substituted with 1-4 Re groups, wherein
each Re is as,ggfined ghqve and cribed herein. [0QZ238] In some

enbodi ments, Y is a partially unsaturated 3-6 membered carbocyclic ring,
wher ei n sai cnrl ng i sysubsti tut etN/Ievvlth 1-4 Re ,groups vvheh‘él n each Re is as
defined a ve\and zﬁrled h In's odinent is

cycloproqm t enyT, cy p ny. \QI cycl obe wherei n each
ring i s subs |tur d ith 1- % Rl gr oups, erein each?Re\ s as defined
above and desgribed herein. In certain 0-3 enbodinents, is (---C__-2,
wher ei n each is as defined above and descri bed herein.\ 00239]In certain

enbodi nent s, b\l()blbs a parctclcgtl |y unsd%tdyr at ed ét—ege rrenber(}jdff
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het erocyclic ring having 1-2 heteroatons i ndependently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted wth 1-4 Re
groups, wNereiwn3emch Re is as defined above and descri bedThiSe@ion489iie
certain enbodi ments, Y is selected from AO ANR (/i1)1-2/)12
(Re)1-2(Re)1-2(Re)1-2 wherein each R and Re is as defined above and
descri bed herein. [00240] In certain enbodinents, Y is a 6-nenbered
aromatic ring_having 0-2 nitrogens wherein said ring is substituted with

1-4 Re groups® wher e¥le each RePgroup $83 as defi fed abo%Bsand descri bed
herein. R~ Mﬁ’ﬁt@g‘i MME%?LE i UFC@%/H m di nyl ,

wher ei n eachri ng i s su Stit'#l—FgHWth 1-4 Re q{'_PkﬁJﬁg whereli n each Re is as
defi ned above®and descri bed heréith. [00241]1n S@ ~&oodi ments, Y is

sel ect eqjfirom ). I(NL(N(NN exgkkire) 1_4- (rk )gp47-(R)1_3--(R)1-3  wherein
each Re'1s as defined above and described herein. [00242] In other

enbodi nents, Y is a 5-nenbered heteroaryl rj having, 163
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het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 Re groups, wherein each Re group
i s as defwoediiaideane and described herein. I n sonme enbo®CRAISREL0/0¥8%16 a 5
menbered partially unsaturated or aryl ring having 1-3 heteroatons

i ndependently sel ected from nitrogen, oxygen, and sul fur, wherein said ring
is substituted with 1-4 Re groups, wherein each Re group is as defined
above and descri bed herein._ Exenplary such rings are |soxazolyl oxazol yl,

t hi azol yl, inidaéElyl, pyr 270l I, pyrronI CfuranyIOchleny riFazol e,
t hi adi az} %fli azdi-e; g_ g b htuté th 1-3 Re
groups, wherein each Re group is as de 6le and] desc her ei n.

certain enbodinents, Y is selected from <<( N( Nsj-k?2\" z NNz N
--/ (Re)i00gedd s(Re) 1- 2R Apppie NN (Re) 1_4Gipp) 1- 2Frb=r2/LL ( Reysisss 2 wherei n

each R and,Re is as fi ed abov and descri bed her [0Q§43]In certain
enbodinegz Yis a -1 blcycllc ffﬁiffﬁi
- Me

111111 uuuuuu vwyvyy WWWWHWW or XXXXXX

wherein each R® is independently a suitable leaving group, NO,, CN, or oxo.

B. ZAP70 Inhibitors

[00350] In one aspect, the invention is a compound of formula I-a, I-b or I-c:

R4 Ry
Rf Rg Ra Rf
Ra SO,NH HaC
s eel
P
X1 NH X4 NH X4
N = /‘§N - /g =
i 1 I i
Rb -—Rd _ Ll )
Q 4J\ x Rb Q 41\ - Rd Rb'&l z N
N N N N N
H Rc H Rc Rc
l-a I-b I-c

or a pharmaceutically acceptable salt thereof, wherein:

[00351] each of Ra Rb, Rc, Rd, and Rf are independently selected from R, OR,
halogen, —CF; -CN, -C=C-R or -C(O)NHRz;

[00352] Rg is selected from R, OR, halogen, -CF; and a 5-10 membered
monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring containing 0-3
heteroatoms independently selected from the group consisting of nitrogen, oxygen,
and sulfur that is optionally substituted with R, OR, halogen or —~CFj;

[00353]  each R is independently hydrogen, lower alkyl, lower haloalkyl or lower
cycloalkyl;

[00354] each Rz is independently hydrogen, aliphatic or aryl;

[00355] X, is -NH-C(O)- or —C(O)-NH-;

66



partially unsaturated, or aryl ring having 0-3 heteroatons i ndependently
sel ected fromnitrogen, oxygen, or sulfur, wherein said ring is substituted
with 1-4 We 2riasp®; wherein Re is as defined above and @esamseied4dves ei n.
According to another aspect, Y is a 9-10 nenbered bicyclic, partially
unsaturated, or aryl ring having 1-3 heteroatons i ndependently sel ected
fromnitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4
Re groups, wherein Re is as defined above and described herein. Exenplary
such bi cifBB3ed r Rirgs A cd ddd meslbéteﬁyldﬁmﬁlmpd}ncs'@hmlsamted meéallyi n sai d

escr i pelRarli il alify B OHRGeRtR Rbeiild SReRS ALY ™

i ndependgnip yorsshegbéﬁlmbgamox@ez\ amkan fuNG@ad haI ogen, CN, a SUI tabI e | eavi ng
group, i phatic tignally substltuted wi.t h oxo, hal oge CN,
wher ei n 1@0& g{év‘él Brit’- oﬁtﬁ goug pivaleat degsrped ke i gﬁ 6‘1"ta‘éﬁ€’sat ur at ed,
strai ghtdﬁgnﬁfﬁqﬁm@wamgwsocar bon chain, wherein one or two nethylene units

of Qare optionally and independently repl aced by -N(R -, -S-, - 0-,
-C(0) -, [D@Qj&)) -In S(Ql(te))egtbodmg@ts Rbyris-beaped to-tﬂqlélé)p;(sﬂ)on ol t@(:(p)/N(rR)myl
-N(R) S02- SO2N(R Z 1S hy or C1_6 aliphatic optionally
substi tutI}egti(and comf? }Htltd 'ISO?(il %H Id \ © [00245] I n certain embodi ments,

Re is C1_6 aliphati ®opti onal I y substl t ut ad wi th oxo, hal ogen, N2, gor CN.

In other epgbodi méh Rg is ox®a NO2, RAL-d Rg or QN In sorre errR@ E RS,

Re is -Q Z, er ei i ensohan( Iéf" d@og .e., {f

hydrogen). || n € i Re Is -@Z &i b| val

saturated o saturxat ed, str nAr bragched, hé’ chain, Jherein
i ndepehde

one or tuo mgt hyl ene ‘units of Q are optiofally and i Ny ref

by -NR-, "2 Q)-,O)NR— R l\@ 0)-, -SO, orRo L
. ¢ L S q

enbodi ment Qi s llent C2-@Q stfai djt »Rdbr anched, hydF oc bn\c

adn
havi ng at | e&st ®neYdoubl e bond, WNerain yhe or two nethyi eng? Q
are optional |y afd iRedependent |y repl dtedrby -NR-, - NRG(0)- CEQO) =
-S-, -0-, -C(0)-, -SO, or -S@2-. In certain enbodl ment s, the Z noi ety of
the Re group is-dhydrogen. In sone enbedi nents, -QZ is -NHC(0) CHeCH2 or
-C(0) CH=CH2. 1002461 In certain enbodi nents, each Re is independently
sel ected fromoxo, NO2, CN, fluoro, chloro, -NHC(0)CH=CH2, -C(0)CH=CH2,
- CH2CH=CH2, - C(0)0CH2C1, -C(0)O0CH2F, -C(0)0CH2CN, -C(0)CH2C1, -C(0)CH2F, -
C(0) CH2(jo3sy] - §HeSrh OLBBimt Q2 ChBo il Btafoﬁnﬁﬁttoad'tfﬁeﬁ“csldgieeb 1¢ suitable
IeaV| ng group, ie a group that is subject to nucl éophil I spl acenent. A
" sui t abl Ringeaisisplgtted drom bhendupalongstogpoft hat is readily displaced by a
desired i ncom ng chem cal noi ety such as th thiol noiety of a cysteine of

er

|nterest Suigkgbl e I1e g groyps are Rcnown hn the art e. g see,
"Advanced O g th Ed hohn Wl ey
and Sons, ch | ejaving gr |ncI u but a e n t I|

hal ogen, kﬁgéul %ﬂjxy, Topt’Rinal u-. it fal K onyI oxy,

optlonally substltﬂted alkehylsulfonyloxy optlonally Substituted
arylsulfon oxR, acyl , andR i azoni um noi eti es. Exanpl es of suitable |eaving

groups i nc Nchl or o, Wo, bron, fl uoro cetyl Rgst anesul f onyl oxy
(mesyl oxy), to yl oxy, if yI oxy, MR‘ onyho (r;@@yl Oﬁiy) and
br ono- phen I on rosylo :

N
Ny )ﬂj\i R
Rf g Rf Rf -

1
Lo
Rg_\;Rf and RgT SRf
oy (0]

q{"\.}
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[00248] In certain enbodinents, the foll ow ng enbodi mrents and conbi nati ons
of - L-Y apply: [00249](a) L is a bivalent C2-8 straight or branched,

hydr ocar bwo 20hizi3worher ein L has at | east one doubl e bon@#Carus2@nm489m6 t wo
addi tional nmethylene units of L are optionally and independently repl aced
by -NRC(0)-, -C(O)NR-, -N(R)S02-, - S2N(R)-, -S, -S0)-, -S-, -0C(0)-,
-C(0)0-, cyclopropylene, -0-, -N(R)-, or - C(0)- ; and Y is hydrogen or

G _6 aliphatic optionally substituted with oxo, halogen, N2, or CN, or

[ 00250] (189340] | sImpdtigapesmbaimgnist Raisgharasterized e thet themyldYomarehois chai n

wherein t ne n t,least one.net.hylene unit of L
is repl aéc?g‘ﬂﬁgf?-c O@%ﬁ& 6)19 ﬁl&%%g&’% ?%(gf) ﬁ(%??&-tﬁfr(é?%&?‘fem} &R%lh&n,% -5,

-S(0) -, th&&R=yme-0C(0)-, or -C(0)0-, and one or two additional nethylene
units of L are optionally and independently replaced by cycl opropyl ene,

-0-, -N(R-, or -C(0)-; and Y is hydrogen or Cl.6 aliphatic optionally
substi t upgsbiM t BxOXPlary2hPALEomPEndsOr CON; or [00251] (c) L is a bivalent
C2_8 straight or branched, hydrocarbon chain wherein L has at | east one
doubl e bond and at |east one nethylene unwt of L is replaced by -C(0)-, and
one or two addition& t hyl ene units are optionally and independently
repl aced by cycl opropy) ene, -0-, -N(R)-,]or -C(0)-; and thsybyﬁrogen or
Cl.6 aliphatic optiao hal ogen, 2, or CN;, or

j ogar bon chain
wherein L has at ylene unit of L
i's replacee\by - ; _ optionally
substitutjed wth oxg ; is a bival ent
C2.8 stra or [ran [ [ has at | east one
doubl e bond and at ) i i aced by -0C(0)-:
and Y i s jhydrogen ed with oxo,

hal ogen, 0 0) CH=CHCH2N( CH3) -,

é{Iy substituted w-th oxo,

CH,

OH

CH, CH,

CHs
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NRC( 0) CH=CHCH2N( CF13) -, - NRSQ2CH=CH- , - NRSQ2 CH=CHCH2- , -

NRC( 0) CH=CHCH20- , - NRC( 0) C( =CH2) CH2- , - CH2NRC( 0) -, CH2NRC( 0) CH=CH- ,

- CH2 CH2NREQQp 11/03¢907 - CH2NRC( 0) cycl opr opyl ene-; wher ei n RPC3/US2@0/0a8916 onal | y
substituted C1_6 aliphatic; and Y is hydrogen or C1_6 aliphatic optionally
substituted with oxo, halogen, NO2, or CN, or 1002551

(g) Li s- NHC( 0) CH=CH-, - NHC( 0) CH=CHCH2N( CH3) -,

- NHC( 0) CH=CHCH20- , - CH2NHC( 0) CH=CH- , -NHSCQC}hC}F, - NHS

02CH=CHCH2- , - NHC( 0) ( C=N2 -NHC(O)(C-NZ)C(O) NHC( 0) CH=CHCH2N( CH3) -

- NHSORCH=CH-, - NHSQRGH+ ChICH? | o

NHC( 0) CH=CHCH20- , - NHC( O
- CH2CH2NHC( 0) -, or

al i phatic optionally
1002561(h) L is a bix

C(0)-, CH2NHC(0) CH=CH- |

. ) .
ne-; and Y is hya ogen or G _6
halogen

CN. or
or br anched, h "

arbon chain

wherein L has at | eg = d uble L Aeast one

nmet hyl ene wii 3 -C(OJNR-, -N(R) S02-,
- SA2N(R) -, S C( e OF t WO

addi ti onal “ } are i t @nally a d |ndeoendently repl aced
by cycl opro - -; and dr ogen or Cl-6

al i phatic i Wi xo hal , CN, or

[ 00257] (i) t or brandhed} hydr ocar bon chai n

. ,
wherein L has av*least one tr|pleubo d and one or two additional nethylene
units of L are pptloﬁally and i ndgperftfent | y replacedl@y NRC(0)-, -C(0)NR-,
-N(R) S02-, - S2N(R)-, -S-, -S(0)-, -SO2-, -0C((0)- -C(0)0-, and Y is
hydrogen or Cl-6 aliphatic optionally substituted mﬁth oxo, hal ogen, N2,
or CN; or [00258]) (j) L is-CEECCH2N(i sqQpropyl)-, -NHC(0)GECCLCH2-, -CH2-
- G- aCCH20-, -CH H--C, -C(0)CC, or -CH20C(=0)CEC-; and i s hydrogen
or C1 6 aliphatic ptlonally substi t ueedwwi t h oxo, haloggnf;EEQ, or CN;, or

1002591 (k) Lis valent C2-8 straight! or branched, hydrogarbon chain
@ and one or

two addi @ 2
- C(0) NR- _ _ _ -0(]0) -, or -C(0)0-;

and Y is ed. Wi th oxo,
hal ogen, and Y is selected
from
cm, H N
CH, CH,
I-10 I-11 I-12
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[00261] (i) CI -6 al kyl substituted wth oxo, hal ogen, NO2, or CN, [ 00262]
or CN; or [00263] or CN;, or [002641 (ii) C2-6 al kenyl optionally

substi t utwo 20i ta34®g0, hal ogen, N2, (iii) C2-6 alLkynyl @pmiuseaoloysoie
substituted with oxo, halogen, NO2, (iv) a saturated 3-4 nenbered
heterocyclic ring having 1 heteroatom sel ected from oxygen or nitrogen
wherein said ring is substituted with 1-2 Re groups, wherein each Re is as
defi ned above and descri bed herein; or [00265](v) a saturated 5-6 nenbered
het erocyclic ring having 1-2 heteroatom sel ected from oxygen 0r nitrogen
wherein said ring is Substituted with I~4*Re groups, wherein Re is as
defined above and descriked herein; or

N
FiC n\\<4>>‘*—cus e li::4;>'“’c”= e
W N \\I::;:]//
o

N
CH, H

1-13 I-14

HN

[~}

HN N HN

FyC

CH, ¢H,
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(Re)i-2(Re)1l -2 NQZNR ch(4\ [00266] (vi)1-291-2 , orl-2 , wherein each R Q
Z, and Re is as defined above and descri bed herein; or 1002671(vii) a
sat ur at edwB-261vsmdeer ed car bocyclic ring, wherein said riPag/uUS3019/08916 t ut ed
with 1-4 Re groups, wherein each Re is as defined above and descri bed
herein; or [00268](viii) a partially unsaturated 3-6 nenbered nonocyclic
ring having 0-3 heteroatons independently selected from nitrogen, oxygen,
or sulfur, wherein said ring is substituted with 1-4 Re groups, wherein
each Re is as definedwahove and described flerein; or [00269] (ix) a
partially unsaturage /ggﬁ menber ed carbocysybc ring, wheretn gaid ring is
substituted with 1-4 R¥ groups, wherein eachoRe is as defined above and
descri bed herein; \)l 3 [00270] (x) ( Rey 1\ 2, wherein each is as defined

erein; or [00271](xi ) a partially unsaturfated 4-6

HO,

ring 1,

NH
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havi ng 1-2 heteroatons i ndependently selected fromnitrogen, oxygen, or

sul fur, wherein said ring is substituted with 1-4 Re groups, wherein each
Re i s as wehlinad4mbove and descri bed herein; or (Re)i-2pramaseimw/oeeh R and
Re is as defined above and described herein; or [00273](xiii) a 6-nenbered
aromatic ring having 0-2 nitrogens wherein said ring is substituted with
1-4 Re groups, wherein each Re gr oup is as defined above and descri bed
herein; or [00274] (X/V) rrN11N -(R)14-(Re)14-,-(Re)1_3-(Re)1_3 N wherein
each Re is as defined ove’and described herein; Qor [00275] (xv) a
5-nmenbered heteroaryl ringhaving 1-3 het ero % ndependent |y ted
fromnitrogen, oxygen, or sulfur, wherein sald i nNg is substltutedﬂnvmth 1-3

Re groups, wherein each#® oup is as defined above and descri bed her ei n;
or (< (XVOS|f(Re)1 3(Re . =-7-\_71--(Re)i we
SO,NH,

:
Sy
S @, 5.0,
I-2

I-25

OCH, OCH;3

6 I-27

1]

/ o 0
H /\( /Y
FC :

HN
HNW \
~o :
f :so,NH, o
NH
MH oi :N SSn NH HN 0 O " NH HN o
H H
(]\u F | oy F | Non
A P
OCH, N N N OCH,
H H

OCH,3

CHy OCH,
1-2 1-29 I-30
/Y° /Yo
HN HN\=
Fac\o FJC\O :
SO,NH, iISO:NHZ
( :i - - o NH HN (o)
IS
Xn \ N
\ /l\
N)\N ocH, N : OCH,
H
OCH; OCH;
-31 1-32

C. FLT3 Inhibitors
[00362] In another aspect, the invention is a compound of formula Il-a, II-b, II-¢c or

11-d:
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C rvsi?2)""" NNe ----4N(Re)1_2 zO 5 (¢""N S, (s( N-37-(Re)1l-2
WO 2011/034907 PCT/US2010/048916
Ra
N \ HN/N
M )= D
A
HN S HN
PY PER
Wy \N Wy \N
l )\ A )l\ //L R
Z W X Z W X/
II-a Ra ILb
N \ HN/N
/ CN R,
AN
HN S HN
/k i /k\ Ra h Rb
wy” XN Re W NN
/M Z X )I\ /J\éé/x
Z W Z w
0-1 0-1 0-1 0-1
II-¢c

I1-d
or a pharmaceutically acceptable salt thereof, wherein:

[00363] Wy is N orC-Rb;

[00364] W isNor CH;

[00365] X isNH,CH,, OorS;

[00366) each of Ra and Rb are independently selected from R, OR, halogen, ~CFj3 -

CN, -C=C-R, -NRxRYy, or -C(O)NHRz;
[00367] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00368]

[00369]

each Rz is independently hydrogen, aliphatic, or aryl;

Z is hydrogen or a solubilizing group;
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wherein each R and Re is as defined above and descri bed herein; or

[ 00276] (xvii) an 8-10 nenbered bicyclic, saturated, partially unsaturated,
or aryl rwogohiznsiaeg 0O- 3 het eroat ons i ndependent|y sel ectret/dSeamionsdné ogen,
oxygen, or sulfur, wherein said ring is substituted with 1-4 Re groups,
wherein Re is as defined above and described herein; [00277](m L is -C(0)-
and Y is selected from 1002781(1) C _6 al kyl substituted w th oxo,

hal ogen, N2, or CN. or [00279](ii) C2,6 al kenyl optionally substituted
wi t h oxd00374l ogBmg NGB, 2 6f10ONemb¢re{10®@8@}/(hq p1) bicgsle:, ahturatsd, pepiallunal |y

substitute th o hal Y sat urated 3-4
SRS PR o R Do s SRR S R PBL 2 o

Ni t r ogerpravped oRkistis@oCnitrogkdh, bsygerpsid dulfugd W|th 1- 2 Re groups, wherein each
Re is as defined above and_descri bed herein; 02821(v) .a_saturated 5-6

menber ed¥tter oRy OF Re' i Ty Ynaviitnthe provippathst BVQFBr%Is‘éI“éCYeBI it 8mBxygen or
) 29Tt 0r S, I SRS S i 7 91 e Wer i each
halogen, —CF; -CN, -C=C-R or -C(O)NHRz. The group L Y is as described herein
in the detailed description of the warheads.
[00372] In some embodiments, the compound is of Formula Il-a, 1I-b, lI-c or II-d,
and Z is methoxypropylamino, dimethyl amino or is selected from the group

consisting of

O A

|
wherein Rd is hydrogen, R, OR, halogen, —CF;_-CN, -C=C-R or -C(O)NHRz.
[00373] In certain embodiments, the compound is of Formula II-c or II-d, and Ring

A is selected from the group consisting of:

Rf Rf Rf
R, - R
W
2 e I
e 5 %7 R 2 /?411 R

wherein W’” and W’’’ are independently nitrogen or carbon atoms. In these

1

embodiments, Z is methoxypropylamino, dimethyl amino or is selected from the

group consisting of
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Q Z [00283] 1-241-2 , orl-2 , wherein each R Q Z, and Re is as defined

above and described herein; or WD 2011/034907PCT/ US2010/ 048916

[ 00284] (WO)or/sad0ar at ed 3-6 nenbered carbocyclic ring, PamaseImn/0sie ri ng

is substituted with 1-4 Re groups, wherein each Re is as defined above and

descri bed herein; or 1002851(viii) a partially unsaturated 3-6 nenbered

nmonocyclic ring having 0-3 heteroatons independently selected from

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

groups, mhe in each Re is as defined above and descri bed herein; or

[00286](|x) a partially unsaturated 3-6 menbered carbocyclic ring, wherein
substltuted\M3¢|1 4 Re wherein each Re is as defined

said ring i r qeps,
above ang~descwm bed ei 0-3 28 X), wherein each Re is as defined
above an /:]

t 1 ’Wﬁf“
wherein Rd is hydrogen, R, OR, halogen, ~CF; -CN, -C=C-R or -C(O)NHRz.
[00374] In certain embodiments, R; is characterized in that the -L-Y moiety is
capable of covalently binding to a Cys2 residue in a protein kinase selected from
FLT3 (Cys 828) and MEK!1 (Cys 207), thereby irreversibly inhibiting the enzyme. In

particular embodiments, R; is characterized in that the —L-Y moiety is capable of

covalently binding to Cys 828 of FLT3, thereby irreversibly inhibiting the enzyme.

[00375] Exemplary FLT3 inhibitors

/I\i D—cn /I\i DN
HNT S H HN™ S
orOTYS O e
N N S N N S
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described herein; or [00288](xi) a partially unsaturated 4-6 nenbered

het erocyclic ring having 1-2 heteroatons i ndependently selected from

ni t rogen,woxyges490r sul fur, wherein said ring i s substipCutusdomiosdeid-4 Re
groups, wherein each Re is as defined above and descri bed herein; or
[00289] O NR (11-(j1- ) 2 (Re)i-2(Re)1-2or (Re)1-2 wherein each R and
Re is as defined above and descri bed herein; or

N
HN/M}\CN 0 /I\’{\>\CN

l HN™ S 0
IsloaanlNslean
g Py
/Cﬂ“ N" S NN

/leN 0N /NL CN
Q @“ Ii @r .
I1-7 II-8
N \ CN N \ CN
,s
S
fi o 1 fi
I1-9 II-10
)i\ CN /I\fi\ CN
HN S H HN S 0

II-12
N N
A\ P\
I CN CN
HN/ks 0 HN*S /l\{
OH
isSepePNsTONn
CN
N Vs N
/N /N
1I-13 11-14
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1002901(xiii) a 6-nmenbered aromatic ring having 0-2 nitrogens wherein said
ring is substituted with 1-4 Re groups, wherein each Re group is as defined
above andwOestrislged herein; or WD 2011/ 034907PCT/ US201@COAB2MO/048916
[00291] (xiVv) INl. E(Re)1 5 fi--..".5 -1-- -(R8)1-4--7-(R8)14 N"F(Re)i-3
-li-t2L(Re)1-3 -1111- LI_3 N wherein each Re is as defined above and

descri bed herein; or 1002921(xv) a 5-nenbered heteroaryl ring having 1-3
het er oat ons i ndependent ly selected fromnitrogen, oxygen, or sulfur,
wherein said ring N bstltuted with 1-3 Re groups, wherein each Re group

is as defined a,tmvé\ esd:rl bed herein; or (xvi)
LT
N N/)\S/Q NN
N )
I1-15

l}\CN

L e

PR

I-17
N
\
! CN N
HN*/S>\ /L\ CN
HN S H
=N
V N N
w0 SRt
N /" on 'QN N" o
II-19 -~ II-20
N
l/\>\CN \ CN
f f ! JQJ\
A
II-21 1I-22
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((ec, (NN 1-(Re)i-3(R)1-2 (NN -irRe 0 5( ?1:71-(Re)1_3 00" c' 1(N
---(Re)1-2
WO 2011/034907 PCT/US2010/048916

N N
U e />‘C”

HN™ S l
I f S
J\

N *ONNW{\ ﬁN

N
11-23 11-24
/'\[\>\CN */>\CN S%F
ﬁ X @Jw ﬁNJ\A X J@)V
11-25 11-26
Da 0 e
ﬁ X JQ/ f X @ 1
127 /N\) 11-28
N/>*CN J\XCN oH o
IL LT ﬁ X M
11-29 11-30
)’lk\ N Y
HN™ S 0 HN*S
~ = CF3 S S
) Q)?i SRR
(\N/\N//'\O = (\N INAOJQ )KEN%
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s(s, ( R8)1-2 S, ( NRe wherein each R and Re is as defined above and
descri bed herein; or [00293](xvii) an 8-10 nmenbered bicyclic, saturated,
parti al | ywonsatasared, or aryl ring having 0-3 het eroat ecg/Useaepesvdent | y
selected fromnitrogen, oxygen, or sulfur, wherein said ring is substituted
with 1-4 Re groups, wherein Re is as defined above and described herein;
[00294](n) L is -N(RC(0)- and Y is selected from WO

2011/ 034907PCT/ U82010/ 048916 [00295] (i) Cl1_6 al kyl substituted with oxo,

hal ogen, NO2, , N\ r 00296] (i) C2.6 al optionally substituted
wi t h oxo, hal og Ny or [00297 &Mﬁ%NG d’i| kynyl optionally

substi tut ed vmt oxo hal ogw or
2L Qk@,

o
N N
- 11-33 -~ 11-34

J\/\>\CN HNJ}CN
b )\ * Y
W AT w;@

II-35 11-36

F

N N
/
/N
11-37 11-38
N N
| ! CN
>N HN/kS 5

N
e
- 11-39 11-40
N N
L o AN
HN S HN 0
S\
Cr IsSea
s
N N/)\/\/N\H/\ //\N N
N 0 N
11-41 11-42
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[00298] (iv) a saturated 3-4 nmenbered heterocyclic ring having 1 heteroatom
sel ected from oxygen or nitrogen wherein said ring is substituted with 1-2
Re gr oupswowharisige7each Re is as defined above and descrChams2tieneson or
[00299] (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 described herein; or
(Re)i-2(Re)1-2 Q Z NNRc\rNN [00300] (vi) 61-25T( 61- , or 2\41-2 , wherein
each R, Q Z, and Re\s as defined above an escribetherein; or

[00301] (vii) a ﬁﬁvﬁf ed 3-$ nenbered caﬁp QNrig1 wherein said ring

is substituted with 1-4 R gr oups, wherein each Re ijs defined above and
descri bed herebm%§nr [©C 5 i) a par |y ated 3-6 menbered
nmonocycl i c ring! having 3 heteroato ' en |y selected from

ni trogen, [oxytyenN or“sul'fur, wherein hidNring i's substituted with 1-4 Re

gr oups, n eaglyzRe is as deprngabove @ad described herein; or
[00303] (i x) a partially unsaturated 3-6 nenbered carbocyclic ring, wherein
said ring is substituted with 1-4 Re groups, wherein each Re is as defined

above and descri bed_herein;
ﬂ\cw //\/>\CN

bv@ ~ riv@ 1

N 11-45 11-46
N N
L e L —on
S HN S
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0-3 [00304] (x) 2, wherein each Re is as defined above and descri bed herein;
or [00305](xi) a partially unsaturated 4-6 nenbered heterocyclic ring

havi ng 1-woheti@gBemrons i ndependently sel ected from nitr ®@GEMUS2@RPEMG OF

sul fur, wherein said ring is substituted with 1-4 Re groups, wherein each
Re is as defined above and descri bed herein; or (Re)1-2 wherein each R
and Re is as defined above and descri bed herein; or [00307](xiii) a

6- menbered aromatic ring having 0-2 nitrogens wherein

HN-N HN
&}\ &)\
HN H HN |
PN 0 PN Q
T N~ s (/\N N~ s
AN~ 11-53 N 11-54
HN-N HN-N
N\
HN/L\)K\ 0 /ki)“‘

N N /\/N
N~ N7 s X
AN I1-55 //g/ﬁ\ ig/A\\
11-56
N’N
H HN’N
ﬁ“ Q*ﬁ ﬁ w
11-57 11-58
HN/N HN’N
11-59 I1-60
HN-N HN-N

e HN
e ot o
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said ring is substituted with 1-4 Re groups, wherein each Re group is as
defi ned above and described herein; or [00308](xiv) r N -7-(Fr)l1-(Re)i-3
wher ei n esioloR3W7as defi ned above and descri bed herei RCTAS2§10080% (xv) a
5-nmenbered heteroaryl ring having 1-3 heteroatons 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 defined above and descri bed herein;
or c."(NN (e (R)l 2 (,SN

HN’ HN-N

W,

b 1, LCVW

11-63 11-64

HN-N HN-N

\
w\ o F HNN\ s-N
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T?71--i Re wherein each R and Re is as defined above and descri bed herein;
or [00310] (xvii) an 8-10 nmenbered bicyclic, saturated, partially

unsat ur atwo,20avo3aq0yl ri ng havi ng 0-3 heteroat ons i ndepemrde&nisky109e89%€t ed
fromnitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4
Re groups, wherein Re is as defined above and described herein; [00311](0)
Lis a bivalent G _g saturated or unsaturated, straight or branched,

hydr ocarbon chain; and Y is selected from [00312] [00313] or CN, or
[00314] or CN; or H&G@BlS] (1) G _6 alkyl Wb titut ed with oxo, hal ogen,
NO2, or CN, (ii) kenyl optionally ute wi t h oxo, hal ogen,
uted wth oxo hal ogen, N2, (ivV)
eroat om sel ect ed

NO2, (iii) C2_6H kynyl optd onallyg subst i
a saturated 3-4 er Jdcri
fromoxygen or hlﬁ@ereln sald ri s s bstltu EL with 1-2 Re
groups, s as defi rp@a“l\aboNe &nd “desc |bed herein; or

N

II-73 11-74
HN/}%}\ y AN
N =
S 'S f ! Okf
N/IZt;\O ° N ”)\O T:S>
N II-75 - NJ II-76 =

HN—N HN—N

/(§>\ /§>\

HN-N HN-N
/§>\ /‘\)\
HN H CN HN 0 JF\
N N\(%SJOH oN SN
| Py </ | Py | P
N 0 B (\N N O
N
N 11-81 - 11-82
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[00316] (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 gr oupswowharisige7each Re is as defined above and descrChams2tieneson or
(Re)i-2 QZ (\'"NNR [00317](Vvi)1-2,1-2 , orl-2 , wherein each R Q Z, and
Re is as defined above and described herein; or WO

2011/ 034907PCT/ US2010/ 048916 [00318](vii) a saturated 3-6 nenbered
carbocyclic ring, wherein said ring is substituted with 1-4 Re groups,

wherein each Re |§Na§ defined above and deswiried herein; or [00319] (viii)
SN

a partially unsat 3- 6 menber ed nonoc i ng haV|ng 0- 3 heteroatons
i ndependent |y sé'l“ect ed fror i nitrogen, oXx wherein said ring
is substituted h 1- 4 Re-grotis, wherelnxgach N defined above and
descri bed her eilh @'A a partl unsat -6 nenbered
carbocycllc mngN rern said ring-i troat FthNI-4 Re groups,
wherein /éwch e is as defined aboveNa/d descrl bed herein;

I1-83 II-84

HN-N HN/N

=

fi hk@ b@%

J -~ I1-86

11-85
~N N
HN
\
HN/g§)N\ HN/&i)M\
B
N
% 11-87 j /N\) 11-88 o S
HNN\ HN = N
\N \N N—
| //F F |
r»\N N4ko/~\ﬂj>rf</ N NékO \?/ 0
N 11.89 0 N 11-90 OH
F F
HN-N HN-N
B o A
HN H HN
f Y O NI e
N N~ 0 NN 0.
/N\/J I1-91 N I1-92
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0-3 [00321] (x), wherein each Re is as defined above and descri bed herein;
or [00322](xi) a partially unsaturated 4-6 nenbered heterocyclic ring

havi ng 1-woheti@gBemrons i ndependently sel ected from nitr ®@GEMUS2@RPEMG OF

sul fur, wherein said ring is substituted with 1-4 Re groups, wherein each
Re is as defined above and described herein; or [00323](xii) O O NR 1-21-2
(Re) 1- 2( Re) 1- 2or

HN’N HN—N
>\
I1-93 I1-94
/N
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wherein each R and Re is as defined above and descri bed herein; or
1003241(xiii) a 6-nenbered aromatic ring having 0-2 nitrogens wherein said
ring is swbpitwasswd with 1-4 Re groups, wherein each ReP@raispoiod4sse defi ned
above and described herein; or [00325] (fr( 1" 1se N,

--(FT3)14-(Re)1 _4-(Re)1_3 wherein each Re is as defined above and descri bed
herein; or [00326] (xv) a 5-nenbered heteroaryl ring having 1-3 heteroatons
i ndependently sel ected from nitrogen, oxygen, or sulfur, wherein said ring
is substituted wi Hh-%-3 Re groups wher ei H h Re group is as defined

above and descrlbgﬂiﬁ%TE|n [00327](XV|
11-103 11-104

HN N

e NS

KJ\/@ J\fN/N ﬁNﬁ)\Ng\

HN-N HN—

P

S -8
@f:“w:*@s JSasante

11-107 1I-108

HN 0 |

| N /[::T/&\§7 | N N/l\§§
NN g N0
o/ M-111 0. I-112
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(N (Re)i-3 (e (R)1-2 cs(NN N=7:21 Re S, ( Ne)i-2

WO 2011/034907 PCT/US2010/048916

HN |
\ N H | NN N/U\/\/N\
(\N = S/\/N\ﬂ/\ (\N =
Y 0 0. 11-114
II-113

J\\ CN F__N KN)“
HN™ S H | HN N,é/\
N0 © N s
0 11-117 0 11-118
/’1\ o w
HN™ S H HN OH
NS ° NS
OQ -119 ° 11-120
HN—N

s 0 NS 0 F
K\N = S = s \N
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< .--\L_Z(Re)1-2 ,'S, Nni-2-%e wherein each R and Re is as defined above
and descri bed herein; or [00328](xvii) an 8-10 nenbered bicyclic,
sat ur at edyvoparttizadory unsaturated, or aryl ring having @C3/Usete/0d1©Ns
i ndependently sel ected 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; WD 2011/ 034907PCT/ US2010/ 048916 [00329](p) L is a
coval ent bond, -CH2-, -NH, -C(0)-, -CH2NH, -NHCH2-, -

I o

HN

S\CN
NEI @ Q*f

o._-

11-123 II-124

N ’ ~N
HN/ﬂ;§>“CN Tﬂ>;>\\

|
~N o SN N=
| Lo | Nt
ﬁN = OU ez N P N Né
o/ cQ I)(
N
\
|
/K/>‘CN AL

Z

B =
ﬁ:&m N0 {

11-127 11128 H

D. PLK Inhibitors

[00376] In some aspects the invention is a compound of Formula III
R4

/K Ra X
Wy Xy vv%xf ' ~z
L/L X

Rb

11

or a pharmaceutically acceptable salt thereof, wherein
[00377] Ra and Rb are independently selected from hydrogen, R, OR, halogen, —
CF; -CN, -C=C-R, -NRxRy, or —-C(O)NRxRz;

88



NHC(0) -, -NHC(0)CH20C(0)-, -CH2NHC(O0)-, -NH SO2-, -NHSO2CHZ2-,

-NHC(0) CH20C(0)-, or -S2NH; and Y is selected from [00330](i) G..6

al kyl subsOi20utsev0n t h oxo, hal ogen, NO2, or CN, or [00B8TIJUSRé/0ER16

al kenyl optionally substituted with oxo, hal ogen, NO2, or CN; or

[00332] (iii) C2_6 al kynyl optionally substituted with oxo, hal ogen, NO2, or
CN;, or [00333](iv) a saturated 3-4 nenbered heterocyclic ring having 1

het er oat om sel ected from oxygen or nitrogen wherein said ring is
substitdﬂ%’dfiw thach R, Ax gemdulBs/ isnhedependeatiy hhyReogen, dewdefalkydd labave and
describ d ﬁ‘? ; WEY 4] (v) a saturated 5-6 menbered heterocyclic ring
havi ng gE) s8fedted from oxygen or nitrogen wherein said ring is

subst i tqt)esiwyvl tlaac]; Rﬂg 1R@1(Qp&ujéﬁtly m&tﬁb@&maﬁpﬁalﬁcl?iﬁahﬁ as defined above and
descri bed herein; (Re)i-2 N QZ 0>C- XNR 1-21-21-2 , or, wherein

each R [09388] aXd aRé"YasleIHs Cdéf Pﬁé@te&b&?euaﬁﬂna‘égcﬁ%@ét heir dirnchgg,

hydrocarbon chain, wherein one, two, or three methylene units of L are optionally and
independently replaced by cyclopropylene, -NR-, -N(R)C(O)-, -C(O)N(R)-, -
N(R)SO,-, -SO2N(R)-, -O-, -C(0)-, -OC(0O)-, -C(0)O-, -S-, -SO-, -SO,-, -C(=S)-, -
C(=NR)-, -N=N-, or -C(=N>)-;

[00381] Z is hydrogen, lower alkyl or a 5 or 6 membered saturated, partially
unsaturated or aromatic ring that contains 0-3 heteroatoms selected from N, S and O,
and contains 0-3 substituents selected from the group consisting of oxo, lower alkyl, -
O-lower alkyl, a halogen, and -CFj;

[00382] W and W, are independently N or CH;

[00383] WyisNorC-Rc

[00384] Rc is R, OR, halogen, —CF; -CN, -C=C-R, -NRxRy, -C(O)Rx or -
C(O)NRxRz;

[00385] R;is-L-Y;

[00386] or Rc and R, taken together with the atoms to which they are bonded form
a 5 or 6 membered partially unsaturated or aromatic ring that contains 0-3
heteroatoms selected from N, S and O, and is substituted with —-L-Y and up to two
other substituents selected from the group consisting of oxo, lower alkyl, -O-lower
alkyl, a halogen, and -CF3.

[00387] The group —L-Y is as described herein in the detailed description of
warheads.

[00388] In some embodiments, Wy is N-Rc, W is CH and W is N.

[00389] In some embodiments, Wy is N-Rc, and Rc and R, are taken together to

form
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[00335](vii) a saturated 3-6 nenbered carbocyclic ring, wherein said ring
is substituted with 1-4 Re groups, wherein each Re is as defined above and
descri bedwbensia3zooor [ 00336] (viii) a partially unsaturarea/u32@onesviver ed
nonocyclic ring having 0-3 heteroatons i ndependently selected from

ni trogen, oxygen, or sulfur, wherein said ring is substituted wth 1-4 Re
groups, wherein each Re is as defined above and descri bed herein; or
[00337] (i x) a partially unsaturated 3-6 nenbered carbocyclic ring, wherein
said ring is substituted with 1-4 Re groups, WRerein #ach Re is as defined
above and described herein; p-3 1-2 [00338](x)i wher eiln each Re is as

defi ned abover'and ggscribed erein; OrR 20114034907PCT/ US2010/ 048916

[ 00339] (xi) a pargial N'RwyasSat ur at ed 4-6w%;qpéfe erocyclic ring having
1-2 heteroatons i hdependgntly selected from nitrogen, oxygen, or sulfur,
wherein said ring]is subgtitutedomith 1-4

) wherein each Re is as
defi ned above scC herein; or [ ’
o) o o)

[00390]  wherein R’ is hydrogen, lower alkyl or a 3-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur.

[00391] In any embodiments of the compounds of formula III, Z can be
Rf

|

Wy

h

——Rd

)

Wi3
|

’U\fl\fb

wherein W, and W3 are independently CH or N, and Rf and Rd are independently
hydrogen; R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy, -C(O)Rx or -C(O)NRxRz:.

[00392] In certain embodiments, R; is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys4 residue in a protein kinase selected from
PLK1 (Cys 67), PLK2 (Cys 96) and PLK3 (Cys 76), thereby irreversibly inhibiting
the enzyme. In particular embodiments, R1 is characterized in that the —L-Y moiety
is capable of covalently binding to Cys96 of PLK1, thereby irreversibly inhibiting the

enzyme.

[00393] Exemplary PLK Inhibitors
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00 AO ANR

("1-01-2 (Re)1-2(Re)1-2or (Re)1-2 wherein each R and Re is as defined
above andwdestwadlwd herein; or [00341](xiii) a 6-nenber @dTAISRIMAOIEI16 | NQ
having 0-2 nitrogens wherein said ring is substituted wwth 1-4 Re groups,
wherein each Re group is as defined above and descri bed herein; or
[00342] (xiv) s(N4. LI TN /me\5 ri -7(R8)14--(rk-)14-r(R)1-3)1-3 ?T'/1-3

/
0o HN N HN
Y = 0
} )\ | T o
N PN
H N N
OMe H
III-1 11-2 OMe
; _-N ~y F
N /[) /< e
o N==" N
X S /L s
HN HN . /
o HN N HN
TN o
‘ )\ o °
Ny 1
H N/ N
OMe H
OMe
I1I-3
I11-4
0,
s
j/ W< N/
o HN HN
HN
ey o
PN °
=
N N
H
OMe
III-5 OMe

OMe
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LN wherein each Re is as defined above and described herein; or [00343](xv)
a 5-nenbered heteroaryl ring having 1-3 heteroatons i ndependently sel ected
from ni t rwgeni1/sxpgen, or sul fur, wherein said ring is ®abaSeeooesdiov th 1-3
Re groups, wherein each Re group is as defined above and descri bed herein;

or RRNN <'e 7 [00344](vi)lr(Re)1-3-2' __I,',i (R)1-2 x ¢
F F
F
F: ; :F F
o N/

OMe
OMe

OMe OMe

I1I-12 13

92



[ 00345] [00346] [00347] NaVi,sfij'' Ne (Re)i-2e)1-2N-1i R 00, 0 ss (( N

7j-2 (Re)i-2 N Re
WO 2011/034907 PCT/US2010/048916

1y
HN

o)

N
OMe H
OMe
I11-14
ICI
(o] HN [¢]
]
/&\
N N
H
OMe
III-16

OMe

HN

OMe OMe
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e)i-3,S
and descri bed herein;

(( -7/-(Re)1-2

or [00348]

sat ur at edvoparttazadory unsat ur at ed,

i ndependently selected fromnitr
is substituted with 1-4 Re group
descri bed herein. In cert
fromthose set forth in Table 3,
t he point of attachnent to the

HN

(N Re wherein each R and Re is as defined above

(xvii) an 8-10 nenbered bicyclic,

or aryl ring having OPBTISR@0OH06TS

ogen, oxygen, or sulfur, wherein said ring

s, wherein Re is as defined above and

ain enbodi nents, the Y group is selected
bel ow, wherein each mavy | i ne indicates

e/; of t%ing?%cule rr_Me NSSIttill 0
N

\N

/}\

N N
H

OMe

II1-22 I1I-23
or rr
u ) P i
A
(o] N (o] o \N o

OMe

OMe

11124 1I-25
cl
° (fo
) )
FBC ‘ XN N F3C ' <N N
N)\N N)\N
H OMe H OMe
111-26 Ni-27
cl
0 (fo
HNj HNj
HN o) /[::T/ HN o) N
F3C S y F3chN .
NJ\N N)\N
H  oMe H  omMe
111-28 I111-29
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WO 2011/034907 PCT/US2010/048916

E. FAK Inhibitors

[00394] In another aspect, the invention is a compound of formula IV:

R
\NH
Rc TJ\N Ry
)\
N N Ra
H

Rb
v

or a physiologically acceptable salt thereof, wherein

[00395] Ra, Rb and Rc are independently selected from R, OR, halogen, —CFj, -
CN, -C=C-R, -NRxRy, or -C(O)NRxRz;

[00396] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00397] each Rz is independently hydrogen, aliphatic, or aryl;

[00398] R’ is
W Rv
/
Rd ~—— ‘
X
(CH2)o2
S

[00399] W isCHorN;

[00400] Rd is hydrogen, lower alkyl, -O-lower alkyl, -CF3,or a halogen;

[00401] Rv is -C(O)NRxRy, -N(Rx)C(O)Rz; -S(O),NRxRy, or -N(Rx)S(0O);Rz;
[00402] R;is-T-L-Y;or

[00403] Ra and R; taken together with the intervening carbon atoms to which they
are bonded form a 5 or 6 membered partially unsaturated or aromatic ring that

contains 0-3 heteroatoms selected from N, S and O, and is substituted with -L-Y and
95



hhhi j i kkk 111MVW i nnOOOPPP 0 eeeef ) ffgggghhhhjiji

WO 2011/034907 PCT/US2010/048916

up to two other substituents selected from the group consisting of oxo, lower alkyl, -
O-lower alkyl, a halogen, and -CF3.

[00404] T is absent or a 3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatoms independently selected from
nitrogen, oxygen and sulfur, and wherein said ring is optionally substituted with 1-4
R® groups;

[00405] each R® is independently selected from —Q-Z, OH, oxo, NO», halogen, CN,
a suitable leaving group, or a Cj aliphatic optionally substituted with oxo, halogen,
NO»,, or CN, wherein:

[00406]  Q is a covalent bond or a bivalent C, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -SO-, or
-50;-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO;-, or —SO;N(R)-; and

[00407]  Z is hydrogen or C, aliphatic optionally substituted with oxo, halogen,
NO,, or CN,

[00408] The group —L-Y is as described herein in the detailed description of the
warheads.

[00409] In some embodiments, Ra and R, are taken together to form
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kkkkMML11Mhnnn vvvvwwwwxxxx OMe N, Me aaaaabbbbbccccc wherein each Re
group depicted in Table 2 is independently selected from hal ogen. In
certain ewbadivmsmog, Rl is -CEL--CH, -CECCH2NH(i sopr opyIPTT/US2010/048916

- NHC( 0) CEECCH2CH3, - CH2- CC- CH3, - CECCH2OH, -CH2C(0)CECH, - C(0)C E-CH, or
-CH20C(=0) CECH. In sonme enbodi ments, Rl is selected from- NHC(0)CH=CH2,

- NHC( 0) CH=CHCH2N( CH3) 2, or -CH2NHC(0) CH=CH2. [003491In certai n enbodi nents,
Rl is selected fromthose set forth in Table 4, bel ow, wherein each wavy

| i ne indicat es\’{he poi nt of attachment to the rest of the nolecule.

AU‘U{:_\
I
L

[00410]
[00411] In some embodiments the FAK inhibitor a compound of formula IVa:

or a physiologically acceptable salt thereof, wherein

[00412] Ring A is a 5 or 6 membered partially unsaturated or aromatic ring that
contains 0-3 heteroatoms selected from N, S and O, and is substituted with —L-Y and
up to two other substituents selected from the group consisting of oxo, lower alkyl, -

O-lower alkyl, a halogen, and -CF3;
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Tabl e 4: Exenmplary RI G oups WO 2011/034907PCT/ US2010/ 048916 Et0 00 N OOEt

aabbccdd N Re N
WO 2011/034907 PCT/US2010/048916

[00413] Ra, Rb, Rc, R; and R’ are as described for formula IV.
[00414]  In other embodiments, the FAK inhibitor is a compound of formula IVb:

R' R
N NH
Lz—"‘_
Rc
\ N
l Rf Ra
/
N N

H

Rb
IVb

or a physiologically acceptable salt thereof, wherein

[00415]  Rf is selected from R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy, or —
C(O)NRxRz;

[00416] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00417] each Rz is independently hydrogen, aliphatic, or aryl;

[00418] Ring A and Ring B are independently a 5 or 6 membered saturated,
partially unsaturated or aromatic ring that contains 0-3 heteroatoms selected from N,
S and O;

[00419] L, is a absent, a covalent bond, a bivalent C;g saturated or unsaturated,
straight or branched, hydrocarbon chain, wherein one, two, or three methylene units
of L are optionally and independently replaced by cyclopropylene, —-NR-, -N(R)C(O)-
, -C(O)N(R)-, -N(R)SO»-, -SO;N(R)-, -O-, -C(0O)-, -OC(0)-, -C(0)O-, -S-, -SO-, -
S0;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N3)-. When L, is absent, Ring A and Ring
B are fused or joined through a spiro atom.

[00420] Ra, Rb, Rc¢, and R’ are as described for formula IV,

[00421] R, is —L-Y; and -L-Y is as described herein in the detailed description of
the warheads.

[00422] In some embodiments, Rings A and B are independently piperidine,
tetrahydropyran, tetrahydrothiopyran, piperazine, dioxane, dithiane, morpholine,
pyrrolidine, tetrahydrofuran, tetrahydrothiophene, benzene, pyridine, pyrrole,

thiophene.
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[00423] Exemplary FAK inhibitors
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000000PPPPPPti qgqqgrrrrrrssssss 00 FO IF 1\1/ Ow
UUUUUUVVVVVVWWWWWOT XXXXXX wherein each Re is independently a suitable

| eavi ng gwoup11/08@d7 CN, or oxo. B.ZAP70 I nhi bitors [003F0TIUus2ane4sspect ,
the invention is a conpound of fornmula I-a, I-b or I-c: or a
pharmaceutically acceptable salt thereof, wherein: [00351] each of Ra Rb,
Rc, Rd, and Rf are independently selected fromR, OR hal ogen, -CF3, -CN,
-C---=CRor -C(O)NHRz; [00352] Rg is selected fromR, OR, hal ogen, -CF3
and a 5-10 nmenbered nonocyclic o,/blcycllc saturated, partially
unsaturated, or aryl ring contai |ng -3 het eroatons independently sel ected
fromthe group consisting of HN r en, oxygen, and sulfur that is

optionally substituted with R halogen or 100353leach is
i ndependent | y, hydr ogen, Iomer | ower hal oal kyl or |o a@ycl oal kyl ;

[ 00354] each IS |ndependent ydrogen al i phatic or arylﬁd[00355] X1 is
-NH C( 0) - 0) NH- ; N
H

NH
|
J\ R N
N//'\N
OMe /f H OMe
IvV-29
o]
@fLN/ .
H s?
NH /\./N' o
Cl N N/\/
|
N/)\N
H  Ome
IvV-31

F. JAK3 Inhibitors

[00424] In another aspect, the invention is a compound of formula V
Ry’ /

Ve o
AN § <
X Rb °
jost
Re N/// N

or a physiologically acceptable salt thereof, wherein
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WO 2011/ 034907PCT/ US2010/ 048916 [00356]Ring Ais a 4-10 nenbered
nonocyclic or bicyclic, saturated, partially unsaturated, or aryl ring

cont ai ni yoQeB/d3e0er oat ons i ndependent |y sel ect ed from PoE/Uuse@0p489060Si St i ng
of nitrogen, oxygen, and sulfur; and [00357] Rl is -L-Y. The group -L-Y is
as described herein in the detailed description of the warheads. [00358]1n
sone enbodi nents, Rb is bonded to the 5 position of the pyrimdinyl ring,

and the con})ound is of formula I-d, l-e or |-f. [00359] I n some
embodi melif423s BonBbuRa. B, ask Ripee md%penfieqsly gelested) frem B,-@Rohalpggn R ng A
is sel ec&n%d_offr omt he group consisting of: Rl Rl

[00426] each R is independently hydrogen, C,-Cs alkyl, C,-C¢ alkenyl, C;-Cs
alkynl, or lower haloalkyl;

[00427] R, or Ry’ is -L-Y, with the proviso that when R; is -L-Y, Ry’ is hydrogen
or lower alkyl, and when R’ is -L-Y, R is hydrogen or lower alkyl.

[00428] The group —L-Y is as described herein in the detailed description of the
warheads.

[00429] In some embodiments, Ra, Rb, Rc, Rd and Rf are each hydrogen. In
particular embodiments R, is —L-Y.

[00430] In certain embodiments, R; is characterized in that the —~L-Y moiety is
capable of covalently binding to a Cys909 in JAK3, thereby irreversibly inhibiting the

enzyme.

{00431] Exemplary JAK-3 Inhibitors
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RO RR RgrN“R Rf RL Rg- ' Rf and R WD 2011/ 034907PCT/ US2010/ 048916
1003601l n particul ar enbodinents, Rl is characterized in that the -L-Y
noi ety i swoapabi3eoof coval ently binding to Cys 346 of ZARPTQAS2010@#89My
irreversibly inhibiting the enzyne.

*@jiw/\~ [::L H%[:j} A
N N chﬁu‘” Njﬁcn N \‘ON
NS N o N Y\CN
“\ ~ N & P \ N > \ 0
N N
V-1 V-2 H
AL O ey Ova
AN \
o)
N N
L L Ll
N N N N
H H
V-4 V-5
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C. FLT3 Inhibitors [00362] I n anot her aspect,
I'l-d:

formula I1-a,

I'l-b,

I1-c or

I1-d or awpharvmaematically acceptable salt thereof,

N or

C- Rb;

[00364] Wis N or CH

the invention is a conpound of
WD 2011/ 034907PCT/ US2010/ 048916 I|1-c
whePeTus2u00803d W is

{
/‘\\ i N i
\\/LK‘.._‘N\ \/ \P/\ CN ‘NI \\( \ 0
NS © NN
_ H
N N
H V-10
V-9

2 N g N
o) N CN I
N SN \[0(\ kN "N
m A N 5 H
N N -
H N N V-13
H
V-11
V-12
G. JNK Inhibitors
1. Formula VI
[00432]  In other aspects, the invention is a compound of Formula VI

Ra

VI

or a physiologically acceptable salt thereof, wherein
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[00365] X is NH, CH2, 0 or S; [00366] each of Ra and Rb are independently
selected fromR, OR, halogen, -CF3, - CN -NRxRy, or -C(0)NHRz; [00367]each
R, Rx andwBypoiisiqedependent |y hydrogen, |ower alkyl, |orer/usadiomahsoys, or
| ower cycl oal kyl; [00368] each Rz is independently hydrogen, aliphatic, or
aryl; [00369]Z is hydrogen or a solubilizing group; 1003701 Ring Ais a
4- 10 nmenbered nonocyclic or bicyclic, saturated, partially unsaturated, or

aryl rin taini -3 het er oat ons independently sel ected fromthe group
coxsi st ﬁ&gﬁi niter ggeﬁ?’ R grpbRi angrindepgndantly selyotgg foma RoORRbalogen, - Y, “wi t h

the proviep.dlaic=200RNNRKE S apd= O 3s R OR halogen, -CF3, -CN,
-G :PC- RCof C(g) NHRZ, ancfs\?\/fl]en &Imq% -L-Y, Rl is R OR halogen, -CF3,

-CN, - CHO9E4R orachCR)) RKRand Rie igriodgpendentyi Bydisgeteslomicbedkyleriewer i n t he

. g : h
det ai | e(cjihaqig%rll(l%gl on Cg;‘c}({aﬁgdwar heads. [00372] In sone enbodi nents, the

compoun s of Formu , 11-b, Hc or Hd, and Z is nethoxypropyl am no,

di net hyl [0e433)10 esichi [z Behdptattntly apilolen, atiphiccoNgysti ng of Rd
[00436] Ring A is a 3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

[00437] X is a bond or a bivalent C;-Cs saturated or unsaturated, straight or
branched hydrocarbon chain wherein optionally one, two or three methylene units of
the hydrocarbon chain are independently replaced by -NR-, -O-, -C(0)-, -0C(0)-,
-C(0)0-, -S-, -S0O-, -80;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N»)-;

[00438] X, is a bond or is a bivalent 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring containing 0-3 heteroatoms independently
selected from the group consisting of nitrogen, oxygen, and sulfur;

[00439] R,y is -L-Y. The group -L-Y is as described herein in the detailed
description of the warheads.

[00440] In some embodiments, X, is a bivalent six member ring wherein R1 is
bonded para to the ring atom that is bonded to X. In particular examples of this

embodiment, X; is

[00441] ~ Wherein * indicates the point of attachment to X and ** indicates the point
of attachment to R ;.

[00442]  In some embodiments, X and X are both a bond and Ring A is
Ra

Rq R4 R
N
y or
_
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o Rd /?

WO 2011/034907 PCT/US2010/048916

[00443] In certain embodiments, R, is characterized in that the —L-Y moiety is
capable of covalently binding to a CysS residue in a protein kinase selected from
INK1 (Cys 116), JNK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R, is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of JNK1, thereby irreversibly

inhibiting the enzyme.

[00444] Exemplary JNK Inhibitors of Formula VI
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"Nand _ruAr-u wherein Rd is hydrogen, R OR hal ogen, -CF3,-CN,
-C=CRor -C(O)NHR [00373] In certain enbodi nents, the conpound is of
Formul a IWecotwo3do7d, A is selected fromthe group consiPETIUSQ10/0489RE Rf

CO,Me

109



/VRL z. and Ring wherein W and W are independently nitrogen or
carbon atons. In these enbodi nents, Z is nethoxypropylam no, dinethyl am no
or is selwoted/dBswm t he group consisting of and;  PCT/US2010/048916

VI-13 N7 ‘N RN
AN " cl
| H
N d VI-14

VI-15 N/kN Vi-16 N/]\

F ) /T
. : Cl : a
[o] [o]
H
T UL
H N / H
L A \
NH oH NH
NC
VI-17 N/ku N/kﬂ
\I VI-18 \I
T T
H H
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wherein Rd is hydrogen, R, OR halogen, -CF3, -CN, -CE---C-R or -C(0)NHRz.
[00374]In certain enbodinents, RL is characterized in that the -L-Y noiety
i s capablwoabiiesyarent |y binding to a Cys2 residue in aPpraiSeém/oksmase
selected from FLT3 (Cys 828) and MEK1 (Cys 207), thereby irreversibly
inhibiting the enzyne. In particular enbodinents, RL is characterized in
that the -L-Y noiety is capable of covalently binding to Cys 828 of FLTS3,

thereby irreversibly |nh|b|t|ng the enzyne. [00375] Exenplary FLT3
inhibitors CNH SO NS N 11- N CN

**C“Cg %Qﬁo\

/"/\" :JLNO\ ﬂ/@ 1

[o)

vI-21 N/kr )\

VI-22 N ‘N

NH

/

/
I

Iz

2. Formula VII

[00445] In another aspect, the invention is a compound of formula VII

Rd

AN

5
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HN SO NN N HNfCN S NS N 11-13 HNS\ CN OH N

WO 2011/034907 PCT/US2010/048916

or a pharmaceutically acceptable salt thereof, wherein

[00446] n is one, two, or three;

[00447] Ra, Rb, Rc and Rd are independently selected from R, OR, halogen, —CFj3,
-CN, -C=C-R, -NRxRy, and —C(O)NHRz;

[00448] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00449]  each Rz is independently hydrogen, aliphatic, or aryl;

{00450] R’and R’’ are independently hydrogen or halogen;

[00451] X s a bond, or is selected from the group consisting of

X A N
IS CINGING
= X; , R s and

/R P
Ry
e
[00452] X,;isO,NHorS;
[00453] W is CH; or NH;
[00454] R, is-L-Y. The group —L-Y is as described herein in the detailed

description of the warheads.

[00455] In some embodiments, Ra, Rb and Rc are hydrogen, Rd is methyl, and X is
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CN S 11-14 HN SO I NN 11-16

WO 2011/034907 PCT/US2010/048916
Ry
SS)
~ R1
S P R,
N
X1 ’ p o ’ or
2 /,
Ry

2

[00456]) In certain embodiments, R; is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys5 residue in a protein kinase selected from
JNK1 (Cys 116), JNK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R, is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of INK1, thereby irreversibly
inhibiting the enzyme.

[00457] Exemplary JNK Inhibitors of Formula VII
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"-NNO 11-2111-22

11-1711-18 "
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WO 2011/034907
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Cl
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\ r ru ON HNSH I HNS---=----\ )NNN )'NN /N ..--:-, -.

11-2711- 28 N )1_CN HNS
WO 2011/034907

vIL-7 v |
AN

Cl
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N NN 11-4311-44 HNHN -N HN-NHN - N

CN HN SOHN N1) *- -

) (- NCN HNS

PCT/US2010/048916

WO 2011/034907

Cl

VII-14

Ci

VII-16

VII-15

Cl

o}
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HN- NHN- N HN- NHN- N HN- NHN- N 11-6911-70 HN-N

WO 2011/034907 PCT/US2010/048916

VIL-17 W ]
N\
N

R, .

VII-19 ci

3. Formula VIII
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HN --N HN-N HNN N NO 11-79 HN-N HNO-N AN N O 11-78 HN-N HHN N

WO 2011/034907 PCT/US2010/048916

[00458] In another aspect, the invention is a compound of formula VIH

R4
\T2
(CHa)n, TRXRy
Z4 (CHy)n
/
X4
Ra
R
= X \
1 [T
\ " / / N/
H Rb H
VIII

or a pharmaceutically acceptable salt thereof, wherein

[00459] n and n; are independently zero, one, two, three or four;

[00460] Ra, Rb, and Rc are independently selected from R, OR, halogen, —-CF3;_ -

CN, -C=C-R, -NRxRy, and -C(O)NHRz;

[00461] each R, Rx and Ry is independently hydrogen, lower alkyl, lower

haloalkyl, or lower cycloalkyl;

[00462] each Rz is independently hydrogen, aliphatic, or aryl;

[00463] R’ is halogen;

[00464] X, and Z; are independently -N(Ry)-C(O)-, -C(O)-N(Ry)-;

[00465] Z; is a bond or a 4 to 10 membered monocyclic or bicyclic, saturated,

partially unsaturated or aryl ring having 0-3 heteroatoms independently selected from

nitrogen, oxygen and sulfur;

[00466] R, is —L-Y. The group —L-Y is as described herein in the detailed

description of the warheads.

[00467] In some embodiments, R’ is chloro and Ra, Rb and Rc are each hydrogen.

[00468] In some embodiments, X; is —N(Ry)-C(O)-, n is three, and Ry and Rz are

both methyl. In additional embodiments, Z, is —C(O)-N(Ry)-, n; is zero, and Z, is a
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NONNO 11-80 HN -N H\N-N  H NCNHN N OHI A SNNONDO

WO 2011/034907 PCT/US2010/048916

5 or 6 membered monocyclic saturated or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen and sulfur. In alternative embodiments,
7, is ~C(0O)-N(Ry)-, and Z, is a bond.

[00469] In certain embodiments, R; is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys5 residue in a protein kinase selected from
JNKI1 (Cys 116), JNK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R, is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of INK1, thereby irreversibly
inhibiting the enzyme.

[00470] Exemplary JNK Inhibitors of Formula VIII
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HN-N 11- 106 [1-123 D. PLK I nhibitors [00376] I n sone aspects the

I nvention is a conmpound of Fornmula Il RlL RaX
WO 2011/034907 PCT/US2010/048916
S
F \N
\< / \ L \N/
N N

/ﬁ

CrCry UL

vi-7 VIII-8

0 E N
~ /( 0 N
\N/N /N o\/</o

VIII-11

4. Formulas IX and IX-a
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WWZ NIIl Ro or a pharmaceutically acceptable salt thereof, wherein
1003771 Ra and Rb are independently selected fromhydrogen, R OR, hal ogen,
- CF3, - ONp-2biRxBy9070r - C(0) NRxRz; [003781 each R, Rx amdTR52019/048916

i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;
[ 003791each Rz is independently hydrogen, aliphatic, or aryl; 1003801X a

bi valent Cl1 8 saturated or unsaturated, straight or branched, hydrocarbon
chai n, wherein one, two, or three rrethyl ene units of L are )?tlonally and

i ndepend@@fﬂlly rbplaa@tbdr bweeycth@pnwylbenlé a CNmpounct\l(OIQ)@(royﬂa I (g(roaiN( R-, -
N(R) S02-, -SO2N(R)-, -0-, C(O) -OC(O) )0 5, " , -SO2-,
-C(=95)-, - (=NR)-, - N-, C( =N2) - [00 hydrogen | oner al kyl
or a 5 or 6 menbered 1aturated partially ted or aromatic ring that
contains 0-3 heteroatjons selected fromN, $ and O,| and contains 0-3
substituents sel ect roma t he group oxo, |ower alkyl, -

O-1 ower al kyl, a Kal ob( and -CF3; 10 W oare |ndependently N or
CH, [003831 W is |N or “C{Rc

HN
/ Rc/\/
1,
X X
R
Rg

Ra

Rb

[X-a

or a pharmaceutically acceptable salt thereof, where

[00472]) Ra, Rb, Rc, Rd, Rf and Rg are independently selected from R, OR,
halogen, —CF; -CN, -C=C-R, -NRxRy, and -C(O)NHRz;

[00473] each R, Rx and Ry is independently hydrogen, lower alkyl, lower

haloalkyl, or lower cycloalkyl;
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[003841 Re is R OR halogen, -CF3, -CN, -CCR -NRxRy, -C(0)Rx or -
C(O)NRxRz; [00385]R1 is -L-Y; [003861 or Rc and Rl taken together with the
atons to wbietvwkwy are bonded forma 5 or 6 nenbered pacTitskoig/ousysat ur at ed
or aromatic ring that contains 0-3 heteroatons selected fromN, S and O,
and is substituted with -L-Y and up to two other substituents selected from
the group consisting of oxo, |ower alkyl, -0-lower alkyl, a hal ogen, and
-CF3. [00387] The group -L-Y is as described herein in the detail ed

descri ptlDoA74bf ewmhRead mdepOGiEs® hydogmnealipabodirmedts, W is NNRc, Wis CH
and W i -, 10038 In sonme enbodi nents, Is NNRc, and Rc and Rl are

t aken t(@%‘yﬁbr 015131]8}%6“’[ 00390] wherein RV\iX/s hydrogen, |ower alkyl or a

3-10 nenbes@f NENOEY6lilentWondiot ¥ Givalent E3% Witaiaed, ornakitudkddy stigiatatr at ed, or
aryl ring having 0-3 heteroatons independently sel ected fromnitrogen,

oxygen, bagrehed; fydrocartonadpin, wheggiy WabbY: EfhEegnethieng grsb 0hds8t f or nul a
i,z %%Boxpaqu%nglliﬁgepen@ltly replaced by cyclopropylene, —-NR-, -N(R)C(O)-, -

C(O)N(R)-, -N(R)SO3-, -SO;N(R)-, -O-, -C(O)-, -OC(0)-, -C(O)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=Ny)-;

[00477] Ring A is an 3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

[00478] R, is —-L-Y. The group —L-Y is as described herein in the detailed
description of the warheads.

[00479] In some embodiments, the compound is of Formula IX, wheremn R’ is
fluorine, Ra is methoxy, and Rb, Rc, Rd and Rf are each hydrogen.

[00480] In other embodiments, the compound is of Formula X-a wherein R’ is
fluorine, Ra is methoxy, and Rb, Rec, Rd and Rf are each hydrogen, and Ring A is a
six membered aromatic ring.

[00481] In certain embodiments, R, is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys5 residue in a protein kinase selected from
JNK1 (Cys 116), INK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R; is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of INK], thereby irreversibly
inhibiting the enzyme.

[00482) Exemplary JNK Inhibitors or Formula IX or IX-a
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wherein W2 and WB are independently CH or N, and Rf and Rd are

i ndependently hydrogen; R, OR, halogen, -CF3, -CN, -CEEC-R -NRxRy, -C(0)Rx
or -C(0) NReRa11/03®2392] I n certain enbodinents, Rl is clrarast@wiozsdde i n t hat
the -L-Y noiety is capable of covalently binding to a Cys4 residue in a
protein kinase selected fromPLK1L (Cys 67), PLK2 (Cys 96) and PLK3 (Cys
76), thereby irreversibly inhibiting the enzynme. In particular enbodi nents,
Rl is characterized in that the -L-Y noiety is capable of covalently

bi nding to Cys96 of PLK1, thereby ikreversibly inhibiting the enzyne.
[00393] Exenplary PLK Inhibitors 111-3 111-4 111-50v NC

o
/K/U\/ ° \N)\/o
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Oowvwe 111-23 Ow 111-25 C yoco HN'HN WD 2011/ 034907PCT/ US2010/ 048916
E. FAK I nhibitors

WO 2011/034907 PCT/US2010/048916

5. Formulas X and X-a

[00483] In another aspect, the invention is a compound of formula X or formula X-

Ra

Ra

or a pharmaceutically acceptable salt thereof, wherein

[00484] n is one, two, or three;

[00485] Ra, Rb, Rc, Rd and Rf are independently selected from R, OR, halogen, —
CF; -CN, -C=C-R, -NRxRy, and —C(O)NHRz;

[00486] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00487] each Rz is independently hydrogen, aliphatic, or aryl;

[00488] R’ is a halogen;

[00489] X is —C(O)NRx- or -NRx-C(O)-;
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1003941 I n another aspect, the invention is a conpound of fornmula IV: NH Rc
Ro I'V or a physiologically acceptable salt thereof, wherein [00395] Ra, Rb
and Re arwoiznddpessdent|y selected from R, OR, hal ogen, PCF31S20100M910NRXRy,
or -C(0)NRxRz; [00396] each R, Rx and Ry is independently hydrogen, |ower
al kyl, I ower hal oal kyl, or |ower cycloal kyl; [00397] each Rz is

I ndependent|y hydrogen, aliphatic, or aryl;

[00490] Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

[00491] R, is -L-Y. The group —L-Y is as described herein in the detailed
description of the warheads.

[00492] In other embodiments, the compound is of Formula X wherein R1 is
fluorine, and Ra, Rb, R¢, and Rd are each hydrogen.

[00493] In other embodiments, the compound is of Formula X-a wherein R’ is
fluorine, and Ra, Rb, Rc, and Rd are each hydrogen, and ring A is a six membered
aromatic ring.

[00494] In certain embodiments, R; is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys5 residue in a protein kinase selected from
JNK1 (Cys 116), INK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R; is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of INKI, thereby irreversibly
inhibiting the enzyme.

[00495]) Exemplary JNK Inhibitors of Formulas X and X-a.
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"-jar[00399]Wis CHor N, [00400] Rd is hydrogen, |ower alkyl, -0-Iower

al kyl, -CF3,or a halogen; [00401] Rv is -C(0)NRxRy, -N(Rx)C(0)Rz;

- S( 0) 2NRARY,200r034M(f Rx) S(0) 2Rz; [00402] Rl is -T-L-Y; orPCr0B4a8j489Ra and Rl
taken together with the intervening carbon atons to which they

X-9

0. Formula XI

[00496] In another aspect, the invention is a compound of formula XI

I X
Y Y m
Rc// I/@\ :
NC I_/ “<\/N Ra

X1
or a pharmaceutically acceptable salt thereof, wherein
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are bonded forma 5 or 6 nenbered partially unsaturated or aromatic ring
that contains 0-3 heteroatons selected fromN, S and O, and is substituted
with -L-Weardi@B4%ap to two ot her substituents sel ect edPCramseelos4gyn©Up
consi sting of oxo, |ower alkyl, - O-lower alkyl, a halogen, and -CF3.
[00404] T is absent or a 3-10 nenbered nonocyclic or bicyclic, saturated,
partially unsaturated, or aryl ring having 0-3 heteroatons independently
sel ected fromnitrogen, oxygen and sul fur, and wherein said ring is

opt i onal[b§495bsRitRib,RE aridt d drednRepegdontipselef©0405] Refh hilegés Ofdependent | y

sel ected om - ,  0X0, hal ogen, CN, a suitable |eaving group, or
a d_6 aP%h‘gjﬁgéﬁﬁ%ﬁaﬁéy‘%%@ﬁRﬁt ed with oxo, hal ogen, NO2, or CN,
wher ei n:jp649Rf06L4hi R, BRE MR RY iPORELdeAtIDi Nﬁir@%tn_, Gbwbr S@tlr asvast or

chai

unsat urated, straight or branched, hydrocarbon n, wherein one or two
met hyl erhelaghiyl.or ddwap caelealbpli onal |y and i ndependently replaced by -N(R)-,

=S, - O-rpnidat 0) - - - - =80 o - SQP- -N(R)C(0)-, -C(0)N(R)-,
-N(R) 8029(,)49(% %BI\I%% %d-eg%ﬁg%gﬁdff%% ghllzll%(ﬁlf ’oogen 1()r Cl 6 aliphatic

opt i onal[Dg5@YbsKiit vCE)NR A-foroxi® x-G@D)pgen, NCO2, or CN. [00408] The group
-L-Y is as described herein in the detail ed descripti.on of the warheads.

[ 00409] W?ISOSIJ)rreRerfﬁoﬂi'ﬁenTn,e EUBNd-R1 1S3 P8 e ﬁdtlgeé%‘f‘hlgrthfod‘?t%l [ 00410]

description of the warheads.

[00502] In some embodiments, X is —C(O)NRx, and Ra, Rb, Rc and Rd are
hydrogen.

[00503] In certain embodiments, R, is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys5 residue in a protein kinase selected from
JNK1 (Cys 116), INK2 (Cys 116), and INK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R; is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of JNKI, thereby irreversibly
inhibiting the enzyme.

[00504] Exemplary JNK Inhibitors of Formula X1
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[00411] In sone enbodi nents the FAK inhibitor a conmpound of formula IVa: NH
Ro I'vVa or a physiologically acceptable salt thereof, wherein [00412] Ring A
is ab orwbamamseroed partially unsaturated or aronmatic PCRgSthaw4g9oant ai ns
0-3 heteroatons selected fromN, S and O, and is substituted wth -L-Y and
up to two other substituents selected fromthe group consisting of oxo,

| oner al kyl, - O-lower alkyl, a halogen, and -CF3; WD

2011/ 034907PCT/ US2010/ 048916 [00413]Ra, Rb, Rc, Rl and R are as descri bed
for formula IV. [00414] In other epbodi ments, the FAK /hbitq; is a

Canpouna of/fornu|a|Vb ? # i N.,
ICJJD I@&

reat i <
T@%\f} I@Qj}

SRl Uy
g%&q B

XI-6
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R1 Rb 1 Vb or a physiologically acceptable salt thereof, wherein [00415]
Rf is selected fromR, OR hal ogen, -CF3, -CN -NRxRy, or - C(0)NRxRz;

[ 00416] ewiolzoR/03®07and Ry is i ndependently hydrogen, | owrer/uskkyplossoiower

hal oal kyl , or lower cycloal kyl; [00417] each Rz is independently hydrogen,
aliphatic, or aryl; [00418] Ring A and Ring B are independently a 5 or 6
menbered saturated, partially unsaturated or aromatic ring that contains
0-3 heteroatons selected fromN, S and 0; [00419]L2 is a absent, a coval ent
bond, a bivalent G _8 saturated or unsaturated, straight or brayched,
hydrocar bon chai n, wherei no wo, or three methylene units of\ L are

optionally i ndependent y aced by aoyclgpropyl ene, -NR-, C(O) ,
-C(0)N(R) - (R) SO02-, -SO2N -0-, - -0C(0) -, C(O)O -SO-,

- S2-, =NR) -, - N=N-, - C( N2) -2 is absent, Ring A RlngB
are fuse jomned t hr ough iro ato 042@] Ra, Rb Re\a are as
descri bed sa |V

o ‘ V4 o o ‘ Y/ o b
Nc —~ ) NCI\@N\/Q/N
X7 0 s XI-8 \N}SZL
7

o ,. % ¢ "”’SQ\

NC

XI-12
XI-11

7. Formula XII and XII-a

[00505]  In another aspect, the invention is a compound of formula XII or XII-a
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[00421] Rl is -L-Y; and -L-Y is as described herein in the detailed
description of the warheads. [00422] In sone enbodinents, Rings A and B are
i ndependewol2y1ipisp®ri di ne, tetrahydropyran, tetrahydrot hiPGpgUS2EN/048916

pi perazi ne, dioxane, dithiane, norpholine, pyrrolidine, tetrahydrofuran,

tetrahydrot hi ophene , benzene, pyridine, rrole. thi ophene. 1
Exenpl ary FAK Inhibitors N4 H OV 1v-6 phene. 1004231

Re

Ra

Rc

Rb
or a pharmaceutically acceptable salt thereof, wherein
[00506] Ra, Rb, and Rc are independently selected from R, OR, halogen, —CF;, -
CN, -C=C-R, -NRxRy, and -C(O)NHRz;
[00507] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00508] each Rz is independently hydrogen, aliphatic, or aryl;
[00509] R’ is a halogen;
[00510] X is —~C(O)NRx- or -NRx-C(O)-;
[00511] Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;
[00512] R, is -L-Y. The group -L-Y is as described herein in the detailed
description of the warheads.

[00513] In some embodiments, the compound is of Formula XII and Ring A is
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WO 2011/ 034907PCT/ US2010/ 048916 F. JAK3 I nhi bitors 1004241 | n anot her

aspect, the invention is a conpound of fornula V RL,,,,N,,,,,
R'...... W0.2011/034907. . . . . . 00,00,...---..../ NCN 1 Rd RaPR/US2010/048916
M- - \\,Rb
/R1 T1 R1
N N R
2
5 ) ) %
) \SS \SS CS

In additional examples of this embodiment, R’ is fluoro, X is -C(O)NRx-, and Ra,
Rb and Rc are hydrogen.

[00514] In other embodiments, the compound is of Formula XII-a, wherein R’ is
fluoro, X is -C(O)NRx-, and Rb and Rc are hydrogen.
[00515] In certain embodiments, R; is characterized in that the —L-Y moiety is
capable of covalently binding to a Cys5 residue in a protein kinase selected from
JNK1 (Cys 116), JNK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzyme. In particular embodiments, R; is characterized in that the —L-
Y moiety is capable of covalently binding to Cys 116 of INKI, thereby irreversibly
inhibiting the enzyme.

[00516] Exemplary JNK Inhibitors of Formula XII and XII-a
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2 N NH or a physiologically acceptable salt thereof, wherein 103 [00425]
Ra, Rb, Re, Rd, and Rf are independently selected fromR, OR, hal ogen and

- CF3; [ooxoepuaskwoR i s i ndependent|y hydrogen, Cl-C6 al egirjusaio@gesoas kenyl ,
Cl1-C6 al kynl, or |ower haloal kyl; [00427] Rl or R1' is -L-Y, with the
proviso that when R1 is -L-Y, Rl' is hydrogen or |ower alkyl, and when Rl
is -L-Y, RL is hydrogen or |ower alkyl. [00428] The group -L-Y is as
described herein in the detail ed description of the warheads. [00429] In
some enbodi nents, Ra Rb, Re, Rd andQQiJfre each hydrogen. [n\part$icul ar

enbodi nent s m_t:ii%;
0,5
} i? \
% N

g
XII-1 X112 \N

s r‘%

XII-3

N
X114

XII-5 XI1-6
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[00430]In certain enbodinents, Rl is characterized in that the -L-Y noiety
is capable of covalently binding to a Cys909 in JAK3, thereby irreversibly
i nhi bi ti nyotzhe/swwynme. [ 00431] Exenpl ary JAK-3 | nhi bi t ®C3/US20104048916

2011/ 034907PCT/ US2010/ 048916 V-12 G INK Inhibitors 1. Fornula VI 1004321
In other aspects, the invention is a conpound of Formula VI

==
\/ N o
ol ‘ p.
NC
XII-7
Qﬂ/ﬂ
N s
F b ‘ Y.
NC
XII1-9
H
; 7/" s
F o ’ Vi
NC
XII-11 X1I-12

H. RON Inhibitors

1. Formulas XIII-a and XIII-b

[00517]  In another aspect the invention is a compound of formula XIII-a or XIII-b
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Rf Rd HN--1 VI or a physiologically acceptable
salt thereof, wherein 1004331 Ra, Rb, Rc, Rd and Rf are independently
sel ect ed woamiR34OR, hal ogen, - CF3, -CN, -NRxRy, and - CPOrNSERz/01£3dé341
each R, Rx and Ry is independently hydrogen, |ower alkyl, |ower haloal kyl,
or | ower cycloal kyl;

Ra

XIII-b

or a pharmaceutically acceptable salt thereof, wherein
[00518] Ra, Rb, Rc and Rd are independently selected from R, OR, halogen, —CFj3,
-CN, -C=C-R, -NRxRy, and —-C(O)NHRz;
[00519] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00520] each Rz is independently hydrogen, aliphatic, or aryl;
[00521] R, is hydrogen optionally substituted aryl, or optionally substituted
heteroaryl;
[00522] X is a bond or a bivalent C-Cs saturated or unsaturated, straight or
branched hydrocarbon chain wherein optionally one, two or three methylene units of
the hydrocarbon chain are independently replaced by —NR-, -O-, -C(O)-, -0C(0)-,
-C(0)0-, -S-, -8O-, -SO;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N»)-;
[00523] Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;
[00524] R, is —-L-Y. The group -L-Y is as described herein in the detailed
description of the warheads.
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1004351each Rz is independently hydrogen, aliphatic, or aryl; [004361R ng A
is a 3-10 nenbered nonocyclic or bicyclic, saturated, partially

unsat ur atw0,20w03a90y! ri ng contai ni ng 0-3 het eroat ons i n#eparsdanikssicel ect ed
fromthe group consisting of nitrogen, oxygen, and sul fur; 1004371X is a
bond or a bivalent Cl-C6 saturated or unsaturated, straight or branched
hydr ocarbon chain wherein optionally one, two or three nethylene units of

t he hydrocarbon chain are independently replaced by -NR-, -0-, -C(0)-,

- 0C( 0) - ,[00326D) OPrefersbly in S comPORads ofCfermuNRI -2 NeXbrmube XIOCENDE-; 1004381

X1 is a bond or is a hjvalent 3-10 red nagycl or . bi.cyclic,
sat ur at é‘b?‘et%é]?atticapﬁaﬂflst}%@ ]Sf b?tbé)&,g{e%ﬁ‘getg? 3! ’?Pf g%oﬁfﬁﬁ'ﬂ gt ﬁﬁenqém}?-hgg Ne€er oat ons
| ndepen@ﬁﬂ&x{qy a$ ShAet af fdrfrmst RE1-9rAdPXAPBS| Bbid fre@rable tho gty Aatgen, and
sul fur; 00439)%R1 is -L-Y. The group -L-Y is as described herein in the
det ai | e¢oneinsrX pnd Bn ipbondsd todliend Rastion b heominglinggiig witsButusBib¥, X1 is a
bi val ent,_ sij j el ;S bonded para to the ring atomthat is
bonded Eﬂ(‘)e %ﬁﬁggﬁf{égu al\r‘é\@g;[adn%}?iﬂ g’f this enbodinment, Xi is

Ra

e

R, N

R4

XI1II-d
[00526] In some embodiments of compounds of formula XIII-a, XIII-b, XIII-c or
X1lI-d, X is a bond, -O-, -NH-, -S-, -O-CH,-C=C-, -NH-CH,-C=C- or -S-CH,-C=C-.
[00527] In some embodiments compounds of formula XIII-a, XIII-b, XIII-c or
XIII-d, R is phenyl or pheny! substituted with Rf, wherein Rf is selected from R, OR,
halogen, —CF; -CN, -C=C-R, -NRxRy, and -C(O)NHRz;
[00528] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00529] each Rz is independently hydrogen, aliphatic, or aryl.
[00530] In some embodiments, the compound is of Formula XIII-d wherein X is —

O- and ring A is selected from
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1004411 Wherein * indicates the point of attachnent to X and ** indicates
the point of attachnment to RI. [004421 In sone enbodinents, X and Xi are
bot h a bowo 2and3®ong A is W 2011/ 034907PCT/ US2010/ 0489L6/USp@044$314 n
certain enbodiments, Rl is characterized in that the -L-Y noiety is capable
of covalently binding to a Cys5 residue in a protein kinase selected from
NM (Cys 116), .INK2 (Cys 116), and JNK3 (Cys 154), thereby irreversibly
inhibiting the enzynme. In particular enbodinments, RL is characterized in
that the -LRNY noiety is cagrabl e of coval emly binding to Cys 116 of JNKI.,
thereby irrevgrsi bly imhibitN\ng the zZynme.
I nhibitors oPwyl-d VI 11+034907p

&

Rf

[00531] In certain embodiments, R; is characterized in that the —L-Y moiety is
capable of covalently binding to a Cysll residue of RON (Cys 1165), thereby

irreversibly inhibiting the enzyme

[00532] Exemplary Ron Inhibitors of Formula XIII-a and XIII-b.

XII1-4
XH1I-2 XII-3

XIII-1
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NH O NH 2. Formul a VI /| Rb.----- , R'VII

WO 2011/034907 PCT/US2010/048916

XIII-8

XII-5 XIII-6 XI11-7
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or a pharmaceutically acceptable salt thereof, wherein [00446]n is one,
two, or three; [00447] Ra, Rb, Re and Rd are independently selected fromR,
OR, hal 0g®0,2011@B807- CN, - NRxRy, and - C(0) NHRz; [00448] each/uRzoio4somel Ry is
i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;

[ 00449] each Rz is independently hydrogen, aliphatic, or aryl; [00450] R and
R' are independently hydrogen or hal ogen; [00451] X is a bond, or is

sel ected fromthe group consisting of [ 00452] [00453]

HO
e
Y

A

XIII-9

XI1I-10 XIII-11 XITI-12
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[00454] X1 is O, NHor S; Wis CH2 or NH; RL is -L-Y. The group -L-Y is as
descri bed herein in the detailed description of the warheads. [00455] In
sonme enbosDrents490Ra, Rb and Re are hydrogen, Rd is net irgirjusand/oxoiie WO
2011/ 034907 PCT/ US2010/ 048916

XIII-13 XIII-14 XIII-15 XI11-16 XHI-17

X111-21 XII1-22
XIII-18 XII1-19 XI11-20
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[ 00456]In certain enbodinents, RL is characterized in that the -L-Y noiety
is capable of covalently binding to a Cys5 residue in a protein kinase

sel ect ed woemuiska7( Cys 116), JNK2 (Cys 116), and JNK3 @Cyaisi@dj4soder eby
irreversibly inhibiting the enzyne. In particular enbodinents, Rl is
characterized in that the -L-Y noiety is capable of covalently binding to
Cys 116 of JNK1, thereby irreversibly inhibiting the enzynme. 1004571
Exenpl ary I NK I nhibitors of Fornula VII Cl Cl

XII1-23 XIII-24 XI1I-25 XIII-26
XII1-27

) o L

XIII-28 XIII-29 XI111-30

2. Formula XIV

[00533] In other aspects, the invention is a compound of formula XIV
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3.Formula VIl [00458] In another aspect, the invention is a conpound of
formula VIIl RL Z2 (CH2)nINRXRy zi (CH2)ri VIII or a pharnmaceutically
accept ablwo=altto3sdeer eof , wherein [00459] n and ni are i naeparsdenikspieer o,
one, two, three or four; [00460] Ra, Rb, and Rc are independently selected
fromR, OR, halogen, -CF3, - CN -NRxRy, and -C(0)NHRz; [00461] each R Rx
and Ry is independently hydrogen, |ower alkyl, |ower haloal kyl, or |ower
cycl oal kyl ; [00462] each Rz is independently hydrogen, aliphatic, or aryl;

[ 00463] R is hal ogBn; [00464] X1 and Zi are independently -N(Ry)-C(0)-,
-C(0)-N(Ry) -;

Rb\< \ Ra X \R
7 N l 1
/ =
N\ /
N X1V

or a pharmaceutically acceptable salt thereof, wherein

[00534] Ra, and Rb are independently selected from R, OR, halogen, ~CF; -CN, -
C=C-R, -NRxRy, and —C(O)NHRz;

[00535] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00536] each Rz is independently hydrogen, aliphatic, or aryl;

[00537] R, is hydrogen, optionally substituted aryl, or optionally substituted
heteroaryl;

[00538] X is a bond or a bivalent C;-Cs saturated or unsaturated, straight or
branched hydrocarbon chain wherein optionally one, two or three methylene units of
the hydrocarbon chain are independently replaced by —NR-, -O-, -C(O)-, -OC(O)-,
-C(0)0-, -S-, -SO-, -SO;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N3)-;

[00539] R, is -L-Y. The group —L-Y is as described herein in the detailed
description of the warheads.

[00540] In some embodiments, Ra and Rb are both hydrogen, and R; is phenyl or
phenyl substituted with Rc, wherein Re is selected from R, OR, halogen, —CFj3, -CN, -
C=C-R, -NRxRy, and —-C(O)NHRz;

[00541] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00542] each Rz is independently hydrogen, aliphatic, or aryl. In particular
embodiments, R, is phenyl.

[00543] In some embodiments, X is -O-CH,-CH;-O-, —O-(CHy)3-,.or -O-(CHz)s-
C(CH3),-
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[ 004651 Z2 is a bond or a 4 to 10 nenbered nonocyclic or bicyclic,
saturated, partially unsaturated or aryl ring having 0-3 heteroatons
i ndependewOlzgigsh®ct ed from nitrogen, oxygen and sul f ur pCraB4@6j4806 i s
-L-Y. The group -L-Y is as described herein in the detail ed description of
t he war heads. [00467] In some enbodiments, R is chloro and Ra, Rb and Rc
are each hydrogen. 1004681 In sone enbodinents, X1 is -N(Ry)-C(0)-, nis
three, and Ry and Rz are both nethyl. In additional enbodinents, Z1 is

- C(0) - N{(@d544} b destaieembodimdni@? Ri Sis &haxﬁcterizeﬁi methbe tled-hohooyetyiis sat ur at ed

or aryl ring having 0-3 heteroato 'nde ect f ni trogen,
oxygen &?Rﬁbg%lof &PngIPflyale@ngatt(? \f‘e@ﬁ]‘t}o&‘fs fnkf%& S'J lgt); I\I&?‘}% and Z2 is

a bond. |ﬂ1&ﬁﬁ Adeetedi nents, Rl |s characterized in that the
-L--Y WS%etégatlcépa e of gQValently binding to a Cys5 residue in a

protein kinase selected fromJNK1 (Cys 116), JNK2 (Cys 116), and .INK3 (Cys
154), t rev rsi i lblt zyme. In particul ar
enbodlngﬁ¥§gy ?%n lﬁé& W“gkg ?ﬁ%?g?ﬁg -L-Y noiety is capabl e of

kng to Cys 116 of JNKl, t hereby wrreversibly inhibiting the
Exenpl ary I NK | nhi bitors of la VIII WO

2011/ 034907P S2010/ 048916 VIII-5VIII - NO2011/ 034907PCT/ ggaglm 048916
H 3
N 0 N . 0.~ AA
~ TN A N 0]
N /
N N
XIV-2
HO
7 H :L§
’ N
F—~N O~ ~g
N\ — 02
N
XIV-4
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VITT-7VI11-8 4.Fornulas I X and | X-a [00471] In another aspect, the
invention is a conpound of formula IXor XRa R Rg R or a

phar mmcewbpcalllog4@mecept abl e salt thereof, where [00472] PRa/USRINO/0MR916 Rd, Rf
and Rg are independently selected fromR OR, halogen, -CF3, -CN, -CECR
-NRxRy, and -C(0)NHRz; [00473] each R, Rx and Ry is independently hydrogen,
| oner al kyl, |ower hal oal kyl, or |ower cycloal kyl ;

XIV-6

XIV-12

3. Formula XV

[00546] In other aspects, the invention is a compound of formula XV
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WO 2011/ 034907PCT/ US2010/ 048916 100474l1each Rz is independently hydrogen,
aliphatic, or aryl; 1004751R is hal ogen; 1004761X is a coval ent bond or a
bi val ent Vo0 2811gB8wrat ed or unsaturated, straight or bramrchasolopdsooear bon
chain, wherein one, two, or three nethylene units of L are optionally and

i ndependent |y replaced by cycl opropylene, -NR-, -N(RC(0)-, - C(O)NR)-,
-N(R) SO02-, -S2N(R)-, -0-, -C(0)-, -0C(0)-, -C(0)0O-, -S, -SO, -S-,
-C(=9)-, -C(=NR)-, -N=N-, or -C(=N2)-; 1004771Ring Ais an 3-10 nenbered
nmonocyclic or bicyclic, saturated, partially und8&Ryated, or aryl ring
contai ning 0-3 heteroatons independently selectied fromthe group consisting
of nitrogen, oxygen, and sulfur; 1004781Rl i L-Y. The group -L-Y is as
descri bed herein in the detail ed descrgdii, he war heads. [004791 In
sone enbodi ments, the conpound is of For a |l X erein R is fluorine, Ra
is methoxy, and Rb, Rc, Rd and Rf are eacR_hydrogen. 1004801 In ot her
enbodi nents, the conpound is of Fornula I X- rein R is fluorine, Rais
met hoxy, and Rb, Rc, Rd and Rf are each hydrogen, and Ring Ais a siX
menbered aromatic ring. [00481]In certain enbodi nenkg, Rl is characterized
in that the -L-Y noiety is capable of covalntly bi/hding to a Cys5 residue
in a protein kinase selected fromJNKL (Cys JNK. .2 (Cys 116), and
JNK3 (Cys 154), thereby irreversibly inhibiti enzymer, I n particul ar
enbodi nent 3 Rl,is characterized in that the iety/As capabl e of

coval entRzy_Ai pdithg to COys Ti JINKIO<¢ her irpéversfbly inhibiting the
enzyne. 10 21 Exeopl ary NOI t or SO FornT\I alXor IX-a
N /N
0 N N R’
: N \(

XV
or a pharmaceutically acceptable salt thereof, wherein
[00547] Ra, Rb, Rc and Rd are independently selected from R, OR, halogen, —CF3,
-CN, -C=C-R, -NRxRy, and -C(O)NHRz,
[00548] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00549]  each Rz is independently hydrogen, aliphatic, or aryl;
[00550) R, is hydrogen optionally substituted aryl, or optionally substituted
heteroaryl;
[00551] R;and Ry are independently R, OR, -OH, or halogen;
[00552] R’ is halogen;
[00553] X is a bond or a bivalent C-C¢ saturated or unsaturated, straight or
branched hydrocarbon chain wherein optionally one, two or three methylene units of
the hydrocarbon chain are independently replaced by —-NR-, -O-, -C(O)-, -0OC(0)-,
-C(0)0-, -S-, -SO-, -80;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=Nz)-;
[00554] R, is —L-Y. The group —L-Y is as described herein in the detailed

description of the warheads.
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WO 2011/ 034907PCT/ US2010/ 048916 WO 2011/ 034907PCT/ US2010/ 048916
5.Fornmul as X and X-a [004831 In another aspect, the invention is a conpound

of forrmulwoxXoarediwrmula X- Rd a X X-a or a pharnaceut iPcalusgoianesompé abl e
salt thereof, wherein 1004841n is one, two, or three;

[00555] In some embodiments, R is phenyl or phenyl substituted with Rf, R*’ or
Rf and R’’, wherein Rf is selected from R, OR, halogen, —CF; -CN, -C=C-R, -
NRxRy, and -C(O)NHRz;

[00556] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00557]  each Rz is independently hydrogen, aliphatic, or aryl;

[00558] R’ is halogen. For example, in some embodiments Ry is p-halophenyl,
such as p-fluorophenyl, p-chlorophenyl, p-bromophenyl or p-iodophenyl.

[00559] In some embodiments Ra, Rb, Rc and Rd are each hydrogen, and R’ is
fluoro.

[00560] In some embodiments R3 and R4 are each hydrogen.

[00561] In certain embodiments, R, is characterized in that the —L-Y moiety is
capable of covalently binding to a Cysll residue of RON (Cysl1165), thereby
irreversibly inhibiting the enzyme.

[00562] Exemplary Ron Inhibitors of Formula XV
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[004851 Ra, Rb, Re, Rd and Rf are independently selected fromR OR

hal ogen, - CF3, -CN,-NRxRy, and -C(0)NHRz; [004861 each R, Rx and Ry is

i ndependewol2g1tmgdroogen, | ower al kyl, | ower hal oal kyl, orCrraserooysdeal kyl ;

[ 004871each Rz is independently hydrogen, aliphatic, or aryl; [004881lR is
a hal ogen; [004891 X is -C(0O)NRx- or -NRx-C(0)-; WO

2011/ 034907PCT/ US2010/ 048916 1004901Ring A is a 4-10 nenbered nonocyclic or
bi cyclic, saturated, partially unsaturated, or aryl ring containing 0-3

het er oat ons i ndependent|y sel ed fromthe group consisting of nitrogen,
oxygen, and sul fur; [00491] S -L-Y. The group -L-Y is as described
herein in the detail ed desctipfion of the warheads. [00492] In other
enbodi nents, the conpound isNof Formul a erein RL i sNuorine, and Ra,
Rb,  Rc, d are each hydr 100 9 n other e i ments, the

conmpound i
are each h
certain enbo

Formul a X-g fluorine, a , Rb, Rc, anpd Rd

genoO amn ANs a SIX nmenber ed aromat'fc ring. [06494] ]
B hs chawact ed in that the -\L- nnlety\ a bIe
of coval ently bi dlgg to a Cys5 resildu@ in a protelg Ki/nase s ed

JNK1 (Cys 116), JNKZ (Cys 116)y, and 'NK3y (OPs ereby |rrever5|bly

inhibiting the engynme. In %iiilcular enpod| s,—Rl N.gzNcharacterized in

that the -L-Y noiety is capabhe of covalenflyybinding to Cys 116 of INK1,

t hereby irreversibly inhibi g the enzyne. XV-2 NH2
\ )k\/N\
/
©> PR
F
0 N)LN p NN ‘»\ﬁiN
HoOoH o, N \fj
NHZ \¢N

N

F
[ o
\©j\ 0 /@O | N OH
5 NJKN e NN R = CH,, OMe, NMe,
H H
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[ 00495] Exenplary INK Inhibitors of Formulas X and X-a. WO

2011/ 034907PCT/ US2010/ 048916 1004971 Ra, Rb, Re and Rd are independently
sel ect ed woamiR34OR, hal ogen, -CF3, -CN, -CEC- R, - NRxRyPCan$201000INHRz ;
1004981 each R, Rx and Ry is independently hydrogen, |ower alkyl, |ower
hal oal kyl , or |ower cycloal kyl; [004991each Rz is independently hydr ogen,
aliphatic, or aryl; 1005001 X is -C(O)NRx- or -NRx-C(0)-; 1005011R1 is
-L-Y. The group -L-Y is as desgribed herein in the det ai | ed description of
t he war heads. [00502] In sone efbodi nents, X is -C(O)NRx, and Ra, Rb, Re
and Rd are hydrogen. [0050 certain enbodinents Rl is characterized in
that the -L-Y noiety is cap e of covabently blndlng Ha Cysb5 residue in
a proteip ki nase sel ected from JNK1 (Cys\i;ﬁ), JNK2 ( 116), and JNK3

(Cys 154);~thereby |rreverS| |nth+L/Ng t he enzyne! Iﬁ particul ar 2
enbodi ments, is ch inthat the -L-Y nnlqﬂy i s capabl g o%
covalently b|n in 6§L k16»of JRKL-~_ t her eby |rreverﬁjbly |nh|b|Nh@g {he
enzyne. 07N N S I \ﬂ/ 0
- OO
Bk o/\N/\

Xv-6 :
/\ ) XV-7

| N >/Cl
07NN e NN 4_, LN
HoH OJ\NX\/
G I
O0” >N N F oo
H H
XV-9
NH,

\\/\QQ
F N NH;
©\¢L o%ﬁ o (5 \
0] N
o JKNQF NN N \\(/Nj

Xv-11

4. Formula XVI

[00563] In other aspects, the invention is a compound of formula XVI
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1005041 Exenplary INK Inhibitors of Formula XI WO

2011/ 034907PCT/ US2010/ 048916 Xl -6 Xl -5 WD 2011/ 034907PCT/ US2010/ 048916
7. For nul aw#l2b11z03d00X1 | - a 10050511 n anot her aspect, the i RCEMUIS2@O/04E1@
conmpound of forrmula XIl or XlIl-a WD 2011/034907PCT/ US2010/ 048916

R R°
Rs \ /R1
R2 R4 Ra N\X
i PO
o N/U\N F N S AN
H H R,
XVI \
X
Rs /
0 N/H\N Z R Rb/\/N
H H
XVIi-a

or a pharmaceutically acceptable salt thereof, wherein

[00564] Ra and Rb are independently selected from R, OR, halogen, —CF3 -CN, -
C=C-R, -NRxRy, and -C(O)NHRz;

[00565] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00566] each Rz is independently hydrogen, aliphatic, or aryl;

[00567] R, is hydrogen optionally substituted aryl, or optionally substituted
heteroaryl;

[00568] R; and Ry are independently hydrogen, R, OR, -OH, or halogen;

[00569] R’ is halogen;

[00570] R’ and R’’’ are independently selected from R, OR, halogen, —CF; -CN, -
C=C-R, -NRxRy, and -C(O)NHRz,

[00571] X is a bond or a bivalent C;-Cs saturated or unsaturated, straight or
branched hydrocarbon chain wherein optionally one, two or three methylene units of
the hydrocarbon chain are independently replaced by -NR-, -O-, -C(O)-, -OC(0)-,
-C(0)0-, -S-, -SO-, -SO;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=Ny)-;

151



Rc ,NC I b or a pharmaceutically acceptable salt thereof, wherein [00506]

Ra, Rb, and Re are independently selected fromR, OR hal ogen, -CF3, -

CN, - NRxRpwoand/03@00) NHRz; [ 00507] each R, Rx and Ry is ipadasendomntoly
hydrogen, |ower alkyl, |ower haloalkyl, or |ower cycloalkyl; [00508] each Rz
i s independently hydrogen, aliphatic, or aryl; [00509]R is a hal ogen;
[00510] X is -C(0)NRx- or -NRx-C(0)-; [00511]Ring Ais a 4-10 nmenbered
nmonocyclic or bicyclic, saturated, partially unsaturated, or aryl ring

cont ai njg878)- 3 MieiserDat.onbhd nepenbentis yassédsegbeid hereomin Hee gewilpd consi sting

o R tion SR warheaas ' U
[00573] In some embodiments, R, is phenyl or phenyl substituted with Re,
substituted with R?** or substituted with Rc and R>*”’, wherein Rc is selected from R,
OR, halogen, —CF; -CN, -C=C-R, -NRxRy, and ~C(O)NHRz;
[00574] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl,
[00575]  each Rz is independently hydrogen, aliphatic, or aryl;
[00576] R’’’ is halogen. For example, in some embodiments Ry is p-halophenyl,
such as p-fluorophenyl, p-chlorophenyl, p-bromophenyl or p-iodophenyl.
[00577] Insome embodiments Ra and Rb are each hydrogen, and R’ is fluoro.
[00578] In some embodiments R3 and Ry are each hydrogen.

[00579]  In particular embodiments, the compound is of formula XV1-b or XVI-c

Rc
NS
| A
Ra —_—
e
o :/H\m ] Rb/\/N
XVI-b
R4
\
Rc X
i //| _
Ra NH
S
XVlI-¢c
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[00512] Rl is -L-Y. The group -L-Y is as described herein in the detailed
description of the warheads. [00513] In sone enbodi nents, the conpound is
of For nulwoXbi/es®7Ri ng A is WD 2011/ 034907PCT/ US2010/ @¢8A156010/04891161
additional exanples of this enbodinent, R is fluor, X is -C(0)NRx-, and
Ra, Rb and Re are hydrogen. [00514] In other enbodinents, the conpound is
of Fornmula Xll-a, wherein R is fluoro, Xis -C(O)NRx-, and Rb and Re are
hydrogen. [00515] In certain enbodinents, Rl is characterized in that the
-L-Y nopgbyid Ba canakl X 0 mmvahmmnydbimmmlalmﬁe erelsidilnents.n a protein
ki nase sel ected from JNK1 (Cys 116), JINK2 (Cys 116), and JNK3 (Cys 154),
t her ebyRﬁer\P@ﬁﬁcmf?e‘iCﬁmYqugieﬂg the enzyme. In particular enbodiments, R
is chariﬁ%@ i tkSzcapafhe tRf -covaleany liy bi ndi ng
to Cys gff ?ﬂllgepta er e%?ﬁf?ﬂrsegegglcg%réc Fﬁhl biting the enzyrreSI [ 00516]
Exenpl acypabNKol mhivdlenthr dindingror mulCas b residvg off RON (s 1165), " thereby

2011/ 034907FCT) US2010/ 49915,

Exemplary Ron Inhibitors of Formula XVI.

/ ,,,,,, \»k OH
~ﬁ§—_~
-0 0=
Vi )
F e
i | | . @io [ NH
LN
0 0 N/J\N F
H H
XVI-1 xvi-2
£
/NN N
_ = . S
. vy
-
P =\ 0. . NH
L O o
X )Ok (\ Lo OAN)LN/\/KF -
0" N F H H
H H
XVI-4
XVI-3
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XI1-5X1-6 XI1-11XI1-12 H RON Inhibitors 1.Fornmulas Xlill-a and Xl I1-b

[ 00517] I n anot her aspect the invention is a conpound of formula XliIl-a or
XI11-b XvOI20t1/03890a phar maceutical ly acceptabl e salt theceafS20mioesveé n
[00518] Ra, Rb, Rc and Rd are independently selected fromR, OR, hal ogen,
-CF3, -CN,-NRxRy, and -C(0)NHRz; [00519] each R, Rx and Ry is independently
hydr ogen, |ower al kyl, |ower haloal kyl, or |ower cycloal kyl; [00520] each Rz
i s independently hydrogen, aliphatic, or aryl; [00521]R2 is hydrogen
optionally substituted aryl, or optionally substituted heteroaryl; \Nj,(

F = -
Fo { 11 , /NOVEV NH

; R 0] ( | Il !
! ! 0] L/NH )\ 1 s RN
=0 /LT\\& T
NN R H H
H H XVI-6
XVI-5
0
- O_
f<//JO\ T
o N “f ©
Y V4
F —
F 7 = NH
H 0
I LN PN N
0N N F 07~ "N" N F
H H H H
VL7 XVI-8
9
N N4
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[00522] X is a bond or a bivalent Cl1-C6 saturated or unsaturated, straight
or branched hydrocarbon chain wherein optionally one, two or three

met hyl enewonotig3edo7t he hydrocar bon chai n are i ndependenCy/use@agsdds by
-NR-, -0-, -C(0)-, -0C(0)-, -C(0)0O-, -S, -SO, -SR2-, -C(=9)-, -C(=NR)-
-N=N-, or -C(=N2)-; [00523]Ring Ais a 4-10 nenbered nonocyclic or

bi cyclic, saturated, partially unsaturated, or aryl ring containing 0-3
het er oat ons i ndependently sel ected fromthe group consisting of nitrogen,
oxygen, and sulfur; [00524]Rl is -L-YY. The group -L-Y is as descri bed

herein in the detailed description of the onarheads. [00525] Preferably in
the conpounds of formula X 1I-a forﬂﬁl “Xl1l-b, the noiety t aNHc tNai ns
X and Rl is bonded to the 6, 7,or 8 position of the quinolineTi Qént

as shown in formulas Xil1-a afd XI11-b. Mre preferable the Rnlet tha

cont ai n$ nd R is bonded the 7 pOFItIOﬂ of the qU|noI|ge ring system
such that conpou N mul a Xl\h?’nor Xi1l-d. XI11j-dy§00526] In
some enbodlma )Bf1001 of formula ' -a, oX | = Ojﬁf%ﬁc or XlIl-d,
X is a bond, o ES— -0-CH2-CEC-, -N CHR\ ¢ 0r-N00527] In sone
enbodi nment s conﬁouhds of fornula XIll-a, XI19- )ﬂll-c or Xlll-d, R2is
phenyl or phenyl subskvitiuted with Rf, wherein ﬁ? i's selected frontR OR,
hal ogen, -CF3, -CN, -NRxRy, and -C(0)NHRz; [00528] e¥¢M R Rx and Ry is

i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;
[ 00529] each Rz is independently hydrogen, aliphatic, or aryl. [00530] In
sone enbodi nents, the conpound is of Formula XiIl-d wherein Xis - 0- and

o)

ring Ais selected from <;:>waH
g 7N
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WO 2011/ 034907PCT/ US2010/ 048916 [00531]In certain enbodinents, Rl is
characterized in that the -L-Y noiety is capable of covalently binding to a
Cys 1 1 rwei2dua3efo7RON (Cys 1165), thereby irreversiblyPcmhiskemiongyié he
enzynme [ 00532] Exenplary Ron Inhibitors of Fornmula XIll-a and XI11I-b.
XIT-4 Xi1-1X1-2Xi1-3 XIETE-5XIT1-6XITT-7XI11-8 XI1-9
XIT1-10XI11-12

©> Fourtoas -
Qx 2, L B

/ XVI-15

©1 Faguact 1
©1 2 @i 101 Ak

XVI-17
/N
KI Cﬁ

©1 @U””F

XVI-19
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WD 2011/ 034907PCT/ US2010/ 048916 Xl 11-13XI11-24XI11-15XI11-16XI11-17
XETT-18XI1T1T-19XI11-20XI11-21XI11-22 WO 2011/ 034907PCT/ US2010/ 048916

XI11-27 woOxXbio32®Xl | 1-29XI11-30 2. Fornula XV PCT/US2010/048916
F =
AP ' C[ (\/N\/\/\(
N =N
Fo ) y 0
XVI-20 &/l o - \//\‘/NN N )!J\N N
0 NJ\N@F QN no

N /
z
g::
/=Z 1
z
N
z
@]

g S I
XVI-22 N /O\/WN\/\/NW 5N

F
H XVI-23
N
o} NJ\N F
H H

XVI-24

QLQUMM
. QLQU@

@;@UMW N
= @L@U@“

XVi-28
N\/\/N
@E |0

XVI-29

5. Formula XVI1

[00581]  In other aspects, the invention is a compound of formula XVII
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[ 00533]In other aspects, the invention is a conpound of fornmula XIV XV
or a pharmaceutically acceptable salt thereof, wherein [00534] Ra, and Rb
are i ndepeodentdygel ected fromR, OR hal ogen, -CF3, -@NI/US200R916 NRxRy,
and -C(0)NHRz; [00535] each R, Rx and Ry is independently hydrogen, |ower

al kyl', |ower hal oal kyl, or lower cycloalkyl; [00536]each Rz is

i ndependent|y hydrogen, aliphatic, or aryl; [00537] R2 is hydrogen,
optionally substituted aryl, or optionally substituted heteroaryl; [00538]X
is a bond or a bivalent Cl-C6 saturated or Qnsaturated, straight or

branched hydrocarbon chain wherein_optional one, or three nethyl ene
m by -NR-, -0-,
-, -C(ENR)-, or [00539]

units of the hydrocarbon chain ar eR
-C¢(0)-, -0C(0)-, -C(0)o-, -S-, -SO,

Rl is -L-Y. The group -L-Y is as descgi herei n\in theg\detarl ed
description of the warheads. enbodi s, Ra and Rb are
bot h hydrogeng andORZ i s phenyl ubstituted with Rc, wherein Rc
is selected fr /J% OR, hal ogen ©C- R RRRxRy, and - C(0) NHRz;
R’ S
~., \
N X R4

R,

Ra

XVl
or a pharmaceutically acceptable salt thereof, wherein
[00582] Ra, Rb, and Rc are independently selected from R, OR, halogen, -CF; -
CN, -C=C-R, -NRxRy, and -C(O)NHRz;
[00583] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00584] each Rz is independently hydrogen, aliphatic, or aryl;
[00585] R, is hydrogen, lower alkyl, lower haloalkyl, lower cycloalkyl, optionally
substituted aryl, or optionally substituted heteroaryl;
[00586] R’and R are independently hydrogen or lower alkyl;
[00587] X is a bond or a bivalent C,-Ce saturated or unsaturated, straight or
branched hydrocarbon chain wherein optionally one, two or three methylene units of
the hydrocarbon chain are independently replaced by —-NR-, -O-, -C(O)-, -0C(0)-,
-C(0)O-, -S-, -SO-, -SOs-, -C(=9)-, -C(=NR)-, -N=N-, or -C(=N2)-;
[00588] R, is —L-Y. The group —L-Y is as described herein in the detailed
description of the warheads.
[00589] In some embodiments, R, is phenyl or phenyl substituted with Rd, Rd and
R’>’ or R’’, wherein Rd is selected from R, OR, halogen, —CF3 -CN, -C=C-R, -
NRxRy, and —-C(O)NHRz;
[00590] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00591] each Rz is independently hydrogen, aliphatic, or aryl;
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1005411 each R, Rx and Ry is independently hydrogen, |ower alkyl, |ower
hal oal ky I, or |ower cycloal kyl; [00542]each Rz is independently hydrogen,
al i phati cwoap11a3yd07 I n particul ar enbodi ments, R2 is pheaylus2a100%893d | n
sone enbodi nents, X is -0-CH2-CH2-0-, -0-(CH2)3-,.o0r -0-(CH2)2- C(CH3)2-
1005441In certain enbodinents, Rl is characterized in that the -L-Y noiety
is capable of covalently binding to a Cys 1 1 residue of RON (Cys 1165),
thereby irreversibly inhibiting the enzynme. 1005451 Exenplary RON

| nhi bi t geg599f ForMylialokkY. FXt dkafple, iXlsdnd 3mBodfiarants, 8 2XYm-halophenyl,

such as m-chlorophenyl, m-fluorophenyl, m-bromophenyl or m-iodophenyl.

[00593] In some embodiments, R” and R’* are both methyl.

[00594] In some embodiments, Ra, Rb and Rc are each hydrogen.

[00595] In certain embodiments, R, is characterized in that the —L-Y moiety is
capable of covalently binding to a Cysll residue of RON (Cys 1165), thereby

irreversibly inhibiting the enzyme.

Exemplary Ron Inhibitors of Formula XVII
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[ 00546] In other aspects, the invention is a conpound of forrmula XV NRxRy
Ro XV or a pharnaceutically acceptable salt thereof, wherein [00547] Ra,

Rb, Rc amwlORd11zm3ed07ndependent|y selected from R, OR halPegars20100#d16
-CN, - NRxRy, and -C(0)NHRz; 1005481 each R, Rx and Ry is independently

hydr ogen, |ower alkyl, |ower hal oal kyl, or |ower cycloal kyl; [00549] each Rz
i s independently hydrogen, aliphatic, or aryl; 1005501R2 is hydrogen
optionally substituted aryl, or optionally substituted heteroaryl; [00551]
R3 and R4 are indepemdently R OR, or dnal ogen; [00552]R is hal ogen
[00553] X is a b&gd dﬂyﬁ bi val ent Cl - ated or unsaturated, straight

or branched hydr acardhon chai n wher ei ional | ne, two or three
are Nﬁﬁggggdently repl aced by
_so{,\-/sN-, C(=S)-, -C(=NR)-,
™~

-0

XVIi-2

]
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[00554] Rl is -L-Y. The group -L-Y is as described herein in the detailed
description of the warheads. WO 2011/034907PCT/ US2010/ 048916 [ 00555] In
sonme enboaDreents490R2 i s phenyl or phenyl substituted w POTRS201R04896 Rf and
R', wherein Rf is selected fromR, OR halogen, -CF3, -CN, - NRxRy, and
-C(0)NHRz; [00556] each R, Rx and Ry is independently hydrogen, |ower

al kyl, | ower hal oal kyl, or lower cycloal kyl; [00557] each Rz is

i ndependent|y hydrogen, aliphatic, or aryl; [00558] R' is hal ogen. For
exanple, in sone enbo@inents R2 is p-hal opheayl, such as p-fluorophenyl,

p- chl or ophenyl , pibro&ﬁgﬁenyl or p-iod [ 00559] In sone enbodi ments

Ra, Rb, Rc and Rd mreSeach hydrogen, f ro. [00560] In sone
enbodi mrents R3 and R4 are=each h» gén. 100563§i§j§§rtain enbodi nents, Rl
is characteri ze th , R s capabl e of coval ently binding
to a Cysl ¢ of : eby i sibly inhibiting the
enzyne. [©G0562 npl ary—Ro I-~&J6tors of/ Formula XV WO

2011/ 034907PCT/"uS2010/ 048916 :

cl

cl
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4. Formul a XVI 1005631 In other aspects, the invention is a conpound of
formula XVI XVlI-a or a pharmaceutically acceptable salt thereof, wherein

[ 00564] Rsioand/Bwoar e i ndependently sel ected from R, ORPChAISOQOM04891CF3,
-CN, -NRxRy, and -C(0)NHRz; [005651 each R, Rx and Ry is independently

hydr ogen, |ower al kyl, |ower hal oal kyl, or |ower cycloal kyl; [00566]each Rz
i s independently hydrogen, aliphatic, or aryl; [00567]R2 is hydrogen
optionally substituted aryl, or optionally substituted heteroaryl; [00568]
R3 and R4 are indepeﬂndoently hydrogen,, R, O8 -OH, or hal ogen; [00569]R is

hal ogen; AN 4
N—S

cl ™~
N
H _N
\502
HO
XVII-7
c ~
i
_N
XVII-8 %O
N
DL
Vi
Cl’ o
\
N/ﬁ
L
cl ~

N o
H

XVII-9 g

YN

F

L C-KIT, PDGFR, CSF1R, FLT3, KDR Inhibitors
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[00570] R' and R' are independently selected fromR, OR, hal ogen, -CF3,
-CN, - CGCGR -NRxRy, and -C(O)NHRz, [00571] X is a bond or a bivalent C-C6
sat ur at edwonzounsatar at ed, strai ght or branched hydrocar lpom/usb@o4ssher ei n
optionally one, two or three nethylene units of the hydrocarbon chain are

i ndependently replaced by -NR-, -0-, -C(0)-, -0C(0)-, -C(0)0-, -S, -SO,
-SM2-, -C(=9)-, -C(=NR)-, -N=N-, or WD 2011/034907PCT/ US2010/ 048916
[00572] Rl is -L-Y. The group -L-Y is as described herein in the detailed
dﬁscr:ptlgntqf thgom@ﬁﬁexdxn [80573] In sone enbodi nents, R2 is phenyl or
phenyl substituted with Rc, substituted with R. . .or ituted with Re and
R ", whédspl Renjohes appestsetherinysmiipn 15@%}""?%“868&?"@&%’?% , -CEG-R - NRxRy,
and -C(0)NHRz; [00574] each R, Rx and Ry is independently hydrogen, |ower
al kyl, 1owet haloal kyl, or Iawer cycloal kyl; [00575]each Rz is

i ndependent |y gwdrogen, aliohatiqj or aryl; R4 00576] Ry is hal ogen. For

exanpl e, ane enbodtyy'ta R2-1 SNa- opheny chad p-fl uorophenyl ,
p- chl or gphen or p-i ¢dophenyl. I n sone enbodi nents

I n sone enbodi nents

4 2 gen. _$00579] d n parth
conpound i3% ) XVI-c Rc /R1l

XVIl
or a pharmaceutically acceptable salt thereof, wherein
[00597] Ra, Rb, and Rc are independently selected from hydrogen, R, OR,
halogen, —~CF3, -O-CF3, -CN, -C=C-R, -NRxRy,~C(O)NHRz, and a 3-10 membered

monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with 1-4 R;
[00598] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00599] each Rz is independently hydrogen, aliphatic, or aryl;
[00600] X is —C(O)-NRxRy-, or -NRxRy-C(O)-Rz;
[00601] R; or Ry’ is —-L-Y; with the proviso that when Ry is —L-Y, Ry’ is selected
from hydrogen, R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy, ~C(O)NHRz, and a 3-
10 membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and
wherein said ring is substituted with 1-4 R; and when R;” is -L-Y, R is selected from
hydrogen, R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy,~C(O)NHRz, and a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with 1-4 R.
[00602] The group —L-Y is as described herein in the detailed description of the
warheads.
[00603] In some embodiments R;is —-L-Y.
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0----X NRb XVI-b XVI-c WO 2011/ 034907PCT/ US2010/ 048916 wherei n Ra,

Ro, Re, X and Rl are as defined in Formula XVI. In sone enbodi nents, Ra,

Rb, and Reoapa/mamh hydrogen. [005801ln certain embodi meeTAIS2000/048916
characterized in that the -L-Y noiety is capable of covalently binding to a
Cysl 1 residue of RON (Cys 1165), thereby

[00604] In preferred embodiments, Ry’ is ~L-Y, and R 1s CF;.

[00605] In some embodiments, Ra, Rb and Re are each hydrogen.

[00606] In some embodiments X is —~C(O)-NRxRy, Rx is hydrogen and Ry is
methyl.

[00607] In certain embodiments, Ry or Ry’is characterized in that the —L-Y moiety
is capable of covalently binding to a Cysl residue of C-KIT, PDGFR, CSFIR, FLT3,
and/or KDR, thereby irreversibly inhibiting the enzyme.

Exemplary Inhibitors of Formula XVIII
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irreversibly inhibiting the enzyne. Exenplary Ron Inhibitors of Formula
XVI.  XVI-2 WD 2011/ 034907PCT/ US2010/ 048916 XVI-13 WO
2011/ 034900RI/138D010/ 048916 WD 2011/ 034907PCT/ US2010/ ®@¢8A158010/048916

CF3 M 5/5 CF3 4 NS,
N N P~
N N - A 0
H H
XVIII-1 XVIII-2

N ~
H H H
XVIII-3 XVIII-4
F
|
PN
0 o CFy N7
N
\N/LK(\];/O | S 0 | X )KQ/
H N A = N Y
NT N oy—a
H H N-g
XVIII-5 XVII-6

*@/@ ispen %@ @f

Q CF3 H (0] CF3 (///\N
/
~ o (0] . \H/K/N N o e} 0 S N
m | \]CL N[ = EN | % ==
N.__~ = N N~ N
H H H H
XVIII-9 XVIII-10
0 CF; H 0 CF3 H
N )’j\ = o\/\ AN N /\\\ \N S O\; X 0 /K(/N\ X/\N/
E ‘j \)\ )OJ\ I i I H Nl - | A /b 0 |
N_ = N2 N N/\\/ N N
H H H H
XVIII-11 XVIII-12

165



5. Formula XVI1 1005811 In other aspects, the invention is a conmpound of
formula XVII 157 00 \, R2 XVII or a pharmaceutically acceptable salt

t her eof , Wwberav1344000582] Ra, Rb, and Rc are independent PgTASk@ow0d’d16 r om R,
OR, hal ogen, -CF3, - CN -NRxRy, and -C(0)NHRz; [00583] each R, Rx and Ry is
i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;

CF3 H CF3 H
e A A\j e
g N¢ L I Nw L v/ 0

XVIII- 13 XVIII-14
j C ks
0 Cl ~ [ (0] N S
: RS =
Ty 9 179 NT 0 fj/ s
N~ NN N/k/ HoN - - NAN)V/ o
H H H H H
XVIII-15 XVIII-16
CFy H
”ﬁj Q ﬁj” F ) Q Jﬁ
XVIII-17 XVIII-18
CF3 H CF3 OH N
XVIII- 19 XVIU 20
0 CF; O O CF3; OH
CN
\N S 0] S o - \N/U\(\/O s}
HoN PSS HoN A
H H H H
XVIII-21 XVIII-22
9 9 CF; OH O
| 0 3 L
e T e, T
H N__ Py N)\ﬁ 0
NT N H O ON L
H H N~ N
H
XVIII-23 XVITI-24
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[ 00584] each Rz is independently hydrogen, aliphatic, or aryl; [00585]R2 is
hydr ogen, |ower al kyl, |ower hal oal kyl, |ower cycloal kyl, optionally
substi t utwo 2aryd3490er optional |y substituted heteroaryl; P[:@(IESS{&]J/ORmand R'
are independently hydrogen or |ower alkyl; 1005871 X is a bond or a

bi val ent Cl1-C6 saturated or unsaturated, strai ght or branched hydrocarbon
chain wherein optionally one, two or three nethylene units of the

hydr ocarbon chain are independently replaced by -NR-, -0-, -C(0)-, -0 0)
-¢(0)0-, -S, -SO, -S@&2-, -=9)-, -C(=NR)-, -N=N-, or [O 8]R1 is -L-
The group -L-Y is as described herein in the detailed desct |9t|on of the

war heads. [®00589] In sorre enodi ment s, R20| S phenyl or phe ub tltut ed
with Rd, - éLﬁ;mﬁL/lQ %Rd(r

-CN, - NRxRy, yand - ¢(0) eachiR n RX anﬁi us mdependently

hydr ogen, | ower al k I haI oal kyl, or lower cyci dal Ik‘yl [ 00591] each Rz
i s independently hydr %Hg aI i phatic, or aryl; [0059 " is hal ogen. For
exanpl e, in sone enbo Flt R2 is m hal ophenyl stY&h as m chl or ophenyl ,

m fl uor ophenyl m br onnphenyl or mi odophenyl

T 0T YOO,

XVIIL-27 XVIII- 28
N
0 CFy 0 ‘N
H N~ N’/U\N NJ\/ H N~ N/U\N NJ\/
H H H H
XVIII-29 XVIII-30 \ N
0 CFy
PO OO,
H N~ P NJ\N = s
H H o)
XVIII-31 XVIII-32 k
3
JKC( @L Q o U ﬁ
J\/ N/\//
XVIII-33 XVIII-34
CF3 K i N
~
T, *r L, O Y
J i FooH N~
XVIII-35 XVIII-36
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[ 00593] In sone enbodinents, R and R' are both nethyl. [00594] In sone
enbodi nents, Ra, Rb and Rc are each hydrogen. [00595] In certain

enbodi mrerw®,20R03k®7characteri zed in that the -L-Y noi et pCraiscapalmoes of
covalently binding to a Cysl 1 residue of RON (Cys 1165), thereby
irreversibly inhibiting the enzyne. Exenplary Ron Inhibitors of Formula
XVI | 1. Formula XVII1 [00596] In other aspects, the invention is a
conmpound of forrmula XVIIl X RbHH RaRg

™~ /OL\/\\/ \(j\

XVIII-37
~N
(0] CF3 Q CF3 ; W
i ! { -Br
~. - ! S O\ \f
H N~ \///KNJ\N Y ’ SN N_~ s N)J\N/J\ -
H H ;?J H H
XVIII-39 XVIII-40

CF3 CFy O
JYJU kJJY J\fjmkﬁ .
XVIII-41 . ] XVIII-42 z»)
~ SR
TIOL LN TG NINQCH
N

H H
XVIII-43 XVIII-44
0 0
~ R 0 0 o F ~ /U\ = /\ /U\ /(
o | 1D NTENTY
H N __~ N/U\N SN | SN H NJ
H H
XVIII-45 NéL\F
- XVIII 46

J. ¢-KIT, PDGFR inhibitors
1. Formula XIX

[00608] In other aspects, the invention is a compound of formula XIX
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NN O XVI1I or a pharmaceutically acceptable salt thereof, wherein [00597]
Ra, Rb, and Rc are independently selected fromhydrogen, R OR, hal ogen,

- CF3, - 0-wWBb2p11/03M07- NRXRy, - C(0) NHRz, and a 3-10 merber e@Cwaiseeyolsots or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, and
wherein said ring is substituted with 1-4 R [00598] each R Rx and Ry is
i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;
[ 00599] each Rz is independently hydrogen, allpha&lcF%or aryl; [00600] X is
-C(0)-NRxRy-, or -NRxRy-C(0)-Rz; [00601]R1 or iYs -L-Y; mnth the proviso
that when RL is -L-Y, Rl' is selected fromhy R, OR, hal ogen, -CF3,
-CN, - NRxRy, -C(0)NHRz, and a 3- 10 nenbered ic or bicyclic,
saturated, partially unsaturated, or aryl ri =3’ het er oat ons
|ndependently %Iected fron1n|trogen oxygen, , and wherein said
ring is’supstj ed I Y, RL is selected from

hydr ogen, : ogen, N, “\RxRy, /C(0) NHRz, and a 3-10 nenbered
nonocyclic bicyglic, s |urated part Hunsaturated, or aryl ring
havi ng 0-3 ons i nde sl ected fromnitrogen, oxygen, or

sul fur, and ef'n said ringd éubéﬂituted with 1-4 R [RP602] The group
-L-Y is as described herein in the detail ed description of the warheads.
1006031 I n sone enbodi ments RL is -L-Y.

or a pharmaceutically acceptable salt thereof, wherein

[00609] Ra and Rb are independently selected from hydrogen, R, OR, halogen, —
CF;, -O-CF3 -CN, -C=C-R, -NRxRy,~C(O)NHRz, and a 3-10 membered monocyclic
or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R;

[00610] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;

[00611] each Rz is independently hydrogen, aliphatic, or aryl;

[00612] X is —C(O)-NRxRy or -NRx-C(0)-Rz;

[00613] W is O, NH or N-Rg;

[00614] Rc is hydrogen, lower alkyl, lower haloalkyl, or lower cycloalkyl;

[00615] R, or Ry’ is —L-Y; with the proviso that when R1 is —L-Y, R;’ is selected
from hydrogen, R, OR, halogen, —CF; -CN, -C=C-R, -NRxRy, —C(O)NHRz, and a 3-
10 membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and
wherein said ring is substituted with 1-4 R; and when R;” is -L-Y, R; is selected from
hydrogen, R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy,—~C(O)NHRz and a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with 1-4 R.

[00616] The group —L-Y is as described herein in the detailed description of the

warheads.
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1006041In preferred enbodi ments, R1' is -L-Y, and Rl is CF3. 1006051 In
sone enbodi nents, Ra, Rb and Rc are each hydrogen. 1006061 In sone

enbodi merwe 2K 1/8490C( 0) - NRXRy, Rx is hydrogen and Ry is merhysRo100@38071 | n
certain enbodiments, Rl or Ri'is characterized in that the -L-Y noiety is
capabl e of covalently binding to a Cysl residue of CKIT, PDGFR, CSF1R,
FLT3, and/or KDR, thereby irreversibly inhibiting the enzyne. Exenplary

I nhi bitors of Fornula XVIII HHXVITI-7XVIT1-8 CF3 HioiON NN, Jt, N20 HH
XVI11-1§00617) In certain embodiments, the compound is of formula XIX-a, XIX-b or
XIX-¢c
rRo f

Ra
X R
I~ ° N
h N
N / o
XIX-a Fl!b R,
720 N
Ra
NN N =
\( \>——NH
N A N
H
XIX-b Tb Ry
7200 N
Ra
X ’ o) N —
\\
PR S
N A N
XIX-¢c \
Rc

Wherein X, Ra, Rb, Rc, Rj and R’ are as defined in formula XIX. Preferably, in the
compounds of formula X1X-a, XIX-b and XIX-¢, X is -C(O)-NRxRy, wherein Rx is
hydrogen and Ry is methyl.

[00618] In some embodiments of compounds of formula XIX-a or XIX-b, Ra and
Rb are each hydrogen. In some embodiments of formula XIX-c, Ra and Rb are each

hydrogen and Rc is methyl.
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XVIT]-12 OCF3 Hi Hililll Th\iN H XVII11-13 0OCF3 H CI 01 OHN

, j - Ni 1 i - - 1 - 1
WO 2011/034907 PCT/US2010/048916

[00619]  In certain embodiments, R; or R;’ is characterized in that the —L-Y moiety
is capable of covalently binding to a Cys 1 residue of ¢-KIT and/or PDGFR, thereby
irreversibly inhibiting the enzyme.

[00620] Exemplary Compounds of Formula XIX

o}
A XIX-1 g Jzﬁ XIX-2
SVE " Vo a o N
v N =
/kN H CN
H
. P P XIX-4
N N
Ho 7N H 7N
N 0 cl N al
/ AN ‘f\\l 7 S / N N /@
o o \
0 4 0 N &tN
N XIX-5 N X6 )
N N
H 7N H 7N
N 0 a, N§ N 0 cl
. \ _
N N N7 N Q
N
H ° H N=
F
0 XIX-7 XIX-8
Nyl
H y \\ o)
N . Cl
— \ PN -
O/\\N N;;S
H \
XIX-9
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HHXVIII-25
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XVITT-27XVI11-28 cF3 0 V-- N H XVII1-38 J.c-KIT, PDG-R inhibitors

1. Formul a XI X 1006081 In other aspects, the invention is a conpound of
formul a X8 200vo3svophar maceuti cal ly acceptabl e salt ther @cfrjuse#iesdsomé [ 00609]
Ra and Rb are independently selected fromhydrogen, R OR, hal ogen, - CF3,
-0-CF3, -CN, -NrRxRy,-C(0)NHRz, and a 3-10 nmenbered nonocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatons

i ndependently sel ected from nitrogen, oxyogen, or sulfur, and wherein said

ringis\\sNg,tituted with 1-4 R \NJ\
"N Yo . "o a
e SHLos T
= N e g S N i
\O/\N O) “N 5
H H
.0 XIX-20 .0 XIX-21

0
\Nﬂ/{ﬁ XIX-22 N XIX-23
H : Ho 7N
N& ° 9o N= O\r %o
=y O SN w.
= )\ L& NM = P N =
o~ N H S-S N )
H H

XIX-25 o H
XIX-24
0
.0 al .
N T N F /N\
H H 7
N )0 N N/\ ° =~
Oy L Cry
) ! CF
NAN CF3 NAN 3
H H H H

0 0

Ho 7 oN & H N\ g »!
N 0 — N N~
Oy GBS
N
H

N
\ CF; \ Iy CF3
H H H
0 0
\y XIX-28 N XIX-29
H Ho 7N
N /\ 0 cl N 0 cl =
Q'\q S ) @N 1
F
N/KN Ve N)\ N ;
H H N H H
XIX-30 XIX-31
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[00610] each R, Rx and Ry is independently hydrogen, |ower alkyl, |ower
hal oal kyl , or | ower cycloal kyl; [00611] each Rz is independently hydrogen,
al i phati cvoaptiasydoy [ 00612] X is -C(0)-NRxRy or -NRx- C( OrTRIS201000018] Wi s
O, NH or NNRc; [00614] Rc is hydrogen, |ower alkyl, |ower haloal kyl, or

| ower cycl oal kyl; [00615]R1l or R1' is -L-Y; with the proviso that when Rl
is -L-Y, Rl' is selected fromhydrogen, R OR, halogen, -CF3, -CN, -CCR
-NRXRy, -C(0)NHRz, and a 3- 10 nenbered m)nocycllc or bicyclic, saturated,
partially ufisaturated, or aryl ring haviq -3 heteroatons independently

sel ect ed NT5om ni t rogen, oxygen, oro sul furN nd wherein said ring is
subst i t utted /mi ol-4 R and when o S seI ect ed fr(?m hydr ogen,

R, OR halo -G -CN, N 'w - 0 NHRz m)nocycl iC
or bicyclic, sat @o N pa ur at ed, or
het er oat ons | ndependewnt ec?éd from ni t rogen, x e- Nor sulf and

wherein said ring is wbsﬂtuted with 1-4 R [00616] TFhe Wroup N Y is as
described hgyein in t@ﬁ ngt ail ed description of the warheads. 100@171 In
certain eghodi nents, t 8 onpound is of formula Xl X-aXXX-b or XIX-c Rc
Wherein Ra« Rb, Rc, Rl and R1' are as defined in formula X X

Pr ef er abl y N( corrpounds ofcformula XI X-a, XIX-b and XIX-c, X is

-C(0) - NRxRy, “wt Ry | S rogen and Ry is nethyl. 1006181 In sone
enbodi nents of conpseu 0 'I\'fg Xl X-a or Xl X-b, Ra and Rb are each
hydrogen. In sonme enbd¥i ngnts ofyformula XI X-c, Ra and Rb are each hydrogen
and Rc is nethyl. 10061911 n certai’n enbodi nents, R or Rl' is
characterized in that Xtk& -L-Y noi ety

\NJiﬂ v ﬁ»
@)

H H
- Q - Oy F
— \ e -

N~ N Pz
H H o 5 H H
\ %/ XIX-35 \N//gﬂ XIX-36
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)\ N»\N = CF3
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N 0 M7 : N -0
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- 0 XIX-39 NJ N o) XIX-40
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O . = Oy Cr 00
= % % CF3 = NLN = Cl
H H
XIX-41 XIX-42
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I s capabl e of covalently binding to a Cys 1 residue of c-KIT and/or
thereby irreversibly inhibiting the enzyne

PDGFR,
. [006201 Exenpl ary Conpounds of
For mul a XNV#& 2011/034907 PCT/US2010/048916
0
\
N- N-
H X H A
J;:>”Q .« N/jy/o a o
- >/ NN 7 g s e /Ny - \ \ ;\;\/\
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2. Formula XX 1006211 In other aspects, the invention is a conmpound of
formula XX Ra xORID\ Rd XX or a pharnaceutically acceptable salt thereof,
wherei n IWO0@BP103RW7 Rb, Rc and Rd are independently sel ecras26mwomsonydr ogen,
R, OR, halogen, -CF3, -0-CF3, -CN, -NRxRy,-C(0)NHRz and a 3-10 nenbered
nonocyclic or bicyclic, saturated, partially unsaturated, or aryl ring

havi ng 0-3 heteroatons i ndependently sel ected fromnitrogen, oxygen, or

sul fur, and wherein said ring is optionally substituted with 1-4

substi tueanLg;%\sel ected from|lower alkyl  gd. owen hal oal kyI | ower cycl oal kyl ,

| ower al kow,J\I ovver haI oal koxy, I8wer cycl.. | koxy, - -0-CF3, -CN,

- NRxRy, and C{U 1006231 ea ang ds i ndependent I BL hydr ogen,
| ower al kyl, oal kyJAﬁN ower cycI o] Ik | \ 624] is
|ndependently hydr o@ , or aryl; [0062 } Rny or

- NRx- C( 0) - Rz 1006261 F%a and 5’( t aken together w't N%hﬂe a orﬁE3 to which
they are ed form a 'bedzo ring tha]‘E IS optlonally sub8tituted one or
nore of Rf 2 #Hds Rf 3 [\\N \A/ XIX-56

ﬁﬂ\ o HO ? B
Q SR et Y s N
)\ CF3 /\N}\N =
/ H

F3C\ 7 N F3C - N
Iﬁ\/ XIX-57 \Hg\// XIX-58 o
7
N\/\ > “ bo \( )\/A )
B -N N G SY
N \ = Ay fca
| H I H
\
F3C - XIX-59 F3C\/\N XIX-60

F3C\/\N F5C
HN— XIX-61 ’ \/\N XIX-62
N//\ 0 _ o AS/}O /
N \
QNHQMN Q* g8
I H oS

FiC ™
’ D//N XIX-63 FiC?™ XIX-64
NR HNJ»»
N\_// Q Cl :} \>'F
*11@ >}
XIX-65 i XIX-66 * /L

2. Formula XX

[00621] In other aspects, the invention is a compound of formula XX
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[00627]Rf, Rfl, Rf2 and R13 are independently selected fromlower alkyl,

| oner hal oal kyl, | ower cycloal kyl, | ower al koxy, |ower hal oal koxy, | ower
cycl oal kow9,2011/03F®7 - 0- CF3, -CN, - NRxRy, and -C(0) NHRz; [PODARSjiRD4896 R1' is
-L-Y; with the proviso that when RL is -L-Y, R1l' is selected from hydrogen,
R, OR halogen, -CF3, -CN,-NRxRy, -C(0)NHRz and a 3- 10 nenbered nonocyclic
or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, and
wherein said riffeg is optionally substituted with 1-4 R, and when R1l' is
-L-Y, Rl is seljected from hydrogen, R OR hal ogen, -CF3, -CN,

- NRxRy, -,C(0) NH WO 2811/ 034 07PCT/a§;@@0/048916 and a 3-10 nenbered
nonocycl i i tal ly unﬁaturated or aryl ring
havi ng 0-3 Hhet eroations in cted f on1n|trogen oxygen or

sul fur, and i :

The group -N-Y is~as descrl
war heads.
Ry is nmethyl. 1006311 In sone enbodi
hydrogen. [00632] In sone enbodi nent
CF3 and R1' is o

KRy, Rx is hydrogen and
rand Rd are each
Rl' is CF3, or Rl is

or a pharmaceutically acceptable salt thereof, wherein
[00622] Ra, Rb, Rc and Rd are independently selected from hydrogen, R, OR,
halogen, —CF;, -O-CF3 -CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-10 membered
monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is optionally substituted with 1-4 substituents selected from lower alkyl,
lower haloalkyl, lower cycloalkyl, lower alkoxy, lower haloalkoxy, lower
cycloalkoxy, ~CF; -O-CF3 -CN, -C=C-R, -NRxRy, and -C(O)NHRz;
[00623] each R, Rx and Ry is independently hydrogen, lower alkyl, lower
haloalkyl, or lower cycloalkyl;
[00624] each Rz is independently hydrogen, aliphatic, or aryl;
[00625] X is —C(O)-NRxRy or -NRx-C(O)-Rz;
[00626] Or Ra and X taken together with the atoms to which they are bonded form
a benzo ring that is optionally substituted one or more of Rf, Rf1. Rf2 and R{3;
[00627] Rf, Rfl, Rf2 and Rf3 are independently selected from lower alkyl, lower
haloalkyl, lower cycloalkyl, lower alkoxy, lower haloalkoxy, lower cycloalkoxy, —
CF;,-0-CF3 -CN, -C=C-R, -NRxRy, and -C(O)NHRz;
[00628] R, or R;’ is ~L-Y; with the proviso that when R, is —-L-Y, R;’ is selected
from hydrogen, R, OR, halogen, —CF; -CN, -C=C-R, -NRxRy, -C(O)NHRz and a 3-
10 membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and
wherein said ring is optionally substituted with 1-4 R, and when R;’ is —-L-Y, R; is
selected from hydrogen, R, OR, halogen, ~CF; -CN, -C=C-R, -NRxRy,-C(O)NHRz
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-L-Y. [00633] In some enbodi ments X and Ra are taken together with the
atons to which they are bonded to forma substituted benzo ring, and the
conmpound weaotis4906r rula Rl RbRc Ri PCT/US2010/048916

and a 3-10 membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl
ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
and wherein said ring is optionally substituted with 1-4 R.

[00629] The group —L-Y is as described herein in the detailed description of the
warheads.

[00630] In some embodiments, X is —C(O)NRxRy, Rx is hydrogen and Ry is
methyl.

[00631] In some embodiments, Ra, Rb, Rc and Rd are each hydrogen.

[00632] In some embodiments Ry is —~L-Y and R1 >is CF3, or R1 is CF; and R}’ is
-L-Y.

[00633] In some embodiments X and Ra are taken together with the atoms to
which they are bonded to form a substituted benzo ring, and the compound has the

formula

Rf,

Rf

XX-a
Wherein Rf, Rf1, Rb, Rc, Rd, R and R are as described in Formula XX.
[00634] In some embodiments of formula XX-a, Rf and Rfl are both methoxy. In
other embodiments, Rb, Rc and Rd are each hydrogen. In some embodiments, R1 is —
L-Y and Ry’ is CF3, or Ry is CF3and Ry’ is —-L-Y.
[00635] In certain embodiments, R is characterized in that the —L-Y moiety is
capable of covalently binding to a Cysl residue of c-KIT and/or PDGF, thereby

irreversibly inhibiting the enzyme.
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[00636] Exemplary compounds of Formula XX
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|
MeO\i/ﬁ
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X

0 Q J\(s
N ‘s
XX-12 CFy H J
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' Rd XX-a Wierein Rf, Rfl, Rb, Rc, Rd, R1 and R1' are as described in
Formula XX. [006341 I n sone enbodi nents of formula XX-a, Rf and Rfl are
bot h net weyeolles4®rher enbodi nents, Rb, Re and Rd are ea&ch/usgaoogsme | n
some enbodi nents, RlL is - L-Y and Rl' is CF3, or RLis CF3 and R1' is -L-Y.
1006351 In certain enbodinments, Rl is characterized in that the -L-Y noiety
i's capable of covalently binding to a Cys 1 residue of c-KIT and/or PDGF,
thereby irreversibly inhibiting the enzyne. WO

2011/ 03490531‘7 USZOlO/ 048916 OMe

k/\ O\/W W/\

S

xx-13 CFs
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1006361 Exenpl ary conpounds of Fornula XX XX- 21CF30XX- 22CF3 4. Uses,
Formul ati on and Adm ni stration A Pharmaceutically Acceptable Conpositions
1006371 Awoandiaigooro anot her enbodi nent, the invention pPCOMSAE®/088916
conposition conprising a conpound of this invention or a pharmaceutically
acceptabl e derivative thereof and a pharmaceutically acceptable carrier,
adj uvant, or vehicle. The anount of conpound in conpositions of this
invention is such that is effective to measurably inhibit a target protein
ki nase, parmlcularlﬁiiﬂ\least one of ZAB?O FLTBK”PtK FAK, JAK3, JNK, RON
or a nut hig/ N fotoglcal sa e\/b\tikgb;gﬂl t. In certain
enbodi mentys, ar y,t @f conpound infc [ af ifﬁi%d nvention is
such that is e fectlve to mea \Faﬂt |nh|%rf§a east one’ ofo ZAP70, FLT3,
PLK, FAK, JAK3, INK, R& or a But ant thereof, in %2biol i cal Osanple or in
a patient. In certain enbodinents, a conposition of this invention is
fornmul at ed f or adntnfs rafion to a patient in need of such conposition. In
sonme enbodilme tsoj?;? i tion of EhIS onventlon/\§ fernmul ated for ora

a

adnlnlstratl to at ilentl. | [ 0063 ]\Ldévt r e sed her ei n,
means an ani , preferably N and, qggt Qre e&abwggj\

[ 00639] The ternt"pharnaggutﬂ%aﬂty\agéeptable carrh&r d Qﬁ vehi cl e
refers to a non-toxic carrier, adjuvant, or vehicl’é ?hat 8Bes no dest r oy

t he phar macol ogi cal ct|V|ty of the compound with which it is fornul ated.
Pharnaceutﬂbally ac epgabte carrlers adjgivant s or=vehi gl es that nmay be

used in tR Bsi n | |59|nvent| c not limted to,
i on exchangeks,’ al na,o aI $ear tet I i RS %fszrotelns such
as human serum al bum n uff Bu b HEes S h as phosphat S &lne

sorbic acid, pota55|ud?§ rbat par |aI gl yceri de ni xtr esth f°§hturated
veget abl e fatty aci ds, water, salts or electrolytes, such as protam ne
sul fate, digsodi um hydrogen phosphate pot assi um hydrogen phosphate, sodium
chl oride\ S, )] al silica, isHIicat poI yvi nyl
pyrrolldo e, §!§I u asubtancem oy e e 5 “Sodi um
carboxynethyl | | ul'ose, pol yacriyl &t es, Hwaxes “‘D o
pol yet hyl ene- pol yoxypr 803tl enesblreck polyners, pol yehdwyl ene df?col and wool
fat. [00640] A "pharmaceutically acceptabl e derivative" neans any non-toxic
salt, ester, salt of an ester or other derivative of a conpound of this
invention that, upon admnistration to a recipient, is capable of
provi di gy, eitsvesFadinmdatidlyand Adminiséotiop, a conpound of this invention or
an inhibitorily active netabolite or residue thereof. [00641] As used
herein, the term"inhibitorily active netabolite or residue thereof"

A. Pharmaceutically Acceptable Compositions

3

[00637]  According to another embodiment, the invention provides a composition
comprising a compound of this invention or a pharmaceutically acceptable derivative
thereof and a pharmaceutically acceptable carrier, adjuvant, or vehicle. The amount
of compound in compositions of this invention is such that is effective to measurably
inhibit a target protein kinase, particularly at least one of ZAP70, FLT3, PLK, FAK,
JAK3, JNK, RON or a mutant thereof, in a biological sample or in a patient. In
certain embodiments, the amount of compound in compositions of this invention is
such that is effective to measurably inhibit at least one of ZAP70, FLT3, PLK, FAK,
JAK3, JNK, RON, or a mutant thereof, in a biological sample or in a patient. In
certain embodiments, a composition of this invention is formulated for administration
to a patient in need of such composition. In some embodiments, a composition of this
invention is tormulated for oral administration to a patient.
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means that a netabolite or residue thereof is also an inhibitor of at |east
one of ZAP70, FLT3, PLK, FAK, JAK3, .INK, RON, or a nutant thereof.

[ 00642] Conpasittizang of the present invention may be admiPoirdiSesied4sonal |y,
parenterally, by inhalation spray, topically, rectally, nasally, buccally,
vaginally or via an inplanted reservoir. The term"parenteral" as used
herei n includes subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and
i ntracr #M1638] i nftectéron “ortiantt,usd ared dermi.qumsns Pneprimgbl preferdlycanmpositi ons
are adm naimstzﬁraenccli rgrse%l | ferabRES AREL toneal Iy or intravenously. Sterile

i nj ect abl* " or s 'or°> Phe 'édrposi tions of this invention may be aqueous or

ol eagi npemH3SS PEitSiean ‘pHditaecsivsipensiepable rayicbeadjommbavedelat cderdi ng t o
techni ques known in the art using .suitab]e dispersi r wetting,agents and
suspendithg NQBANES carise adiwapt or i"%i“‘élétﬂéml ei)P%tpEﬁSHPYg% 4 ‘bg‘%’é a sterile
I nj ect afa%@vi@ﬁ? $8! MR inP WihUSRERSH RNfokRulBtedONPHaB% hGuREdI BN RERhbIY ,
accept abl e dil uent or sol vent, for exanple as a solution’'in 1, 3-butanediol.
Armong t kerrigcs editiaite ov e¢tiidee thanmay deluset insthe sampasionseofetis| inyatioar e wat er
Ri nger's_solution and.isotoni.c sodi um chl.oride l.utiaon. | Ltion,
steril e,m‘:Tiﬁ1 ehuto?rlesflog}lgmggg?/elﬁ? iOnar Py ’e%’inbnféaﬁlgqs“%l%m ss%la{/aé%tlgcggﬁr}s:us pendi ng
medi um sERABHBINA stdh & HudApasaim albyimidh, dudief butsthnodd suthys posphgikgyed

i ncludi ng synthetic nono- or di-glycerides. Fatty acids, such as oleic acid
and it s ghiojicersoddc gesid-y BPPYEEN a30EbAfGe PRl wxcREAS rBIFEIEY i nsadtratetlj ect abl es,
as are TRC j.C - I i | diV&I@h! or

ast or o F R B s ol o By g sBer st |

sol ut i ohydmges ydpsrsico metassipmahgdrogemiphpsphatel sadgiumhahlpridé.ceholsalis,| uent or

di spersant,..such.as carboxynet hyl cellul ose or simlar di,spersi agents
that ar éoh%lﬁﬂlorﬁl y %sgl&g?ﬁl%etq%lﬁ?‘gﬁ’aplogﬁmgll Bjﬁ%orl}r?é)g%’utcie!:lgﬁ) ff/%%sggept abl e
dosage fs@bdimncksC Ea@'bﬂhgleaeu bBiceINSs@ingn S usBenshaRdcel@der moyaTByihtys,used
surfactants, such as Tweens, Spans and ot her enul sifying agents ar

bi oavai IV&¥¥esi Polyethmisnedplyonrrenylgrcblophmpiyeiss dplyenere ghak #8ure of

phar maceytji¢al |y acceptable solid, liquid, or other dosage forns may also
be used for the purposes of fornulation. [00644] Pharmaceutically acceptable
conposi t[0esd] of At tplmrimaceatitdllyn acptable deravdtye’adndans saingr meh-fomicangit.or al |y

accept abl e dosage forming¢luding,. but. not |imt 1o, capsules. tablets,
aqueous eéﬁg’pgéﬁs‘gc?ﬁses f 058&5{ i SHgétWFrf’ftah%onﬁpaoélgd 8? qlﬂlgbrfveep {3&? ﬁ}a o8P use,
carrier deRmuRMm teseebcipiditUdeapant 08 praiding Odithe s HiRe@NY. orlinbire@Bt ang agent s,

such as magnesi um stearate, are also typically added. For oral

adni ni steegPPerd ofrthis ipvgnsian er ainkbitgab %ﬂtlvaim‘iﬁ%)ﬁilée ragsidusetherset ose and dried
cornstar eR ; AQUERHSIHS dons At e LUl LBlof@ or hucUSeof’Ne active
i ngr edi Jﬁ%“llz\hcg‘ﬁ% ned&gmmtﬁégﬁuﬁfsﬂ ?F%ﬁéﬁ susepe(r)ldi r?é ageur?t S. l::(I)f desi red,

cert ai n rseupetteati mgpetddodikoor mepidye theteof iinglsaganinbibitay cdl & dedse oadddd.

nvent | dreiy b aep o SR PR N Ao e BRLE s T or es for rectal
adni ni stjped42pn. CTRGEALIGRN dpether pRadR dindyntiinXinfly boead@gbiervd tdraky,sui t abl e

non-irritating excipient that is solid at roomtenperature but |jquid at
rectal tramuéaraliyby infdationspetotopioaily. regiaily, napallynbugcally.izginglly er ¥idse t he
drug. S ' i-nc 0 b Wax nebyathyl,ene

gl ycol S%PB@Z"E‘?:{* %h%?lﬁgcgﬁ??%r% f@%g%%lp%gﬁgggﬁmég???egnsbo this invention
may al sdntb@veadid, ningtm@ nealdro pnteahdtigulae s pgaisghdwialwhemastdrealt angaheaad, tr eat nent

i ncl udes areas.or .organs readjly accessibl.e by topi.cal. application,
i ncl udi riﬁtr%heg%té‘?seéntbﬁgesf‘ﬁ’@? e?’é‘% %/nr’iré‘crsama;, ”B?Ct‘toﬁe qroﬂéﬁ‘sﬁoﬂt Bféctlﬁnfﬂé‘fas't ract.
Sui t abl @rfefépdb%m hOr MEMBbLiGRE ane rRRdhistrdr epangd hehpaacheadl, tdiese areas
or organs. |[00647] Topi cal application for the |ower i n?est’l nal tract can be
ef f ect edniraveaouséict Steridupyrssablofoyms of g eempnsitiose of #Bsywenigen may Fesui t abl e
enema formul ation, Topically-tra r yrey Al .
[ 00648] Inge?ugpqrcoé‘?agglﬁg%i CARE %{%(tr)lr{s %g%gvsﬁgleeggghgpﬁgceut F@g?%gl%g%déggl abl e

to techniques known in the art using suitable dispersing or wetting agents and

suspending agents. The sterile injectable preparation may also be a sterile injectable
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conpositions may be fornulated in a suitable ointnent containing the active
conponent suspended or dissolved in one or nore carriers. Carriers for

t opi cal awloiznigBeAri on of conpounds of this invention i RCTa$e)10loug91@r e not
limted to, mneral oil, liquid petrolatum white petrolatum propylene

gl ycol , pol yoxyet hyl ene, pol yoxypropyl ene conpound, emul sifying wax and
water. Alternatively, provided pharmaceutically acceptabl e conpositions can
be fornulated in a suitable |lotion or cream containing the active
conponentitisuspenstbedsion iniaswottosid narenderally pcoepiableptilicrner srlyend foy
acceptable carriers.. Suit carniers i t imted to,

ni neral SfTPCSES Fbsf)fuélr? f?rlrltl)r@s ug?anreg Oé', po(fdfsq g% g&aict% tag%, ve@{éc?eys {h?lgss '%) fgrg}slttsvxfax,

cet ear ylthal a@h ok, enzplogddy htoderanRingebealytionl and hisbtosndsodame rchldrid®649]  For
opht hal m ¢ use, provided pharnmaceutically acceptabl e conpositions may be

f or nul atseltign df @AdiHPRetierdgsibeitse! dgeﬂﬁn%§@9 3%?“@PV%H¥£§F@H“§fEriIe
saline, Qe fheh@d@khy, as solutions in isotonic, pH adjusted sterile

sal i ne, eltﬁer wth or without a preservative such as benzyl al koni um

chl ori d400643] er Rert thisgiuypose canydpandhiated @il merbe employph archukira syingticy

bl [t be. I d_in. ' h
pet ol attite: PogReb TP ek PR afi S ThETHA R p iy,

I nvent i Qe GRYulah Sk frepadiimsSihReablcbyasnasaltuabplosplacaticilbhadcaptable. Such
conpositions are prepared according to techniques wel | -,<nown in the art of
phar maceulsi suth #oPhtA atli Gncaaing ey SBREIPPeathel REYSYFUIAHS VFTHOBA i ne,

enpl oyi nﬂlepeeBﬁxfsh1u%ﬁsoepkusgéns@ér{§%flay$ Wish 2BhGinPS ESHRLMAL ¥86hol UPBEKIAS ON
pronoters to enhance bioavailability, fluorocarbons, and/or other

convent idispatsasolsubh |aks ziangpxgmethys pelslosy oagenila. disgddg6s lageMdsthatparsf er abl vy,
pharmaceuti cally acceptahl e conposi.tions of .this invention ar or mul at ed
for oral ORERTY éis?‘gtl? oth‘? qu%@%% ?hé’hﬁ%a(fﬁimcoagyc%: B t%ﬂas o %‘Inﬁr esent

inventi gAclbdial JRAMsiBR aRdRigREsivAst h Athe eaimholly u¥ed enifadtsntt,osuohaguce a
conposition in a single dosagi;e formw Il vary dependi ng upon .the host

t r eat ed, Tweras.pSirans @ofl etharsarilnfying pgentssor Bopplabibe eahaRsty Whithhiteded
conposi t] . f : 0.01 - 100
o/ kg o Ry By SRR ORI SSRERRG Bt en
recei vi nghdrhlesmedomposiy hlombe ud@6HBE purkendfdomhdatidve under st ood t hat a

specific e and treatpent reqjnen for. an articylar patient, will
dgpend Jﬁgﬁ‘a gvgﬁ?@}aﬁe‘ﬁ’fcaﬁgﬁcﬁp?gle’l FLIROSIRES iéFl T }Qflymg‘f E? ﬁ{aatng pecific
conpoundhdgipkRydin bhe oMIB: alRpiblei@ate fe@nanahdiigabithnotsexiteditgt , tine of
adm ni stration, rate of excretion, drug comnbination, and the judgnment of
the treawpespplitsioarein gupnasigwssplfiony. trhe paserdl (bt fyiosdlase bei ng

{1 eat ed. .ol BORHhY fsc iSAIROUOEsOlnd ftn REESELudrUSERL b GudiR

conposition w epend upon the particul ar conpo In the

conposi tmegmesiBmUstesraef aostpo typis: g nsildethafivaoeutadoahiktyatidociept adyisele

Composi tjons 1006541 Conmpoyngds ,and conposi.tjons descri herein are

gener al Ié?“ﬁsé’!s u?f%‘}uef‘ﬁe "i“ﬁ'ﬁ ebil?‘iq%sr? &Pngpa%?deiﬁ?r%?aﬁ‘é e lz}gg‘flbﬁcve%l‘l‘s one or
nore enzygRssiondars ORFR@HI]ForC dfal abi0 the 4¢5eé ihgrelliRhMic Qdjbgaide vi@s

descri bed herein, that can be used, for exanple, as biomarkers to assess

ef f i cacyenoilsifyies #p¢ wspanginghagints eérdspibtde GeHRIND PV esHeningh eflRORBE IS can

al so be ] gﬁg‘i e for exanple nedical imging. Conpounds that
contain C?%g\gg%teg ey%SlOe yﬁtgl?d'l abel can bind the target protein kinase and
be used [00645¢t ealitetraciviy eplemnecanticd lyc atceptablefcomipesifiomsnefithesomy ergmne.

Sui tabl e detectable npieties anﬁ | abel s. are de%lcri bed Qer ei;'?" 1006551Dr ug
resi st af@& Pg? Fsé‘?rg;g“’a e forg ghiuppesiioriet LIPLA GYMIBrrUony & Her api es.
For exanp ﬁrepaqédl%( hsihs HNERnRih RRBR VISR IR he bxGhREVEE( ik bolanst

Iressa(r), as well as several other kinase inhibrtors in developnent. In
addi t i orrooulr tegnpeestirst i cliquidiat reetpl feapnsraterd dndr therpdorgkvill aed mMDHER
receptors., It has beep r rt I rsi i phi bi be

ef fecti vrgc%glaitonsrgle%sre ug]er(g@g'st§ﬁ?ﬁ Prgaﬁ?r%ﬁ%?%glrl%t gé)cﬁoak?ﬁ{gg’eége{s%\?\/agﬁ%dE. L., R
Sor del | apol@dthydtne d1208) . "Irreversible inhibitors of the EG- receptor may
circunvent acquired resistance to gefitinib." PNAS 102(21): 7665-7670.) 185
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Wthout wishing to be bound by any particular theory, it is believed that
conpounds of the present invention may be effective inhibitors of drug
resi st antwbaonm3edo7pr ot ei n ki nases. [00656] As used her eiPOT/USh@0i0¢89me
"clinical drug resistance"” refers to the | oss of susceptibility of a drug
target to drug treatnent as a consequence of mutations in the drug target.
[ 00657] As used herein, the term"resistance" refers to changes in the

w | d-type nucleic acid sequence coding a target protein, and/or the protein
sequencd0f6l hePlaamgetuticathi edveptablremmgsitioan ot typ imisdliPs MAyhEse BRI bit ory
effect of the inhibiter on. t. rget protein. 8 f ki nases
t hat ar@dWHH§%F éﬁpﬁ§ %hg$%3%§63ﬁ§g %ﬁdﬁggﬁﬁgéﬁ%?gﬁg %%@é??ggﬁ§ﬁgrein and
agai nst owhing heddily aRtd&tMds beaspicalogmpliostionl induding) siskades i afctheidge,ZBP70, FLT3,
PLK, FAK, JAK3, JNK,  RON, or a nutant ther$of. 00659 Thg activity of a
conpoundkigs PT fhedgwenh intesiaal gk n Srisable Lorarl formuitions agt readibaPiBereRi nase, in
par ti culggr e ZARF fresddrlsy orkdbns FAK,  JAK3, INK, RON or a nutant thereof, may
be assayed in vitro, 1n vivo or inacell line. In vitro assays include
assays t[b@a47Het Bopitalapphdatibn fprothe ddwesiintgetinal rectpandplediegtedin amneckdt i vity

and/ or the suybsequent ..functional, conseq. es r aet L:Vi of
acti vat éﬂpﬁoéﬁﬁ%’t WH%E%I} B a§°¥ret)t0§r1lfl %%ékr%@%fe.nbﬂgtfgﬁggt Z(%I n?éliln%ﬁ “assays
guant i ta;agsdeja@aﬁkmdﬂegmagfalsbl& usédhi bitor to bind to target kinase, e.g.,

ZAP70, FLT3, PL FAK, JAK3, I NK, RON. I nhjbitor bindi ﬂg may be neasured by
radi ol ad89448hg Fere itemicdi t rPlisptide. ¢ ProVif ngharaseyiGaty t preeptable

| nhi bi t or/f L3k ' SRS d, dgies181 Shitkrt Nr@IRMBT thef adadi ol abel
bound. cAblot r%%lgt&ltlsvﬁ‘ ,%i%n I |%agr g’ipn%i ng nmay be determ ne% by ?unni ng a
conpet i tdoarposxpeispanded whetissohved inndriebpt oree aagidrnc batied fof ttopicadlr get

ki nase bqund ta. kngwn radi ol i gands. t al ndi t i.qns.. for sayi ng a
corrpoundi%f]‘c"i“Ftirazt@il (ic%r‘fom?logn‘fgn({fgﬁ oY ng‘gn 8 H11‘%1(rfj1:h}’?"§ia{%lrlotg ﬁléeéf oaﬁir%]n ‘lﬁnages, or
a nut anteit hgg@af peabRnset Wiafet hetrblathie, Brappdms dgdodw.polydRGEBYRnat ei n

ki nases are a class of enzynes that catalyze the transfer of a.({) osphat e
group f roRNOXYProgylemT POMFowHl. LERBPENE HRK EdabrEr r SV, §roviqedr osi ne,

seri ne, I}h'aﬁgmeﬁﬁéaugﬁ%}ogygmé ARSI APELLERAIRUPR! § AifabIERARALA! ki NASES

act to transmt si romthe outside of a cell to the inside by
act i vat idneans econdany thesstagi ngnpdifeatst orspendied @ gibwdpidomy bag ioormergent . A

variety of cellular pro ses .are 1 pr onot.e t hese si.gnal i ncl udi ng
prol i ferfg?f‘%‘?ﬁeuﬁ(%i’?lﬁfc?ﬁﬁ?ﬂ%gﬁ%c‘ﬁflﬂsi zséﬂ%?%ﬁ CabiEbt lgglﬁgésl’x})ﬁlg ﬁré"sf}oz I,hgléﬁegi%%genesi s,
cel | gr aWtnral @NdsovBitdn mbkostedadte, foBREMHAILED, UeHTlehiark aiar, cdtbyll ALdBI,
"treatnent," "treat," and "treating” refer to reversing, alleviating,

del ayi ng-ptEldodesapolobenzyl alpeliol Brd WAGrt he progress of a disease or disorder,
or one ﬂpogﬂbﬁe %Xﬁgénﬁ’[ﬁ}lnﬁé‘%"s@%?viﬁéd %ﬁé&ﬁda@@ai’cah?ra%& abld cSQPBsigaRodi nent s,
nmay be a after ons

treat me ni st ered ne or nore synpt ave devel oped. In
ot her enhegdbeorsilatéd eatienmizedyuspensaohsiiniisteriepH adjukted afesbnsdinef

synptons. For. exanpl e, treatnment may he adm nistered.to suscepti bl e

i ndi vi du} pberf?rﬁggt 35 tHBUGAS R 18(ft°%1§m8ﬁ0%§u¥]€é$ 5&,“?‘? ﬁaq} Y ﬁﬁh%f Wﬁﬁh?rst ory of
Synpt onsy @t Of pResédaife Qliclpenetiefzyddikatithar calosidept i Rirmitnvdyctars) .
Treatment may al so be continued after synptons have resol ved, for exanple
to prevemphthgimigeysay thhpharmpequgieplbnesseptable compositions may be formulated 1n

an ointment such as petrolatum.

[00650] Pharmaceutically acceptable compositions of this invention may also be
administered by nasal aerosol or inhalation. Such compositions are prepared
according to techniques well-known in the art of pharmaceutical formulation and may
be prepared as solutions in saline, employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bioavailability, fluorocarbons, and/or

other conventional solubilizing or dispersing agents.
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[ 00662] Provi ded conpounds are inhibitors of one or nore of target Kkinase,
e.g., ZAP70, FLT3, PLK, FAK, JAK3, JNK, RON and are therefore useful for
treati ng woeoarosmmwre di sorders associated with activityPofi/use@oofismor e of
the target kinases. Thus, in certain enbodi nents, the present invention
provi des a nmethod for treating an ZAP70-nedi ated, FLT3-nedi at ed,
PLK- medi at ed, FAK-nedi ated, JAK3-nedi ate, JNK-nedi ated, or RON nedi ated
di sorder conprising the step of adm nistering to a patient in need thereof
a conpoudpSeF tMestprpesfersbly, npbarmiagentically ph@iembléutopwmlymﬁcc‘efptt%l e
conposi tion.ther 3 us. rein, the terms " ZAP70- rredi ated, "
"FLT3- né’bvegtf‘%rdare%oﬁ%%@gl atJé%ilA%muf—l%%ur?gldl ated,” "JAK3-medi at e,
" INK- meqoggsep, " T amfEhtoredinpb@ds ofitixoprdeins iofentanthiat meylsbeaemlbsed her ei n
means any di sease or other deleterious condition.i h one, or_ nmor e of

ZAP70, Mithsthe ppigier mpggerialsnoProdugr @ SIMHRBNONJR 251 a‘?ﬁag? AFedt, Y3Ye known to

play a rQ &du@cﬁ[lw dthgJ v trERQY, MR pSRPQd} ARRE o?fadﬁqﬂﬁstpiti%ﬁerﬁrefewt I on

relates t ng or essenlng F he severity of one or nore diseases in

whi ch ompeoddedromepasitioBABE@ld BE TarmPatd seAtkat ajdukdze ofNpetwegd?.8F - R@M or a

mut ant thee are a rale fically e

i nvent i SR&'fel Qg}éswetl%hk@ ?’nﬂfhtg% ug?‘aglforreca‘?fllbr?gadgrm}stkaesr%(gﬁ?ﬁ an%ulg rseg%/lg ty of a

di sease Resccompblilio. sel ected froma proliferative disorder, wherein said
ises administering to a patient_in need thereof a conpound or

net hod co

conposi t[D%%ccBrSBPIHQ g9 lt%‘éldﬁfsé@éirfbati hmsatiicatpsagoassatnAtdEEEen

ermbodi TR0 8 bAIBcRAS L?a%@h evnw&éyew D QYhdas o@féz%rgoaqcﬁlerngttﬁ@aéﬂvn@ or

| esseni ng rﬁ’e severi ‘f one ‘or m%re di sofrders selected froma Cancer. In
sonme enhgdherepecic a*,dmpmmdmmpla))@daﬁsoecgleabw vwnght aesohl ealthnenx, dieh certain
enmbodi nent s, e, eas bl ast er, cancer
of the Hg’é?jogﬁ%mﬁ %ﬁtlorbcﬁi{?r(gjeetxﬁf ttl815m gco g P a@gﬁgg udgm%%ﬁgﬁﬁls mal | cel |

| ung cang&fing Phyn@eh SoAdsERASof the Parltic BIGLdikedso BEiAY itebtepr THé d@duR Mt hod
for treating or |essening the severlt%}/e of one. or nore d| sorders sel ected

from squadrotpsnpoang of thearasrhinveriianigrhe spmprpition wilhdihderstdPah fear ci nom,
or pancr r odi nents, the cancer is associated with a
sol ubl e Ifeagtﬁ%l(rf%r%gglg)ﬁmgis&gh?%%ﬁ OSﬁm I yrrphorra or nyeloma. [00665] In sone
enbodi nents, the present invent| on provi des a nmethod for treating or

| essening the severjty of one nore | 0 h sensitivity

di sorder®, sJdifsg délé'{ ds 31‘118‘5‘69'?3? nn@’f'g‘ﬁ?e%ltéﬁégl (}/Hﬁ’rngft versus host
di sease, 0@651; auCehipoURe éiﬂd%%ﬁﬁ)@ﬁtl@ﬁécdbsaﬁberdh{%wmhw gnafattubdfuisfor &y ot r ophi ¢
| at er al scler05|s and nultiple sclerosis, as well as in solid and

hemat ol cghibitival dfgpratein &Masqiadiviy afeqneedr mere FnzpEddde CAPOHYE Gias,

wher ein 0 g n d thereof a
compost 11 B BEarg P TRIAES RSl Rl ke o) B e LR e pan ¢ he
parti cul siomadeth té anRsesoreffitmgast tharapyb@sing etht edreverdile nmlnhitOIt heftepeut i ¢
agents, which are norma |y adm ni stered ‘%{8 ,{eat th t cgnd ti on, . nmay al so
be presefAMAMN{H&R AHF908F t456H LS oMAGES ABHTBAP SRS FEELhaTasAe:

addi ti on@bmbhieiaanet é&lt:ﬁﬁl%ﬁ@te@tﬁ'@l& A6eyNEF Mkl )taxﬁ@ﬂidntlﬁzt eFed el eat a
particul ar di sease, or condition, are known as Ofpl‘l ate for the
X8

di sease, kloaisec@nddbﬁll@ﬁd thedaigyt tthe gresgnee ppdGBEPN F‘Ifrt SFPEE cORYEHSUNds of
the pres [N ceptabl e conposition

t her eof , §%{Erae) a(f %E mof%%esaarfm n%?%gt&fe%)cﬁﬁw tﬁ%&hem)t her apeuti c agents to
treat prpoDssxyr atDrug néslsteaeaeSS amebrgiapces .a Sgaifphes cbilldogewor chegettdher apeut i ¢
agents include, but are n mted to, Adria xa@ret sone,

vi ncri st hREPiesy EPbEHERYF G%SISt“’rqcﬁé’r"%B?cé’c'ieporq‘%/(gt%t(gﬁ% ‘i% ssa

i nterferang, Rl _@\/Eﬁpmh@?ﬁlhéfﬁtlhl‘{lﬁﬁ@rs tlﬁ’-lﬂ@ﬂ;%ﬁn@elﬁ In zm%@tﬁdﬁ[ @i‘x%' r)aslst\ﬁhd”bca
al kaloids (e.g., vinblastine), ant rac?)/\gl i nes .g., doxorubic i n),

epi podopimsl bashoxpersed( efoy the edeamsh BegF Tegﬁntaltsl nIt hfﬁ heworepaitsdbibelor (e. g. |
a rapanycin trexate, tlno L ehi.ci ne,
emeti ne, rrtePf%r’ﬁxgim 1@5 t8rs IPT%X O%PI ncélve %%alfl d?ﬂo% ge%ls%%ggotlﬁn@ o%grotglﬂ k?rﬁtsgm posi de,
arrphot er (Kl ak, RIkyR aséragllageat $2c(oe)glrreeémbreaﬁbmaoﬂs)qf thé EGEr @u¢man | |

npt hot hecin, cisplatin, nmetronidazole, and G e ve§TN %} ers. 188
V\D 2011/ mangeweewpv}sze%ymsw@n% 6t Befﬁmé%o 102(24): gfg%g 5OHElof t he
present invention is adm nistered in copsf nation with a biol ogic agent,
such as Avastin or VECTIBI X. [006681In certain enbodi nents, conpounds of
the present invention, or a pharnmaceutically acceptable conposition
thereof, are admnistered in conbination with an antiproliferative or
chenot herapeuti c agent selected fromany one or nore of Abareli X,
al desl euki n, Al desl eukin, Al entuzutnab, Alitretinoin, Allopurinol,
Al tret am ne, Am fOStI ne, Anastrozole, Arsenic trioxide, Aspar agl nase,
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conbined with include, without Iimtation: treatnents for Al zheinmer's

Di sease such as Aricept(r) and Excelon(r); treatnents for Parkinson's

D sease swohoa#3dOPA/ car bi dopa, entacapone, ropinrol e, PpTAIS2E@O0089¢6
bronocri ptine, pergolide, trihexephendyl, and amantadi ne; agents for
treating Multiple Sclerosis (MS) such as 189 beta interferon (e.g.,
Avonex(r) and Rebie), Copaxone , and m toxantrone; treatnents for asthma
such as al buterol and Singulair(r); agents for treating schizophrenia such
as zypr Sithoutr wsshargd@l he lsemnd duyedny pantek vl thgay i bt beligred thahe¢orapav@ddry agent s
such as rticosteroids, TNE blockers...|L-1 . Az i i .

cycl oph8€§‘ﬁd’ﬁ?588t, ma?mlogdp?ygg%‘:tg%cﬁwg ;la{ﬂﬁ#urﬁgﬁoﬁe@lél ra?I%IFJf} t‘é%& ?ﬁ%)ﬁ%%uppr essi ve
agents gipakesas

cycl osporin, tacrolinus, rapanmycin, mycophenol atenof etil,interferons,

corti cosQM6Pbl dshs esed byrigpHinicas, Té?‘&?hfiﬁ‘ﬁr reptancgn grefess 4 g’i? RE;

neur ot r ophi G f AGLATS S0 6! HhaReh RESLERARBAEIN RlLERES inNRO

i nhi bi tgl%géﬁ}bﬁll?t roggr%rﬁg?ﬁgntf)co u%sant s, | onsétﬁlgﬂnel bl ockerlg, riluzol e,
and ant drdgantgensoni an agents; agents for treating cardi ovascul ar di sease

such as beta- bl pcker ACE .i nhi bi t or. dijuretics, nitrates, .calcium channel
bl ocker i‘?%gﬂ]d s"g%lflf’ I;lerﬁlé‘emesgflﬁr r‘fsrlSZ%ﬁcf:née RRY rdhﬁp%eesalgetﬁfé %Eﬂgﬁe

corti cCogh@rRl &$d sERRhes tydiagitirgdt Preeineraatsr N @raeihi seqidndk dghat s; agents
for treating blood disorders suc% as corticosteroids, anti-leukem c agents,
and gr ovitretf whichrehanges ddeserane ar akslish theginhibgorynsHpsbaethr dnlapiesr o 88r der s such
as gam"ngargétg) &H’nn. [ 006701 I n certain enbodi nents, conpounds of the present
i nventiony or a pharnaceutically acceptable conmposition thereof, are

admi ni sf{e0esd] i NExamdienattkimasewihb hara indoli el yrthé campaundsigndeonaposgioRBA

t her apeuti c, 06711 Those additjonal  agents. be adm ni ster Separately
from an FW@H‘%?‘G@%B%G%‘EPE S%H‘E}hfhﬁi [H§1h8‘gsrr%€i§§?]?%¥)]ﬁ?m§sarf)gﬁﬁlolfmgl Ful tipl e
dosage regiaeprTA el T K VRIR3, INRORONGR Bt Butith&eopart of a singl e dosage
form m xed together with a conpound of this invention in a single

conposi P91 | f Thedadtivitstadraeepneroupd rutiliged @ thin oy gitionRssHgBhivEgT /B2 the two
active ent,s y. b 1 i gl e e Nk kthin a
peri od oot SRRy ip R PR, FLTS RRCRUR HASTAVETRIR o Rt 2

anot her thet@Ib hial tsasssgd heriebnin tine orenm Cadlohd. ndt visry, dssiyombluded, " and

related ternms, refers to.the .sinmylt.aneous or sequential. adnm ni stration of
t her ape #§3s é@@n‘i@erfrﬂneaé@gl?l&%c ?/bﬁ‘[eﬁ tt‘j%ipgoﬁpﬁ@g'xatqol}n?a‘#%?’ aé@é%’ihg, a
conpound Bfeqhidie rH@EBEAcohBYRBIS b NP RE adthiiyifsicaU A6 Virkdl kafaed, her

t herapeutic agent sinultaneously or sequentially in separate unit dosage

f orms ora moiget Hereof.n Adtesiatgylire vitie essassapatitaly e aRilityradi thy ishibitardo pr esent

i nventiqn ovi des. i ngl it f r i N cappappd of

f or mul a%il} gfntar g?qnl%(s)e?ia'gg t ﬁé?Z%eﬂﬁf%@g%nlfémaﬁ ﬁg’ {)Iﬁ%’r %adgéut | caF)Irl]y

accept aligligamay &6 measred antadidabelidy bk énhibifd@@sisB]o Hihdingnselatingothebot h, an

i nventive conpound and addi{ion t herapeutic agent (in.tho coprposi ti ons
whi ch cdWpPIUdamgRt kgt iCBﬁ‘QEe"F ki dpeur i gaé'@ni‘m tﬁé@ﬁ}@iﬁ@ﬁ DOEVE)) ¢ hat
may be cQmi AR thhibtibe &ﬁ’diﬁ%elhaﬁa&erdeﬁ:lrr%iﬂe@ Bzoldluﬁﬁgaasmgﬂ;@iﬁdﬁsage form
wi Il vary depending upon the host treated and the particul ar node of

adm ni stexptriroent West eewbinhibitersngresneubeted with tarkel kipaserhouad taksave be

formul at e o t.ha -dgsage.. t 0, - . i.ght / day of
an i nvedtiV&E: g%‘ Pee?aél ﬁ’icﬁllg@lgéseg)? a%%g@%f] Qq]mnp %u%gglgﬁgeodn%gtg ?’?1 ?%%n\é\{%ivl\hi ch

conpri sesan iakditéd ehadrtaihkeihageusi € nagenttherédfatreadd fdrthoimathe thxemafesut i ¢ agent
and the conpound of this invention may act synergistically. Therefore, the

amount d€lo3ddi ti onal t herapeutic agent in such conpositions will be |ess
than thghodedfiui pafeih NifasEPRAL RENARYofbhdyhfks N2yt e hRIraPstiki ¢ agent.
In suchaﬁc)orf‘ggsi tII%OI’%S 611 dsosage of be(t)vveen 0.01a- 1,600 [ei gr/ kg body

wei ght / déwpsphifitet greupm dint AGRalr GTHR tagreatceptongaio asahraseluadeznigesuread. [ 00675]
The anount. of , addi ti onal therapeutic ent, prese iLn the co si.tions of
this i nvEHES ey rt%l%H% It ?%fnplioﬁ%nas bsgrrzilfe't Eié:tce qoru?gl aﬁ%ﬁn‘%ltf)y be

admi ni stigmediti Hgmhls GRIROIAE bORIde 0BTPE icsilng thBahsitiheyapeivhiite sgoatargs the only
active agent. Preferably the anount of additiagnal therapeutic agent in the
pr esent Inpesgiging eERU0IE 0ihd PNPIPHAYY 1ation) evERl g YRPeh A FSHRIAE DN eI HE% of t he
anount nornmally present in a conpositiorgeconprising that agent as the only
therapeutically active agent. [00676] The conpounds of this invention, or
pharmaceutical conpositions thereof, may al so be incorporated into
conpositions for coating an inplantable nedical device, such as prostheses,
artificial valves, vascular grafts, stents and catheters. Vascul ar stents,
for exanple, have been used to overcone restenosis (re-narrow ng of the
vessel wall after injury). However, patients using stents or other

T T 1 o - B - e T



irreversible inhibitor of an angi ogenesis target. Angi ogenesis refers to
the gromh of new bl ood vessels, and is an inportant contributor to a
nunber ofwpabhaidemizcal conditions. For exanple, the rol @eCofusangioggyenesi s is
pronoti ng and supporting the growth and viability of solid tunors is well
docunent ed. Angi ogenesis al so contributes to other pathol ogical conditions,
such as psoriasis and asthma, and pat hol ogi cal conditons of the eye, such
as the wet form of age-related nacul ar degenerati on (AVD), diabetic

r et i nopatdmytediibasbesecsignabu lizrludiog maohfari@tiom,etarb@ﬁétam/ upRzZafieBnBIUR t y .
1006781l rreversi bl e inhi bjit ors, prov agyvgntages for inhibiting the

activi t)? rgg r §° gl%ene&éfecﬁh(gropvr’tgt%n%nés to i nhi bit angi ogenesis, for exanple
to treafomype] dlﬁﬁaﬁ&i ASLAG | 1k acm t‘ﬂﬂemaﬂlta’r “@aagl ogenestasingT refeveo si bl e

i nhi bitors produce sust al ned jnhibitjon, rg r ot . Once protein
LCt1 Vi 4 yorestns e @R, (e oy Sedht 97w GhioR it BRSSP P RESPPGHLEET BT of  new
target p sgtcf%!rnor Jétf'er Rk OfrBre %?Rfrﬁs QH&@&U"@S td@sdribE@ VRIS el RiyhdI t or can
produce asting effects Wlth?)l the need to maintain a saturating dose of a
rever si lehbodinteinki ttomtrion maybel ashejettqsed iaber, owhioshmemnsyeriems e t o
toxicity d s fects and sdfflcult 0. achie tain via

t opi cal dﬁ‘b%?l?e@at cﬁ{l erpRefgTC nIt;?‘iet |‘?1nn\l/een 6N p?%n\%]in Iterggl p% Z)lsl ngrg O’?r eating
angi 0geResb&nE0 NPdr ciafled tiFh et alayng za;tmmrsfeeaterosa bttseepmim bidivadwalof one or

nor e angi ogenesi s target proteins topically %he area where ar]gl ogenesi s
is to berionki Brtaaget of KEmPREEigorn pig R e OB hO@T S FRUE | cul ar

angi 0genes).fcORPbindt @Qsc ﬁlLey'sfa@trotﬁg ’ﬁ@al‘xrfern?\ﬁﬁfysél% %e'c@ﬁhlrﬂler(ioa{f%r()f one or
nore angi ogenesi's target proteins topically to the eye of a subject in need
t her eof syﬁptotm;biaeemglvceg;abesimnletcgetvqm ot é@lansthlencmm@nemy proteins that

are inv in.the growth of ne essel s, ases d

non- Ki nib%‘gﬁqh t?ﬁtﬁ\irﬁ PBPEIM Y© r“btflél Gh 9ARGF S§&NEE |Or£¥ar tnkm"fse ng,

angi ogenespa, Fﬁrrgemgd}h/@K ME3 KllNl@S&SNlaﬂﬁht&iﬁerefﬁ@ﬁsd?@ldﬁptr%tm@/dﬁ@l? PDGFR
(e.g., PDGFRA, PDGFRB), SRC, FAK, PI3K, MEK, FGFR (e. FGFRL, FGFR2,

FGFR3, MGERY disprdRryassepiatedich petipipie bonemfiuary Oéﬁt? tEfﬁﬁt kisasest dhus,

Non- ki n i i 9 ian and

epa0. |1 R B Bl B e 8 “Can form
a coval eﬂtP’mennddlmetih FiToystdinted, Peki-vudiatd, ViAKrnamdjatal hbxKSuiedgd.e resi due.

1006801 versib nhi.bi t inhibits a enesi s larget can
be admi ni Etﬁ t?e(do@e#ﬁe# -mgdiage %‘FHQ Cotnﬂ%ﬂsétﬁe@f: Eepaggﬁ#gmg theas%an

ant i - VEGriggeit n@d RBRLNErcongoRMe Tl tht résoid Rivk@iont atphamiideiticilla di ffer ent
angi ogenesi s target. This approach can provide additive or synergistic

effects. acvwéabfwmnmsnmrtbera nts are admnistered they are admnistered to
Prov 92 U8 30 Ase HErd PRREferkiBOrARSMLI i L] Cler 18U GRE TPl K00

adm ni stere concurrent or exanple, anti-V agents, such

rani bi zufmcbatad FEBAKK- mgmata:ti U AKS- raadhatbo’dyNﬂamtdlbtedd’anEGMmedra@d”

adm ni st gl via intraocul ar cg] ection about ve%% g} 6 ﬁ%ks. In

conbi nat %96 e apPPIRIN g ANThiSTRmONENY 4N | efSi%BIE IR B Yor of an
angi ogengsiigioh 3 $8lioch SRNGOHSLNTFY LRIV, IFe TaJPLRI FI, erALKgy JNR], 8ERION) once
every 4 to 6 weeks, and the irreversible i nhi bitor can be admi ni stered

t opi cal loy,a motant sherasf.care dRewn 4o alay. a MhD6ALAHINg e 2BBYHTHRAMeRipf
irreversi 0 i arget is
adnmi ni st'er é’deseﬁl}zhp] ﬁtﬁt wﬁgs ?%?g?ﬁﬁgigf@éﬁ%ﬁ?%é g& eﬁﬁghpgg@ﬁ:hrlﬁ%%ed using a
single tdi&laaqsemt,uhcc}agxentrmowbﬁzemo rRLcTc&uEéKaHxAKntIA@ésJNﬁrarfdmrrﬁﬂ)Htl ng the
agent for topical nistration re er of, conponents and
vari abl ¢¥ & H‘é‘ttanrtrﬁ]%‘tre e %o “é‘erceﬂ%n ﬁ@el%gflkﬁg]%g ?é’éetSFIHgmt’ “Baf ety,
efficacy.apd ot ARidHddy oPfredthe &onregaéhﬂ% @8- seEé}r QfaiTRls8aseadt ddntiRieAr Si bl e
inhibitor that i1rreversibly inhibits KDR and R can be adm ni stered.

[ 006821Ts¢ectedrfmrasprbh@ratquMmor«tﬂr wherer said meéwdf@rnmsﬁ edministTingi strati on.
For exan |rre | ivery

t opi cal ea' ;pel neﬁ!ﬁﬁ a (:o Bout}]ldt 81[ cgr?igoé?t?or}c ?1555‘1] %qgsfﬂé;&’cf’ggﬁtpomer or
liquid flgvémlbatlon) to treat asthma, as a cream ointnment, lotion or the
|i ke for topical application to the skin to treat psoriasis, or as an
ocular formulation for topical application to the eye to treat an ocul ar
di sease. Such a formulation will contairg7an irreversible inhibitor and an
pharmaceutical ly acceptable carrier. Additional conponents, such as
preservatives, and agents to increase viscosity of the fornulation such as
natural or synthetic polyners nay al so be present. The ocular formulation
can be in any suitable form such as a liquid, an ointnent, a hydrogel or a
powder. [006831An effective anount of the irreversible inhibitor is

adm ni stered topi caIIy, for exarrpl eto the eye, “lung or skin. An effective

Y Y



substantially inhibit the activity of the angi ogenesis target, an anount to
inhibit 193 formation of new bl ood vessels, or an amount sufficient to

sl ow or pwewvento3gtgease progression. [00684] 1 n one aspee@CT/ush@oiomsseati on is
a nethod of treating an angi ogenesi s-rel ated ocul ar di sease conpri si ng
topically adm nistering to the eye of a subject in need thereof an
effective anount of an irreversible inhibitor of an angi ogenesis target.
The irreversible inhibitor can be an irreversible inhibitor of one or nore
pr ot ei n§0&SHHE ct ladiofreembodnants the rresest BivprigpnairoVEaR Rebwgtor reatiRbR  PDGFR

(e.g., PDGERA. PDGFRB).. S FAK, Pl e GFR2,
Fors EOERRTnGR pvgy Orng ) it ra Rt i BPa Saned T omE ST
am nopepiibdemz nd) GheHsQ6k isl d3sqaadtéd Githar sctitbdionenih sertdihensodjneatts,t hat i s

treated is afflicted with wet age-rel ated macul ar degeneration, diabetic
r et i nopahthgancel Koueast Caetl BlobBaems; [uga-aresT AYSE ﬂg%ﬁgleﬁgélﬁgt“ﬁ?lf’t y. In

parti CU%SBH&@&?OQ& Bht Bladflh ichfRYehsi RbRshahi Rilt dinOfcalldR ang abme
irreversible inhibitor of PDG-R are adm nistered. 1n another particular
enbodi mentbodanesitsn ghe piesergvievesitibh erovidisbd methadher ticatidpt esKDRgaWd PDGFR i s

adm ni stered. [.00685] I n ope aspect invention IS . a. od;: treating a
pSor i asisgvmkioél’? hie] T%rﬁi(gﬁr‘?vgﬁalﬁ?tﬁiﬁ gfoé? isﬂtba[?oélng eis1 u%gﬁ?cé@?[}’?nsqﬁgéer& t her eof
an ef f ecliindeapdiiunid, RhridNcdréineMer &ipaherehtiidatdronn otheabmbodimegantsi s tar get .
The irreversible inhibitor can be an irreversible inhibitor of one or nore
pr ot ei NSaBeEr éCAsBRFifted i th RSO WPBUYMEHFEF s 2§ #l5ubsMPEEMPRETA N S CPFKDR,  PDGFR

(e.qg., R , in WK incGFR2,
Forra, O B e or s e pe i e e o ne

am nopenpirilegering it deds@@ .of lone pamore immanndagodiardypersenshy ity rdisswdarsi bl e

inhibitor is topically admpistered to.the skin. In rti,c r odi nent s,
an irrevdfli é‘St:l‘Hﬁi’ b%ll{efﬁy’oga ngnrc‘fjeﬁﬁo?’r lgtraailﬁervselr%ulseglgsr%hldbsggf%’r agl PDGFR ar e
admi ni StREGAmuUNB dRaidanciPas Hieahid eRad, aBRbirophis laghesdlénsyemsi bl e
inhibitor that inhibit s KDR and PDGFR js adm nistered. [00686]1n one

aspect, mHépienveptosisn 3 swall nst Wb ﬁ%é‘FF’%’l%l‘és‘Pﬁlﬁ@aB@ﬁ%rﬁug My topically
admi ni Stls%gegg?% ?H@i’@or sg?{d hPel1088Y WHIRLE id Ak uRld &ldrss Qdmmte,r&%ean

irreversi an’angi ogenesis target. The irreversib
i nhi bi t ab agatielién aeed therevea sorhpasitiontrchortiong totheqreseot invortenpr ot ei ns sel ect ed

fromthe group consisting of VEGE Receptor. 2/ KDR .PDGFR (€. 0 PDGFRA,
PDGFRB) ,[(’gﬂgf Fh%?e‘@%,‘%%&h%@ﬂc@éf §OndiHERRpT s tﬂ:%‘?Ri‘fea R4). PLK
(e. 9., Pld§itibnaPhkrageuttHentlkhidh aréSiimaBe apinafisered®d Beanhaeoaditioapept i de- 2
and Hsp90. In gartl cul ar embodi nents, the irreversible inhibitor is

t opi cal I'panalse he presertdn the amepdsiiiogs of s wyaptsme AkussA hasin agfitiong|

o UL SURRCLARA. oy 30 LSEHET SIS R0 o

enbodi megunditiansaradghewn s tapprapirfatestor thividiiebsy; ot draditiomhbdéing gedBR’ and PDGFR i s

adm ni st [%E)ggﬂ Eé@@‘i@l?&ﬂm%u%@ gp lh% p]fesent invention, or a pharmaceutically
acceptable composition thereof, are administered in combination with
chemotherapeutic agents to treat proliferative diseases and cancer. Examples of
known chemotherapeutic agents include, but are not limited to, Adriamycin,
dexamethasone, vincristine, cyclophosphamide, fluorouracil, topotecan, taxol,
interferons, platinum derivatives, taxane (e.g., paclitaxel), vinca alkaloids (e.g.,
vinblastine), anthracyclines (e.g., doxorubicin), epipodophyllotoxins (e.g., etoposide),
cisplatin, an mTOR inhibitor (e.g., a rapamycin), methotrexate, actinomycin D,
dolastatin 10, colchicine, emetine, trimetrexate, metoprine, cyclosporine,

daunorubicin, teniposide, amphotericin, alkylating agents (e.g., chlorambucil), 5-

fluorouracil, campthothecin, cisplatin, metronidazole, and Gleevec™, among others.
188



[00687] N- (4- (4-(5- Cyanot hi azol - 2-yl am no) - 6- (4- et hyl pi perazin-1-yl)pyrimd
I n- 2-ylthio)phe nyl)acrylamde I1-1

[ 00688] 2-wo-2ahlwuw7 2- met hyl t hi opyri m di n-4-yl am no)t hi arolras2e0audeni tril e
K3POAHN S t hi azol e-5-carbonitrile (1.92 g, 15.4 mvol) were di ssol ved

I NN, N- di net hyl formam de (40 nlL). Potassi um phosphate tribasic was added to
the reaction m xture and heated at 100C for 5 h. The solvent was renoved in
vacuo at 65C. The residue was dissolved in water (50 nlL). The pH was

adj ust eth tothes-Sniwidimesne eyomered afiche pisgent dBYANIPRH gis sy igLs %ol at ed,

hed with . .dieth . i ' '
compountAmvcF Aidbfi R PR AR CEIT dried fo give The THTTe

[ 00690] Pro668IChI1ar Gertrinrednhismigaents,0 0y ppyids nof dha-pteseharinvativhi &zod e- 5-
carbonitril e W) 2011/034907PCT/ US2010/Q48916, HN, - 1! CN o

pharmaceutically acceptable composition thereol, are”administeréd mn combination
with an antiproliferative or chemotherapeutic agent selected from any one or more of
Abarelix, aldesleukin, Aldesleukin, Alemtuzumab, Alitretinoin, Allopurinol,
Altretamine, Amifostine, Anastrozole, Arsenic trioxide, Asparaginase, Azacitidine,
BCG Live, Bevacuzimab, Fluorouracil, Bexarotene, Bleomycin, Bortezomib,
Busulfan, Calusterone, Capecitabine, Camptothecin, Carboplatin, Carmustine,
Celecoxib, Cetuximab, Chlorambucil, Cladribine, Clofarabine, Cyclophosphamide,
Cytarabine, Dactinomycin, Darbepoetin  alfa, Daunorubicin, Denileukin,
Dexrazoxane, Docetaxel, Doxorubicin (neutral), Doxorubicin hydrochloride,
Dromostanolone Propionate, Epirubicin, Epoetin alfa, Erlotinib, Estramustine,
Etoposide Phosphate, Etoposide, Exemestane, Filgrastim, floxuridine fludarabine,
Fulvestrant, Gefitinib, Gemcitabine, Gemtuzumab, Goserelin Acetate, Histrelin
Acetate, Hydroxyurea, Ibritumomab, Idarubicin, Ifosfamide, Imatinib Mesylate,
Interferon Alfa-2a, Interferon Alfa-2b, Irinotecan, Lenalidomide, Letrozole,
Leucovorin, Leuprolide Acetate, Levamisole, Lomustine, Megestrol Acetate,
Melphalan, Mercaptopurine, 6-MP, Mesna, Methotrexate, Methoxsalen, Mitomycin
C, Mitotane, Mitoxantrone, Nandrolone, Nelarabine, Nofetumomab, Oprelvekin,
Oxaliplatin, Paclitaxel, Palifermin, Pamidronate, Pegademase, Pegaspargase,
Pegfilgrastim, Pemetrexed Disodium, Pentostatin, Pipobroman, Plicamycin, Porfimer
Sodium, Procarbazine, Quinacrine, Rasburicase, Rituximab, Sargramostim, Sorafenib,
Streptozocin, Sunitinib Maleate, Talc, Tamoxifen, Temozolomide, Teniposide, VM-
26, Testolactone, Thioguanine, 6-TG, Thiotepa, Topotecan, Toremifene,
Tositumomab, Trastuzumab, Tretinoin, ATRA, Uracil Mustard, Valrubicin,
Vinblastine, Vincristine, Vinorelbine, Zoledronate, or Zoledronic acid.

[00669] Other examples of agents the inhibitors of this invention may also be
combined with include, without limitation: treatments for Alzheimer’s Disease such
as Aricept® and Excelon®; treatments for Parkinson’s Disease such as L-
DOPA/carbidopa, entacapone, ropinrole, pramipexole, bromocriptine, pergolide,

trihexephendyl, and amantadine; agents for treating Multiple Sclerosis (MS) such as
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, S\ N C 1006911A slurry of oxone (15.5 g, 25.3 nmol) in water (30 nl)
was added to 2-(6- Chl oro-2-nethylthiopyrimdin-4-ylam no)

t hi azol e-Wocarimmorrile (2.39 g, 8.42 mmol) in acetone @COWS2IP/045Phe

m xture was heated to 55C for 2 h. The warm m xture was filtered. Acetone
was renmoved fromthe filtrate in vacuo and the resulting orange solid
filtered, washed with water and dried in vacuo. The solid was placed on the
top of a colum of S|I|ca and ﬁl uted with EtOAc. The title conmpound, an
orange beanmterasni(sgl. Avedes rmlf\m Bt ©me e 56“@“‘99%%“@1 ggatments

100002 7 ol B Mo Y D A 0 © -
zyprexa, risperdal, seroquel, and haloperidol; anti-inflammatory agents such as
corticosteroids, TNF blockers, IL-1 RA, azathioprine, cyclophosphamide, and
sulfasalazine; immunomodulatory and immunosuppressive agents such as
cyclosporin,  tacrolimus, rapamycin, mycophenolate mofetil, interferons,
corticosteroids, cyclophophamide, azathioprine, and sulfasalazine; neurotrophic
factors such as acetylcholinesterase inhibitors, MAO inhibitors, interferons, anti-
convulsants, ion channel blockers, riluzole, and anti-Parkinsonian agents; agents for
treating cardiovascular disease such as beta-blockers, ACE inhibitors, diuretics,
nitrates, calcium channel blockers, and statins; agents for treating liver disease such as
corticosteroids, cholestyramine, interferons, and anti-viral agents; agents for treating
blood disorders such as corticosteroids, anti-leukemic agents, and growth factors; and
agents for treating immunodeficiency disorders such as gamma globulin.

[00670] In certain embodiments, compounds of the present invention, or a
pharmaceutically acceptable composition thereof, are administered in combination
with a monoclonal antibody or an siRNA therapeutic.

[00671] Those additional agents may be administered separately from an inventive
compound-containing composition, as part of a multiple dosage regimen.
Alternatively, those agents may be part of a single dosage form, mixed together with a
compound of this invention in a single composition. If administered as part of a
multiple dosage regime, the two active agents may be submitted simultaneously,
sequentially or within a period of time from one another normally within five hours
from one another.

[00672]  As used herein, the term “combination,” “combined,” and related terms
refers to the simultaneous or sequential administration of therapeutic agents in
accordance with this invention. For example, a compound of the present invention
may be administered with another therapeutic agent simultaneously or sequentially in
separate unit dosage forms or together in a single unit dosage form. Accordingly, the
present invention provides a single unit dosage form comprising a compound of
formula I, an additional therapeutic agent, and a pharmaceutically acceptable carrier,

adjuvant, or vehicle.
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0

2- (2- Chl or o- 6- net hanesul fonyl - pyri m di n-4-yl am no) -t hi azol e-5-carbonitrile
(800 ng, wozB1wnswdoy was di ssol ved in tetrahydrofuran (40CRIS2@06048916
triethylamne (0.5 nL, 3.6 mmol ). The sol ution was degassed with several
cycles of vacuum and nitrogen flush. Wth the reaction was under N2,

4- am not hi ophenol (380 ng, 3.04 nol) was added in a solution of
tetrahydrofuran (5 nL). The solution was stirred at roomtenperature, under
N2 for POSTH. Tie meawtidrboiol aminveaisyer eeupaadt andapiditions! therappubapor at i on
I n vacuo _and.the remai ning sol.ution Ied . I L] ol um (40
9). The®dt 3% %95% CHEREI t%h‘%%f%@gg% ﬁ‘;ﬁu a‘%dg% é‘[j etyef:gfi‘!“{“gaa \F/He %he 111 |( e
conpoundedcabdd fpve 38Rat B i) combined with the carrier materials to produce a single

10069312- ( 2- (4- Am nophenyl t hi 0) - 6- (4- net hyl pi perazi n-1-yl rim din-4-
ylaninoﬂ?ﬁ%ﬁf@@éysu@@Hbéﬁ#ﬁ@W@éHxT=W€ﬂﬁ§q%?%%fé%fﬁﬁz?%?éﬂgf,Oﬁﬁo 1) was
added tgdl%hﬁ%fa(iéﬁ.arﬁr%fhlﬂ??%bﬁx biof of this invention should be formulated so

chl oropyri mdi n-4-ylam no)thiazol e-5-carbonitrile (385 ng, 1.07 mol). The

m xt ur etheas dveageedt brtwd@0C0T orl08 the/kydody Wedgitiday ot wadneaitiee cembehe cool ed
reaction aﬂg thg resulting solid filtered. The solid was washed with water
(2x 10 AEPINYHEum dried at 45C for 3 h to give the title compound (385 ng

85% yi elighi674] In those compositions which comprise an additional therapeutic agent, that
1006941h¥&4-(4-(5-€yanoth|azol-2- | am no) - 6- (4- et hyl pi perazin-1-
y1) pyri sildifipna- yheraregtiphagapt ) st yihantempqyndy of  thipoBysatens BPendton of

2-(2-( 4-s9ﬁgr£§9tp&ﬂ9yl t'['?lie%)fér@,' (e TRiJIM RiFPRIGREInar |théf§13eutic agent in such
compositions will be less than that required in a monotherapy utilizing only that
therapeutic agent. In such compositions a dosage of between 0.01 — 1,000 ug/kg body
weight/day of the additional therapeutic agent can be administered.

[00675] The amount of additional therapeutic agent present in the compositions of
this invention will be no more than the amount that would normally be administered
in a composition comprising that therapeutic agent as the only .active agent.
Preferably the amount of additional therapeutic agent in the presently disclosed
compositions will range from about 50% to 100% of the amount normally present in a
composition comprising that agent as the only therapeutically active agent.

[00676] The compounds of this invention, or pharmaceutical compositions thereof,
may also be incorporated into compositions for coating an implantable medical
device, such as prostheses, artificial valves, vascular grafts, stents and catheters.
Vascular stents, for example, have been used to overcome restenosis (re-narrowing of
the vessel wall after injury). However, patients using stents or other implantable
devices risk clot formation or platelet activation. These unwanted effects may be
prevented or mitigated by pre-coating the device with a pharmaceutically acceptable
composition comprising a kinase inhibitor. Implantable devices coated with a

compound of this invention are another embodiment of the present invention.

C Inhibition of Angiogenesis
[00677] The invention relates to formulations, and methods for inhibiting

angiogenesis. The method comprise topical, and preferably local, application of an
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pyri m di n-4-yl am no)thi azol e-5-carbonitrile (150 ng, 0.35 nmol) in
tetrahydrofuran (6 nL) and triethylamne (0.5 nL, 1.4 mml) and cooled in
an i ce bawvbondssooR2. Acryl oyl chloride (0.034 nL, 0.42powaiSpomagsoacided.
After 20 mmthe reaction was warned to roomtenperature. The reaction was
foll owed by HPLC. After 2.5 h additional acryloyl chloride (0.010 ni, 0.11
nmmol ) was added. After 6 hr the solvent was evaporated to give yell ow
solid. The solid was triturated with water (2 x 2 nL) and then vacuum dried
at roomitrevepablatinhibitdroyf a2 dngiogkeesks t@rgebnansigeesiy refersiol the grqyeh ofel ut i ng

wth chlorofo nla 17:3 1 3 , 6%
yield): ‘Elﬁﬁ;veﬁ% (arr{T}ED S%’Orta%ﬁ Cﬁﬁ@%ﬁt‘}k/gg 6’?‘1@88%%%2 %‘%%n) .0 (
?8 oag Hs ,cgm%nsém'ﬁ{ae;(amplirﬂhe r&e QF 2(n§1,0g&1|r®s1ds ig. pEBélm()tﬂng m su]ppvrtﬁngthHZ) 7.58
5.73 (d, grq_»}_qh and- \gab;htpqz))f s311q7m(r§)rs Sf,_l)welg &m(lﬁliltequ_i) n@l énf(SShS?%Lf}li) H,

Rever si gr nSt(ﬁ ¢bal conditions, such as psoriasis and asthma, and
[00696]%?&8@? t(é an H)% -2-yl amnno)-6-(4pmathy | pi pera2|n | -yl)pyrim

|2 dl( 2 : i pasliotdgnqa) p‘hedlt[ylls)q)ﬁ dpl oyﬁarﬁucﬂe as thp0ee9fIm sfigpendpion rscular
pyrim di 9? ‘é’ﬁ1 %‘6‘;“5}1 %\%lbeltl t“boé)laﬁ]é'phfgr 2 lblalylaenba 84 rem}ofat

suspendeg prdindt@ityahydrof uran (6 nL) and tr| ethylamne (0.1 nL, O. 7 nmol )
and cool eg in an ice bath under N2. Propionyl chloride go 017 nm, 0.19
mol ) i A09&8} an{rerversihla hibitory proyss aéu%%ges,&?ftléhlbmgﬁh% HHAY L REE T on was

war med E%E]g{oggrg}s S&%E%:%Ffttbj I Ghibf tagélogc%t eBsNYb L% xaf ! | 't@ n@dat PERPIGRENe chl ori de

(0.005 was adde er 2 h the solvent wds evaporated to
gi ve an asfdciandd tveitts alcubhr dfpgogeobsid whseversittler mhibdtorsi poduae esusfainied 2 nl) and

Et OA L d th d d 45C h.
=100 (2 Sufeloh S0 e LA B B0 RS g 1S T

NVR ( DVR&oH th t§90prMﬁZc)t10§ SPRBY: talg"ﬁt Oprotein. 1H)"her5i@reQ7a (sﬁort 1posiBe 0B (s, 1H),
7.77 (d, 2 Hz), 7.54 (d, 2H J = 3.7 Hz 5.92 (s .54 (s,
3H), 2. 4ge(q7§1b]¢|-|)nhlb2togzpa(1n§>roq%e laitngg e(fﬁfts 3\ch(31t_t q_ ngeqqzt? m@ﬁ;&@e 2

5?3?931 abatln )ﬁ%”é b DALRIAOIT Bkt LH b iRt BloRI ARBRkBudk- y1 ) pyri m

2011/ 03490%9@@[5@]5@1/6043&1:6 and is difficult to achieve and sustain via topical
application.
[00679] The invention provide a method for treating angiogenesis comprising
administering an irreversible inhibitors of one or more angiogenesis target proteins
topically to the area where angiogenesis is to be inhibited. The invention provide a
method for treating ocular angiogenesis comprising administering an irreversible
inhibitors of one or more angiogenesis target proteins topically to the eye of a subject
in need thereof. Suitable angiogenesis target proteins include any proteins that are
involved in the growth of new blood vessels. Many kinases and non-kinases are
known to play a role in angiogenesis. Examples of angiogenesis targets that are
kinases include, VEGF Receptor 2/KDR, PDGFR (e.g., PDGFRA, PDGFRB), SRC,
FAK, PI3K, MEK, FGFR (e.g., FGFR1, FGFR2, FGFR3, FGFR4), PLK (e.g., PLK-1,
PLK-2, PLK-3) and Eph receptors. Non-kinase angiogenesis targets include
methionine aminopeptide-2 and Hsp90. In this aspect of the invention, the

irreversible inhibitor can form a covalent bond with a cysteine residue or with any

other suitable residue.

192



1006991Tert - butyl 4-(4-chl oro-6-(5-cyanothi azol -2-yl am no) pyri mi din-2-

yl t hi o) pi pe ridine-I-carboxylate 170--CN 2CN HN SHN S N HS71-BocBoc.N 0, A
" NCI NaH, WHER&N@34®7[ 00700] A stirred sol ution of PCT/US2010/048916

4- mer capt o- pi peri di ne-1-carboxylic acid, tert-butyl ester (482 ny, 2.22
mol , (prepared as described in W2007/030366, pg. 136) in anhydrous THF
(20 M) under nitrogen was treated with sodi um hydri de (60% di spersion, 189
mg, 4.72 nmmol ). After 15 mi nutes, o . ,

2- (6- chl{@F680P- nit hareestsibloriphipijer thadi inhibity| amiansipgensisz HiretscaaPBoni tril e

(700 ny, ,2.2 | ) was .added in, o rtion t : | I xture was
stirred agpua%tf#gﬁ?gqt%%\g a'fmuotr?kéeﬂR I(l)errgﬁeé‘ 1&3&%@ Su?ﬁg‘ls g)@?gég\%&eg%g%t 8\%@5
quenchednyihth iM@feediblanidhititer ahgaimhibisoh wifferennangiepenesd farget.aclibis The
residue was partitioned between water aﬁfg et WE acetate and the organic

| ayer waeP@aslgan Mpss)addifys ofi YERBBHC £HECWasY RThBER T AU 28H S ¥ uo. The

crude praﬁﬂﬁ%xﬁ%te?’éﬁsthgy U&rgdadmgugfé% % A3 SEbMR al DvhAGR 08ehe@feutié30- 400
mesh, 3 exanes : EtOAc) to give the title cor‘rPound, an orange,
anor phoustesobutineed5dt rog (daBHpterddSqES+ntly( Mor exanples anti5/EGHagmKs. ( DVSO- d6) :

s 56. 5 cuch i st 4 Kb fipdmet L0 ab Sangily BaLBidd] vEQRA a0 (M 41,

[ 00701] TRRdinibetadl fia (iftrbruti ARRL MR Bt 2evetya M 1309 ~vEeckd- Mt dopliphpenazi n- 1-

y1)pyri Thgria{)]}: %;i)r/llgtrgrili(tj)zzgin%be;niddzimn?r-relz\;egs?brlle) Oil)il)llilbi{ztlcgreof\“ an angiogenesis target,
ranibuzumab can be administered by injection once every 4 to 6 weeks, and the
irreversible inhibitor can be administered topically, for example, once a day.
[00681] In one embodiment, an irreversible inhibitor that inhibits more than one
angiogenesis target is administered. Using this approach, superior therapy can be
achieved using a single therapeutic agent. This can produce advantages for
formulating the agent for topical administration by reducing the number of
components and variables that must be considered in developing and testing the
safety, efficacy and stability of the formulation. For example, an irreversible inhibitor
that irreversibly inhibits KDR and PDGFR can be administered.
[00682] The irreversible inhibitor is formulated for topical administration. For
example, the irreversible inhibitor can be formulated for delivery topical delivery to
the lung (e.g., as an aerosol, such as a dry powder or liquid formulation) to treat
asthma, as a cream, ointment, lotion or the like for topical application to the skin to
treat psoriasis, or as an ocular formulation for topical application to the eye to treat an
ocular disease. Such a formulation will contain an irreversible inhibitor and an
pharmaceutically acceptable carrier. Additional components, such as preservatives,
and agents to increase viscosity of the formulation such as natural or synthetic
polymers may also be present. The ocular formulation can be in any suitable form,
such as a liquid, an ointment, a hydrogel or a powder.
[00683] An effective amount of the irreversible inhibitor is administered topically,
for example to the eye, lung or skin. An effective amount for topical delivery is an
amount sufficient to have the desired effect, such as an amount sufficient to

substantially inhibit the activity of the angiogenesis target, an amount to inhibit
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JLICNCN HN' S/ \HN S Boc,H N\/ N -CH 3Boc DI EA, n-BuGOH SNCI
[ 00702] Am xtureoftert-butyl 4-(4-chloro-6-(5-cyanothiazol -2-

S NN

yl am no) pyoi2niidi3mo2- yl t hi o) pi peri di ne-1 - car boxyl at e( 250 Peg/USR015H48m®| ), N-
nmet hyl pi perazine (0.187 m, 1.66 nmol) and N, N-diisopropylethyl-am ne
(0.289 mM, 1.66 nmol) in n-butanol (7 m) was heated at 120C for
The reaction m xture was concentrated and the residue was slurried with
wat er. The product obtained was filtered off and washed with water and
acet one fermagjow ©f 22 bigod YeR¥lsofr ahempint efEoepdardew V6 prEst dispase 1) + =

517, (M + Na)+ = 539; 1H NMR (DVBOd6): 0 12.00 (br s, 1H),

8.25

1.5 hours.

(s, 1H),

+
5.93 (stﬁifiS)i‘)Of‘- 3.92 (m 1H), 3.83 (m 2H), 3.50 (m 4H), 3.04 (m 2H),
2.36 (mjookisk} 2Andfe@SpecBihe inReffon(ifh nddthod df thetifignn 2idiogehedi®-rélsted OH) .

[ 00703] 2- (2- (Pi peridin-4-ylthiq)-6-(4-net hyl pj erazin-laﬁég

yl am noPeWpR AP scut SN Eopiqalsl)y NdmipfegnENPINDS g OHCHY

yrim

HIANRF©

gi n- 4-

thereof an effective amount of an irreversible inhibitor of an angiogenesis target. The

irreversible inhibitor can be an irreversible inhibitor of one or more proteins selected
from the group consisting of VEGF Receptor 2/KDR, PDGFR (e.g., PDGFRA,
PDGFRB), SRC, FAK, PI3K, MEK, FGFR (e.g., FGFRI, FGFR2, FGFR3, FGFR4),
PLK (e.g., PLK-1, PLK-2, PLK-3), Eph receptors, methionine aminopeptide-2 and

Hsp90. In particular embodiments, the subject that is treated is afflicted with wet age-

related macular degeneration, diabetic retinopathy, diabetic macular edema, and

retinopathy of prematurity. In particular embodiments, an irreversible inhibitor of

KDR and an irreversible inhibitor of PDGFR are administered. In another particular
embodiment, a single irreversible inhibitor that inhibits KDR and PDGFR is

administered.

[00685] In one aspect, the invention is a method of treating a psoriasis comprising

topically administering to a subject in need thereof an effective amount of an

irreversible inhibitor of an angiogenesis target. The irreversible inhibitor can be an

irreversible inhibitor of one or more proteins selected from the group consisting of
VEGF Receptor 2/KDR, PDGFR (e.g., PDGFRA, PDGFRB), SRC, FAK, PI3K,
MEK, FGFR (e.g., FGFRI1, FGFR2, FGFR3, FGFR4), PLK (e.g., PLK-1, PLK-2,

PLK-3), Eph receptors, methionine aminopeptide-2 and Hsp90. In particular

embodiments, the irreversible inhibitor is topically administered to the skin. In

particular embodiments, an irreversible inhibitor of KDR and an irreversible inhibitor

of PDGFR are administered. In another particular embodiment, a single irreversible

inhibitor that inhibit s KDR and PDGFR is administered.

[00686] In one aspect, the invention is a method of treating a asthma comprising

topically administering to a subject in need thereof an effective amount of an

irreversible inhibitor of an angiogenesis target. The irreversible inhibitor can be an

irreversible inhibitor of one or more proteins selected from the group consisting of
VEGF Receptor 2/KDR, PDGFR (e.g., PDGFRA, PDGFRB), SRC, FAK, PI3K,
MEK, FGFR (e.g., FGFR1, FGFR2, FGFR3, FGFR4), PLK (e.g., PLK-1, PLK-2,
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S N NS [00704] Am xt ureoftert-butyl 4-(4-(5-cyanot hi azol - 2-yl am no) - 6- ( 4-

nmet hyl pi pe razin- 1-yl)pyrimidin-2-ylthio)pipe ridine-I|-carboxylate (292
ng, 0.57 woeb)/i3moe3. 0 N HCL sol ution in nethanol (8 nlL) Paaaisseioousdds under
anbi ent tenperature for 19 hours. The reaction m xture was concentrated and
the residue was swirled in saturated aqgqueous sodi um bi carbonate sol ution
for a few mnutes. The |ight beige, anmorphous solid was washed with water
upon collection and dried in vacuo at 40-50C to give 187 ng (79% of the
title Cd’@ﬁ)ﬁl)’,ldEpWBeQﬁ@)rs( Mhethidhine —amippeptide-2 and Hsp90. In particular

1) myr gy e R PR B b iCe 5 b SR 8 BERERY somm o
““““ .exam lkz\ﬁ(hﬁl}’de%‘sbl ci inr’tldlﬂar embodifbhts; an rrreversﬁﬂWNﬂﬁmNerEfﬂ)R L.,,N

[00706] To a soI ution of 2-(2 g eridin-4-ylthio)-6-(4- rret yl pi perazi n- 1-
yl) pyri mindi a grepeeshleonhibiter of &0 KR rasg mdntiptsierqda2gn ngpthich fous THE (2

n) was nﬁfi)gggqsei\li' &t F‘%(&l% rp&egsgolé's'%hmtor Lo iRty I{iﬂ@ &% Woytr cfl ori de

(0. 044 reaction mxture was stirred at anbient

t enper atadméniftoredl hour and was concentrated in vacuo. The residue was
eluted through a flash colum (silica gel 60, 230-400 nesh, 5% 2.0 M

NH3- met hanolic solution in chloroformto 10% 2.0 M NH3- nethanolic sol ution
in chl oreMPLIFTO’aMONuUct was found to co-elute with triethylam ne
hydrochl oride and this m xture was swirled in water for 12 hours at anbi ent
t enper atﬂgn idje remaining insoluble solid was collected, was washed with
wat er, fd Was dried in vacuo at 40-50C to give 21.5 (100/() of the title
CompoUNd0RS] ( ES)(-(Nb-CybrothiazdlZd-ylabHAOIVR (- DVBOIRiBmzi6- 1Leongidin-s, 1)

8.25 (s, 10 (d, 1H), 5.94 (s, 1H), 5.68 (d, 1H), 4.40
(m 1(H)S 2?}1]]16%9pb?ﬁy%§ﬁéyrg‘%‘%%0“(‘rn ( 3, Z?) (m 21(1;5, 2.H?°,7 (m 4(14), ?21 (s,
3H), 2.12 (m 211), 1.60 (m 2H). ExarrpIeN3’>\CN

[00688] 2-(6—Chloro-2-methy1thi0pyrimidin-4—y1amin0)thiazole-5-carbonitrile

-
' KsPO CN
N el
+
i HN" g~ ~CN X
z DMF

s

[00689]  4,6-Dichloro-2-methylthiopyrimidine (3.00 g, 15.4 mmol) and 2-amino-
thiazole-5-carbonitrile (1.92 g, 154 mmol) were dissolved in N,N-
dimethylformamide (40 mL). Potassium phosphate tribasic was added to the reaction
mixture and heated at 100°C for 5 h. The solvent was removed in vacuo at 65°C. The
residue was dissolved in water (50 mL). The pH was adjusted to 4-5 with
concentrated HCI1. The resulting solid was isolated, washed with water and diethyl
ether and then vacuum dried to give the title compound, a brick red solid (2.397 g,
55% yield).

[00690] 2-(6-Chloro-2-methanesulfonyl-pyrimidin-4-ylamino) thiazole-5-

carbonitrile
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[00707] (E)-2-(2-(1-(4-dinmethylam no)but-2-enoyl) pi peridin-4-ylthio)-6-(4-
nmet hyl pi perazin-1-yl)pyri mdin-4-ylam no)thiazol e-5-carbonitrile 11-5 N-"-
7-CN 10 )WGOl20HN3®0HN SNNTEA CN OHN S [00708] To a sti rripng/tsasipaedileon at 0C
under N2 of 4-di net hyl am no-but-2-enoic acid, hydrochloride (0.322 g, 1.944
mmol) in 10 nL of THF containing 5 drops of DM was added dropw se (via
syringe) oxalyl chloride (0.18 nL, 2.063 nmol). Gas formation started

i mredi ately. The sanple was stirred at 0OC for -30 mm roomtenperature for
-4 h, recooled to 0C, thmggted with dropw se agdition of a suspension

of 2-(2-(piperidin-4-ylt N 4- methy! pi pera2| n-A- yH@yri m di n- 4-

yl am no) t hi azol e- 5- car'B nitrile (0.405 g, Q. 9724 I in 50 nL of THF
fol lowed by triethyla (0.34 ngce%nél,@gtennolh he ice-bath was renoved

and the sanple was__stlirred at roomtenperatar e for -2 h. The sanple was
concentrated then pa&ti Nl orfeéd bet ween Et OAc d mat ciNaHCO3 sol ution. The
organi ¢ extract was washed with saturated aqugous NaCl sol ution, was dried

S filt d, trated and h |
e T RAN VA Mg R e R K G S
hydr oxi dvﬁ 1d828. H%Ek@zﬂﬂﬁ?yh&ﬂf@l%ﬁgnﬁh Ylﬁaﬂyl@@-’lsaﬂ)o%@@loé)(ng d @@ztmhbglcoﬁpound,

as off- te soli (m
11H), 2. 13@e@olsﬂ(lomm14)kﬂhe mlﬂsre(ms btaljed tg 552C a2 mmhe WArgTmiKt@e an 2H) ,

4.19-4. 2915&% )Acggoge g/ﬁér Vfd jf%b%% fﬁi}atg i vacl_po an§ tHe reglﬁtlnglgpangéﬁscg)llaz 0 (bs,

1H . MY

filtered, washed with water and dried in vacuo. The solid was placed on the top of a
column of silica gel and eluted with EtOAc. The title compound, an orange foam, was
isolated from the EtOAc¢ (1.56 g, 59% yield).

[00692] 2-(2-(4-Aminophenylthio)-6-chloropyrimidin-4-ylamino)thiazole-5-

carbonitrile

N N
A}CN HSQNHZ HN//'\/S\>\CN

HN
£ QL0

o | |

W = Et;N, THF >

/S\/I\N el ’ S/kN el

o
2-(2-Chloro-6-methanesulfonyl-pyrimidin-4-ylamino)-thiazole-5-carbonitrile (800
mg, 2.53 mmol) was dissolved in tetrahydrofuran (40 mL) and triethylamine (0.5
mL, 3.6 mmol). The solution was degassed with several cycles of vacuum and
nitrogen flush. With the reaction was under N3, 4-aminothiophenol (380 mg, 3.04
mol) was added in a solution of tetrahydrofuran (5 mL). The solution was stirred
at room temperature, under N for 2.5 h. The reaction volume was reduced to
about 5 mL by evaporation in vacuo and the remaining solution applied to a dry
silica gel column (40 g). The column was eluted with hexane:ethyl acetate 1:1 to
give the title compound (351 mg, 38% yield).

[00693] 2-(2-(4-Aminophenylthio)-6-(4-methylpiperazin-1-yl)pyrimidin-4-

ylamino)thiazole-5-carbonitrile
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Exanpl e 4

[ 00709] 2- (2- (1- but - 2- ynoyDpi peri di n-4-yl t hi o) - 6-(4-net hyl pi perazi n-1-

yl) pyri r mvoizntio3ydoanm no)t hi azol e-5-carbonitril e 11-3 [ @OTABRoDO41IGt i rring
solution at OC under N2 of 2-butynoic acid (0.63 g, 0.749 mmol) and
triethylamne (0.104 nL, 0.746 mvol) in 5 nL of THF was added

i sobutyl chl oroformate (0.097 nmi, 0.748 mmol). The m xture was stirred at 0C
for 15 min then a solution of

2- (2- (pi peridin-4-ylthi oN6y(4-nethyl pi perazin-|I-yl ri n4-yl am no)thia
zol e-5-carbonitrile ( @ 6Q L) in ZOnXZ)Py 3 sca\‘ﬁded )
dropwi se. The sanpl e stl rred at for 1 h, then partitioned between

Et 0Ac and s CC3y ution. Theorgami i ¢y t V\ﬂ shed with
saturated aque NaCl sglution, dried (MySO4), 1 and was
concentrated in Vacts o.NTh€! resi due was chr omat ogr aﬁhed”(s gel, 1%
NHAOH 10% MeOH i n CHC13) to give 0 067 g (23% of the tltld\ozmpound as

light yellow solid. I]li NWR ( 2.21
7H), 2. 38 [-Blethyipiperazging§2.¢ HL. mmS zPS?%‘é“?’S t(’# &M%Wna@&yﬁ%‘ﬂl'gi ns t§1ren
wat er peakchi%{g!?%mmﬁin? 18 }(lgﬁlnoﬂtﬁf)izolé SO&rﬁbnltﬁlelf\ngS %@ :1 (f? 119150( SThe]-H) 8.26 (s,

1H) and 12 mz 483 . Rever sible
Ref er ence @odtyre twed hzated at 100 C for 3 h. Water (25 mL) was added to the cooled

ain 4yl Gy eas brael SChe ik W o NSRRI R EFRRI 0 o

a stirringmsyspensh dfedht HCCUBLERR 1O\Rivetheit(opitionad (Mi5m 4 8§¥ti¢ld).- 6- (4-

[00694] N-(4-(4-(5-Cyanothiazol-2-ylamino)-6-(4-methylpiperazin-1-
yD)pyrimidin-2-ylthio)phenyl)acrylamide II-1

N
HNJN/\}CN 1) j\/THF HNJ'\}CN

Ci H

2 N N N
H N\Qsi)r\lj\r@ 2) NaHC O /\g/ Qsip\r\/\
N

H,0 LUNC

[00695] A suspension of 2-(2-(4-aminophenylthio)-6-(4-methylpiperazin-1-yl)
pyrimidin-4-ylamino)thiazole-5-carbonitrile (150 mg, 0.35 mmol) in tetrahydrofuran
(6 mL) and triethylamine (0.5 mL, 1.4 mmol) and cooled in an ice bath under No.
Acryloyl chloride (0.034 mL, 0.42 mmol) was added. After 20 min the reaction was
warmed to room temperature. The reaction was followed by HPLC. After 2.5 h
additional acryloyl chloride (0.010 mL, 0.11 mmol) was added. After 6 hr the solvent
was evaporated to give yellow solid. The solid was triturated with water (2 x 2 mL)
and then vacuum dried at room temperature for 2 h. Flash Chromatography on silica
gel, eluting with chloroform:MeOH:ammonia 17:3:0.1 gave the title compound (10.3
mg, 6% yield): MS (ES+) 479 (M+H, 100%); |H NMR (DMSO-ds, 300 MHz) &
(ppm): 12.0 ( broad s, 1H), 10.35 (s, 1H), 8.07 (s, 1H), 7.84 (d, 2H, J = 3.9 Hz), 7.58
(d, 2H, J = 3.9 Hz), 6.44 (m, 1H), 6.40 (d, 1H, J = 10 Hz) 5.89 (s, IH), 5.73 (d, IH,J
=5.7 Hz), 3.47 (s, 3H), 2.34 (m, 4H), 2.20 (m, 4H).
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met hyl pi perazin-1-yl)pyrimdin-4-ylam no)thiazol e-5-carbonitrile (0.200 g,
0.480 mml) and triethylamne (0.20 nL, 1.435 mmol) in 5 nL of THF was
added pr onppanylo3ewlori de (0.05 L, 0.576 mmol ). The sanplCe/Usas1094896 ed at
OC for 1 h, then partitioned between Et 0Ac and sat. NaHCO3 sol ution. The
organi c extract was washed with saturated aqueous NaCl solution, dried
(MgSA), filtered and concentrated. The residue was chromat ographed (silica
gel, 1% NHAOH 10% MeOH in CHC13) to give 0.169 g (74% of the title
conpound, as a light yellow solid. 1H NVR (DMSO-d6) 6 0.99 (m 3H),

1.49-1.60 (m, ,2 2.0-2.6 ich also contains DMSO, -11H), 2.97 (m
1H), 3. gkegérélb(‘ﬁ@efmfwéweé&%wi ns water, -5H), 3.81-4.19 (m 311), 5.95
(s, 1H) j00%98P ($-(4-1H)5-ananckiia28-A-PsmidodJ)-(4-NEh§ DRGzindl Z 1 p7amiddtrl, 100%) .
Exanpl e{5 3187133(@7 (@2 (5 ?cyanglt mlriogol ( 2-yl grri no)Z-1 6- ?4)%3,
- met hy| gryp@ioaphesylpropiopapyideri di n- 2-ylthio)e thyl)acryl anide 11-4 N HN CN
NN S ON 1007141Tert-b | 2- (4- chl oro- 6- (5-cyanot hi azol -2 N mino)py rim
i di n-2- ylthio)ethyl c/e;Lb Ny PR CN

HN™ 'S

)j\/ H HN S
\©\ A 7 EtN, THF o \©\ A
Y N/\ N, s7ON N/ﬁ

N K/N\

[00697] A suspension of 2-(2-(4-aminophenylthio)-6-(4-methylpiperazin-1-yl)
pyrimidin-4-ylamino)thiazole -5-carbonitrile (70 mg, 0.16 mmol) was suspended in
tetrahydrofuran (6 mL) and triethylamine (0.1 mL, 0.7 mmol) and cooled in an ice
bath under N,. Propionyl chloride (0.017 mL, 0.19 mmol) in tetrahydrofuran (1 mL)
was added. After 10 min the reaction was warmed to room temperature. After 50
minutes additional propionyl chloride (0.005 mL, 0.055 mmol) was added. After 2 h
the solvent was evaporated to give an off-white solid. The solid was triturated with
water (2 x 2 mL) and EtOAc (2 x 2 mL) and then vacuum dried at 45°C for 16 h to
give the title compound (56 mg, 78% yield): MS (ES+) 503 (M+Na, 25%), 481
(M+H, 100%); 1H NMR (DMSO-d;, 300 MHz) & (ppm): 12.0 (s, 1H), 10.07 (s, 1H),
8.08 (s, 1H), 7.77 (d, 2H, J = 3.7 Hz), 7.54 (d, 2H, J = 3.7 Hz), 5.92 (s, 1H), 3.54 (s,
3H), 2.48 (m, 4H), 2.34 (m, 4H), 1.07 (m, 3H, J = 1.5 Hz).

Example 2

[00698] 2-(2-(1-Acryloylpiperidin-4-ylthio)-6-(4-methylpiperazin-1-yl)pyrimidin-

4-ylamino)thiazole-5-carbonitrile I1-2

N A d=en
\/U\N NT S
\/;LS/“\JND\N/\
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HN S BocS)LN CI  [00715] To a stirring solution at roomtenperature under
N2 of 2-(6-chloro-2-
met haneswoaenylgsygorm di n- 4- yl am no) t hi azol e- 5- car boni t r iPC&/US2018048916 8. 87
mml) and triethylamne (3.1 nm, 22.24 mol) in 50 mM of THF was added
dropwi se a solution of Boc-cysteamne (2.00 g, 11.28 mmol) in 10 nL of THF.
The reaction was stirred for 4 h, concentrated, then partitioned between
Et 0OAc and sat. NaHCO3 sol ution. The organic extract was washed with
sat ur at ¢ebe@glLeous TRe@unddl-(4tdhdoro-d(3-andhip304]-yldnihepyed idnd-concent r at ed
to a brom}. S)i.l acpd ol i.d. 1Tpe sanpl e was suspended into 30 nL of EtOAc,
stirredY4tOrRBH %erfg'(??%}&oﬁ?’éefor 30 min and filtered. The solid was washed
with cold Et0OAc a acuumdried to give 1.44 g (39% ao§i—he title conmpound
as tan solid. M5 (IAP@HCNM z 435/ 437 (M+23, 100/43%, 418/ NM1, 10/ 4%
3

and 357/359 (M®%  30/8% . TrC\(5i 02, 50% Et0Ac in anés), a single
conponent at Rf 7. [003%186] TeNtBout yl 2 B{A cya ia zol-2-ylam

i NO) - 6- (4- med hyil pijpe razinp-1 =—ylyp-yrimidi @ tﬁo)e thyl c arbanate N''
N N HN SHNHN: sxm/ N

[ 00717] Ani xt %

)
e "A , NaNCriEl ABooS N N S |
seof t ert-butyl 2- (4-chl or o- 6- (5- cyanot hi azol - 2-

[00700] A stirred solution of 4-mercapto-piperidine-1-carboxylic acid, tert-butyl
ester (482 mg, 2.22 mmol, (prepared as described in W0O2007/030366, pg. 136) in
anhydrous THF (20 ml) under nitrogen was treated with sodium hydride (60%
dispersion, 189 mg, 4.72 mmol). After 15 minutes, 2-(6-chloro-2-methanesulfonyl-
pyrimidin-4-ylamino) thiazole-5-carbonitrile (700 mg, 2.22 mmol) was added in one
portion and the reaction mixture was stirred at ambient temperature for 18 hours. The
excess reagent was quenched with water and the organic solvent was removed in
vacuo. The residue was partitioned between water and ethyl acetate and the organic
layer was dried (MgSQOy), was filtered and was concentrated in vacuo. The crude
product was eluted through a flash column (silica gel 60, 230-400 mesh, 3 : 2 hexanes
: EtOACc) to give the title compound, an orange, amorphous solid, 250 mg (25%). MS
(ES*): (M + Na)" = 475; 'H-NMR (DMSO-d): 8 12.82 (br s, 1H), 8.38 (s, 1H), 6.79
(s, 1H), 4.02 (m, 1H), 3.80 (m, 4H), 1.98-2.08 (m, 2H), 1.55 (m, 2H), 1.39 (s, 9H).

[00701] Tert-butyl  4-(4-(5-cyanothiazol-2-ylamino)-6-(4-methylpiperazin-1-
yl)pyrimidin-2-ylthio)piperidine-1-carboxylate

N/\>\ N/\>\
! CN ! CN
HN/ks SN HN*S
Boc- HN\ /N CHs Boc
YL YL
S N/ a DIEA, n-BuOH s N/ N/\

LN

[00702] A mixture of tert-butyl 4-(4-chloro-6-(5-cyanothiazol-2-
ylamino)pyrimidin-2-ylthio)piperidine-l-carboxylate (250 mg, 0.55 mmol), N-
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yl am no) pyri m di n-2-yl thi o) et hyl carbamate (1.44 g, 3.48 mol),

1- met hyl pi perazine (0.48 nmL., 4.32 mmol) and diisopropyl ethylamne (1.30 ni,
7.46 mmolwoizn112B8499z of Et OH in a seal ed vial was heat edPa/uB0@of0e89124 h.
The sanple was cooled and was filtered. The solid was washed with cold Et OH
and vacuumdried to give 1.16 g (70% of the title conmpound as off-white
solid. -M5 (APCl) mz 477 (I\/H 100% . TLC (Si 02, 10% MeOH in CHC13), a

si ngl e conponent at . WD 2011/ 034907PCT/ Us2010/ 048916

[ 00718] metnplpiperagian &f- h%@& L.66 yimegh aes) Ne Nediisppiopyiepivbamans (9289 ml,

y1l) pyri i i N [00719] A
stirri n?%u@ﬁéﬁginoﬁ bgﬁa%pgmﬁ‘me%%rmg?m? ll}%g%r Tﬁéﬁgﬁoﬁewft -Tgﬁ%/zlwngl{lm-(&
cyanot hindz@te zvaylcammm)ateﬁ- {ntt rhet tegldpe peasagimicd- with pyartérrﬁ diba-Zoduct

yl thio)ethylcarb ( 2C1 ¢t reat ed
Vi th ob ks ber SLadd pdengdigh Tendnd el e 228 ae GolRe | e
sol uti Ofpe Jﬁ@cmdﬁhuomg\@@sﬁt@\n aepj atsjrrogvn-t gape.r sdr'g- mpm Msohen
concentrated in vactio to dark brown oil. Basification of the resi due

with satds): NdPOOgbs oI 1lbi HAS ﬁﬂ SHICEW &. bid).i3eh2 (Tmél“@a}rﬁi‘ énvld): 3t30Ped at room
t enper at ur.e h | t ied to

gi ve 0. Sﬁg %B%ﬂlm%@ dfggt(ﬁég{{?’?%'ed\@% ?Qhwgk Qmwéhgh ngl\/\%ﬁgor%%

[ 00720] MH)2- (4- (5 -cyanot hia zol - 2-y| am i no) - 6- (4- m et hyl pi pe

razin-| -[867)0%}/“ m I2C-i(|2—n(-Piperidin~4-ylthio)-6-(4-methy1piperazin-1-yl)pyrimidin—4—

ylamino)thiazole-5-carbonitrile

/ / CN
HN/LS CN HN/LS
BOC\ X
N HCI-MeOH  HN N
NCLI) Heeor Cui
s” N N/\| Y N/\
N N

[00704] A  mixture of  terr-butyl  4-(4-(5-cyanothiazol-2-ylamino)-6-(4-
methylpiperazin-1-yl)pyrimidin-2-ylthio)piperidine-1-carboxylate (292 mg, 0.57
mmol) in 3.0 N HCI solution in methanol (8 mL) was stirred under ambient
temperature for 19 hours. The reaction mixture was concentrated and the residue was
swirled in saturated aqueous sodium bicarbonate solution for a few minutes. The light
beige, amorphous solid was washed with water upon collection and dried in vacuo at

40-50°C to give 187 mg (79%) of the title compound. MS (ES*) (M + 1)" = 417.

[00705] 2-(2-(1-Acryloylpiperidin-4-ylthio)-6-(4-methylpiperazin-1-
yhpyrimidin-4-ylamino)thiazole-5-carbonitrile 11-2

i/\>\CN o HNJN’\/S\>\CN

HI\O\ Jj\ acryloyl chlaoride \)J\O\ Nﬁ
I
S/kN/ N
N

- LN
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2-ylthio)e thyl)acrylam de 11-4 HN SOHN S NCI Hii 11 N TEAO [00721] To a
stirring suspension at OC under N2 of 2-(4-(5-cyanothiazol-2-

yl am no) -weQdtmssdy| pi per azi n-1-yfl pyrim di n-2-yl t hi o) ePhyltsaime489ds 473 g,
1.256 mmol ) and triethylamne (0.35 nm, 2.51 mmol) in 25 nL of THF was
added acryl oyl chloride (0.13 nL, 1.60 mmol). The sanple was allowed to
slowy warmto roomtenperature overnight then partitioned between Et0Ac
and 1 N NaCH soI utlon The organic extract was washed with saturated

aqueous [E6lsolTgt i @n, sdvticag (Oﬁ/gs?dlz)§Plﬁ€if1dniéﬁe'élhlﬁﬁt§n@emw1&h)mramdi-

h to % MeO n CHC13) to
oI Ot OONAREERLP Lo Bk L ARRRRAL BB5C IO YRR DHECLaE 6

2. 12- 2. 6%ag addevittiiethylainsie (@drSBan]ns 3BNEE]) -anttlacryBoyl Ghi3riGd (({ 034 whicdy al so
contai ns_wa -5.61 114), 11 (m 114),

6.19-6. 2T“t°:9. ghﬁzfefg%‘on i‘i‘&ﬁ‘"%ﬁ“&s ég‘%‘?d @bH%mblf&M‘)em&JRf@“{wS@ ) hpyrandawag w1,
100%) . Exawwhttat&d in vacuo. The residue was eluted through a ﬂash colum?I >ﬁlh(;a el .60,

[00722] 21:?( Met hyl- 1H-pyrazol - 5-yl am no) - 6- pI p riazin-1-
yQpyri mi %4%13_1?% éf/tpﬁQrM pHtr-ipetanelic spiutes in chloroform to 10% 2.0 M NH;-

methanolic solution in chloroform). The product was found to co-elute with
triethylamine hydrochloride and this mixture was swirled in water for 12 hours at
ambient temperature. The remaining insoluble solid was collected, was washed with
water, and was dried in vacuo at 40-50°C to give 21.5 mg (10%) of the title
compound. MS (ES*): (M + 1)" = 471; 'H-NMR (DMSO-dg): 8 12.00 (br s, 1H), 8.25
(s, IH), 6.90 (m, 1H), 6.10 (d, 1H), 5.94 (s, 1H), 5.68 (d, 1H), 4.40 (m, 1H), 4.00 (m,
2H), 3.60 (m, 4H), 3.10 (m, 2H), 2.37 (m, 4H), 2.21 (s, 3H), 2.12 (m, 2H), 1.60 (m,
2H).

Example 3
[00707]  (E)-2-(2~(1-(4-dimethylamino)but-2-enoyl)piperidin-4-ylthio)-6-(4-
methylpiperazin-1-yl)pyrimidin-4-ylamino)thiazole-5-carbonitrile II-5
N
/&}\CN | 0 /KS\CN
HN N \/\/U\CI
1 Q Nﬁ
= TEA
STONTONTY

LN ‘\/N\

[00708]  To a stirring suspension at 0°C under N; of 4-dimethylamino-but-2-enoic
acid, hydrochloride (0.322 g, 1.944 mmol) in 10 mL of THF containing 5 drops of

DMF was added dropwise (via syringe) oxalyl chloride (0.18 mL, 2.063 mmol). Gas
formation started immediately. The sample was stirred at 0°C for ~30 min, room
temperature for ~4 h, recooled to 0°C, then treated with dropwise addition of a
suspension  of  2-(2-(piperidin-4-ylthio)-6-(4-methylpiperazin-1-yl)pyrimidin-4-
ylamino)thiazole-5-carbonitrile (0.405 g, 0.972 mmol) in 50 mL of THF followed by

triethylamine (0.34 mL, 2.439 mmol). The ice-bath was removed and the sample was
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[ 00724] 4, 6- Di chl oro- 2- (net hyl t hi o) pyri di ne (24g, 0.123nol) was dissolved in
500nmL of CH2Cl2, under stirring and ice bath. Meta-chl oroperoxybenzoic acid
(about O.worom)yo3wmws added slowy in a period of 40 nm Pha/use@oisdme m xt ure
was stirred for 4 h, was diluted with CH2C12, and was then treated with 50%
Na2S203/ NaHCO3 sol uti on. The organi c phase was washed wi th saturated
aqueous NaCl, was dried over MgSH4, and was then filtered. Renobval of

sol vent under vacuum yi el ded about 24g of the title conpound as a |ight

236 %g] @ghanA @droﬁ)ﬁihieﬁin ﬁm&lzzsﬂlemt -But ampie (s Renczapited iemyparciamed mat e
m not hi opheno 0.2nol ). was djssolved in 250nml. of Et OAc.
The sol PEMESIVEO AR ertWNEHCAR Solitioat hhe Argapic- e<bgt e % Zlﬂf’dig%( e (48g,

0. 22no1), éeﬁﬁa&wacgﬁgugﬁgéwsa%nwég Beld’ (M c%yg)a) Atgseﬂiue%d rdoh®GitrhRe 2hdh,

saturate in water (200ml) was a he reaction m xture was
sti rred Wasrchoweatngrgplied (M%L@r sghcm gelphsmlL Qﬁ002/@M¢@34@(§?H@T Mys29$0/ 048916

was washed with water r at ed us ut | any S, a6 over
MySO4, éﬁﬂc%é@tefiﬁgﬁn‘?‘}“l“f‘g’lyg{fx“% Wg/q ﬂb Ogaqéﬁépt ven7tovya ggr/)vogcuum
yi el ded gbaut BRGoHd, ¥&bEOWhiRd !;ohdv\mmm%DMmug.)OB vi shhexane. teo yiel d
about 50g of the title conpound as a yellow solid. [00727] Tert-butyl

4- (4, 6- d.Thlror bPY) i2M6d2-A8 2my UHD dPpHenHDad Barta ¢tH), 3.97-4.01 (m, 2H),
4.19-4.21 (m, 1H), 5.95 (b, 1H), 6.61 (m, 2H), 8.26 (s, 1H) and 12.0 (bs, 1H). MS
(APCI) m/z 528 (M+1, 100%).

Example 4
[00709]  2-(2-(1-but-2-ynoyl)piperidin-4-ylthio)-6-(4-methylpiperazin-1-
yh)pyrimidin-4-ylamino)thiazole-5-carbonitrile 11-3

N
//\/>\CN /J\ O o8 /L/>\CN

CLE A3

N N
[00710] To a stirring solution at 0°C under N, of 2-butynoic acid (0.63 g, 0.749
mmol) and triethylamine (0.104 mL, 0.746 mmol) in 5 mL of THF was added iso-
butylchloroformate (0.097 mL, 0.748 mmol). The mixture was stirred at 0°C for 15

min then a solution of 2-(2-(piperidin-4-ylthio)-6-(4-methylpiperazin-1-yl)pyrimidin-
4-ylamino)thiazole-5-carbonitrile (0.250 g, 0.600 mmol) in 20 mL of THF was added
dropwise. The sample was stirred at 0°C for 1 h, then partitioned between EtOAc and
sat. NaHCO; solution. The organic extract was washed with saturated aqueous NaCl
solution, dried (MgSQy), was filtered and was concentrated in vacuo. The residue
was chromatographed (silica gel, 1% NH4OH-10% MeOH in CHCl;) to give 0.067 g
(23%) of the title compound, as light yellow solid. 'H NMR (DMSO-de) & 1.35-1.66
(m, 2H), 2.03-2.21 (m, 7H), 2.38 (bs, 3H), 3.10 (m, 1H), 3.34-3.52 (m, which also
contains the water peak, ~7H), 3.98 (bs, 1H), 4.08-4.16 (m, 2H), 5.95 (s, 1H), 8.26 (s,
1H) and 12.10 (bs, 1H). MS (APCI) m/z 483 (M+1, 100%).

202



[00728] A m xture of tert-butyl N-(4-mercaptophenyl)carbamate (5g,

0. 022npl) and 4, 6-di chl oro-2-net hyl sul fonyl pyri m di ne (5g, 0.026npl) in
150mL of woBoOH3ww3 heated at reflux for 1 h and then NeROARWSEOOHIZI1IMAS
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 with K2CO3 sol uti on and saturated
aqueous NaCl, was dried over MgS™, and was then filtered. Renoval of the
sol vent Reversildd RelferehcedQompotid2tit| e conpound as yel | ow sol i d.

I[gloz_zg_lT[ ilmb(l;; %ﬁ—ﬁ@?@%@4@%%@3—4—yﬁ20@yg—(&n#e&ﬁp?pzec}llzig-lyyl;pa}'/rrri]rr{igi?lz pyrim

[ 00730] AsphitdoppibRIS-chBbirAz (4, 6- di chl oropyri m di n-2-

yl t hi o) phenyl car bamate (100nmg, 0.27mmol ), 3-nethyl-5-am no- 1H pyrazol
(28.7mg, 0.3mmmol), dii'%o r\cl)égi{l et hyl arg’ ne (41.87ng), and i W8, 6ny,
0.324mmol) in 1 mnm IIJ heat\ﬁgﬁt 85C f(g 4h. F0|,1"9 &dbl i ng and
dilution with 20 nmiL "of ethyl acetate; “the orgdnhi c phase s washed
successi vely h and satural_eg_aqw&sﬁ%a‘ 1, vvas1 i ed over MgSHA4,
and was ther_filteded ) Renoval of sPéA\é/ent in vaduum.yi &l @%t 120 g of
crude product;” Wi chNwas\ putified by 'silica gel (30%Et Mc/ggi&es) to
yield 64ng of the title L&o/trrquund. 207 WO 2011/ 034907PCT/ US Q48916

[ 00731] Tert - butyl

3'1§ g;,§ ?@”@'}12}% ] %,t* @%%?ﬁ%ﬁg%ﬁ%%%@?ﬁéfﬁﬁ% YA R RS RE iio)-6-(4-

methylpiperazin-1-yl)pyrimidin-4-ylamino)thiazole-5-carbonitrile  (0.200 g, 0.480
mmol) and triethylamine (0.20 mL, 1.435 mmol) in 5 mL of THF was added
propionyl chloride (0.05 mL, 0.576 mmol). The sample was stirred at 0°C for 1 h,
then partitioned between EtOAc and sat. NaHCO; solution. The organic extract was
washed with saturated aqueous NaCl solution, dried (MgSOQy), filtered and
concentrated. The residue was chromatographed (silica gel, 1% NH4OH-10% MeOH
in CHCI;) to give 0.169 g (74%) of the title compound, as a light yellow solid. 'H
NMR (DMSO-de) & 0.99 (m, 3H), 1.49-1.60 (m, 2H), 2.0-2.6 (m, which also contains
DMSO, ~11H), 2.97 (m, 1H), 3.2-3.6 (m, which also contains water, ~5H), 3.81-4.19
(m, 3H), 5.95 (s, 1H), 8.26 (s, 1H) and 12.06 (bs, 1H). MS (APCI) m/z 473 (M+1,
100%).

Example §
[00713])  N-(2-(4-(5-cyanothiazol-2-ylamino)-6-(4-methylpiperazin-1-yl)pyrimidin-
2-ylthio)ethyl)acrylamide II-4

N
J/\/\>\CN
HN™ S

I\ﬂ AN
/\{rﬁ\/\S/KN/ N/\

0 N
[00714) Tert-butyl 2-(4-chloro-6-(5-cyanothiazol -2-ylamino)pyrimidin-2-
ylthio)ethylcarbamate
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HN, -NxxHN, -1\1'\ HNHN SNCI HN

[ 00732] Am xtureoftert-butyl 4-(4-chl oro-6-(3-nethyl-1H pyrazol -5-

yl am no) pyoi2mi1di3mo2- yl t hi o) phenyl carbamate (61ng, 0. 14mrolr)usasid/ohssite of

met hyl pi perazi ne was heated at 110C for 2 h. The reaction m xture was
diluted with 20 nL ethyl acetate. The organi c phase was washed with water,
was dried over MgSH, and was then filtered. Renpval of solvent in vacuum
yi el ded about 68.2ng of crude product as |ight brown solid, which was
purified by silica /\\(30@6Et0Ac/hexanes)to gi ve 49. &’ﬁg\ of the title
conmpound. MS ( MtH+).: CB6.

[ 00733] 2-(4-Am n en§/l thi q) M/Surggtchyl 1H pyr azolfiNs- yfsam no) - 6- ( 4-
)pyrlmdln -amne FIN,\- 1\1\M734]A sol ution of

met hyl pi per azi n-\
tert-butyl 4-@-A3-net hyl-tHpyrazot—>5-yl aniino) - 6- (| 4-

met hyl pi per az§- 1¢y1)©Wr|n1d|n¥2AyIth|okmb€ﬁykﬁés a (44.5mg) in 5 m of
MeOH was treated with 2ml of 5N HCL. Waen TLC was showed that no starting

materlal rgil n%d t ﬁlnre%q‘ﬁtLO%RﬁﬁT urtgm rgm lun erdN Otfl"b Eﬁt%&l et ate. The

organic p wasd Wdshed w , gaturatéd aqueous was dried
over NQSﬁ&har&BﬁifM@ﬂip)Irhﬁﬂmf—ét bllaﬁflﬁ@thlf@ﬂ‘@\jahrb@futﬁm(Y@Dtg, iBR7viasenangave about
32.1ng of the title canp de): .6 11.68 (s, 1 H),
9.65 (s, tngthpbam@a ol (rgd 22 Zﬁ)mmyl)eg Sanl (zf T_])IF w;as &gd?dddrogwpbe a sgh@@n( s, 1H),

o i T 8 R B R v 6l 0 1

1007351NF0( 4— JAcoh@eriatddly lhelllparpwrwziolbet@e@ Ht Ao rnd-satd-NgtGQ3 polpgein.azi n- 1 -

The organic extract was washed with saturated aqueous NaCl solution, dried
(MgSO0y), filtered and concentrated to a brown oil and solid. The sample was
suspended into 30 mL of EtOAc, stirred at room temperature for 30 min and filtered.

The solid was washed with cold EtOAc and vacuum dried to give 1.44 g (39%) of the

title compound as tan solid. MS (APCI) m/z 435/437 (M+23, 100/43%), 413/415

(M+1, 10/4%) and 357/359 (M-55, 20/8%). TLC (SiO,, 50% EtOAc in hexanes), a

single component at R¢ 0.37.

[00716]  Tert-butyl 2-(4-(5-cyanothiazol-2-ylamino)-6-(4-methylpiperazin-1-
yl)pyrimidin-2-ylthio)ethylcarbamate

N N P N N\
/ /
o (8 L

[00717] A mixture of tert-butyl 2-(4-chloro-6-(5-cyanothiazol-2-
ylamino)pyrimidin-2-ylthio)ethylcarbamate (1.44 g, 3.48 mmol), 1-methylpiperazine
(0.48 mL, 4.32 mmol) and diisopropylethylamine (1.30 mL, 7.46 mmol) in 20 mL of
EtOH in a sealed vial was heated at 80°C for 24 h. The sample was cooled and was
filtered. The solid was washed with cold EtOH and vacuum dried to give 1.16 g
(70%) of the title compound as off-white solid. MS (APCI) m/z 477 (M+1, 100%).
TLC (5104, 10% MeOH in CHCI3), a single component at Ry 0.28.
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yppyri m di n- 2y1t hi o) phenyl )acryl am de 11-53 \- NI\ HN S/"..N0O S N N
1007361Acryl oyl chloride (6.85 nm., 7.33ng, 0.08 I mvl) was added to a
sol uti on wH20(14033997i nophenyl t hi 0) -N-(3 -net hyl - 1H pyr arorAS2010/048916
-y1l) - 6- (4-net hyl pi perazin-1- yl)pyrimdin-4-amne (32.1ng, 0.081mmol) in 3
m of CH2Cl2 at OC. After 30 min the reaction mxture was diluted with
ethyl acetate. The organi c phase was washed with NaHCO3 sol ution, saturated
aqueous NaCl solution, was dried over MgSO4, and was then filtered. Renoval
of sol vel@®718] el de -t -CyambéhiprodbAud s minehHoeR-metby Ipiperalzinetk by silica gel to

I ve 20 of t.he C MrH+) : 451. 36. Exanple 7 [00737]
?1 (4-(3-Y YRBP?:‘P%«Y@BCL’B g’yla(n?llnéfl uor om
et hyl ) phenyl ) ur ei do) pheno - Nrret hyl pi col i nam de XVI 1| 0 NH

/
HN)\S HN S
X AN
) O
Boc/N\/\S/kN/ ,\‘l\/ HZN\/\S/l\N/ @
N

CN
[00719] A stirring suspension at room temperature under N, of fert-butyl 2-(4-(5-

N

cyanothiazol-2-ylamino)-6-(4-methylpiperazin-1-yl)pyrimidin-2-
ylthio)ethylcarbamate (1.13 g, 2.37 mmol) in 20 mL of CH,Cl, was treated with 20
mL of trifluoroacetic acid. Upon addition, all solid went into solution. The solution
was stirred at room temperature for 2 h then concentrated in vacuo to a dark brown
oil. Basification of the residue with sat. NaHCOj; solution produced a solid. The
sample was stirred at room temperature for ~ 2 h, filtered, washed with water, and
vacuum dried to give 0.913 g (>100%) of the title compound as light brown solid.
[00720]  N-(2-(4-(5-cyanothiazol-2-ylamino)-6-(4-methylpiperazin-1-yl)pyrimidin-
2-ylthio)ethyl)acrylamide II-4

/N“\/\>\CN o /rl/\>\CN
AN

HN S
HZN\ASfN:L \VKC' ﬁ\/L

U\ TEA K/N\

[00721] To a stirring suspension at 0°C under N, of 2-(4-(5-cyanothiazol-2-

ylamino)-6-(4-methylpiperazin-1-yl)pyrimidin-2-ylthio)ethylamine (0.473 g, 1.256
mmol) and triethylamine (0.35 mL, 2.51 mmol) in 25 mL of THF was added acryloyl
chloride (0.13 mL, 1.60 mmol). The sample was allowed to slowly warm to room
temperature overnight then partitioned between EtOAc and 1 N NaOH solution. The
organic extract was washed with saturated aqueous NaCl solution, dried (MgSOy),
filtered, concentrated, and chromatographed (silica gel, 1% concentrated NH4;OH-
10% MeOH in CHCl;) to give the title compound as an off-white solid. 'H NMR
(DMSO-dg) 8 2.12-2.61 (m, which also contains DMSO, ~7H), 3.16-3.67 (m, which
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HN HN [00738]C,C -Bis-tert-butyl

N-4-am no-2-trifluoronet hyl phenyl )i m nodi carbonate WO

2011/ 034990Rari/038®010/ 048916 [00739] To a stirred sol mCirars2@i/048916
4-nitro-2-trifluoronethylaniline (4.12 g, 20 mml) in 1, 4-di oxane ( 50 nl)
was added 4-DVAP (1.22 g, 10 mml) and Boc anhydride (13.13 g, 50 nmol) at
roomtenperature. The reaction m xture was heated at 110C for 2 h. The

reaction m xture was cool ed, concentrated under reduced pressure and the
r esi due algascodtagsowated ~i8hl) ED 62 . q126nnH), 5195 wasHhashetnwitih a6 &itric acid

sol ution_( ) angd, sat.u gueo0, 2 nm). Drying
over Na @(JZH?})BI%%%B}SE&A%%E@@% ?13% 0 {f?cfglﬁjm?ze%ﬁc@?jﬂg? gésoé"é're offered a

resi due which was purified by colum chromat ography (Si 02, 60-120, pet

et her/ethyl acetate, 6/4) to give 5.3 g (13 muvl) of the bis-Boc

i nter medi@mpla8 faint yellow solid. This material was dissolved in 50 m
met hanol t hj | &itn] u hit { : ed acetic acid
(3 ) o TR ed o O B2 S g e R Tom. i xt ur
was heatydgyamidiO-Cyfthio)ghehyl)avagamaotsl I#¢63t 0 room t enperature and was filtered
through a celite(r) bed. The filtrate was cgncentrated under reduced
pressure and the residue was diluted withNECWQAc (30 nL). It was washed with
water (2 nL) and saturated aqueous NaCl,( ) and dried over Na2SO4.
Concentration under reduced pHessure gave a residue, which was further
purified by colum chro 0 Si szjg 120, pet ether/ethyl acetate,
6/4) to give 3.19 g of the ptl n s_an off-white solid.
[00740] 4-(4-(3 -(4- amino -3 -(trif$uoﬂ‘bm@l)phe nyl )ure

i do) phenoxy)-N- nethyl pic ol in am de N

~
[00723] 4,6-dichloro-2-methylsulfonyl pyrimidine
Cl |
N)\j\ C|\©/003H N%\
I + - |
\S/‘\N/ cl \,/S\\/kN/ cl
O O

[00724]  4,6-Dichloro-2-(methylthio)pyridine (24g, 0.123mol) was dissolved in
500ml of CH,Cly, under stirring and ice bath. Meta-chloroperoxybenzoic acid (about
0.29mol) was added slowly in a period of 40 min. The reaction mixture was stirred for
4 h, was diluted with CH,Cl, and was then treated with 50% Na»S,03/NaHCO;
solution. The organic phase was washed with saturated aqueous NaCl, was dried over
MgSQy,, and was then filtered. Removal of solvent under vacuum yielded about 24g

of the title compound as a light purple colored solid.

[00725] Tert-Butyl N-(4-mercaptophenyl)carbamate

NH,,
T e - 1T
HS HS

[00726] 4-Aminothiophenol (25g, 0.2mol) was dissolved in 250ml of EtOAc. The

H
N

0]
IS

solution was cooled with an ice bath and di-t-butyldicarbonate (48g, 0.22mol) was
added dropwise with stirring. After stirring for lh, saturated NaHCO; in water

(200ml) was added. The reaction mixture was stirred for overnight. The organic phase
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1007411Toastirredsol uti onof C,C -bis-tert-butyl N-4-am no- 2-

trifluoronethyl phenyl)i m nodi carbonate (0.5 g, 1.32 mmol) and Et3N (0.6 mi,
5. 97 mmolwoizoittskwene (5 nl) was added phosgene (20% solpaTiuseoion4goné uene,
0.912 nL, 1.85 mmol). The reaction m xture heated at reflux for 16 h and
then was cooled to rt. 4-(4-Am nophenoxy)-N-nethyl -2-pyridi necar boxam de,
(0.32 g, 1.32 mmol) was added and the reaction m xture was heated at refl ux
for 2 h. After that the reaction m xture was quenched with water (5 L) in
a f ume- Heddasked Wit e rvieiuated agvcopoN20] salytionTHas dppd pveaddeXe 2Bkt ract was
washed a e Y and was
concent Wa% }desh hg&?&' ﬂdﬂg‘%g preg?n%g&%gmga%ierg ofu% hgeqc%e:at%uggg g)ﬁnd

[00742] 4!eldo<1w 08, whiéh Aasrtyeh@thwithohex3ne (ot yieltllaboutdidg of the title compound as

et hyl ) phen rel 0) phenoxy)-N- methyl pic olinamde XVIIl-11

(trifluBEHRY 899 phenyl ) ur ei do) phenoxy) - N- net hyl pi col i nani de (0.1 g, 0.22

ol ) armbmy](’)l dTé}ﬁblﬁtgl @%@6%01@01'6@!%121'13 2liykhP)FhehHlcatbhmags added acryl oyl

chloride (O C. The reaction was allowed to cometo rt
and further I|rred for 12 h enched with ice-cold water (10 and
extract ed Et 0Ac (2x20_n hyI aceta ,,. d wth
sat ur at ed e us NaCl sol e ZSC ncentrated
under redg p essure g ge e XVI II 11. The crude p WAS CI

purifiedi rtDtlaIIy by neutral aI um na colum chr omat ography and t hen by
prep. HPLC to give 18 ng of the title conpound as a white solid. 11-1 NWR

i7.16 028 & %é‘téédof?’?% by Sl anyanghey gl dge g gboon s & 2> ¢
5. 94 Hz and 4;d-dichlotd-27mdthylsaifordthyrintidide (5@, 0J26md1)6#H I-HZQmILIeIf -Bu@6- 7. 61 (m
:3HZ" | Z gx(?gf(lg:%péiat ?E;fi%f‘@%éﬁ%ngzther} 'T_\?a’OP?d ?O g%’wezll'sH()lddeg' %I?é %éa%fs 014 ransll_i) LAV

[ 00744] (Bitedaf ferluR-fof 2k RHATREAN | 1ANR. rBARAAE was @SR AOdd3r vacuum and the
(trifluoronethyl)phenyQurei do) phenoxy) - N-net hyl pi col i nam de XVIH 12 0

[ 00745] Tesidueswiy disgbleasl int ¢tbyl asfetate. dWhmrE?nlemhﬁi?-‘za&)W?@W&S@C%f-‘éiﬂdelé’o 186 g,
1.12 mmul S [ 1.34 mol)
at 0C. 'I“H)h knCSHf’?C)f'r\]L(%% %@%?ge&rvz\l/a@ 4 ?omedld&)f(lglvas/atsld(r}‘%% or 1/7a dElbmesmd t hen at
rt for Znhdn filkiredReynovil ofake bddadm ¢icddeddhCuf Ty ofThertitie compdnedl arndllowe reaction
m xture i taken for next step without further purification.

[00746] P84St i rredsol uti onof 4- (4- (3 - (4 amino-3 -

(trifluqperm® herQrPJBG Y! ) U QLIMBLAoRYhy M ARl R oRE S hinapyamidR-2L g9, 0.224
nmol ) |2 i & at 00C was a@ded heﬁ?t di net%ﬁ am )r?gbut 2- enoyl
chlori dalﬂlromheabbv@anﬂit@e reaction mixture was stirred at 0 Cto 100C for 2
h, quenched with cold water (10 nL), basified with triethylam ne, an
extracted with dichloronethane (3x10 nL). The conbi ned organic extac

washed successively with ter (10 rrL) and saturated a ueous Naq.hN 0 t| on
(10 ni) andovvag dried ovegr Na2SO4. entrat| on unger ed ce r/j:/ure

fol | owed tlo‘m col4um1 ’d neyit r

CHC13/ Me0 |tIe d (0 04 g) asoa I §0I|d
111N|\/R(DI\/BOdo) 6 pm 2¢17 2.77 (d, J = 4.84 Hz®

(dJ 5.8 Hz, 632dJ:1484Hz 1H), 669(th 592&1544

" 2 36 |_H(Z)(7731) 7. AS (gkoﬁ&‘il)m 7. 36f 7. 40te£tfﬂut§a|‘|) A-@%-dic BRrdpyrim3dh,2-8. 00 (d, J
ylthlo)phenylcarbamate (100mg, 0.27mmol), 3-methyl-5-amino-1/H-pyrazol (28.7mg,
0.3mmol), diisopropylethylamine (41.87mg), and Nal (48.6mg, 0.324mmol) in 1 ml
of DMF was heated at 85°C for 4h. Following cooling and dilution with 20 mL of
ethyl acetate, the organic phase was washed successively with water and saturated
aqueous NaCl, was dried over MgSO4, and was then filtered. Removal of solvent in

vacuum yielded about 120 mg of crude product, which was purified by silica gel

(30% EtOAc/hexanes) to yield 64mg of the title compound.
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212 (d, J = 5.6 Hz, 1H), 8.77 (g, J = 4.52 Hz, 1H), 8.95 (s, 1H), 9.10 (s,
1H), 9.55 (s, 1H); LCM5 : me 557.2 (M+l). Exanple 9

10074714-W0-208/03490¢ 2- Chl or oacet ami do) - 3- PCT/US2010/048916
(trifluoromethyl)phenyl)urei do)phenoxy)-N-nethyl pi colinam de XVI11I-13

[ 00748] Toastirredsol uti onof4-(4-(3-(4-amno-3- (trifluorom

et hyl') phenyQur ei do) phenoxy) - N- et hyl pi col i nami de (0.15 g, 0.34 mol) and
Et3N (0.05 g, 0.51 mmol) in dry THF (10 nl), was added chl oroacetyl

chl ori d@OUGI]OIAfi‘ST@gl bmyue44whmqmyldﬂbpwag@ - lapxmarfué-mrghy pipRsaFiegct i on

m xture s.allo and stirred at this tenperature for 12 h.
It was eY PEURdine glhl?mbeﬂlnﬁar ucecf pressure, quenched vmthrrpwater (10 nL) and
the mi xture was extract edHWl»Nh Et OAc (2x25 nlL). The conbi ned E&{BA(N extract
was washed with water (10 aturated aqueous NaCl (10 ni), over
Na2SO4 and conﬁentrat ed:%ler reduced pressure to ggt a resi dﬁ‘é 't was

further Yuogfird by col chroma N"mhy (n @Jagm MeOH
ound (_I 25 g—)~—as€;l;15]/t o re |soI [ d tH NVR
(DVBO- d6) 6 @pm

m xture toWhe
3H), 737739(m2H) 758763(m3H) 820(d J=228Hz j\/N850
(d, J =5.6 H, 1H, 8.70-8.80 (m 1H), 8.96 (s, 1H), 9.13 (s, 1H)

(s, 1H); LCM5 : nle 522.2 (M+l). Exanple 10 WO

2011/ 031&97?3'2}:” WNS2QQ6P48986  rers-butyl  4-(4-chloro-6-(3-methyl-1H-pyrazol-5-
ylamino)pyrimidin-2-ylthio)phenylcarbamate  (61mg, 0.l14mmol) and lml 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
MgSO04, and was then filtered. Removal of solvent in vacuum yielded about 68.2mg
of crude product as light brown solid, which was purified by silica gel (30%
EtOAc/hexanes)to give 49.5 mg of the title compound. MS (M+H"): 497.36.

[00733]  2-(4-Aminophenylthio)-N-(3-methyl-1H-pyrazol-5-ylamino)-6-(4-
methylpiperazin-1-yl)pyrimidin-4-amine

HN-N

HN~N \
/S)‘ HNJ\)\

L, LI
7 s7ONTNTY
bN\ NN
[00734] A solution of rert-butyl 4-(4-(3-methyl-1H-pyrazol-5-ylamino)-6-(4-
methylpiperazin-1-yl)pyrimidin-2-ylthio)phenylcarbamate (44.5mg) in 5 ml of MeOH
was treated with 2ml of 5N HCL. When TLC was showed that no starting material
remained, the reaction mixture was diluted with ethyl acetate. The organic phase was
washed with NaHCOs3, and saturated aqueous NaCl, was dried over MgSQs, and was
then filtered. Removal of solvent in vacuum gave about 32.1mg of the title compound.
'"H NMR (300 MHz, DMSO-d¢): & 11.68 (s, 1 H), 9.65 (s, 1 H), 9.25 (s, 1 H), 7.60 (d,
2 H), 7.45 (d, 2 H), 6.00 (s, 1H), 5.43 (s, 1H), 2.38 (m, 4 H), 2.20 (m, 2 H), 2.05 (m, 2
H), 1.52 (s, 6 H), MS (M+H"): 397.18.
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[00749] 4- (4-(3-(4-(2-Chl oroprop ionam do) - 3-

(trifluoronethyl)phenyl)urei do)phenoxy)-Nnethyl pi colinamde XVIIlI-14 0

HN HN  [wWO2B0jo3Twast i rredsol uti onof 44443 - (4-am i no-3 PCT/US2010/048916
(trifluoromethyl)phenyCQurei do)phenoxy)- N net hyl pi col i nam de (0.15 g, 0.34
mmol) in THF (5 nm.) was added Et3N (0.07 nL, 0.51 mmol) and the reaction

m xture was cooled to OC. To it was added 2-chl oropropionyl chloride (0.064
g, 0.51 mmol) dropw se, at the sanme tenperature. The reaction m xture was
al | owed [00735bmeNt(d-(#1(3-dcthylhEi-pstazpl - §ytandifo a6-&4-methey Ipemgazirehper at ure. 1t
was diluted . w th_ e acet at 5 )ey, Washed with water (2 ni), saturated
aqueous hﬁ?ﬂmé P&p’ftglﬁ ﬁisf) rﬁﬁ’% qﬁgi “Sdried over Na2SO4. Filtration fol | owed
by concentration undq_qureduced pressure offered a residuench was
purified by colum chrjn graphy (Si 02, 60-120, chlorofor anol, 9/1)
to give the title cawpound (0.01 g) as a V\/mte solid. IHN"NVR (DVBO d6) 6

1.6 = 618 H, 3 79 (d, J_= 54 3H) 1 4.75 (q, J = 6.8
o 1H) }Jlgyf‘dg\}asm D505 3. /WN o 0

3H), 8.02 (d,
J=24H 56|—'E,1H) 8.70-8 , ,,@z@g(s,lH),
9.15 (s, 1H, 9. §5 (s, 2H);' LCM5 : nile 536.1 (NH). Rever si bIVeNRef erence
Conmpound 3 [00751] 4- (4-( '51\( Propi onam do)-3-(trifluorom ~
et hyl ) phenyl ) ur ei do) phenoxy) - N- net hyl pi ¢ ol i nam de

[00736]  Acryloyl chloride (6.85 mL, 7.33mg, 0.08 lmmol) was added to a solution
of 2-(4-aminophenylthio)-N-(3-methyl-1H-pyrazol-5-yl)-6-(4-methylpiperazin-1-
ylpyrimidin-4-amine (32.1mg, 0.081mmol) in 3 ml of CH,Cl, at 0°C. After 30 min
the reaction mixture was diluted with ethyl acetate. The organic phase was washed
with NaHCO3 solution, saturated aqueous NaCl solution, was dried over MgSO4, and
was then filtered. Removal of solvent yielded the crude product, which was purified

by silica gel to give 20mg of the product. MS (M+H™): 451.36.

Example 7
[00737]  4-(4-(3-(4-Acrylamido-3-(trifluoromethyl)phenyl)ureido)phenoxy)-N-
methylpicolinamide XVIII-11

[00738] C,C’-Bis-tert-butyl N-4-amino-2-trifluoromethyIphenyl)iminodicarbonate
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1007521Toast i rredsol uti onof 4- (4- ( 3- (4-am no- 3-

(trifluoronethyl)phenyl)urei do)phenoxy)-N-net hyl pi col inam de (0.1 g, 0.23
mrol ) andw@t28N/B®004 g, 0.43 mol) in DVF (2 L) was adaeu/yseapioasyys
chloride (0.023 g, 0.25 mmol ) dropwi se at 0C. The reaction was allowed to
come to rt and stirred for additional 16 h. It was concentrated under
reduced pressure and the residue was taken in water (2 nlL) and extracted
with Et0OAc (2x20 nlL). The Et0Ac extract was washed with saturated agueous
NaCl solution (%FglL) and was dried over NaBsO4. Concentrati QR under reduced
pressure foll owed bynpurificati8¥ABy chrorat ageephy (Si 02, 230-\86k),

m xtures of C IVEOH) yaed){!ted_Lh_&tltlrrpound—eG»OM @ an

of f-white [ -1 NMR (MeOD) 6 pg 3 (t, J=7.§ ~3%11), 2.35-2.55
(m 2H), 2,94 (s, 3H), 7.05-7.07 (m WL) 7.11-7.15 (m2?2H), 7.39 (d, J=
8.7 Hz, 1H), 7.56- 7.60 (m 3H), 7.63-7.66 (dd, J= 2.32 & 8.44 Hz, 1H),

7.98 (d [007392. 3%0o HZs,tlrrHﬂ)soluﬁoﬂlzf @dntrd-% tﬁﬂﬁérol’rléthyld‘rﬁlmeL(@'\B g,m0emb@8. 2 ( M+1)
Exanpl e 11 1007531 4-(4-(3 - )-4-c¢
nyl ) ur eildd)yprER®IY) SWﬁﬂt)h\WSpweél“ng(W’ciél 3<?vg4 10 fsﬂol) @mﬂ @@?@&J}l@@e

Is-tert @gt Y ﬁ\ggﬁrm[? Oa;g%ﬁé 11&9%&5&?4‘%@%&&:% %séeu‘;e Vb PRALE 1BPEOL Boc NH2

ci (Boc) stirred solution of 3-nitro-5-chloroaniline
(3 g, 170d42 tndhe) reactich, Mixtude waaneol(e&(tond:gntm uadcraddubeDipisRsyre agd 8. 7 ol )

and Boc anhydrid r oo e tu e.reaction

i xt ur e rﬁg@%\gﬁi g’ﬁéoi‘fedl.gﬁfé&?zggﬂ‘)) I’f’ﬁ”eas Weaﬁg‘ltqt‘gﬁﬁ)ﬁp%t {”«3% Soled, was
concent r@t gd) upger (5 eRlUC 8kl RAGRI 8q@dds N 1r@ShdyeDWass dvesBhyd, i n Et OAC
(25 m). It was washed with 10%citric acid solution (5 m), water (5 nL)

and sat prb\w@ri Ryueengsntrgion prder reduqdy pisgsuis offergsh saesidye |%‘%@1a W3p
concentr Hﬁ; i ro Slimh ﬂH&?% g%sﬁggéﬁ)ﬁo%f)%@d & &ﬁ@l/é?%é@@{a@ Stopuf' fied

by colu ogr aphy pet B her acet 6/4) to
give 4. Zige 68 ¢ ﬁé mmbl)eofabﬂpmﬁmt msermadxate agehinoyelbot balid. [ITD(S?I’ﬁ@t]e(l@l) CC
-Bis-t evrvzgs (?ISSO edl\l‘f1350am met anolrl]I O’[‘ 1s s lut)lonmur? ecrilmct%rglgg rzli mosphere was

added acetic acid (3 mL) followed by iron powder (1.71 g, 19.4 g-atom). The reaction
mixture was heated at 70°C for 2 h, was cooled to room temperature and was filtered
through a celite® bed. The filtrate was concentrated under reduced pressure and the
residue was diluted with EtOAc (30 mL). It was washed with water (2 mL) and
saturated aqueous NaCl (2 mL) and dried over Na;SOj4. Concentration under reduced
pressure gave a residue, which was further purified by column chromatography (SiO»,
60-120, pet ether/ethyl acetate, 6/4) to give 3.19 g of the title compound as an off-

white solid.

[00740] 4-(4-(3-(4-amino-3-(trifluoromethyl)phenyl)ureido)phenoxy)-N-
methylpicolinamide

NH,

CF4
CF,

1) COCl,
©/N(B°C)2 H2N\©\ | XN 2)TFA
+ H HN.__O
-
HoN 0 N~ \f
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[ 00757] Toastirredsol utionof C,C -bis-tert-butyl N-3-nitro-5-

chl or ophenyl )i m nodi carbonate (1.9 g, 5.1 mmol) in nethanol (25 nL) was
added acewpDeoH3®w0(2.5 nl), foll owed by iron powder (0. 26TgiS201064891@t 0m)
under nitrogen atnosphere. The reaction m xture was heated at 70 C for 2 h,
cooled to roomtenperature and filtered through a celitee bed. The filtrate
was concentrated under reduced pressure and the residue was diluted with
Et0Ac (10 mL). It was washed successively with water (2 nlL) and saturated
aqueous [0&M@1] soTat i en (sfrred) . s@oyomg ol er CNEZBOEf-bitybwed-dbymmorkent r at i on

under red ced p ur offe a re |ch s f ri.fied b
col um éﬂ erams Y 1%1‘%8 IC % H’é’?’?ﬁﬂ |ﬁ9§2ﬁ§t L /92) toygi ve
1.1 g ofmhbg 1ﬁ|t61|u@n§@ﬁml)r\dasa§dd%8 pl’lt)ggewel(llﬁ%ss%lldt%n in toluene, 091 mL,

[ 00758] 4- (4- (3-(3-bis-tert-butoxycarbonyl am no) - 4-
chl or opHeHymmele THe yess Bem yxtyrenhagtadhag wﬁl uxolior rllérlﬁ gngdhen was fmefis@]ﬂ

Toastirrggds hA y y | hoxam de
(036 o P AidsRRR W HRERANERR L ORIEY .8 BYLSE RERRL A 0o

sol uti Ol’hdtiﬂi bl teneactibnOdixgyre 2vakSheated| gt raﬂleﬂﬁ ZahdAftlmethae&wt eadtiomi Xt ure was
stirred at roomtenp ture for 15 mn. It was again co C and Et 3N
(0. 44 g,mixtug "Y?r?n‘ﬂ‘)enﬁ\%“g wy e‘ﬂatﬁro%q fnTWe fB‘QE?‘iOB% ?ﬁ%[ﬁ’ &ESEO % stirred
at 35C foLB3nl) VRN ethly Cadtak ¥kirfot SHAWS Shhle B akith Eﬁlﬁﬁte\ggegug&ésmﬁlt {139

material. The reaction m xture was agai n cool ed

C, C - bi snL)amastﬂmeyilovnr Bazi@arand5vasctvineerdpakadnyider nadpeddl prapyomin @61 @.5 g, 1.4
nmol ) was. td to it, The reaction mxture was allowed to cone to rt and
then was’ I]i A edcongpoumfllux for 16 h. The mi xture was cooled to rt, was
quenchedoof42p wat er-(43-@LAcghchitbs- (dmwr@ﬁeur@t)ﬂstmngl)mambphmm}s)@ar ated and
was dried over Na2S4. Fil trat| on followed by concentration under reduced
pressurén?fhf’lék‘?@a“%imtdé?r‘gﬁﬁ dhi ch was purified by col um chromat ography

(Si 02, 60-120, chloroform methanol, 9/1)gto give 0.4 g of the title
corrpound as a brown solid. [00760] 4@-(3 -acryl am do) - 4- chl or ophe
nyQur ei do) phe y)-N

N@

HN HN 2
Q Ly

[00743] To a stirred solution of 4-(4-(3-(4-amino-3-

(trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (0.1 g, 0.22 mmol)
and pyridine (0.035 g, 0.45 mmol) in DMF (5 mL) was added acryloyl chloride (0.03
g, 0.33 mmol) at 0 C. The reaction was allowed to come to rt and further stirred for
12 h, quenched with ice-cold water (10 mL) and extracted with EtOAc (2x20 mL).
The ethyl acetate extract was washed with saturated aqueous NaCl solution (5 mL),
dried over Na;SO4 and concentrated under reduced pressure to get crude XVIII-11.
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) 3 ppm : 2.94 (s, 3H), 5.82 (d, J=10.0 Hz, 1H), 6.37 (dd, /= 1.76 &
17.16 Hz, 1H), 6.50 (dd, J = 10.28 & 17.16 Hz, 1H), 7.06 (dd, J = 2.6 & 5.94 Hz,
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met hyl pic olinamde O [00761]To a stirred solution of
4-(4-(3-(3-bis-tert-butoxycarbonyl am no) - 4-

chl or ophewgl2pursiw®o) phenoxy) - N- et hyl pi col i nam de (0. 35PgT/US2&9/0usv0é ) | N
CH2C12 (5 mL) was added TFA (0.195 g, 1.71 mmol) at 0C. The reaction

m xture was allowed to conme to rt and was stirred at this tenperature for 3
h. It was quenched with NaHCO3 solution (5 nmL), organic |ayer was separated
and dried over Na2SO4. Filtration followed by concentration under reduced
pr essur d Of 7.¢t-gdl Sa(mn,edH)d GetSwidi ¢ $vas quﬂHD,i Bo6-Gy0 1cot, ¥, E167 dddt.bgr aphy

(0. 15 g 4 F 43 8hel By ne-aoDi o Fria it b MG oI e 1 v (5 L)
and acryloyl chloride (0.05 g, 0.54 nmol) was added at O0C. The reaction

m xture was allowed to come to rt and was stirred at this tenperature for 1
h. It wdsxaghipleBed with CH2C12 (2 nl), was washed with NaHCO8 solution (1

.4 5akUu ddtizon (1 nL) and was dried

over i@%@Frﬁ)ﬁa@?{; 4?@&0@%%%%)%??58?@&?& under reduced pressure
gave a r(eﬂldttﬁnetmyil);ﬂfeny\mremu)phfen@@)WmﬂiyﬂmmlniamdeUgﬂaWy (Si 02, 60-120,
chl orof ormi met hanol, 9/1) to ve 0.07 g of the title conmpound as a white

solid. 11-1 NVR (DMBSO d6) 6 ppIN 2.77 (d, J= 4.84 Hz, 3H), 5.78 (dd, J= 1.8

& 10.12 Hz, 1H), 6.28 M & 16.96 Hz, 111), 6.62 (dd, J= 10.16 &
16.92 Hz, 1H), 7.12- 7.17 (m 3 g35741(m3H) 7.56-7.58 (m 2H),
7.95 (d, J= 1.96 Hz, 1H), 8.49 J=25.6 Hz, 1H), 8.76-8.81 (m 2H), 8.95
(s, 1H), 9.85 (s, 1H); LCQWE: 64 (M+l). Exarrple 12 [00762] 44443
-(4-(N-methy |acrylami do)ph enyQurei do) phenoxy)-Nm et hyl pi ¢ ol i nam de
XVI11-16 0 [00763] Tert-butyl Phyl N- (4- ni t rophenyl ) car banat e

di spersion in paraffin oil) (251 ng; |n THF (6.0 nmL) at 0 C was
added a solution of tert-butyl N-(4 marbamate (1.0 g, 4.19
mml) in THF (4.0 nL) over a period of 1S)m*n Tereactlon m xt ure was
stirred at this tenperature for 15 mmand to it%was added nethyl iodide

(590.8 ng, 4.19 nmmol ). The reaction m xture was warned to rt, and was
stirred at 50C for 16 h. The m xture was cool ed, was quenched with ice cold

wat er ( 180TSIL) To angfirpasssalytianaek ddimpthnlaminne-butsess #9 (0% gedrBi ned Et 0Ac
extract WASBLIRENIAD B Bhs Labahiy afHIE6S7 AAUESYSHABES: 050 M),

dri ed over concentrate educe pre sure. resi due was
further mrma&aned nbytuwiwumrllow&trddnmtmgr(ﬁﬁ rfyr ‘(z$| a(i»ﬁ th&0at 12y 2 h. Finally it

ggrlage/ et hlegt% ¢ ?Eg)cgf%/r %01‘21111 COO ci/andt tﬁe reac lOIl le O#E?Sdtalgen f%l' quzt S?s a yel | ow

NaH, Mel NH Boc THF 02NO2N [0076% o] i stl rred solution of NaH (60%
By

without further purification.

[00746] To a stirred solution of 4-(4-(3-(4-amino-3-
(trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (0.1 g, 0.224 mmol)
in NMP (2.0 mL) at 0°C was added the 4-dimethylaminobut-2-enoyl chloride from
above. The reaction mixture was stirred at 0 °C to 10°C for 2 h, quenched with cold
water (10 mL), basified with triethylamine, and extracted with dichloromethane (3x10
mL). The combined organic extract was washed successively with water (10 mL) and
saturated aqueous NaCl solution (10 mL) and was dried over Na;SO4. Concentration
under reduced pressure followed by purification by column chromatography (neutral
Aly0;, CHCI3/MeOH, 99/1) gave the title compound (0.04 g) as a light yellow solid.
'H NMR (DMSO-de) & ppm : 2.17 (s, 6H), 2.77 (d, J = 4.84 Hz, 3H), 3.04 (d, J =
5.8 Hz, 2H), 6.32 (d, J = 14.84 Hz, 1H), 6.69 (td, J = 5.92 & 15.44 Hz, 1H), 7.13-
7.18 (m, 3H), 7.37-7.40 (m, 2H), 7.58-7.60 (m, 3H), 8.00 (d, J = 2.36 Hz, 1H), 8.49
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[ 00765] Tert-butyl N nethyl-N-(4-am nophenyl)carbamate H2, Pd/ C N. BocEt OACN.
Boc 02N [00766] To a solution of tert-butyl

N- et hyl -We(dtmizggoephenyl ) car bamat e (0. 090 g, 0.356 nmOPLTIUS2EV04891¢5 i) )
was added 10% Pd/ C (0.012 g) and the reaction m xture was allowed to stir
under H2 atnosphere (1.5 Kg hydrogen pressure) at rt for 16 h. The
reaction mxture was filtered through a pad of celite(r) and concentrated
under reduced pressure to give the title conmpound (42 ng) as a brownish

vi scous (@iJ = PGBOHB7IH), 8.77 (q, J = 4.52 Hz, 1H), 8.95 (s, 1H), 9.10 (s, 1H), 9.55 (s,
4-(4-(3-(4- - but oxyl.c nyl met hyl am nophenyQur ei do) phenoxy) - Nmet hyl pi co
i nam dég‘{)B‘g@MS : ’F}ﬁcééé](ﬂ%?‘a stirred solution of tert-butyl

N- net hyl - N- (4- am nophenyl ) carbanmate [00769] (0.2 g, 0.89 mml) and Et3N
(318 ng, 3.14 mmol) in toluene (4 nm.) was added phosgene (20% solution in
tol uene,Ex@ngde ., 1.61 mmol) at OC. The reaction nixture was allowed to
reflux f h £Q 4t was added 4- (4-

am nophéﬁ@f&f- nﬁﬁg?ﬁ%%&giﬁﬂa ?{r%glé%@bﬁoxam de (0.218 g, 0.89 mmol) and the

r eact i ontrifivotath &hyigysheagiimidogfhe noved-N-areth/coliatrede XNakl-the reacti on

m xture was quenched with water (5 nL) in a funme-hood, was extracted with
Et OAc (2x20 nlL) and the ethy} acetate extract was washed with saturated
aqueous NaCl (15 ni), \d—lJlLQ\q.,over Na2SO4 and was concentrated under
reduced pressure. The residue gEurther purified by colum chronatography
(Si 02, 60-120, hexane/ethyl g ete’ 60/ 40) to give the title conpound (78
ng) as an off-white solid. [BQZ70]4-(4-(3 -(4-nmethy |aminophe nyl)ure

i do) phe noxy)-N-nethylpic o |iham de

HNYO
|OU ¥
T LN
O
[00748] To a stirred solution of 4-(4-(3-(4-amino-3-

(trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (0.15 g, 0.34 mmol)
and Et;N (0.05 g, 0.51 mmol) in dry THF (10 mL), was added chloroacetyl chloride
(0.045 g, 0.404 mmol), dropwise at 0°C under N,. The reaction mixture was allowed
to come to rt and stirred at this temperature for 12 h. It was concentrated under
reduced pressure, quenched with water (10 mL) and the mixture was extracted with
EtOAc (2x25 mL). The combined EtOAc extract was washed with water (10 mL),
saturated aqueous NaCl (10 mL), dried over Na;SO4 and concentrated under reduced
pressure to get a residue. It was further purified by column chromatography (neutral
ALO;, CHCly/MeOH mixtures) to the title compound (0.025 g) as a cream colored
solid. 'H NMR (DMSO-ds) & ppm : 2.77 (d, J = 4.8 Hz, 3H), 4.28 (s, 2H), 7.13-7.18
(m, 3H), 7.37-7.39 (m, 2H), 7.58-7.63 (m, 3H), 8.20 (d, J = 2.28 Hz, 1H), 8.50 (d, / =
5.6 Hz, 1H), 8.70-8.80 (m, 1H), 8.96 (s, 1H), 9.13 (s, 1H), 9.83 (s, 1H); LCMS : m/e
522.2 (M+1).

Example 10
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O O [00771] Toastirredsol utionof4-(4-(3-(4-tert-

but oxyl car bonyl net hyl am nophenyl ) ur ei do) phenoxy) - N- et hyl pi col i nam de (76
ng, 0. 154woroiiyo3uge7CH2C12 (2.5 nl) was added trifl uor oa®eTiuS2@0i0d89(®. 38 L)
at 0C. The reaction m xture was allowed to cone to rt and was stirred for
additional 16 h. It was then quenched with ice-cold water (3 nL) and was
basified with 10')/oNaHCC3. It was extracted wth Et 0Ac (2x25 nmlL). The
conbi ned Et OAc extract was washed with saturated aqueous NaCl (5 nlL), was
dri ed 0\eo748h2 SOHU-ahH-(Shboneembnaheld)-0nder reduced pressure to give the

[ 00752} JTHRE R vt idanns na) Al Ms IR P BRET R KSRk ) -

met hyl pi colinamde X VI11-1660 HNCI HN O

cl
\HKNH

HNj¢o

HN SN
1SNy
O/N\

0]

CF3

[00750] To a stirred solution of 4-(4-(3-(4-amino-3-
(trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (0.15 g, 0.34 mmol)
in THF (5 mL) was added Et;N (0.07 mL, 0.51 mmol) and the reaction mixture was
cooled to 0°C. To it was added 2-chloropropionyl chloride (0.064 g, 0.51 mmol)
dropwise, at the same temperature. The reaction mixture was allowed to come to rt
and then stir for 12 h at the same temperature. It was diluted with ethyl acetate (5
mL), washed with water (2 mL), saturated aqueous NaCl solution (2 mL) and was
dried over Na,SOy. Filtration followed by concentration under reduced pressure
offered a residue which was purified by column chromatography (SiO,, 60-120,
chloroform/methanol, 9/1) to give the title compound (0.01 g) as a white solid. ‘H
NMR (DMSO-dg) 6 ppm : 1.61 (d, J = 6.8 Hz, 3H), 2.79 (d, J = 5.2 Hz, 3H), 4.75 (q,
J = 6.8 Hz, 1H), 7.14-7.19 (m, 3H), 7.35-7.39 (m, 2H), 7.59-7.65 (m, 3H), 8.02 (d, J
= 2.4 Hz, 1H), 8.51 (d, J = 5.6 Hz, 1H), 8.70-8.80 (m, 1H), 8.98 (s, 1H), 9.15 (s, 1H),
9.85 (s, 1H); LCMS : m/e 536.1 (M+1).

Reversible Reference Compound 3

[00751]  4-(4-(3-(4-(Propionamido)-3-(trifluoromethyl)phenyl)ureido)phenoxy)-N-

methylpicolinamide
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[00773] To a stirred solution of

4- (4- (3-(4-nmet hyl am nophenyQur ei do) phenoxy) - Nret hyl pi col i nam de (20 ny,

0. 051 mmowd 20r/as@7( 1. 0 nL) at OC was added acryl oyl chlpomitu$e0100hi89%68 ny,
0.127 mmol ). The reaction mxture was stirred at OC for 30 mn, was all owed
to come to rt and was stirred for 90 mn at this tenperature. The reaction
m xture was quenched with water (2 nL), was basified with 10% NaHCO3 sol n.
and extracted with dichloronethane (2x10 nlL). The conbi ned CH2Cl 2 extract
was washed with water (5 nm®, then with saturated aqueous NaCl (5 nlL), was
dried over Na2SO4 and maswpﬁﬂﬁ%ntrated under reduced pressure. The residue
obt ai ned was further purifie y colum chromat ography (Si 02, 230-400,

MeOH CHC13: 1/99) to give t iffe compound (5 ng) as an off-white solid.
11-1 NWMR (CDC13) 6 ppm 3.0 , J 5.2 Hz, 3H), 3.33 (s, 3H), 5.51 (d, J =
9.6 Hz, 1H), 6.08-6.15 (m 1H, 6.35 (bd, J = 17.2 Hz, 1H), 6.98 (d, J =
8.44 Hz, 2H), 7.07-7.12 (m 07.39 (d, J =8.4 Hz, 2H), 7.49 (d, J = 6.8

Hz, 2H), 7.64 (s, 1H), 8.16 (s, 1H), 8.25 (s, 1H), 8.43 (d, J = 5.6 Hz,

1H); LCMS: me 446 (Mrl). Exdltphe~$3. [O0%74] 4-

{4-{4-(2-Chl oro-acetyl)-pi perazi ‘1}-%:L ifnuoronethyl-pyrinidin-2-

yl am no} - 3- net hoxy- N- ( 1- et hyl - pi péri di'n-4-ylj - benzani de (111-26) [00775]
The title conpound was prepared according tod he steps and internedi ates as
described below. Step 1: Internediate 13a F3C

[00752] To a stirred solution of 4-(4-(3-(4-amino-3-
(trifluoromethyl)phenyl)ureido)phenoxy)-N-methylpicolinamide (0.1 g, 0.23 mmol)
and Et;N (0.04 g, 0.43 mmol) in DMF (2 mL) was added propionyl chloride (0.023 g,
0.25 mmol) dropwise at 0°C. The reaction was allowed to come to rt and stirred for
additional 16 h. It was concentrated under reduced pressure and the residue was taken
in water (2 mL) and extracted with EtOAc (2x20 mL). The EtOAc extract was
washed with saturated aqueous NaCl solution (5 mL) and was dried over Na,SOq.
Concentration under reduced pressure followed by purification by chromatography
(SiO;, 230-400, mixtures of CHCl3/MeOH) yielded the title compound (0.024 g) as an
off-white solid. '"H NMR (MeOD) 8 ppm: 1.23 (t, J = 7.6 Hz, 3H), 2.35-2.55 (m, 2H),
2.94 (s, 3H), 7.05-7.07 (m, 1H), 7.11-7.15 (m, 2H), 7.39 (d, J = 8.7 Hz, 1H), 7.56-
7.60 (m, 3H), 7.63-7.66 (dd, J = 2.32 & 8.44 Hz, 1H), 7.98 (d, J = 2.36 Hz, 1H), 8.47
(d, J = 5.64 Hz, 1H); LCMS: m/e 503.2 (M+1)

Example 11

[00753]  4-(4-(3-(3-acrylamido)-4-chlorophenyljureido)phenoxy)-N-
methylpicolinamide XVIII-15
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1 3a [00776] Under N2, to a stirring solution of 500 ng of 2, 4-dichloro-5-

trifluoronethyl
i n O 2oi1/03fioodi chl or omet hane- net hanol

nmol )

nmg of 4-am no3-net hoxy-N-(1-net hyl

-pyrimdine (2.31 mol) and 780 ng of zinc brom de (3.46
(v/iv 1/1) at POT@S200094%vdeled 526
-pi peridin-4-yl)-benzam de (2.0 nmol)
10 nL of Nmethyl-pyrrolidinone (NWP). After stirring 30 nmat 0 C, LC M

showed conpl etion of step 1 reaction with desired M5 mlz = 444.1 (ESt).

in

Due

to the noisture sensitivity of internediate 13a, the reaction m xture was

split

Step 2: Internediate 1%(8& 1N ()M 1 3b

HN \fo
HN N
N
@L J@kﬁ
O ~
(0]

[00754] C,C’-Bis-tert-butyl N-3-nitro-5-chlorophenyl)iminodic arbonate

Boc\ .Boc

(Boc),0 %

[00755] To a stirred solution of 3-nitro-5-chloroaniline (3 g, 17.4 mmol) in 1,4-
dioxane (50 mL) was added 4-DMAP (1 g, 8.7 mmol) and Boc anhydride (9.5 g, 43.6

mmol) at room temperature. The reaction mixture was heated at 110°C for 2 h. The
reaction mixture was cooled, was concentrated under reduced pressure and the residue
was dissolved in EtOAc (25 mL). It was washed with 10% citric acid solution (5 mL),
water (5 mL) and saturated aqueous NaCl (2 mL). Drying over Na;SO;4 followed by
concentration under reduced pressure offered a residue which was purified by column
chromatography (SiO;, 60-120, pet ether/ethyl acetate, 6/4) to give 4.2 g of the title
compound as faint yellow solid.

[00756] (2) C,C’-Bis-tert-butyl N-3-amino-5-chlorophenyl)iminodicarbonate

Boc., .Boc Boc~  -Boc
N Fe, HOAC N

o O

[00757] To a stured solution of C,C’-bis-tert-butyl ~ N-3-nitro-5-

O,N Ho

chlorophenyl)iminodicarbonate (1.9 g, 5.1 mmol) in methanol (25 mL) was added
acetic acid (2.5 mL), followed by iron powder (0.45 g, 7.6 g-atom) under nitrogen
atmosphere. The reaction mixture was heated at 70 °C for 2 h, cooled to room
temperature and filtered through a celite® bed. The filtrate was concentrated under

reduced pressure and the residue was diluted with EtOAc (10 mL). It was washed
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[00777] To one aliquot, was added N-Boc-piperizine (0.75 nmmol) and 100 ng
of anhydrous K2CO3. The reaction m xture was stirred at rt overnight. The
reacti on woxpuris4mas extracted with 50 nL of Et0Ac, wasiret/usgomaisdne brine,
and dried over anhydrous sodium sulfate. After concentration, the residue
was suspended into etherheptane. The white solid was filtered out as
desired product 13b (120 ng), MS mz = 594.2 (ES+). Step 3: Internediate
13c TFA'1 3c [00778] To a stirring solution of 120 ng of internmediate 13b
(202 i . .suomkgivélp withnivatef (2amihy end sstuchieihdqueowell idnejutivas2adide dr@ingl. of

trifluoroacetigc acid. After 30 mn, LC. M5 showed conpl etigon of . de-Boc

pr ot ect i VAL M Olg’wlfézéb C?E@Y?t‘él‘h gndgg) Wéﬁ%ﬂ‘ﬁﬁﬂs SSP%%ﬁgﬁﬂ%gfaduFed uced

pr essur eyhigneas @arﬂié@?gfiﬁ&@gy Wolubn@t-hiamnekaPeM sieves@l 20, ipgesthéetiyisur e the
conpl ete renoval of trifluoroacetic acid. The residue was internediate 13c,

and can asetates ) 8 gized |1yg ¢ighe Hig corpeyyd asgpeff white solid.

4-{4-14- (2 Chl o 05 acet y1) - pi i n-1-y11-5-trifluoronethyl-pyrimdin-2-

yl ani no}[g@zs?gt RESERERE fsn%’?hb&l?chg%‘g?‘%y&?‘ﬁﬁlﬁ?ﬁ)-benzam‘ de (111-26) Ove
111- 26 1Ot HERS])aresio)phiehary )Soinethydpicdinaimder medi ate 13e (100 1.unol), 250
I'.LL of pyridine

Ci I?oc
N.
Boc
Boc~, , -Boc
N COCl,
Cl H-N HN 0]
. 2 SN \f
| P> H HN
HaN 0 ~ @\ Ny
(@] o = N

O

[00759] To a  stirred solution of  4-(4-aminophenoxy)-N-methyl-2-
pyridinecarboxamide (0.36 g, 1.4 mmol) in CH,Cl, (5§ mL) was added phosgene
solution (20% solution in toluene, 1.01 g, 2.19 mmol) at 0°C and the reaction mixture
was stirred at room temperature for 15 min. It was again cooled to 0 °C and Et;N
(0.44 g, 4.38 mmol) was added to it. The reaction mixture was then stirred at 35°C for
3 h when TLC analysis showed that there was no starting material. The reaction
mixture was again cooled to 0°C and C,C’-bis-tert-butyl N-3-amino-5-
chlorophenyl)iminodicarbonate (0.5 g, 1.4 mmol) was added to it. The reaction
mixture was allowed to come to rt and then was heated at reflux for 16 h. The mixture
was cooled to rt, was quenched with water (2 mL) and the dichloromethane layer was
separated and was dried over Na,SOy. Filtration followed by concentration under
reduced pressure offered a residue which was purified by column chromatography
(Si0,, 60-120, chloroform/methanol, 9/1) to give 0.4 g of the title compound as a
brown solid.

[00760]  4-(4-(3-(3-acrylamido)-4-chlorophenyl)ureido)phenoxy)-N-
methylpicolinamide XVHI-15
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in 2 mL of anhydrous dichloronethane and 1 nL N, N-di net hyl acet am de, was
added 2-chl oroacetyl chloride 150 1.1.L. After 10 min, LC- M5 showed

conpl eti omoab1td3eoacyl ati on. The reaction m xture was ceqtarstoiaesdic and
purified by pre-HPLC, giving 39.5 ng of product 111-26. M5 miz 570.2 (ES+),
568.2 (ES-). EXAMPLE 14 111-27 10078014- [4-(4-Acryloyl-piperazin-1-y1l)-5
-trifluorone thyl-pyrimidin-2-ylamno] - 3

- met hoxy- N- (1- net hyl - pi peridi n-4-yl)-benzam de (111-27) 1007811At -20 C, to
a stirringCsolBici on of internediate 13c (100Cuniol), 250 1AL of pyridine in

2 mL of a wus di chl oronet hane and 1 ni | acet am de, was added
acryoyl c id@ofl. 2 equiv). VAffAer 10 mm redction was quenched by
addi ng 200~4. 1L of water. The2k3awt G e xt € wa® concentrated, and

purified b prqHPLC, giving 111-27. MS njz F”\154803 (E St+), 546.2 (ES-).
EXAMPLE 157 “¥11-28 [ 00782 4-

{442- (2- Chl anqQ-aget yl am.no) - et hyl am no] - 5-tri fivugrQnet hyl<pyri m di n-

2-yl am nol -3@xy N ('1- reet hyl - pi peri di n- 4- yz m dg (HL1-28)
1007831 The ti prepared in a si z M<26 t hrough
the follow ng steps and infernedi ates as descri bed below. Step 1:

I ntermedi ate 15b
[00761] To a stirred solution of 4-(4-(3-(3-bis-tert-butoxycarbonylamino)-4-

chlorophenyl)ureido)phenoxy )-N-methylpicolinamide (0.35 g, 0.59 mmol) in CH,Cl,
(5 mL) was added TFA (0.195 g, 1.71 mmol) at 0°C. The reaction mixture was
allowed to come to rt and was stirred at this temperature for 3 h. It was quenched with
NaHCOs solution (5 mL), organic layer was separated and dried over Na;SOq.
Filtration followed by concentration under reduced pressure offered a residue which
was purified by column chromatography (SiO;, 60-120, chloroform/methanol, 9/1) to
give the amino intermediate (0.15 g) as a light brown solid. This material was
dissolved in NMP (3 mL) and acryloyl chloride (0.05 g, 0.54 mmol) was added at
0°C. The reaction mixture was allowed to come to rt and was stirred at this
temperature for 1 h. It was diluted with CH,Cl, (2 mL), was washed with NaHCO;
solution (1 mL), water (1 mL), saturated aqueous NaCl solution (1 mL) and was dried
over Na;SQq. Filtration followed by concentration under reduced pressure gave a
residue, which was purified by column chromatography (Si0;, 60-120,
chloroform/methanol, 9/1) to give 0.07 g of the title compound as a white solid. 'H
NMR (DMSO-dg) & ppm: 2.77 (d, J = 4.84 Hz, 3H), 5.78 (dd, J = 1.8 & 10.12 Hz,
1H), 6.28 (dd, J = 1.84 & 16.96 Hz, 1H), 6.62 (dd, J = 10.16 & 16.92 Hz, 1H), 7.12-
7.17 (m, 3H), 7.35-7.41 (m, 3H), 7.56-7.58 (m, 2H), 7.95 (d, J = 1.96 Hz, 1H), 8.49
(d, J = 5.6 Hz, 1H), 8.76-8.81 (m, 2H), 8.95 (s, 1H), 9.85 (s, 1H); LCMS: m/e 464
(M+1).

Example 12
[00762]  4-(4-(3-(4-(N-methylacrylamido)phenyl)ureido)phenoxy)-N-

methylpicolinamide XVIII-16

218



Boc HN 15b [00784] Internedi ate 15b was synthesized in the same way as

I ntermedi ate 13b but using 2-N-Boc-ethylam ne instead of N Boc-piperidine.
M5 nlz= 5806.2011(B®Wy, 566.2 (ES-). Step 2: Internedi ate PET/UBENA0/0pHDT 5]

I nternedi ate 15c was prepared in the sane way as internediate | c but
starting with internmediate 15B. M5 mz: 468.2 (ES+). Step 3:

-{442- (2- Chl or o- acetyl am no) - et hyl am nol-5-trifl uoronet hyl - pyri m di n2-yl am
no} - 3- met hoxy- N- ( 1- met hyl - pi peri di n-4-y1) - benzam de (111-28) 111-28 [00786]
111- 28 was synthesized in a mlar way as of 111-26 through internediate
15c. M5 mz 544.2 (ES+), 54’% S-) EXAMPLE 16 HN HN F3CN

HNYO
HN X
N
@ﬁ
O ~
(e

[00763]  Tert-butyl N-methyl-N-(4-nitrophenyl)carbamate
NaH, Mel [

NHBoc THF N-
9 o
O,N O,N

[00764] To a stirred solution of NaH (60% dispersion in paraffin oil) (251 mg, 6.28
mmol) in THF (6.0 mL) at 0 °C was added a solution of fert-butyl N-(4-

nitrophenyl)carbamate (1.0 g, 4.19 mmol) in THF (4.0 mL) over a period of 15 min.
The reaction mixture was stirred at this temperature for 15 min and to it was added
methyl iodide (590.8 mg, 4.19 mmol). The reaction mixture was warmed to rt, and
was stirred at 50°C for 16 h. The mixture was cooled, was quenched with ice cold
water (10.0 mL), and was extracted with EtOAc (3x50 mL). The combined EtOAc
extract was washed with water (50 mL), saturated aqueous NaCl (50 mL), dried over
Na»SOy4 and concentrated and reduced pressure. The residue was further purified by
column chromatography (SiO,, 60-120, hexane/ethylacetete 90/10) to give the title
compound (300 mg) as a yellow solid.

[00765]  Tert-butyl N-methyl-N-(4-aminophenyl)carbamate

| H,, Pd/iC ¥

N. tOA N
O/ Boc EtOAc /©/N Boc
ON HoN

[00766] To a solution of fert-butyl N-methyl-N-(4-nitrophenyl)carbamate (0.090 g,
0.356 mmol) in EtOAc (5 mL)) was added 10% Pd/C (0.012 g) and the reaction

mixture was allowed to stir under H, atmosphere (1.5 Kg hydrogen pressure) at rt for
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N Owe 111-29

10078714-[ 4- (2- Acryl oyl am no- et hyl am no) -5-trifl uoronethyl-pyrimdin-2-

yl am no] -worretinsx9e7N- ( 1- met hyl - pi peri di n-4-y1) - benzam deCiAk20129)8916
[00788] 111-29 was synthesized in a simlar way as of 111-27 through
internmediate 15c. MS mz = 522.3 (ES+), 520.2 (ES-). Exanple 17.

Bi ochem cal Assays A KDR and FLT-3 Omia Assay for Potency Assessnent: 226
1007891 The protocol bel ow describes a continuous-read kinase assay to
measur e 1prhérhentcagivnemespuref wa filtered Heoagle atnadsof eebitndd andisorggairpsd acti ve
KDR and FLT-3 enzynes. The ass rfor tiall s; descri bed
by ¢ ne yedTare ERARTERSss b BRI oREd RRTRD) S TID RAiGh Pliskusi

i tr ogen.[eEs7F on-en3-cf-riPpagetdeatBandmthiQhiRipheBrlheéildy)phddbkystocks of KDR
fromlnvitrogen or BPS Biosci ence (PV3660 or 40301) and FLT-3 (PV3 182)
enzymes methyipixoliamidansoo14) and Y9- Sox or Y12- Sox peptide substrates
(KCz1001) were prepared in 1X kinase reactian lgdifer consisting of 20 nmM
Tris, pH 7.5 5 nM MyC12, 1 nM EGTA, 5 nM 13-Ngl ycer ophosphate, 5% gl ycerol
(10X stock, KBOXRA) and 0.2 mM DTT (DSO01A) . tiL of enzyne were
pre-incubated in g Cornj pToN #3574) 384-wel | ite, non-binding surface

mcrotiter plelﬂgé%rnir%g, for 30 mm at with a 0.5 tL volune of 50%
DMVSO and se ifu aredyyn_s0% DMSO. Ki nase reactions
were stapfed wth the addi bi omlof 45 1.1,1 , o?ft he ATP/ Y9 or Y5- Sox

pepti de substrate m x and itored every 30- 30 .seeQnds 60 m nutes at
X"'360/ Xe",485 in a Synej)gy4 ate adan,from Bi ilnoogskiH VT). At the
concl usi on of each assay, progres rves from eath we #ere- Bxam ned for

| i near reaction kinetics a No istics (R2, 95% confidegpce interval,

absol ute sum of squares). Initial velocit fO mnutes to 20+ m nutes) from
each red89768h wheagbmred palwiéan ¢frginbuhe Nometal-oF (4aamynephesyeasbamaty e

1 o =058, 110 2500 b R TS o LRl hethagl ol W Lo
Sl ope nudétd pivs@emplPadsditicnmftolomdG05hiRbd 1.Sbfmmal) at ()(Séﬁf hdi regpionCA) .
Resen ) e, L OB 1 LR % oS EBETRRL, fa  (ATF -

aminophenoxy)-N-methyl-2-pyridinecarboxamide (0.218 g, 0.89 mmol) and the

reaction mixture was again refluxed for 4 h. After that the reaction mixture was

quenched with water (5§ mL) in a fume-hood, was extracted with EtOAc (2x20 mL)

and the ethyl acetate extract was washed with saturated aqueous NaCl (15 mL), was

dried over Nay,SO4 and was concentrated under reduced pressure. The residue was

further purified by column chromatography (SiO;, 60-120, hexane/ethyl acetete:

60/40) to give the title compound (78 mg) as an off-white solid.

[00770]  4-(4-(3-(4-methylaminophenyl)ureido)phenoxy)-N-methylpicolinamide

~.  .Boc
N “NH

TFA HN. O
— Y

HNYO
HN N
|ONe§: ROPS T
0~ NF N 07 NF N
o]
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1007921 [FLT-3] = 15 nM [ATP] = 500 1.1M and [Y5-Sox peptide] = 10 f.tM
(ATP Kmapp = 470 pM B. Omi a Assay Protocol for Potency Assessnent Agai nst
BTK [ 007980 2Balwwodescri bes t he protocol using EGFR W aot/UBSSHROTPIOM L858R
and the protocol BTK-optim zed reagent conditions then follow. WO

2011/ 034907PCT/ US2010/ 048916 1007941 The nechanics of the assay platform
are best described by the vendor (Invitrogen, Carlsbad, CA) on their
website at the following URL: http://ww.inv

i trogenj@fonTent . cf aPpagestured1338 oplubivn p: / / walv. i nv 4-(4-(3-(4-tert-

over yi TREGRY EaaY B HRRO oS i SO BAGG AL oA R maAbl 78 g vo- B e

i naseBi @l BaiKBH M s¢1,81,9¢ Bawi cris ARisa st Gmicat Khdias®3 Pesaus0 et mhe [ 00795]
Briefly, 10X stocks of EGFR-WI (PV3872) from Invitrogen and EGFRT790MLL858R
(40350) r¢actpn BPSUB wacillaved, to samertp gigand was stigred 3¢ adepiquakip alf wisd

appropri.at e - con| { Wost : L& prepared
in |x ki&?letéls%l%{éehf?% E)hnlggﬁy @g%ﬁgro@lg?fé{ %ﬁig\%of 2({)%%%% @*gﬁ@%ﬁ “gisrﬂ\/l MyCl2,

1 mV EGEBAtradedrivitR- B0 ce (x@hosbhaflee chttbgleddaOaic ¢xtxt snoctashedB@RA) and 0. 2

mM DTT (DSO01A). 5 tit each en wer, e-incubat ed i r.ni ng
(#3574) S bineousibebls T winieie e Rate mrat rrgemiiad eeo: ning,
NY) for 3Bl Presdre B/ GviMHehitR c@m?o@ﬁd \palmge of 50% DMSO and serially

di | uted conpounds pr Z(Ear ed in 50% DMSO. Kinase reactions were started with

t he addil09%R] of 4-44(3M-(Nmetidaayienmiye) pisoy Dpeidd)plenetsiT at e ni x and

noni t or ed erV.30-. hds for 60 mnutes at Xex360/ Xemd85 in a Synergy4
pl at e r&%@ﬁpl{c%%r%qﬂ?g%ﬁ??%jnooski, VT). At the conclusion of each assay,
progress curves fromeach well were exam ned for |inear reaction kinetics
and fit statistics (R2, 95% confidence iMeﬁ@y, absol ute sum of squares).
Initial velo y (O mnutes to -30 mnutes)j from each reaction was

det erm ned the sl ope of a plot of retative fluorescence units vs tine
(m nutes) ai hen pl otted agai nst inhjbi concentration to estimte |1C50
fromlog[lnhiYitor] vs Response, abl e Bl ope nodel in G aphPad Prism
from G aphPagh Sgbt ware (San D ego, . #0QZ86] The nodified BTK-optim zed
reagent conditilons for the above—protocdl arle: [BTK] 5 nM [ATP] =40 mM

[ Y5- Sox] = 10 HMM4ATP K - 36 mM C. c- Ki tHN\B54A and~}$701) Omi a Assays
for Potency Assent: | [Q079] Briefly, 10X @ S k/c Kif} (V654A) from
MIlipore (14-733)or oc-Ki't 70l1) from Cell gna’i ng (1922), 1.13X ATP
(ASO01A) and Y9-Sox or Y12-Sox peptide substrates (KCZ100©D) were prepared

tn X ki [88'?7%] ' e?g tals 1pre<§) lélc];lrlt%n SE. Aﬂa-%—tﬁﬂx%ethylami_nophenyl)ureido)phenoxy)-N-

methylpicolinamide (20 mg, 0.051 mmol) in NMP (1.0 mL) at 0°C was added

acryloyl chloride (11.53 mg, 0.127 mmol). The reaction mixture was stirred at 0°C
for 30 min, was allowed to come to rt and was stirred for 90 min at this temperature.
The reaction mixture was quenched with water (2 mL), was basified with 10%
NaHCO:; soln. and extracted with dichloromethane (2x10 mL). The combined CH,Cl,
extract was washed with water (5 mL), then with saturated aqueous NaCl (5 mL), was
dried over Na;SO; and was concentrated under reduced pressure. The residue
obtained was further purified by column chromatography (SiO;, 230-400,
MeOH/CHCl3:  1/99) to give the title compound (5 mg) as an off-white solid. 'H
NMR (CDCl3) & ppm: 3.05 (d, J = 5.2 Hz, 3H), 3.33 (s, 3H), 5.51 (d, J/ = 9.6 Hz, 1 H),
6.08-6.15 (m, 1H), 6.35 (bd, J = 17.2 Hz, 1H), 6.98 (d, J = 8.44 Hz, 2H), 7.07-7.12
(m, 3H), 7.39 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 6.8 Hz, 2H), 7.64 (s, 1H), 8.16 (s, 1H),
8.25 (s, 1H), 8.43 (d, J = 5.6 Hz, 1H); LCMS: m/e 446 (M+1).
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228 of 20 MM Tris, pH 7.5 5 nM MyC12, 1 nM EGTA, 5 nM P-gl ycerophosphat e,
5% gl ycerol (10X stock, KBOO2A) and 0.2 nmM DTT (DSO01A). 5 1lit of each
enzyme wewe 2prigsiicubat ed in a Corning (#3574) 384-wel | pCmhist@p/omsdme bi ndi ng
surface mcrotiter plate (Corning, NY) for 30 mn at 270Cwith a 0.5 1AL
vol une of 50% DVSO and serially diluted conpounds prepared in 50% DVSO.

Ki nase reactions were started with the addition of 45 ptl., of the Y9 or
Y12- Sox peptide substrate and nonitored every 30-90 seconds for 60 m nutes
at 2ex360/ kenmd85 in a Synergy4 plate reader fromBi oTek (Wnooski, VT). At
t he coniﬁa lg ?f each assay, progress curves fromeach well were exam ned
for lin &d%ion kinetics and fit statistics (R2, 95% confidence

i ntervaljpoaiagol wt@- [aqm@ﬂorsq;daﬂyg?perhﬁnmﬁ -5ugiflacrotnetyd-pyiimidieg-t o 20+

m nutes) from each reaction was term ned fromthe sl ope of a plot of

rel ati verldminet Sswethew - Nnﬁlt@e‘\béfl Plipﬁ’édl(‘rf‘i Worberp gty pl ot t ed agai nst

i nhi bit ce gﬁ%lﬁ' I i esponse,
Var i abl gb%ﬁgge ?r%%ﬁ{lé aph rrsm ? ?@%%gb é%%%mggflét%%ﬂa(ﬁ%in Di ego
CA) . [0(1139185cr{b€dKe1wa654A] 5 nM [ATP] = 220 [tM and [Y9 Sox | = 10 }i
(ATP Kmapp = 240 JAM 0799] [c Ki t T670|] 5 n [ ATP] = 220 JAM and

[ Y12- SoxJ =10 j _i M( = 2 0t FGTP@G:RA [ 00800]
Briefly,” sto k Tof )\F{DG?P%(—(—PVS&L‘LS e W 13 ATE(AS001A) and

Y12- Sox p Cblé‘Z"s st r at 6%“(%@'2"100 ) WS epared in 1X ki nase reaction
buffer consisting of 20 MM Tri s, 7.5, 5"V MyCl2, 1 nM EGTA, 5 mM 13-

gl ycerophosphate, 5% gl ycerol (10X st ock, *KBOO2A) and 0.2 nM DIT (DSO001A).
5 tiL of enzynme were pre-incubated in a Cor ni ng (#3574) 384-well, white,
non- bi ndi ng.surface mcrotiter plate (Corning, NY) f@r 30 min at 27Cwith a
0.5 1it voI of 50% DMSO anda[?ﬁ?*f‘al ly diluted con?ounds prepared in 50%
DMSO. Ki na eacbl ~ Wef e st ed vmot he additilon of 45 iL of the

ATP/ Y9 or"=c] a- fg/jﬁ ngil_de_.subﬁ[za‘ d_ﬁ?b'iﬁlt@ 30-9 seconds
for 60 mn ., ex380/ kenl 85. é Synesgya pllg @n& er from Bi oTek
(W nooski , “At the concl usi O%c of*each assay, pr ogr* curves from each
wel |l were exarﬁ fied for linear reaction kinetics and ##t statistics (R2, 95%
confidence interval, absolute sumof squares). Initial velocity (0O mnutes
to 20+ mnutes) fromeach reaction was determ ned fromthe slope of a plot
of rel atbtep 1f IntermedistecBaunits vs time (mnutes) and then plotted agai nst

i nhibitor concentration to estimate 1Cso from | og[ hnhi bitor] vs Response,

Vari abl e Sl ope nodel i Graphé’ad Prism bro RphPad Software (San Di ego,
CA) . [00801] [PDGFRu] =F [ AT UM and |[ Y9- Sox peptide] = 10
1...1M (ATP KM app = ﬁ 0 02 e r@su s of tihe bi ochem cal assays
are present ed bel ow. T e re PP and 1C5Q values are in units of
nM . [00803] 11-53 inhibited LT Wit h an 1050 APP jof 3.7625; KDR with an
| C50 APP of 15.155, CKLT with an | APP of 114.40, CKIT D816V with an

| C50 APP of 127.13. [00804] XVIII1-11 inhibited FLT3 with an 1050 APP of
1.9935; KDR with an |1 C50_APP of 261323, CKIT with an IC50 _APP of 31.129,
CKIT D816V with an | C50 APP of 3.4233.

[00776] Under N, to a stirring solution of 500 mg of 2.4-dichloro-5-
trifluoromethyl-pyrimidine (2.31 mmol) and 780 mg of zinc bromide (3.46 mmol) in
20 mL of dichloromethane-methanol (v/v 1/1) at 0 °C, was added 526 mg of 4-amino-
3-methoxy-N-(1-methyl-piperidin-4-yl)-benzamide (2.0 mmol) in 10 mL of N-
methyl-pyrrolidinone (NMP). After stirring 30 min at 0 °C, LC-MS showed
completion of step 1 reaction with desired MS m/z = 444.1 (ES+). Due to the
moisture sensitivity of intermediate 13a, the reaction mixture was split into four
aliquots (0.5 mmol each), and used directly for next step.

Step 2: Intermediate 13b
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[00805] XVII11-12 inhibited FLT3 with an 1050 APP of 1.0740; KDR with an
1C50 _APP of 148.50, CKIT with an 1 C50 APP of 10.450, CKIT D816V with an

| C50 APP w 281153497 [ 00806] XVI11-13 inhibited FLT3 w t RCRUS2Q50438PF Of
0.5080; KDR with an 1C50 _APP of 0.9499, PDGFRA with an | C50 APP of 0.5080.
[00807] XVIII-14 inhibited FLT3 with an 1050 APP of 106.90; KDR with an

| C50 APP of 6.9410, PDGFRA with an 1C50 _APP of 1.5450. [00808] XVIlI-15

i nhibited KDR with an | C50 APP of 462.50. [00809] XVII1-16 inhibited KDR
with an 1050 APP of 1335.0. [00810] I11-1 inhibited FLT3 with an | C50 APP of
3.1510; KDR witBogn | C50_APP of 39.259, BTK with an 1C50 _APP of 6169.5.
[00811] 11-2 lnhl i1ed FLT3 with an 1 C50 APP of 0.5080; KDR with an | C50

APP of 51. 384, B th an IC50 _APP of 0.5715. 1008121 11-4 inhibited FLT3
KDR wi th and IC5 P of 11154 'ﬂ(wth an 1050 APP of 05080.5. [00813]
11- 3 i nhi bi tgd th an 50 APB of 290.2, BTK with an 150 APP of
458.50. [00 fﬁ | it wth anIC50 _APP of 39.700, BTK with an
| C50_APP of 105. Rélersi bl e Reference Conmpound 1 inhibited FLT3

vvlthanICSOOfS 44 DR with an I C50 of 253.89, BTK with an |1 C50 of
1640.5. [008161 Rever 5| PMe Ref erence Conpound 2 inhibited KDR with an | C50
of 95.669; BTK with ar&égo of 183.69. [00817] Reversible Reference
Conmpound 3 i nhi bited with an 1 C50 of 16.309, PDGFRA with an |1 C50 of

4. 1550, [0 W Th oaa aliGixd, ohs 8ddbd08;Ba<BRparizite @73 B5®oind30BME. ofExanpl e

18. EQ.- lh}%rous %Egg.ulfhésfgaﬁ%on mixture was stirred at rt overnight. The reaction
mixture was extracted with 50 mL of EtOAc, washed by water, brine, and dried over
anhydrous sodium sulfate. After concentration, the residue was suspended into ether-
heptane. The white solid was filtered out as desired product 13b (120 mg), MS m/z =
594.2 (ES+).

Step 3: Intermediate 13¢

H
N TFA

[N] o N~
FsC [ SN ©)J\N/©
N/)\N H
H

13c
[00778] To a stirring solution of 120 mg of intermediate 13b (202 pmol) in 4 mL

of anhydrous dichloromethane, was added 2 mL of trifluoroacetic acid. After 30 min,
LC-MS showed completion of de-Boc protection, MS m/z = 492.2 (ES+). The solvent
was removed under reduced pressure, and co-evaporated with methanol/DCM several
times to ensure the complete removal of trifluoroacetic acid. The residue was

intermediate 13¢, and can be used directly for next steps.

Step 4: 4-{4-[4-(2-Chloro-acetyl)-piperazin-1-yl|-5-trifluoromethyl-pyrimidin-2-
ylamino}-3-methoxy-N-(1-methyl-piperidin-4-yl)-benzamide (I11-26)
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[00818] EOL-1 cells purchased from DSMZ ( ACC 386) were naintained in RPM
(I'nvitrogen #21870)+ 10% FBS +1% penicillin/streptomycin (Invitrogen #
15140- 1289.20H@3497cel | s were grown in suspensi on i n compraiSeomdsdas and
conpound was added to 2 x 106 cells per sanple for 1 hour. After 1 hour,
the cells were pelleted, the nedia was renoved and replaced with
conpound-free nedia. Cells were washed every 2 hours and resuspended in
fresh conpound-free nedia. Cells were collected at specified tine points,
lysed in Cell Extraction Buffler and 15 i tg total protein |lysate was | oaded
in each | ane. PDGFR phosphoKy%aIion was assay by western blot with Santa
Cruz antibody sc-12910. The results of this experinment are depicted in FIG
1 where it is shown that rela¥ive to DVSO control and to a reversible

ref erence conmpound, XViIl-1 i ntai ned enzy inhibition of PDGFR in EQL-1
cells after "washout" after ONhours and94 hourN¥. Exanple 19. cKI T Washout
Assay [00819] G ST882 cel £ B oL, &k Cancer Research,
66(18):9153-9161 (2006)) werje seed§ n ay6 well plate at a density of 8 x
105 cells/well in conplete megfan"The next day cells were treated with | uM
conpound diluted in conplete nedita f@he 90 m nutes. After 90 m nutes, the
medi a was renoved and cells were washed with conpound-free nedia. Cells
were washed every 2 hours and resuspended in fresh conpound-free nedia.
Cells were collected at specified ﬂﬁﬁ§5points, lysed in Cell Extraction
Buf f er (09791 r o§en sENNEOIdYtionupfphsrmediald Mict(h00 Reehe 28b I Bty rgist ease

i nhi bitor .tapl et Roch 1697498001 0 i bi (Roche 04
906 837 lbélfﬁgﬁéﬁ?@é%‘fse(gcé\%?‘enes eare 1%‘39ag&d?*ﬁgt%%%?%ﬁé%%?@&&auge
syringe olhiblonBSyleanhidd N 86 §ILN ARACENIiAL L 0N SWEHO& eBRgipl@dnastitieOug t ot al
protein |ysate was | oaded in each lane. C kit phosphorylati on was assayed
by west exilappiot The ehetioTymixtueroy cap¢dnbaid. snddpyrited bypic-BRLE bHYREf r om Cel |

Si gnal i Technal e l.Sor. j d g1 were tested for

cel I ul a%gc%lﬁ\??f)?%lg% Ialli %gg%gfﬁgcﬂf@q ﬁ'%n%rj’ast(?é\lé H c)}orml ar. The results are
depicted in FIGS. 2a and 2b where it is shown that XVIII-11 nmaintai ned
c-KIT enzyne inhibition in G5T430 cells after "washout" for at |east 8

hour s. B@%h@dﬂnds i nhi bited cKIT aut ophosphoryl ation and al so
downstream si gnal i ng ERK. In order to understand whether there was a
prol onged i nhibition %L%b the irreversible inhibitor the cells were washed
free of conmpound. For the reversible inhibitor, Sorafenib, the inhibitory
activity of cKIT and stream si gnal i ng was overcone whereas the
irreversible inhibitign gf XVIIl1-11 persisted for at |east 8 hours. These
data support the superiMrity in darationNof action of the irreversible

i nhi bitor XV |11 -18cqv t he v iBle A nhibitor Sorafenib [00821] Exanple
20 Mass Spectral Anal ysi g A T 4bd XVII11-11 [00822] C-kit (15 pnols) was
i ncubated with XVIII- N | s) for 3hrs at 10X access prior to tryptic

di gestion. |odoacetam de was d as the al kyl ating agent after conpound

i ncubation. A control sanple was al so prepared which did not have the
addition of XVII11-11. For tryptic digests a 2ul aliquot (3.3 pnols) was
diluted with 10 ul of 0.1% THKZ8rior to micro C18 Zip Tipping directly onto

the MAL gety Ysh! l.oh nor 4n ! g¥@ IR mi@aldvagitdle matrix
(5ng/nﬂFﬁ%ygﬁ1@%&%?%28?@895@?%%9@8¥g%?# é%%%ﬁ@% tr§pticydiéégts t he
i nst r uneERmedRRy 61 1 -netiydpirecidimos yhedeazamida (BI-pUN sed extraction setting of
2200. Calibration was done using the Laser Bjol abs Pep M andard
(1045, SA0THa6. 86 36330 63 IsoRyen Saasmagyae s (EPBPeh NS o ¢ he
peptide yag;se d o P ShArGH HORSrohRtRek 4@ gA! & A-udkyiaahdidagment ation
occurredﬁgﬁng #Zgéﬁdggaer 5 out Zd&) ighernand He was usg% as t%e collision
gas for widadded acryoyl chloride (1.2 equiv). After 10 min, the reaction was quenched by

adding 200 pL of water. The reaction mixture was concentrated, and purified by pre-

HPLC, giving I11-27. MS m/z = 548.3 (ES+), 546.2 (ES-).

EXAMPLE 15
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WD 2011/ 034907PCT/ US2010/ 048916 Cal i bration for fragnents was done using
the P1 4R fragnentation calibration for the Curved field Reflectron.

[ 00824] Awonditaem7pepti de of MH of 1141.49 (NCIHR, SE@CTDShgdoA§391aas
seen. (FIG 3) This is the nass expected for the XVIII-11 conpound at Mwv of
499.15 Da. Attenpts at fragnentation of the XVIII-11 nodified peptide
produced very weak CI D spectra which provided sone confirmatory evi dence of
the 1141.49 peptide via an Inmoniumion for His at 110 and a C-termnal Arg
at 175. There was al so data to suggest that the Cys of | COFGLAR may be

nodi fied. B. KDR AND 11-2 [008R5] KDR ki nase (40 pnols) was incubated with
11-2 (395 pnols) for 3hrs ati 1l access prior to tryptic digestion.

| odoacet am de was used as thelal kylating agent after conpound i ncubati on.
For tryptic digests a Sul alb¥uot (6.7 pnols) was diluted with 10 ul of
0.1% TFA prior to mcro C18 ZiaTi pping directly onto the MALDH target

usi ng al pha cyano-4- hydroxy BNAnam ¢ acod as” tNé matrix (5nmg/nl in

0. 199FA: Acetonitrile 50: B@.. .00826] . Forl tr tVc digests the instrunment was
set in Reflectron node with D sttr ction setting of 1800.

Cal i bration was done using t g/ et ~Bi ol abs Pep M x standard (1046. 54,
1296. 69, 1672.92, 2093.09, 2465. ,h |ﬁor Cl D/ PSD anal ysis the peptide was
sel ected using cursors to set ion ga?eeti m ng and fragnentation occurred at
a | aser power about 20% hi gher angjlg was used as the collision gas for
CID. Caly i on. dagh_br tyRSin diiRd- & RE1uBrokddthf ILReiERIat i on

cal i br at[ibgzﬁﬁ orat{fﬁgaé%r(%gg%%%l d Refg}I)ée)(g%,ron@[ 00-8271i A rr}tf) ified peptide was
seen at Avpemgio}1BEwHBRy-Nfil -orethydpigeridii-¢ tvbdbansarpisle 88k he sequence

mass of IO 470 s Pkt broliet iy MTaFRRg AL HlIPR OF PNt

conpoundio(lbwmng)stepd an® hseincdihtatas Nebcribbd BAdw27 in the | ow mass range of the
spectra. In this case evidence of the conpound was found in the PSD spectra
of the 136mlpghtgepediaee 15bat abase searching al so confirned the nodified
pepti de at 1364.63. [00828] Preparative Exanple [00829] The exanpl e shows
general schenes used to pre%are FAK inhibitors (1V-29 - IV-31). Schene 1.

A ocC

i
HN

HN] o O/
F4C ‘ SN N
P H
NJ\N
H OMe
15b

[00784] Intermediate 15b was synthesized in the same way as intermediate 13b but
using 2-N-Boc-ethylamine instead of N-Boc-piperidine. MS m/z= 568.2 (ES+), 566.2
(ES-).

Step 2: Intermediate 15¢

H,N_ TF

j A
HN o /O/
neSes

H
N~ N
H  ome

15¢
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1008301Schene 1 general ly describes the synthesis of

2- met hoxy-4-substituted am no anilines. 4-nethyl-4-NBoc-piperidine B was
react ed Wohot/B3kwor o- 2- nmet hoxy 1 -nitrobenzene A in tIRETAISREIONE16OF

pot assi um carbonate to give F-displaced product C., which was used as
intermedi ates for the preparation of FAK inhibitors. Schenme 2 1008311

I nternmedi ate D was condensed with conpound E catal yzed by p-TsOH. The Boc
protection was then renoved using HCl in dioxane, followed by the coupling
WO 2011/ 034907PCT/ US2010/ 048916 of 4-N-Boc-benzoic acid to introduce the

| i nkage [o¢7igsp! BesmeenRY e aad prdpaial inathe aamef wianb éadmdidte der ttoy |
chloride resulted in the final conpound. [00832] Exanple 21

[ 00833] stagting with miqrmediats, | WM BEAANS dE 4 net hyl pi peri di n- 1- y1) - 2-

met hoxyphenyl am no) - 5- chl or opyri m di n-4-yl am no) - N- net hyl benzam de (IV-21):

NH Step 3: -{4-[2-(2-Chloro-acetylamino)-ethylamino]-5-trifluoromethyl-pyrimidin-
2-ylamino}-3-methoxy-N-(1-methyl-piperidin-4-yl)-benzamide (I11-28)

Cl

o)

OMe

HI-28
[00786] III-28 was synthesized in a similar way as of III-26 through intermediate

15¢. MS m/z = 544.2 (ES+), 542.3 (ES-)

Lo

HN

HN:) o /QN/
C
H
N" N
H  OMe

111-29
[00787] 4-[4-(2-Acryloylamino-ethylamino)-5-trifluoromethyl-pyrimidin-2-

EXAMPLE 16

ylamino]-3-methoxy-N-(1-methyl-piperidin-4-yl)-benzamide (111-29)
[00788] III-29 was synthesized in a similar way as of III-27 through intermediate
15¢. MS m/z = 522.3 (ES+), 520.2 (ES-).

Example 17. Biochemical Assays

A. KDR and FLT-3 Omnia Assay for Potency Assessment:
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[00834] The title conpound was prepared according to the steps and

I ntermedi ates as described below. Internediate 21-1 NHBoc Owve [ 00835]

t ert - But yW0-208-/03#t0moxy- 4- ni t r ophenyl) - 4- et hyl pi peri di nP¢I/us@ankemat e (C,
in Preparative Exanple Scheme 1): 171 ng of 4-fluoro-2- methoxy- 1

-ni trobenzene (1 mmol ), 214 ng of 4-N- Boc-4-nethyl-piperidine (1 mmol), and
200 ng of K2COB were heated at 70 Cin 5 nL of N, Ndi net hyl acet am de ( DVA)
for 24 hr. After cooling down, the reaction mxture was diluted with 60 nL
of Et 0A¢00788s heThewprotocwhbeowldkseibes 2¢orbiniiowes-t0d kinasansbayté etasver

anhydrous Na2SO4. After caopcentration, 350 th [
obt ai nedhg&eny @pPieBGY 8 Avya g‘ﬁ‘@é%pe\‘tllcéls ﬁO%B?%%WS%%%%?%%# i \(,:V:Sgel
‘é\ﬂltg ﬁh%gié&ne(shelﬁ{ea@?sfaﬁt QAS RrfbkmE®6bstahiGallySas MdekcdRRl By( BS+)endont er medi at e

(Invitrogen, Carlsbad, CA; http://www.inv itrogen.com/content.cfm?pageid=11338.)
[00790] Briefly, 10X stocks of KDR from Invitrogen or BPS Bioscience (PV3660

or 40301) and 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 MgClh, 1 mM EGTA, 5 mM -
glycerophosphate, 5% glycerol (10X stock, KB002A) and 0.2 mM DTT (DS001A). 5
nL 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 uL volume of
50% DMSO and serially diluted compounds prepared in 50% DMSO. Kinase
reactions were started with the addition of 45 uL of the ATP/Y9 or Y5-Sox peptide
substrate mix and monitored every 30-90 seconds for 60 minutes at Ay 360/Anm485 in a
Synergy4 plate reader from BioTek (Winooski, VT). At the conclusion of each assay,
progress curves from each well were examined for linear reaction kinetics and fit
statistics (R%, 95% confidence interval, absolute sum of squares). Initial velocity (0
minutes to 20+ minutes) from each reaction was determined from the slope of a plot
of relative fluorescence units vs time (minutes) and then plotted against inhibitor
concentration to estimate ICsy from Log[Inhibitor] vs Response, Variable Slope
model in GraphPad Prism from GraphPad Software (San Diego, CA).

[Reagent] used in optimized protocols:

[00791] [PDGFRa] = 2-5 nM, [ATP] = 60 uM and [Y9-Sox peptide] = 10 pM
(ATP Kmapp = 61 uM)

[00792] [FLT-3] =15 nM, [ATP] = 500 uM and [Y5-Sox peptide] = 10 uM (ATP
KMapp = 470uM)

B. Omnia Assay Protocol for Potency Assessment Against BTK
[00793] Below describes the protocol using EGFR-WT and EGFR-T790M/L858R

and the protocol BTK-optimized reagent conditions then follow.
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Ove 1008361tert - Butyl

[ 1- (4- Am no- 3- et hoxy- phenyl) - 4- et hyl - pi peridin-4-y11- ate (D, in

Prepar at iwe 2ixzisploe Schene 1): 350 ng of conpound 21-1 was/Usganogsnat ed
over ni ght under 1 atnosphere hydrogen with 50 ng of 10% Pd/C in 15 nlL of
MeOH. 300 ng of desired aniline 21-2 was obtained after filtration. LC M5
mz 336.2 (ES+). Intermediate 21-3 0 NMe NH N 1 "1\r. C 1008371
2-(2,5-Dichloro-pyrimdin-4-ylam no) - N-net hyl -benzanm de (E, in Preparative
ngmS)I e[@cgﬁms The: méc}gm'gsofff the Asayoplhkfomt hayd bbe nkamited 66 84vendot ), 1.22 ¢
,4,5-trichloropyrimdin 6. 64 nmol and. 1.3 f K2CO3 were stirred in 5
nL of DNRVEPZet: C3rlehash SI"?‘SF’?‘TJ‘I*Fér Wg%tg?ab}peﬁpl}qwg " then poured into 50 ni

of i ce- uab-Bbwul 1§ itRILE kBt dhnVes hhidi@sad3get . dried in vacuum giving
slight yelTowsolmd 1.7 g (86%. LGM: nmfz 297.0 (ES+), 295.0 (ES-).
| nt er metit@t/@waling itrqgen.com/site/us/en/home/Products-and-

Services/Applications/Drug-Discovery/Target-and-Lead-Identification-and-

Validation/K inaseBiology/KB-Misc/Biochemical-Assays/Omnia-Kinase-Assays.html.
[00795]  Briefly, 10X stocks of EGFR-WT (PV3872) from Invitrogen and EGFR-
T790M/L858R (40350) from BPS Bioscience, San Diego, CA, 1.13X ATP (AS001A)

and appropriate Tyr-Sox conjugated peptide substrates (KCZ1001) were prepared in
1X kinase reaction buffer consisting of 20 mM Tris, pH 7.5, 5 mM MgCl,, 1 mM
EGTA, 5 mM p-glycerophosphate, 5% glycerol (10X stock, KB002A) and 0.2 mM
DTT (DS001A). 5 pL of each 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/Tyr-Sox
peptide substrate mix and monitored every 30-90 seconds for 60 minutes at
Ahex360/hem485 in a Synergy4 plate reader from BioTek (Winooski, VT). At the
conclusion of each assay, progress curves from each well were examined for linear
reaction kinetics and fit statistics (Rz, 95% confidence interval, absolute sum of
squares). Initial velocity (0 minutes to ~30 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 ICso from log[Inhibitor] vs
Response, Variable Slope model in GraphPad Prism from GraphPad Software (San
Diego, CA).

[00796] The modified BTK-optimized reagent conditions for the above protocol
are:

[BTK] = 5 nM, [ATP] = 40 mM, [Y5-Sox] = 10 mM (ATP KMapp ~ 36 mM).

C. c-Kit (V654A and T670I) Omnia Assays for Potency Assessment:
[00797]  Briefly, 10X stocks of ¢-Kit (V654A) from Millipore (14-733) or c-Kit
(T670I) from Cell Signaling (7922), 1.13X ATP (AS001A) and Y9-Sox or Y12-Sox

peptide substrates (KCZ1001) were prepared in 1X kinase reaction buffer consisting
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NVe NH 1\r N Ove 1008381ltert-Butyl (1-{4-15-Chloro-4-(2-nethylc

ar banoyl - phenyl am no) - pyrimdin-2-yla mni)] -3-nethoxy-phenyl

} - 4- met hy\wopbpasidin- 4-y1) - carbamat e (F, in PreparativePETamspiie/ o&ohene 2):
300 ng of internediate 21-2 (0.895 mml, 1.2 equiv.) and 220 ng of
internediate 21-3 (0.746 mmol, 1 equiv.) was heated in 6 nL of 0.1 M p-TsOH
in dioxane (0.8 equiv) at 100 C for 60 hrs. The reaction m xture was then
extracted with Et0Ac, washed with ag. NaHCO3, and dried over sodium

sul f at e of 20 eVl Ta3DQHNT. 5.8 imdd Mg Qle, HesVirEGr Ant ervMiddglat@optasplolie.£i%hed aft er

col um chr omat ogr aph ilica | W h ane/ Et OAc 111), givin
el I'ow SBerit 106 nget 2bapithicansd 2rimbl bWy SRS sncppeapydd V- 91 VI N0
| nt er meqjead j)rg-iln‘cﬁbel\tHBQH 9@0&191%8%%374) 384-well, white, non-binding surface
tert-Butyl 14-(1-{4-15-Chl oro-4-(2-nethyl car banoyl - phenyl am no) -

pKri mI Flinnc@uwmﬁtnd@o@ngatﬂﬁ‘ékforpmnyn}ai ATrfetith am-gelﬁ mlnm-ggl Wrbanoy1) -
phenyl | - anat e . .. Preparatiyv e Nie: tion of
100 ny Mﬁt%@nﬁ&g%e{mﬁfﬁ 4C°|Iom ofn%ﬁ_%f)%é%ﬁﬁbdsrggﬁs |(;.2hll%1p%-s(r%e1{%ﬁ§%élgms added
2 nmL of whrdvkth€dd iwithdh@xadigon Af #eulssfl the iYtgoal 124Sok prep@ sabstrathendol vent was

renoved under reduced pressure, giving the desired de-Bgoc internediate
whi ch waronifeed @iepedl-PY spepnds fer g%m‘%"bgfﬁ’%@t %fb{?épi"ﬁ Ss‘c“e?).gy’ll_eégwlatﬁi z: 496.2

ES+), . . i . > :
(F rr; JotePrbEidbTel A08A0L2V IO Ghe LR IRnAC bk ALTBA AL dipagt ed with

Boc- benzoic acid in the presence o uL of DI PEA, 40 ng of
HATU i n f@mrtachf welt steonéxaniihesd fitr linearf gactpnhinetithand ddstatishhc szt We was

di luted wi 40 .nL o t 0 washed w t : , oA er,,Na2504.
After c&ﬂ%f_é: F%tlfltgﬁfa[’ %)s %ofs urflnhfg?chuea(rﬁsgt @%ﬂ%&%ﬁ {)(ﬂ ellll%%%sgyoasz Ogl i ght
yel | ow sghis@frber c£al kanticahhasategnrplyram th Isipa et plai sfgreheiptane/ Et 0AC
(1/3 v/ \Q as eluent. LGMS: nmz 715.2 (ESt+), 713.3 (ESI) : )
uorescence units vs time (minutes) and then plotted against inhibifor’ concentration

to estimate ICso from log[Inhibitor] vs Response, Variable Slope model in GraphPad

Prism from GraphPad Software (San Diego, CA).

[00798] [c-Kit V654A] = 5 nM, [ATP] = 220 pM and [Y9-Sox] = 10 uM (ATP

KMapp: 240 HM)

[00799] [c-Kit T670I] = 5 nM, [ATP] = 220 uM and [Y12-Sox] = 10 pM (ATP

KMapp =220 !J.M)

D. ASSAY FOR PDGFRA

[00800] Briefly, 10X stock of PDGFRa (PV3811) enzyme, 1.13X ATP (ASO01A)
and Y12-Sox peptide substrates (KCZ1001) was prepared in 1X kinase reaction
buffer consisting of 20 mM Tris, pH 7.5, 5 mM MgClz, | mM EGTA, 5 mM B-
glycerophosphate, 5% glycerol (10X stock, KB002A) and 0.2 mM DTT (DS001A). 5
L 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 uL of the ATP/Y9 or Y12-Sox peptide
substrate mix and monitored every 30-9 seconds for 60 minutes at Aex360/hem485 in a
Synergy4 plate reader from BioTek (Winooski, VT). At the conclusion of each assay,
progress curves from each well were examined for linear reaction kinetics and fit

statistics (Rz2, 95% confidence interval, absolute sum of squares). Initial velocity (0
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0 NH Ove

[00841] 2-(2-(4-(4-(4-acryl am dobenzam do) - 4- net hyl pi peridin-1-y1l)-2-

met hoxyphwoybamsmwy - 5- chl or opyri m di n-4-yl am no) - N- net hypClbarsz@awiosko1¢ | V- 29) :
To a solution of 29 ng of internediate 21-5 in 0.5 nL of anhydrous

di chl oronet hane was added 1 nmL of 4 MHCL in dioxane. After stirring at rt
for 1 hr, the solvent was renoved under reduced pressure, giving desire
de-Boc internediate which was used directly for the foll owi ng coupling

s}_ epf [Di(&g%ﬁas] ton)z-% hngluﬂ@a Eimn:j 5aaiélexfeﬁmid>hatza deterindd ﬁncﬁmdhe:: kibpe ofrepline and 100
uL o at - was added. 55 ul of 1. ac I chl ori.de sol ution
in di chPbrelatye SHerescenee dgiis vy timg {‘@Fnugespn?fl&ttp\/l i ﬁ%?hdﬂ@ﬁc hed with

wat er, @G&CEGQIJD%%!HQQ&%M ﬁ'&rﬁ IM‘QMQ)QFW R g%ﬁsea%nﬁb'l@%e theddpr ep- HPLC
purlflcatlon giving 6 nal  product M5: nmlz 669.3 (ES+), 667.2

(ES-). [lmsamraczkamf@nmrmmamware (San Diego, CA).

L R T
(ATP KMapp 61 uM)
[00802] The resuts of the biochemical assays are presented below. The reported
1IC50_APP and IC50 values are in units of nM..
[00803] 1I-53 inhibited FLT3 with an IC50 _APP of 3.7625; KDR with an
IC50_APP of 15.155, CKIT with an IC50_APP of 114.40, CKIT D816V with an
IC50 APP of 127.13.
[00804] XVIII-11 inhibited FLT3 with an IC50_APP of 1.9935; KDR with an
IC50_APP of 26.923, CKIT with an IC50_APP of 31.129, CKIT D816V with an
IC50 APP of 3.4233.
[00805] XVIII-12 inhibited FLT3 with an IC50_APP of 1.0740; KDR with an
IC50 APP of 148.50, CKIT with an IC50_APP of 10.450, CKIT D816V with an
IC50_APP of 2.5040.
[00806] XVIII-13 inhibited FLT3 with an IC50_APP of 0.5080; KDR with an
IC50 APP of 0.9499, PDGFRA with an IC50_APP of 0.5080.
[00807] XVIII-14 inhibited FLT3 with an IC50_APP of 106.90; KDR with an
IC50_APP of 6.9410, PDGFRA with an IC50_APP of 1.5450.
[00808] XVIII-15 inhibited KDR with an IC50_APP of 462.50.
[00809] XVIII-16 inhibited KDR with an IC50_APP of 1335.0.
[00810] 1I-1 inhibited FLT3 with an IC50 APP of 3.1510; KDR with an
1C50_APP of 39.259, BTK with an IC50_APP of 6169.5.
[00811] 1I-2 inhibited FLT3 with an IC50 APP of 0.5080; KDR with an
IC50 _APP of 51.384, BTK with an IC50_APP of 0.5715.
[00812] II-4 inhibited FLT3 KDR with and IC50_APP of 111.49, BTK with an
IC50 APP of 05080.5.
[00813]  II-3 inhibited KDR with an IC50_APP of 290.2, BTK with an IC50_APP
of 458.50.
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[ 00845] The title conpound was prepared in a process simlar to that

descri bed in Exanple 21, but using

2, 9- D azawepnta3%03] undecane- 9- car boxyl i ¢ aci d tert - but pPCTAS2@0/0i893¢ ead of
4- N- Boc- 4- Me-pi peridine as internediate B in Preparative Exanple Schene 1.
The de-Boc and acylation with acryloyl chloride were done in the sanme way
as in Exanmple 21. LC-Ms: niz 590.2 (ES+), 588.3 (ES-). [00846] Exanple 23

[ 00847] 2- (2- 1444-(4-Acryl oyl am no- benzenesul fonyl) - pi perazi n-1-y1] - 2-

met hoxy-{@isaay| amisnalibiic¢ KIDR orithyani IG50 APR off BATRD 0 B FNwitht dmICSDeAR B de
(1'v-31) 0 NH [00848] The title conpound was prepared in a process sinmlar
to that °4é9%Pl-bed i n Exanpl e 21, but using 4- N-Boc- pi peri zine instead of

4- N-Boc fhidYE [ Pi ﬁ@&e’r& 1@eR@1%rén@& et SRghaLE | Binhibild ePETr Atvivie 4axa0p) efScheme 1,
and 4-nitr enzenesu fonyl chloride in stead of 4-N Boc-benzoic acid in

Pr epar atsi84d5 Bk BRpvish Sc Heffeof2 53 e Bkt wish pe duZd ¢lolP4ies acconpl i shed wi th
done i n 1006k B ehay PRt oot o B2 bRk KRB SCHLaEM 808 157
Exanpl e PAEAhRBhGCcBerr ¢&d.cAssay [ 00850] Acti vi ti es of FAK inhibitors were
D o act 001N FRRVEHPYNBSIBS §ymodrton. ShgeRdof KpF ev iR, A Hak enzyme
2011/ 03450 Ror P LS AT 48 (RSO F%"ﬁ%*‘@%‘ %I‘x'% Ronigateq pept e

subst r ataa ICYPOO3RAB7nere prepared in 1X ki nase reaction buffer consisting of
20 MMM Tris, pH 7.5 5 mMMwd 2, 1 nMEGIA, 5 nmM 13-gl ycerophosphate, 5%
gl ycerol (10X stock, KBOXRA) and 0.2 mM DTT (DSO01A). 5 1AL of enzyne were

pre- inc@@&tnﬁq iB. @digrmagw(amaﬁﬁ@ss&4 wel |, white, non- bi ndi ng surface
mcrotiter plate r 30 nmat 27/Cwth a O | ume of

50% DVSA08%4S] seﬁpgd I 961&' wt@aecl:@gw&a% Y &pdPRdVeh nsaen}oamé@ kf(i(ﬁase
reactio my\@égeea dﬁr8t7ﬁ)l W)‘%hFﬁg'eH@g?eﬁfcﬁﬂn@tfreﬁém?@mqflnv?t-{(g)ée}{:s# 38xamept i de

substr at tored ever 90 seconds m nut es at
k" 360/ ker?285 EOL-a csymwegygtowham euspemj@r inf ecomplBicoffexkia (W pyopdkind Wap) . At t he

[ near et ioh ahER e sRFe Codt aed O TRl st PALRERN orval

absol ut eysymveds &mé&%}la réplhdeda ity @bpbilind- free Ricdli, eSello wed wakidt es) from
each reaction was determined fromthe slope of a plot of relati

f | uor esceree2 hewrs §H¢S€Stlfrmﬁdf(¢ﬁlrﬁﬁsb§?ma?iﬂldtﬁ‘i%¢rfnﬁqhé't {etls ‘é(ﬁ‘&lcﬁ ?CtF‘xﬁti bi t or
concentr at I1%ed& % 1|n->adIy ed %58 rﬁ@é@‘gﬂéﬂﬁé o[§ ng((, Eﬁ?é?ﬁ‘?ysa%a“ abl e

Sl ope nodsr Fi Smtrom D ego, The
assay Wagad wadétslmgachhené.opbmmm hcfsgn@r@tattmatwasrmsm by eagent BloFAKth= 15 nM

Y3-Sox = 10 1AM ATP = 100 ! Al (ATP K 92 1Al 8 und | V-29
had an |¥B¢e bruzsnibodnes-h241Re sr§§}11t5£?1?1€8ﬁ%% nav%wﬁs@émgﬁﬁ’ 0 of 5.89
nMin th\@hé’é Si8Yis shown that relative to DMSO control and to a reversible reference

compound, XVIII-11 maintained enzyme inhibition of PDGFR in EOL-1 cells after

“washout” after O hours and 4 hours.

Example 19. cKIT Washout Assay

[00819] GIST882 cells (See, Bauer er «l., Cancer Research, 66(18):9153-9161
(2006)) were seeded in a 6 well plate at a density of 8 x 10° cells/well in complete
media. The next day cells were treated with luM 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
resuspended in fresh compound-free media. Cells were collected at specified time

points, lysed in Cell Extraction Buffer (Invitrogen FNNOO11) supplemented with
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1008521 Exanpl e 25Mass Spectral Analysis 1008531 Intact FAK (PTK2) was

i ncubated for 1 hr at a 10X fold access of conmpound IV-29 to protein. 3ul
al i quot s wb 2whenssanpl es were diluted with | Qul of 0. 1% PEANUSR010/048906 M Cr O
C4 ZipTipping directly onto the MALDI target using Sinapinic acid as the
desorption matrix (10ng/nl in O. 1% FA: Acetonitrile 50:50). Mass spec

anal ysis was run on intact FAK (PTK2) protein ( mz 146,672 Da), and on FAK
that was incubated with conpound |IV-29 ( mv=669.2). The centroid nmass (nfz=
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signaling was overcome whereas the irreversible inhibition of XVIII-11 persisted for

at least 8 hours. These data support the superiority in duration of action of the

irreversible inhibitor XV III-11 over the reversible inhibitor Sorafenib

[00821] Example 20 Mass Spectral Analysis

A. C-KIT and XVIII-11

[00822]  C-kit (15 pmols) was incubated with XVIII-11 (150 pmols) for 3hrs at 10X
access prior to tryptic digestion. Iodoacetamide was used as the alkylating agent after
compound incubation. A control sample was also prepared which did not have the
addition of XVIII-11. For tryptic digests a 2ul aliquot (3.3 pmols) was diluted with
10 ul of 0.1% TFA prior to micro C18 Zip Tipping directly onto the MALDI target
using alpha cyano-4-hydroxy cinnamic acid as the matrix (Smg/ml in
0.1%TFA:Acetonitrile 50:50).

[00823]  For tryptic digests the instrument was set in Reflectron mode with a pulsed
extraction setting of 2200. Calibration was done using the Laser Biolabs Pep Mix
standard (1046.54, 1296.69, 1672.92, 2093.09, 2465.20). For CID/PSD analysis the
peptide was selected using cursors to set ion gate timing and fragmentation occurred

at a laser power about 20% higher and He was used as the collision gas for CID.
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B. KDR AND II-2

[00825] KDR kinase (40 pmols) was incubated with 1I-2 (395 pmols) for 3hrs at

10X access prior to tryptic digestion. lodoacetamide was used as the alkylating agent

after compound incubation. For tryptic digests a 5ul aliquot (6.7 pmols) was diluted

with 10 ul of 0.1% TFA prior to micro C18 Zip Tipping directly onto the MALDI

target using alpha cyano-4-hydroxy cinnamic acid as the matrix (Smg/ml in

0.1%TFA:Acetonitrile 50:50).

[00826]  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

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.

[00827] A modified peptide was seen at MH+ of 1364.63, which was predicted to

be have the sequence ICDFGLAR (SEQ ID NO:47). (FIG. 4) This is the mass

expected when the adduct mass of 1I-2 (470.17) is added to the peptide of 894.45.

Evidence of the compound (II-2) was observed at MH+ of 471.27 in the low mass

range of the spectra. In this case evidence of the compound was found in the PSD

spectra of the 1364.63 peptide. Database searching also confirmed the modified

peptide at 1364.63.

[00828] Preparative Example
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[00829] The example shows general schemes used to prepare FAK inhibitors (IV-

29 —1V-31).
Scheme 1.
NHBoc NHBoc
F NHBoc N%\ N
. ﬁ\ KaCO4 H,, Pd/C

OgN HN m—— H.N

OMe O,N 2

OMe OMe D
A B C

[00830] Scheme 1 generally describes the synthesis of 2-methoxy-4-substituted
amino anilines.  4-methyl-4-N-Boc-piperidine B was reacted with 4-fluoro-2-
methoxy 1-nitrobenzene A in the presence of potassium carbonate to give F-displaced

product C., which was used as intermediates for the preparation of FAK inhibitors.

Scheme 2
0 o)
NHBoc
N,Me /ﬁ\ N,Me
H H NHBoc
NH . N NH
cl 1. HCI
SN —_— = O _A N
| A HoN p-TsOH, | N 2. 4-N-Boc-
N G OMe dioxane, N/J\N benzoic acid,
100C H F HATU
E D OMe
NHBoc 032
NH
o) [ E
O
.Me
N 0 .Me
H HN 1. HCl N
HN™ O
NH /ﬁ\ H
N

cl 2. acryloy! chloride, NH ﬁ\
N Q/ DIPEA, DCM Cl\(K N
OMe {lv-29)

[00831] Intermediate D was condensed with compound E catalyzed by p-TsOH.

The Boc protection was then removed using HCI in dioxane, followed by the coupling
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of 4-N-Boc-benzoic acid to introduce the linkage. Final Boc-removal and installation

of warhead with acryloyl chloride resulted in the final compound.

[00832] Example 21
[00833]  2-(2-(4-(4-(4-acrylamidobenzamido)-4-methylpiperidin-1-yl)-2-
methoxyphenylamino)-5-chloropyrimidin-4-ylamino)-N-methylbenzamide (IV-21):

OMe

[00834]  The title compound was prepared according to the steps and intermediates
as described below.

Intermediate 21-1

NHBoc
N
O,N” ;
OMe
[00835] tert-Butyl 1-(3-methoxy-4-nitrophenyl)-4-methylpiperidin-4-

ylcarbamate (C, in Preparative Example Scheme 1): 171 mg of 4-fluoro-2-
methoxy-1-nitrobenzene (1 mmol), 214 mg of 4-N-Boc-4-methyl-piperidine (1
mmol), and 200 mg of K,CO; were heated at 70 °C in 5 mL of NN-
dimethylacetamide (DMA) for 24 hr. After cooling down, the reaction mixture was
diluted with 60 mL of EtOAc, washed with water 10 mL x 2, brine 10 mL, and dried

over anhydrous Na;SOj. After concentration, 350 mg the desired product was
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obtained as yellow solid after flash column chromatography on silica gel with eluent

(heptane/EtOAc 2/1) (96%). LC-MS: m/z 366.2 (ES+).
Intermediate 21-2
NHBoc

N
HZN/Q/
OMe
[00836] tert-Butyl [1-(4-Amino-3-methoxy-phenyl)-4-methyl-piperidin-4-yl]-
ate (D, in Preparative Example Scheme 1): 350 mg of compound 21-1 was
hydrogenated overnight under 1 atmosphere hydrogen with 50 mg of 10% Pd/C in 15
mL of MeOH. 300 mg of desired aniline 21-2 was obtained after filtration. LC-MS:

m/z 336.2 (ES+).
Intermediate 21-3

o
@U\N,Me
H
NH
RO
N” >cl

[00837]  2-(2,5-Dichloro-pyrimidin-4-ylamino)-N-methyl-benzamide (E, in
Preparative Example Scheme 2): 1.0 g of 2-Amino-N-methyl-benzamide (6.64
mmol), 1.22 g 2,4,5-trichloropyrimidine (6.64 mmol), and 1.3 g of K,CO; were
stirred in 5 mL of DMA at rt overnight. The reaction mixture was then poured into 50
mL of ice-water, the precipitate was filtered out, dried in vacuum giving slight yellow
solid 1.7 g (86%). LC-MS: m/z 297.0 (ES+), 295.0 (ES-).

Intermediate 21-4

0

N,Me
H NHBoc
" 7
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]00838]  tert-Butyl (1-{4-]5-Chloro-4-(2-methylcarbamoyl-phenylamino)-

pyrimidin-2-ylamino]-3-methoxy-phenyl}-4-methyl-piperidin-4-yl)-carbamate
(F, in Preparative Example Scheme 2): 300 mg of intermediate 21-2 (0.895 mmol,
1.2 equiv.) and 220 mg of intermediate 21-3 (0.746 mmol, 1 equiv.) was heated in 6
mL of 0.1 M p-TsOH in dioxane (0.8 equiv) at 100 °C for 60 hrs. The reaction
mixture was then extracted with EtOAc, washed with aq. NaHCOs, and dried over
sodium sulfate. After concentration, the desired intermediate was obtained after
column chromatography on silica gel with eluent (heptane/EtOAc 1/1), giving yellow
solid 100 mg (20%). LC-MS: m/z 596.3 (ES+), 594.2 (ES-).

Intermediate 21-5
NHBoc

-Me
N
@fJ\H HN™ O
N 7~
N
RS
N" N
H

OMe

[00839] tert-Butyl [4-(1-{4-]5-Chloro-4-(2-methylcarbamoyl-phenylamino)-
pyrimidin-2-ylamino]-3-methoxy-phenyl}-4-methyl-piperidin-4-ylcarbamoyl)-
phenyl}-carbamate (G, in Preparative Example Scheme 2): To a solution of 100
mg of intermediate 21-4 in 1 mL of anhydrous dichloromethane was added 2 mL of 4
M HCI in dioxane. After stirring at rt for 30 min, the solvent was removed under
reduced pressure, giving the desired de-Boc intermediate which was used directly for
the following coupling step. LC-MS: m/z: 496.2 (ES+), 494.2 (ES-).

[00840] 27 mg of the de-Boc intermediate reacted with 12 mg of 4-N-Boc-benzoic
acid in the presence of 50 uL of DIPEA, 40 mg of HATU in 2 mL of acetonitrile at rt
for 2 hr. The reaction mixture was diluted with 40 mL of EtOAc, washed with aq.
NaHCO;, dried over Na,;SOy4. After concentration, 29 mg of intermediate 21-5 was
obtained as slight yellow solid after column chromatography on silica gel using

heptane/EtOAc (1/3 v/v) as eluent. LC-MS: m/z 715.2 (ES+), 713.3 (ES-).

237



WO 2011/ 034907PCT/ US2010/ 048916 00 JLCN<27, 1F aaaaaabbbbbb 0 CH3 H3
CH3 000 CH3 ddddddeeeeeefl uff gggggghhhhhh 000Ac 03 0 CH30OH
WO 2011/034907 PCT/US2010/048916

OJ

NH
i
Me
N J]\;
@LH HN™ O
NH 7~
N
T
N7 N
H

OMe

[00841]  2-(2-(4-(4-(4-acrylamidobenzamido)-4-methylpiperidin-1-yl)-2-
methoxyphenylamino)-5-chloropyrimidin-4-ylamino)-N-methylbenzamide  (1V-
29): To a solution of 29 mg of intermediate 21-5 in 0.5 mL of anhydrous
dichloromethane was added 1 mL of 4 M HCI in dioxane. After stirring at rt for 1 hr,
the solvent was removed under reduced pressure, giving desire de-Boc intermediate
which was used directly for the following coupling step.

[00842] To the de-Boc intermediate in 2 mL of dichloromethane and 100 uL of
DIPEA at -20 °C, was added 55 uL of 1.1 M acryloyl chloride solution in
dichloromethane (1.3 equiv). After 5 min, the reaction was quenched with water, and

the reaction mixture was concentrated and subject to prep-HPLC purification, giving

6 mg of final product. LC-MS: m/z 669.3 (ES+), 667.2 (ES-).

[00843] Example 22
[00844]  2-{2-[4-(9-Acryloyl-2,9-diaza-spiro[ 5.5Jundec-2-yl)-2-methoxy-
phenylamino]-5-chloro-pyrimidin-4-ylamino} -N-methyl-benzamide (IV-30):

OMe
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[00845)  The title compound was prepared in a process similar to that described in
Example 21, but using 2,9-Diaza-spiro[ 5.5]undecane-9-carboxylic acid tert-butyl ester
instead of 4-N-Boc-4-Me-piperidine as intermediate B in Preparative Example
Scheme 1. The de-Boc and acylation with acryloyl chloride were done in the same

way as in Example 21. LC-MS: m/z 590.2 (ES+), 588.3 (ES-).

[00846] Example 23
[00847]  2-(2-{4-[4-(4-Acryloylamino-benzenesulfonyl)-piperazin-1-yl]-2-
methoxy-phenylamino} -5-chloro-pyrimidin-4-ylamino)-N-methyl-benzamide (IV-31)

[00848] The title compound was prepared in a process similar to that described in
Example 21, but using 4-N-Boc-piperizine instead of 4-N-Boc-4-Me-piperidine as
intermediate B in Preparative Example Scheme 1, and 4-nitrobenzenesulfonyl
chloride in stead of 4-N-Boc-benzoic acid in Preparative Example Scheme 2. The
nitro reduction was accomplished with SnCl; in refluxing MeOH. The final acylation
with acryloyl chloride was done in the same way as in Example 21. LC-MS: m/z

677.2 (ES+).

[00849] Example 24 FAK Biochemical Assay

[00850]  Activities of FAK inhibitors were assessed in an OMNIA® kinase assay
(Invitrogen, Carlsbad, CA) using pre-activated FAK enzyme. Briefly, a 10X stock of
pre-activated FAK enzyme (M4446) from Invitrogen (Madison, WI), 1.13X ATP
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(AS001A) and Y3-Sox conjugated peptide substrate (YPOO3A) were prepared in 1X
kinase reaction buffer consisting of 20 mM Tris, pH 7.5, 5 mM MgCl,, | mM EGTA,
5 mM B-glycerophosphate, 5% glycerol (10X stock, KB002A) 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 uL volume of 50% DMSO and serially diluted compounds prepared in 50%
DMSO. Kinase reactions were started with the addition of 45 pL of ATP/Y3-Sox
peptide substrate mix and monitored every 30-90 seconds for 60 minutes at
hex360/Aemd8S in a Synergy4 plate reader from BioTek (Winooski, VT). At the
conclusion of each assay, progress curves from each well were examined for linear
reaction kinetics and fit statistics (Rz, 95% confidence interval, absolute sum of
squares). Initial velocity (0 minutes to ~30 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 ICsy from log[Inhibitor] vs
Response, Variable Slope model in GraphPad Prism from GraphPad Software (San
Diego, CA). The assay was run using the following concentrations of reagents FAK =
15 nM, Y3-Sox = 10 uM, ATP = 100 pM, (ATP Kmapp 92 uM).

[00851] Compound IV-29 had an ICsp of 5.24 nM in the assay, and compound IV-
30 had an ICsy of 5.89 nM in the assay.

[00852] Example 25 Mass Spectral Analysis

[00853] Intact FAK (PTK2) was incubated for 1 hr at a 10X fold access of
compound IV-29 to protein. 3ul aliquots of the samples were diluted with 10ul of
0.1% TFA prior to micro C4 ZipTipping directly onto the MALDI target using
Sinapinic acid as the desorption matrix (10mg/ml in 0.1%TFA:Acetonitrile 50:50).
Mass spec analysis was run on intact FAK (PTK2) protein ( m/z 146,672 Da), and on
FAK that was incubated with compound IV-29 ( mw=669.2). The centroid mass
(m/z= 147,037 Da) showed a positive shift of about 365 Da with minimal unmodified
protein remaining indicating almost complete modification of FAK (PTK2) by
compound IV-29. Compound IV-30 did not modify FAK as assessed by mass spec,
and compound IV-31 showed partial modification of FAK.
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[00854] 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 reference 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 encompassed

by the appended claims.
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CLAIMS

What is claimed is:

1. A protein kinase conjugate that has the formula,
X-M-S-CH,-Prot

wherein, Prot is a protein kinase or portion thereof that contains a cysteine
residue selected from the group consisting of CYS1, CYSS5, CYS6, CYS7, CYSS,
CYS9, CYS10,CYS11, CYSI2 and CYS13;

S-CHj; is the sulfur atom and methylene group from the side chain of said
cysteine residue;

M is a modifier moiety that is formed by the covalent bonding of a warhead
group with the side chain of said cysteine residue; and

X is a chemical moiety that binds in or near the ATP binding site of the

protein kinase.

2. The conjugate of claim 1, wherein the warhead group is —L-Y, wherein
L is a covalent bond or a bivalent C;.g saturated or unsaturated, straight

or branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO3-, -SO;:N(R)-, -O-, -C(0O)-, -OC(0O)-, -C(O)O-, -S-, -SO-, -SO,-,
-C(=8)-, -C(=NR)-, -N=N-, or -C(=N»)-;

Y is hydrogen, nitrile, C;.¢ aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

each R® is independently selected from —Q-Z, OH, oxo, NO», halogen, CN, a
suitable leaving group, or a Ci aliphatic optionally substituted with oxo, halogen,

NO3, or CN, wherein:
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Q is a covalent bond or a bivalent C,, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(O)-, -OC(0)-, -C(0)O-, -8O-, or
-S0,-, -N(R)C(0)-, -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.

3. The conjugate of claim 1, wherein the warhead group is

Q H Me
CN H N
){\NJ\@ 2~ N j’z/\/Nj]/\Cl A
N B \H/\ S o

0]
a b ¢ d
@] O 0] Me
s o) A '
H
e f g h i

0 o Me O o] 0
}{\NJ\/Cl SN }{\/Nm/\ }{\NJ\FC' %ANJJ\/C' }{\NJ\{C'
H 3 o H H H

J k l m n 0
O
0
A~ Eo %“/\
%ﬂjj\/% )Y )j\cimx)]\/a\)j\/\
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u v y
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wherein each R® is independently a suitable leaving group, NO,, CN, or oxo.

4, The conjugate of claim 1, wherein the modifier moiety taken together with the
side chain Sulfur and methylene of the cysteine have a formula selected from the

group consisting of
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PCT/ US2010/ 048916 0 S Me and eeeee . 5. The conjugate of any one of clains
1-4, wherein Prot is a kinase or portion of a kinase conprising CYS1, and

i s sel ectwo 2briasudone group consi sting of JAK3, FGFRL, FEERAS2HE6RD16 FG-R4,
CKI T, CSFR1, PDGFR-A, FAK2, FLT3, FER, FES, CDKL1, CDKL4, FLT4, KDR, FLTI1,
PDGFR-B, and a portion of any one of the foregoing that conprises CYSl1l. 6.
The conjugate of claim5, wherein Prot conprises an am no acid sequence

sel ected fromthe group consisting of RC-VHRDL, KC*IHRDL, NC*I HRDL

NC* | HRDV, NC*VHRDL, NC*VHRDI, SC*VHRDL, CC*IHRDL, or NC*I HRDI , I"?’I n C
is CYS1. 7. The COI’]] ugat e of anyoonmeof cl ai ng 1- 4, wherein Pro:)t sis

girgﬁrsjecg{r;lmo?}l ng of I\J(g?%ﬁﬁse{&&K 1, J%\}IgléCYﬁS I\/PRZV&?ng%edortl on ofv'eany
o]

one of the r egoi ngotHhat conprises CYS5. 8. The conjugate of claim7,
wher ei n Prot cconprisesfan am no acgd sequence sl ected fromthe group
consisting of DLC*QYMD, NLC-QVIH, NLC*QVIQ and SLC*KYLSL, wherein C* is
CyS5. 9. The conjugate of any one of clains 1-4, wherein Prot is a kinase
or portion of a kinase corrprl@l ng CYS6, and is selected fromthe group
consi sti ng ofo TNK1, YES SRC, LI M1, F?@Rl FGFR2, FGFRBO FGFR4 and a
portion oge of the re o t hat~co eSC{LSG
2011/ 034 USZO 0/ 04891 he C nj ug e of cl ai m%Ml&meEel n Pr ot
conpri ses an am no acid segue ce selected frdm the group consisMeng of
SCC*FGV, QGC*FGE, TGCFFQGD, FGQ and EGC*FGQ wherein C* is CYS6. 11.
The conjugate of any one of cI |m3 1-4, wherein Prot is a kinase or portion
of a kinase copfprl sing CYS7, is selected frémthe group coffi sti ng of
FAK, ALKl1l, ALK2, and a porti on of any one of the foregoing that conprises
CyS7. 12. The conjugate of claim1l, wherein Prot conprises an am no acid
sequence selgcted fromthe roup consj sting of | CEGQFQED, VECGH VEKGERYG,
and LEC¥ “heFein S C\?STN s N s g?\,ﬁ 4.
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13. The conjugate of any one of clainms 1-4, wherein Prot is a kinase or
portion of a kinase conprising CYS8, and is selected fromthe group

consi sti nyoah11 2300, CRI K, ERK3, CKlgl, CKlg2, CKlg3, amdTaspaoisymé of any
one of the foregoing that conprises CYS8. 14. The conjugate of claim 13,
wherein Prot conprises an am no acid sequence selected fromthe group
consisting of GC*GNF, GC*GHF, and GC*GAN, wherein C* is CYS8. 15. The
conjugate of any one of clains 1-4, wherein Prot is a kinase or portion of
a kinase gonprising &S9, and i spROR | or ajiportion thegjeof that conprises
CYS9. 16. The conjugate of any one of clains 1-4, wherein Prot is a kinase
or portion ofka kinase conprising CYS10, and is MELK or a portion thereof
that conprises CYS10. 17. The conjugate of any one of clainms 1-4, wherein
Prot is a kinase or portion of a kinase conprising CYS1l, and is selected
fromthe groupff Si stimm T, m FLT3, FGR,\QEmd a por tyony of
any one of t/)h}re/fgﬂe Qi ng_t hat_ic i ses @YS1l. SV\LP;JLC ' tgwa'm
17, whereih otho%bArissés ail d?ri%%c\l\d sgql%\eﬁié/ésse ecf‘edJ‘f’ of tHe group
consi sting of” YCC'YG TMHG  and FMCLEIG wherein C j,s CYS11. 19.The
conjugate of "‘any one of clains 1-4, wherein Prot is a kinase or portion of
a ki nasgpconprising CYS12, and is ALK or a portion thereof that conprises
CYS12. 20. The conjugate of claim 19, wherein Prot conprises the amno acid
sequence AAIWGDGR’VAKI\%,TH ei ngfj% CYSlZ.@'he conj u /tiof
any one of clai , rein BProt .is Ki_pase t L of ..a_kitha

conpr i si:?q/fg\SCY\S 3, '\hng‘ is &MF Nor a’zépoﬁti dh her’g/rcﬁgt hat ’%orrp’ | Sos Bvels.
22. The conj u%lte of claim Z}f wherein Pr ot conpri ses .t he am no acid
sequence
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TKPQLAI VTQAC* EGSSLYHH, wherein C* is CYS13. 23. A protein kinase conjugate
conprising G-KIT or a portion thereof conprising CYSL (Cys788), and a
conmpound W 2bawvasydoa XVII1, Xl X, Xl X-a, Xl X-b, Xl X-c, XXPOI/USXp18/088va¢ | S
covalently and irreversi ble bonded to CYS1. 24. A protein kinase conjugate
conprising KDR or a portion thereof conprising CYS2 (Cysl1045), and a
conpound of forrmula XVII1, XIX, X X-a, XIX-b, XIX-c, X X or XX-a that is
covalently and |rreverS|bIe bonded to CYS2. 25. A protein kinase conjugate

conpri si ngoB- RAF or rtion her N corrprl i Ngo€YS13 532)

conmpound o Nf or -yl a f"l"\' @Mg? _}i
coval enﬁy angP i rrev I’SI bl e onde § CYSl§ 26°A protein Kki naL%‘ ?ugat e
conpri si ng T3 or t%rtl on thereof ,S;tpl;rprl sing CY3¢ (Cys828), and a
conmpound o’f*sforrrulall a, Il-b, Il-cor Il-dthat is covalently and

irreversibl e handed to CYS2. WD 2011/ 034907PCT/ US2010/ 048916 27. A protein
ki nase conjugate conprising MEKL or a portion ther gof conpri sipg CYSZ
(Cys207), a&nd a conpou of formgul agiﬂ/bas\ll % or Il-d t é
coval enLJﬁ& i rréver Bi bopded. {0 2. /2 ei nvki g’te
conpri simgNJAK3—8r aﬁborfilon Sher eGf conpriSi ng ‘EY %,Végog , nd a
conpound of formula V that is coval ent] y and |rre(y%r Si bl e bonded to CYS3.
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29. A protein kinase conjugate conprising PLKL or a portion thereof
conprising CYS4 (Cys67), and a conpound of formula Il that is covalently
and irrewsoentls4monded to CYS4. 30. A protein kinase cORCUJSL@00YDS i Si ng
FAK or a portion thereof conprising CYS7 (Cys427), and a conpound of
formula IV, IVa or IVb that is covalently and irreversible bonded to CYS7.
31. A protein kinase conjugate conprising JNK1 or a portion thereof
conprising CYS5 (Cysl1ll6), and a conpound of fornula V1, VII, VIII, [|X

| X-a, X, X-a, X, X or XII-aO;‘?et is coval entlyw~and irreversi bl e~ponded
to CYS5. 32. A protein kinaseg cofjugate conprgsi eg) ZﬁP?O or a RErtgonye

t hereof c ri ging C¥S8. (Cydi346), and a.compound ofyformula I-la, I-byl-c,
-d, | -eimﬁat {‘é\lﬁ:ov e ﬁWand%N%bl Mebona‘e/ﬁNM&Nﬁs. A
pr ot ei n ki naseQ:onj ugat e owerpri si ng RON or La portion thereof '\Q%pri si ng
Cysi11 (ngéh]b(ES), and a corrpgy&g of formul a Xiddaaa, X111 - Panl I 1-c, XII1-d,

X1V, XV, or XVIl that I's covalently and irreversi ble bonded to CYS11.
34. A compoun@e&d .fornmula I-a, I-b or 1-c or a pharmaceutically acceptable
salt thereof, wherein each of Ra R', Re, Rd, Rare independently
selected fromR, OR halogen, - CF3, -CN, -CE-C-R or -C(0)NHRz; Rg is

sel ect ed fromyR¢offReatt 3t 9Eshe ofChdmandt, aviereld Proe Iekiagscrm poail dfc or

bicyclic, saturated, partially unsaturated, or aryl ring containing 0-3
het er oatackisasg ndmpesite S, ard isceleeted from thagrawpsepsiedrsidtikdy of nitrogen,

OXygen. Rk S oy, FORka! FGRRA! CRAY D PDIARERIFWKLD FRr s g hal ogen or
, FES, CDKL1, CDKL4, FLT4, KDR, FLT1, PDGFR-B, and a portion of any one of
the foregoing that comprises CYSI.

6. The conjugate of claim 5, wherein Prot comprises an amino acid sequence
selected from the group consisting of RC*VHRDL, KC*IHRDL, NC*IHRDL,
NC*HRDV, NC*VHRDL, NC*VHRDI, SC*VHRDL, CC*IHRDL, or NC*IHRDI,
wherein C* is CYSI.

7. The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of
a kinase comprising CYS5, and is selected from the group consisting of PFTAIREL,
JNK 1, JNK2, JNK3 BMPR2, and a portion of any one of the foregoing that comprises
CYSs.

8. The conjugate of claim 7, wherein Prot comprises an amino acid sequence
selected from the group consisting of DLC*QYMD, NLC*QVIH, NLC*QVIQ, and
SLC*KYLSL, wherein C* is CYSS.

9. The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of
a kinase comprising CYS6, and is selected from the group consisting of TNK1, YES,
FGR, SRC, LIMK 1, FGFR1, FGFR2, FGFR3, FGFR4, and a portion of any one of
the foregoing that comprises CYS6.
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each R is independently hydrogen, |ower alkyl, |ower hal oal kyl or |ower

cycl oal kyl ; Each R is independently hydrogen, aliphatic or aryl; Xl is

- NH- C( 0) -wonr0 1@3@07 NH- ; Ring Ais a 4-10 nenber ed PoDMSCY10/0#891©T
bicyclic, saturated, partially unsaturated, or aryl ring containing 0-3

het er oat ons i ndependently selected fromthe group consisting of nitrogen,
oxygen, and sulfur; and RL is -L-Y, wherein: L is a coval ent bond or
a bivalent G g saturated or unsat urated, straight or branched, hydrocarbon
chai n, wWer eiThesnniugataof cbrm@hwb@rem&rﬁwcem‘lseﬁm ampp aElcbﬁeéuQﬂﬁFl onal ly and

d dept d b I N , - 0) N(R
OEREDEILLpASH B SNELOR R oct B WP 5, 0L

-C(=9) - ,KGC(‘Fd}B)andE(NSF\FGQOWhel@(I‘F(BE)s-CYS6 Y i s hydrogen, nltrile, Cl_6
al i phatic optionally substituted with one or nore OH NRxRy, oxo, hal ogen,
NC2, or CN, or a 3-10 nenbered nonocyclic or bicyclic, saturated, partially
unsat ur ated, gf c%fymga{e'o@gnyhavé A%1Am3 10ELE1A2 PR i NEERENIGRHIoh ofsel ect ed
from nitrogen, fur, and wherein said ring is substituted with
1-4 Re griougss compdsmg CYS?Ranchndelléyteélﬁ@m thd gpapdensibtinghyfdidgenlKllover al kyl ,

| ower ha c each i ndependent |y

sel ect ed‘l‘l(f?g%r%ldé ﬂ%%‘ekfﬁ eggmér%hat&f{fnpgsessgﬁ%bl e | eavi ng group, or
a G _6 allphatlc optlonally substltuted wi t h oxo, hal ogen, NO2, or CN,

wher ei n: is a covalent bond or a bivalent Cl-6 saturated or

unsat ur al?ed, HIGrCé.’Pnglg@ted’rf Clﬁ‘l“ﬁdéh@ﬁ"reﬁfd%@é‘?%ﬁs ThANRO GRS IBne or two

nmet hyl e a by -N(R) -
T rg%kv%?gﬁmptheggj&m%yg%@ e rwbd;@ﬁebewvdmﬁm@%g N NR -
- N( R) 502-ECHV GKERANG Ryhgreiar(d® EG%S’/nydr ogen or Cl_6 aliphatic optionally
substituted wth oxo, halogen, NO2, or CN. 35.A conpound of formula Il-a
[1-b, Il-c or II-d

13. The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of
a kinase comprising CYS8, and is selected from the group consisting of ZAP70,
CRIK, ERK3, CKlgl, CK1g2, CKl1g3, and a portion of any one of the foregoing that
comprises CYSS.

14.  The conjugate of claim 13, wherein Prot comprises an amino acid sequence
selected from the group consisting of GC*GNF, GC*GHF, and GC*GGN, wherein
C*is CYSS.

15.  The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of

a kinase comprising CYS9, and is ROR lor a portion thereof that comprises CYS9.

16. The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of
a kinase comprising CYS10, and is MELK or a portion thereof that comprises
CYS10.

17.  The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of
a kinase comprising CYS11, and is selected from the group consisting of ¢c-KIT, FMS,
RON, FLT3, FGR, and a portion of any one of the foregoing that comprises CYS11.
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Ra CN HNHN WNW )JRLA Z WXZ WX' or a pharnmaceutically acceptable salt

t hereof, wherein: W is Nor CGRb; Wis Nor CH X is NH CH2, 0 or S

each of RaOR011/Bm®7Re are i ndependently sel ected from RpCORS201aloagyeé, - CF3,
- CN, - NRxRy, or -C(0)NHRz; each R, Rx and Ry is independently
hydrogen, |ower alkyl, |ower haloalkyl, or |ower cycloalkyl; each Rz is

I ndependent|ly hydrogen, aliphatic, or aryl; Z is hydrogen or a solubilizing
group;

18.  The conjugate of claim 17, wherein Prot comprises an amino acid sequence
selected from the group consisting of YCC*YG, TMC*HG, and FMC*HG, wherein
C*isCYSI11.

19.  The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of

a kinase comprising CYS12, and is ALK or a portion thereof that comprises CYSI2.

20.  The conjugate of claim 19, wherein Prot comprises the amino acid sequence

AARNCLLTC*PGPGRVAKIGD, wherein C* is CYS12.

21. The conjugate of any one of claims 1-4, wherein Prot is a kinase or portion of
a kinase comprising CYS13, and is B-RAF or a portion thereof that comprises

CYSI13.

22.  The conjugate of claim 21, wherein Prot comprises the amino acid sequence

TKPQLAIVTQWC*EGSSLYHH, wherein C* 1s CYS13.

23. A protein kinase conjugate comprising C-KIT or a portion thereof comprising
CYS!1 (Cys788), and a compound of formula XVIII, XIX, XIX-a, XIX-b, XIX-c, XX
or XX-a that is covalently and irreversible bonded to CYSI.

24. A protein kinase conjugate comprising KDR or a portion thereof comprising
CYS2 (Cys1045), and a compound of formula XVIII, XIX, XIX-a, XIX-b, XIX-c,
XX or XX-a that is covalently and irreversible bonded to CYS2.

25. A protein kinase conjugate comprising B-RAF or a portion thereof comprising
CYS13 (Cys532), and a compound of formula XVIII, XIX, XIX-a, XIX-b, XIX-c,
XX or XX-a that is covalently and irreversible bonded to CYS13.

26. A protein kinase conjugate comprising FLT3 or a portion thereof comprising
CYS2 (Cys828), and a compound of formula II-a, II-b, II-c or II-d that is covalently

and irreversible bonded to CYS2.
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Ring Ais a 4-10 nmenbered nonocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatons independently sel ected
from t he woaop/wengi sting of nitrogen, oxygen, and sul f BCI/US2010/044316 or RI,
is -L-Y, with the proviso that when RL is -L-Y, R, is R OR hal ogen,
-CF3, -CN, -CEC-Ror -C(O)NHR , and when R, is -L-Y, Rl is R OR, hal ogen,
-CF3, -CN, -Ca---CRor -C(0)NHR ; L is a covalent bond or a bival ent
Cl..8 saturated or unsaturated, straight or branched, hydrocarbon chain,
wherein one, two, or three nethylene units of L are optionally and

'_ g?gyggi%“t Rt Bl e i b B g O
- C(=9) - cf 07). Hd a compoutidio? FOMAALASI-WILL-E o} B.d At & cBldlhat i
optional Iy substit'uted Wltlf)‘l one or nore , NRxRy, oxo, halogen, NO2, or

CN, or ainame')/emaluibé)r)e@bdrm@@ﬂcl ic or bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatons i ndependently sel ected
fromnitrogen, oxygen, or sulfur, and wherein said ring is substituted with

1-4 Re Qrsoupsa ﬁi’ﬂéin kinase c@}u@ﬂﬂcdﬁx‘pr&ﬁﬁg ixdepenpativh yhebyudcogerising ower al kyl ,
| ower hal oal k or |ower cycl oal ky each Re is independently

sel ect e Y$d ¥S@% agp crpoungop fO‘ﬁ&ll%é’éhat 1@?\1’”&“&%@? Hreersdlei ng group, or
a Cl-6 hat! tionally substituted with oxo, hal ogen, NO2, or CN,

wher ei addne %Ylgjs? a coval ent bond or a bivalent Cl-6 saturated or
unsaturat ed, straight or branched, hydrocarbon chain, wherein one or two

nmet hyI e units of. nal I and end ntI | aced. by N(R) -

S n299 %})rotemgaaé? corj @? sn%tlgg t}}/e'{f%% sin C( 0) N( R)

- N( R) SO?cysm(Cyssﬁﬁﬁuﬁ&comgaﬂleoﬂ f@nﬂmgmmwovaeﬁﬂy @ndahepélaibllec optional ly
substituted with oxo, halogen, NO2, or CN. WD 2011/034907PCT/ US2010/ 048916

36. A corsodeditodf Y8brmula 111: RL Ra WW I i

30. A protein kinase conjugate comprising FAK or a portion thereof comprising
CYS7 (Cys427), and a compound of formula IV, IVa or IVb that is covalently and
irreversible bonded to CYS7.

31. A protein kinase conjugate comprising JNK1 or a portion thereof comprising
CYS5 (Cysl16), and a compound of formula V1, VII, VIIL IX, IX-a, X, X-a, XI, XII
or XII-a that is covalently and irreversible bonded to CYS5.

32. A protein kinase conjugate comprising ZAP70 or a portion thereof comprising
CYS8 (Cys346), and a compound of formula I-a, I-b, I-c, I-d, I-e, and I-f that is
covalently and irreversible bonded to CYSS.

33. A protein kinase conjugate comprising RON or a portion thereof comprising
CYSI11 (Cys1165), and a compound of formula XIII-a, XIII-b, XIII-c, XIII-d, XIV,

XV, XVI, or XVII that is covalently and irreversible bonded to CYS11.

34, A compound of formula I-a, I-b or I-¢
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NI\HLI Il Rb or a pharmaceutically acceptable salt thereof, wherein |V
and R' are independently selected from hydrogen, R OR, hal ogen, -CF3, -

CN, - CC- Ryo-2hiRxBy9070r - C(0) NRXRz; each R, Rx and RgTits20moegeandent |y
hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl; each Rz is
i ndependent|y hydrogen, aliphatic, or aryl; X a bivalent C1_8

saturated or unsaturated, straight or branched, hydrocarbon chain, wherein
one, two, or three nethylene units of L are optionaIIy and i ndependently

repl aced by cycl otpriapyl ene, -NR-, -N(R) CR) - C(O) NR-, - N( R) SOZRV
-S2N(R) -,_, -0-, Ol Rg - 0C( O)Ra - C( O)Fd; Rg - e -SOZ- - -Rg
C(=NR) -, - o] draugRA, 5 or ed
saturated |paﬁt|al g ar onE r|n at 66q alns 0-

het er oat o | ectegd fromN, g, 0. anq(contaln uents

sel ected fromthe gfoup consi sti ng ' oner mer a1kyl a

hal ogen, a \-;\CFS tly N or C

Rc is hy‘%thqg{1 RI , 57RC- R, NIR’xR;Rb—*-C(%T or +Rd
C(0) NRxRz; PN L N1 aken toget her vvlt &"atyhs to
whi ch they are l‘)’bnded forma 5 or 6 m‘énbaatced partially unsaturated p¢
aromatic ring that contains 0-3 heteroatons selected fromN, S and 0, and
is substitute wyth -L-Y and up to tworwther substituents selected fromthe
group consi sting of oxo, |ower alkyl, -0-lower alkyl, a halogen, and -CF3;

or a pharmaceutically acceptable salt thereof, wherein

each of R? R®, R®, RY, R are independently selected from R, OR, halogen, —
CF3 -CN, -C=C-R or -C(O)NHRz;

RE is selected from R, OR, halogen, —CF; and a 5-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring containing 0-3 heteroatoms
independently selected from the group consisting of nitrogen, oxygen, and sulfur that
is optionally substituted with R, OR, halogen or —-CF3;

each R is independently hydrogen, lower alkyl, lower haloalkyl or lower
cycloalkyl;

Each R’ is independently hydrogen, aliphatic or aryl;

X1 is =NH-C(O)- or -C(O)-NH-;

Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur; and

Ry is ~L-Y, wherein:

L is a covalent bond or a bivalent C,3 saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(O)-, -OC(O)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N»)-;

Y is hydrogen, nitrile, C;. aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,

saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
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L is a covalent bond or a bivalent Cl1_8 saturated or unsaturated, straight
or branched, hydrocarbon chain, wherein one, two, or three nethylene units
of L are wptoorshdoy and i ndependently replaced by cycl opcofshensssdiiR-
-N(RC(0)-, - C(O)N(R -, -N(R)S02-, -S&2N(R)-, -0-, -C(0)-, -0C(O)-,
-C(0)0-, -S, -SO, -S@2-, -C(=9)-, -C(=NR)-, -N=N-, or -C(=N2)-; Y
is hydrogen, nitrile, G _6 aliphatic optionally substituted with one or
nore OH, NRxRy, oxo, halogen, NO2, or CN, or a 3-10 nenbered nonocyclic or
bi cycl i gele@ad BomtRGogddabiyeah) of surtantnd ahein @id Any ls subnguteawithg -0- 3

het er oat gns i ndependently sel ected from nitrogen, oxygen, or sulfur, and

[

wherginRséﬂwpﬁﬁﬁﬁ-is substituted with 1-4 Re groups; and Rx and Ry
are independgnt] v li;ya %rﬁ(?%?e'ﬂﬂndeﬂw rélg%logéfﬁ, 4&99/\5@1%&@9 hgllﬂlalkyp or |RWET

cycl oal kyl ; e’1s I nd ndently sel'ected from=-Q Z, OH oxo,
N2, halkggenkylCN, a suitable | eaving group, or a C _6 aliphatic optionally

substituted wth_pxo,  hal n, o Or ei n: i coval ent
bond or a biSﬁﬂbﬁt“CET%WE§%§WéFE%%8ﬁRH%g%%ﬁ?@ﬁé&?“&??&ﬂﬁﬁﬁﬁ%r t nched,

hydr ocargieb€ avihg MD&S,eirMe NG abphdtiOopiRhhiy eutttitibéd s/itefoxQ dngenti onal Iy
and i ndependently replaced by -N(R-, -S, -0-, -C(0)-, -0C(0)-, -C(0)O-,
-SO, oMNOSEPCN, WRERIT(0) -, -C(0)N(R) -, -N(R)S02-, or -502N(R)-; and Z is

nydrogen_or ;rsg% ALABR 0Bl d BRAlNY CRYR3ARAL 67 uflahla@dCurdighiagen,  NOZ,
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(O)-, -OC(O)-, -C(0)O-, -SO-, or
-SO;-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO;-, or —SO2N(R)-; and
Z is hydrogen or C, aliphatic optionally substituted with oxo, halogen, NO,,

or CN.

35. A compound of formula Il-a, 1I-b, 1I-c or II-d
Ra

N‘§>‘ HN-N
M D>—cN <R

HN S HN

)\ /k Ra
Wy~ N Wy~ SN

{ b
Z/'\W//kX,R1 Z/kW/l\X'R1

= Ra b

N HN-N

/ﬂ:§>*CN <~ R

HN S HN
R R R

1 A
w
14

a 1Re
Wy/gN Rc V\ﬁ/l\ =N
)'\ //kgx z X
Z W 01 0-1 z 04 04
¢

or a pharmaceutically acceptable salt thereof, wherein:

Wy is N or C-Rb;

W is N or CH;

Xis NH, CH,, Oor S;

each of R*R” .and R° are independently selected from R, OR, halogen, —CF3 -
CN, -C=C-R, -NRxRy, or -C(O)NHRz;
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or a physiologically acceptable salt thereof, wherein Rb, Rc Rd
and Rf are independently selected from hydrogen, R, OR hal ogen and - CF3;
each R i swondapsment | y hydrogen, C-C6 al kyl, C -C6 al emyus201@io48366 al kynl ,

or | ower hal oal kyl ; Rt or RL, is -L-Y, with the proviso that when Rl
is -L-Y, R, is hydrogen or |lower alkyl, and when R, is -L-Y, Rl is
hydr ogen or | ower al kyl; L is a covalent bond or a bivalent Cl1L 8

saturated or unsaturated, straight or branched, hydrocarbon chain, wherein
one, two, or chdirReERRIORY éniadepentintlythyldragen, loptt dkgll loweahdlontkgependent | y
repl aced by cyclipropyl ene, -NR-, -N(RC(0)-, - CCONR-, -NR) S02-,

- SO2N( Rjewereycloalkgt 0y~ -0c(0)-, -C(0)0-, -S-, -SO, -S»-, -C(=S)-,
-C(=NR) -, - NZhh RO[s independefitlyh hab%e&gmhatm, bfiye, Cl_6 aliphatic optionally
substituted wth one or nore O'Yl RxRy, oxo, halogen, NO2, or CN, or a 3-10
menber ed nondcly dlyilogor ot sahehtiliong geupr at ed, partially unsaturated, or aryl

ring having Q-3 heteroatons,independentl|y,selected fro i trogen, oxygen,
i Ad B LAPRorERGRFE e s PR BG el Byt

or sul fur, n sal Mg 1S eygroups; and

Rx and Rysa@tddnslepenaenidnyaitiyg 0oeterohtows indéplaydently estestedhtbmahkyl , or

| ower cycl oal kyl ; . each Re is independently selected from-Q Z, OH,
ox0, NOBropoggsie Tiitragey Pxsneandesilifig group, or a C1_6 aliphatic
optional |y syfsti jutigd it RyigXhe B3l RGARar Mekn RQTis AN yWRET &1 R; OR Qis
a coval ent bﬁd or 'a bival ent CL @%satur%t ed orqul?lsat u\?M;?ed, straight or

br anchedalogyuir-eCir HON, efrl R, omh€@INHRhendwhewR imet ki enR: imRt ORf Q are
°8; oy mheB R LT CRUSERE. O ) R Ny 02! o Lskenm )
and Z is hydnoges cevalénk_tondl drphdfvialeno 0t k @h@kdtdd stibsdatirbfe@dstidigh @xo,
hal ogen, NO2, or CN. 38. A conmpound of foHnula VI: i

branched, hydrocarbon chain, wherein one, two, or three methylene units of L are

optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -

C(O)N(R)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(0O)-, -OC(0O)-, -C(0)O-, -S-, -SO-, -50;-,

-C(=S)-, -C(=NR)-, -N=N-, or -C(=N3)-;

Y is hydrogen, nitrile, Ci aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

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

Q is a covalent bond or a bivalent Cy. saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(O)-, -OC(O)-, -C(O)O-, -SO-, or
-SOs-, -N(R)C(O)-, -C(OIN(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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Rc N RoNN VI or a pharnmaceutically acceptable salt thereof, wherein

Ra, Rb, Re, Rd and Rf are independently selected fromR, OR, hal ogen, -CF3,
- CN, - NRxRy 0 28134967 0) NHRz ; each R, Rx and Ry is i mdepspalenydoye

hydr ogen, |ower al kyl, |ower haloal kyl, or |ower cycloal kyl; each Rz is

| ndependent |y hydrogen, aliphatic, or aryl;

36. A compound of formula III:

R4
)\ Ra X
Wy X W W1/>< l \Z
MNAN X
H 11

Rb
or a pharmaceutically acceptable salt thereof, wherein

R? and R® are independently selected from hydrogen, R, OR, halogen, —CF; -
CN, -C=C-R, -NRxRy, or -C(O)NRxRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

X a bivalent C;_g saturated or unsaturated, straight or branched, hydrocarbon
chain, wherein one, two, or three methylene units of L are optionally and
independently replaced by cyclopropylene, -NR-, -N(R)C(O)-, -C(O)N(R)-, -
N(R)SOs-, -SO,N(R)-, -O-, -C(0O)-, -OC(0)-, -C(0)O-, -S-, -S§O-, -SO,-, -C(=S)-, -
C(=NR)-, -N=N-, or -C(=N2)-;

Z is hydrogen, lower alkyl or a 5 or 6 membered saturated, partially
unsaturated or aromatic ring that contains 0-3 heteroatoms selected from N, S and O,
and contains 0-3 substituents selected from the group consisting of oxo, lower alkyl, -
O-lower alkyl, a halogen, and -CF3;

W and W1 are independently N or CH;

Wy is Nor C-Re

Rc is hydrogen; R, OR, halogen, -CF; -CN, -C=C-R, -NRxRy, -C(O)Rx or -
C(O)NRxRz;

Rjis -L-Y:or

Rc and R1 taken together with the atoms to which they are bonded form a 5 or
6 membered partially unsaturated or aromatic ring that contains 0-3 heteroatoms

selected from N, S and O, and is substitute with —-L-Y and up to two other substituents
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Ring Ais a 3-10 nmenbered nonocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatons independently sel ected
from t he woaop/sengi sting of nitrogen, oxygen, and sul f BCI/US2010/048416 S a
bond or a bivalent Cl-C6 saturated or unsaturated, straight or branched
hydr ocar bon chain wherein optionally one, two or three nethylene units of

t he hydrocarbon chain are independently replaced by -NR-, -0-, -C(0)-

-0C(0)-, -C(0)0-, -S, -SO, -S@2-, -C(=9)-, -C(=NR)-, -N=N-, or ’ Xi
IS a bonredeoted fdmithbigvalpenhsidinkOofmobened alkphe0yowecalbyl, Hhalpgdn, and sat ur at ed,
partially unsaturated, or aryl ring containing 0-3 heteroatons

i ndepend E y selected fromthe group consisting of nitrogen, oxygen, and

sul fur; RL i§ i3 ¥ovalent bonkt drSa BivaR¥EkERsaPNE OF uAsdiriRbCRtaifHt & Saturated
or unsat ur at ed, straight or branched, hydrocarbon chain, wherein one, two,

or thr edprmhhyllmdeocarhonscf@fn I_W@tr@no’mm mldrythqunﬁthﬂlép@rwdéﬁpf)lb pigpl aced by

| | 0 03- R “o-.
cyel 9P OPULERE: i TiasrpMANE Rhicedt  YDbRpeal RROZuePBNR . -0
- N2) -G(O)N(R)-, -N(Rss(h;ydrsm;gmm) N |_¢@) Q0o I—(D(@)U C-SopiSiBNA0Ly,

substituted wth one or NRxRy, oxo, hal ogen, NO2, or CN, or a 3-10
nenber edChonoc{ETVR)- OTN:H‘FE?ET(F(CN%aturat ed, partially unsaturated, or aryl

ring having Gy mjzfd éhatnﬂ g e @9&?&5&%@@%%@5@%@& Qe RAGHe OXYTEN,

or sulfur, and n sa ring i s substituted wth 1-4 Re groups; and
Rx and F@HaNEmed@@ehailegm WOy dr 69k 0y a3eldemembkrgt mdnwzecrhchalbmakky, or

| oner cyc| oal kyl ; .. eac Rei 1l ndependent |y sel ect.e QZ OH,
oxo. | NOPARIFS g pnsanEEY o T £ T P R e dsnehidl
opt | Ona|slehéc§:bllf§ﬁﬂ hiogeh, Wx?éb&&ﬂsulﬁ@'dhﬁ%eré\@galdﬁhg @\subwar el with 1-4 Qis

a coval ent bond or a bivalent C6 saturated or unsaturated, straight or
br ancheR’ %ﬁ?‘éﬂso bon chain, wherein one or two nethylene units of Q are

OF(’:E '0;)8?' Ly Sgﬂ&oéﬁbdg%g&cﬁﬁ@%eﬁg%?@)@%% w%‘(tR@(?/l’ low%r’hano(é)iIlqyl gfﬁ@ep (%Cf ?)
and Z i s:yh}pd}kggen or C1_ 6 aliphatic optionally subst ituted with oxo,
hal ogen, Noz’each R™is 1n%ependgr(1)tgpselllecgedo ‘ItrOI];lor(Snil %)}Moxo NO3, halogen, CN, a

suitable leaving group, or a C, aliphatic optionally substituted with oxo, halogen,

NO»,, or CN, wherein:

Q is a covalent bond or a bivalent C,¢ saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(0O)-, -OC(0O)-, -C(0)O-, -SO-, or
-S0»-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO;-~, or —SO,N(R)-; and

Z is hydrogen or Ci aliphatic optionally substituted with oxo, halogen, NO;,
or CN.

37. A compound of formula V:
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R'VI1 or a pharmaceutically acceptable salt thereof, wherein n is one, two,

or three; Ra, Rb, and Rc are independently selected fromR, OR
hal ogen, WOR811/03€M7 - CEC-R, -NRxRy, and - C(0) NHRz; PCTABCHOR489RX and Ry
i s i ndependentl|y hydrogen, |ower alkyl, |ower haloal kyl, or |ower

cycloal kyl; each Rz is independently hydrogen, aliphatic, or aryl; R and R
are i ndependently hydrogen or halogen; X is a bond, or is selected fromthe
group consisting of VW THRL and Xi is O, NHor S; Wis CH2 or NH;

R, /Ra
R, N
\N CN
o)
N >//Rb
JOA
Re N/ g

or a physiologically acceptable salt thereof, wherein

R?, R®, Rc Rd and Rf are independently selected from hydrogen, R, OR,
halogen and —CFj;

each R is independently hydrogen, C1-C6 alkyl, C1-C6 alkenyl, C1-C6 alkynl,
or lower haloalkyl;

R, or Ry: is -L-Y, with the proviso that when R, is -L-Y, R;> is hydrogen or
lower alkyl, and when R is -L-Y, Ry is hydrogen or lower alkyl;

L is a covalent bond or a bivalent C,g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —-NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(0)-, -OC(O)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)~, -C(=NR)-, -N=N-, or -C(=N3)-;

Y is hydrogen, nitrile, Cj.¢ aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

each R® is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a C|, aliphatic optionally substituted with oxo, halogen,

NO», or CN, wherein:
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Rt is -L-Y; L is a coval ent bond or a bivalent C8 saturated or
unsaturated, straight or branched, hydrocarbon chain, wherein one, two, or
t hree netwgleneé3wrts of L are optionally and i ndependemrCiryuse@ploasoee by
cyclopropylene, -NR-, -N(RC(0)-, - C(ONR-, -NR) S02-, -S2N(R)-, -0-,
-Cc(0)-, -0c(0)-, -C0)o0-, -S-, -SO, -sS@-, C( =S)-, -C(=NR)-, -N=N-, or
Y is hydrogen, nitrile, G _6 allphatlc optionally substltuted wth one or
more OH, NRxRy, oxo, hal ogen, N2, or CN, or a 3-10 nenbered nmonocyclic or
bicyclic, satQisahedvalp@riondl drya bvakht ICak edturaéd ar }dhsalt\.irﬁltgd hewigty @@- 3

het er oat ons i ndependently selected fromnitroge oxy n, or,suh&ur, and
wher ei n beaiched ih M@OF%rb%Bg%vat‘ﬁlﬁf‘éﬂm\ﬂnF [Rr Vo mgEh g@&d&ts oL [Rfire optionagy and Ry
are ind hul h..a kyb. . I Or.sbovigr
cycloal%HﬁqQ%B&k%nhygﬂgggal qwgépeﬁde?tlggmﬁfég?g f&%E?QC}Sb Wﬁ, 0Xxo,
NOtZ), hal- S@gn-N(@)K?(@) -S@(OAR(RD)- .| -k ) K- rrodP2NOR)-aan@1l_6 al i phatic optionally
substitute X0, coval ent
bond or a bi ya‘ISZ’P( rqggn @r ggf’ &Pglgaéxg d@?‘oﬁ?‘}g\%‘ﬁ%@l{e ngf? S Ogen SNséinc hed,
hydr ocardpem.chai n, wherein one or two methylene units of Qare optlonally
and i ndependently replaced by -N(R)-, -S-, -0-, -C(0)-, -0C(0)-, -C(0)O-,
-SO, or -SMX2-, -N(RC(0)-, -CCONR-, -N(R S02-, or -S2N(R)-; and Z is

hydroge or onally substituted with oxo, hal ogen, N2,
or ON. 40 A %ﬁ‘%%gédél%? %{;ng}%lﬂfg VITL: R VI

Ra

VI
or a pharmaceutically acceptable salt thereof, wherein

Ra, Rb, Rc, Rd and Rf are independently selected from R, OR, halogen, —CF3,
-CN, -C=C-R, -NRxRy, and —C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

Ring A is a 3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

X is a bond or a bivalent C{-Cy saturated or unsaturated, straight or branched
hydrocarbon chain wherein optionally one, two or three methylene units of the
hydrocarbon chain are independently replaced by -NR-, -O-, -C(O)-, -OC(0O)-,
-C(0)O-, -S-, -SO-, -SO;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;
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or a pharmaceutically acceptable salt thereof, wherein n and nl are

i ndependently zero, one, two, three or four; Ra, Rb, and Rc are

i ndependewolzgigsh®ct ed from R, OR, hal ogen, -CF3, -CN, PRRAURI100188916

- C(0) NHRz; each R, Rx and Ry is independently hydrogen, |ower alkyl,
| ower hal oal kyl, or |ower cycloal kyl; each Rz is independently hydrogen,
aliphatic, or aryl; R is halogen; X1 and Z1 are independently
-N(Ry)-C(0)-, -C(0)-N(Ry)-: Z2 is a bond or a 4 to 10 nenbered
nmonocycl i ¢ org it gyehd 6ris adiwilat ed,0 panbérad mpnonsht or bicedicosatamaydd, ri ng

havi ng 0- 3, het er oat ons |ndependentl elected fromnit en gen and
sul f ur; Ppetiajly ungatwpated, or aryl rjng “é’nﬁ“%‘%&; éﬁerﬁﬁﬂﬁsﬂ{geaerﬁ{e{}%’ siet %

sat ur at egh0fhe YASHha ofSHifiBlahbe enDirRNGIGA,  hydrocar bon chain, wher ein
one, two, or thrée methyl ene unit are opt| onal ly and |ndependently

repl aced by d&cs opopyl ene, --NR-, -N( R)C(O) - C(O)N(R -, -N(R)S02-,

i g(OE N(Rs 2 : T I-\lg'l\ks a % z)lat tﬁﬁgor)a bwa%@ EO& satur'%éd 4 org urésr?turég)&,; sl,tfaég,cg‘t E}??L;“

al i phat ibgarRRéd, afyatdcurboughin witRekiionb, ong @rtmrrﬁet@kné\m@pf oxare hal ogen,
NO2, or CN, or a 3-10 nenbered rmnocycl ic or bicycljc, ed, partially
unsat ur pEenallyy a%ﬁfypd‘?ﬂeﬁ‘éenﬁé(qui?&ced P Y LPRIP YIRS i nﬁ%pe é )-sél ect ed

fromni td(@glqg{) a)ﬁ%ﬁ% s@}@éﬁyho ar@(dynew B)sat )U_ng_l_gosulgsj21 tuted with

1-4 Re group are ndependen hyd’r ogen, lower alkyl,
| ower haCedl)k yC(=MNR)-| -OWweX-, oyfﬂ(efallzkyl each Re i s independently

Lot | oo i hanth o PRl og e Bty Sibarkpbag o o

wher ei N:QH, NRxRy @xo$ h@lo§&y A@Nbr bBNdr @3- Mevmdtedmdnbeflisak bigike or
unsat ur at ed strai ?ht or branched, hydrocarbon chain, wherein one or two
a

S erield poHTIY HCUBREA oty TR cherRATEH) TP PIRSBRERy ()
O)N(R
- N( R) SO 2S?I1ect§§1 Ql?og&lﬁ?%fg?oxg%eél%pgu@fur, an@Xherh sa1(§Qgg is SubstiRU S Qith 1-4C( 0) N( )

R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

each R is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a C| aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

Q is a covalent bond or a bivalent C saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —-N(R)-, -S-, -O-, -C(O)-, -OC(0O)-, -C(O)O-, -SO-, or
-SO;-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO»-, or —SO2N(R)-; and

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

39. A compound of formula VII
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Z is hydrogen or Cl-6 aliphatic optionally substituted with oxo, hal ogen,
NO2, or CN. 41. A conmpound of formula I X or I X-a: Ra R Rg WO
2011/ 034990RaT/038®010/ 048916 or a pharnaceuti cal |y accepCahiseoisalgdié her eof ,

wher e Ra, Rb, Rc, Rd, Rf and Rg are independently selected fromR,

OR, halogen, - CF3, -CN, -CCGR -NRxRy, and -C(0)NHRz; each R, Rx and
Ry is independently hydrogen, |ower alkyl, |ower haloal kyl, or | ower

cycloal kyl; each Rz is independently hydrogen, aliphatic, or aryl; R is
hal ogen; Ring Ais an 3-1Bs nenbered nonocyclic or bicyclic,

saturatett _partially unsatuxated, or aryl ring containing 0-3 heteroatons
independeﬁ?¥M

ted fronqthe group consisting of nitrogen, oxygen, and
sul fur; [ (CHy)n HN
/ N.:_.*<
Rc

- VIL

or a pharmaceutically acceptable salt thereof, wherein

n is one, two, or three;

Ra, R®, and Rc are independently selected from R, OR, halogen, —CF3 -CN, -
C=C-R, -NRxRy, and -C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

R’and R’ are independently hydrogen or halogen;

X is a bond, or is selected from the group consisting of

N, A ) i
(PUCNGING
7NN AN ™

Ry

/

r
2
X118 O, NHor S;
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Rl is -L-Y,; L is a coval ent bond or a bivalent C8 saturated or
unsaturated, straight or branched, hydrocarbon chain, wherein one, two, or
t hree netwgleneé3wrts of L are optionally and i ndependemrCiryuse@ploasoee by
cycl opropylene, -NR-, -N(R C(0)-, - C(O)N(R)-, -N(R) S02-, -SozN(R)-, -0-,
-C(0)-, -0Cc(0)-, -C¢0)o0-, -S-, -SO, -S@2-, -N-=-N, or -C(=112)- Y
is hydrogen, nitrile, G _6 allphatlc optlonally substltuted wth one or
nore OH, NRxRy, oxo, halogen, NO2, or CN, or a 3-10 nenbered nonocyclic or
bi cyclic, satwriatHdorpal;tially unsaturated, or aryl ring having 0-3

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, and
wher ei n sai derllsngL'le substituted with 1-4 Re groups; and Rx and Ry

are 'ndepend%nfs'ycmﬂ{]ﬂ%ﬂd JrOBfvaRhK Y, sbﬁméd baLRaklkd, Qaidver
cycl oal kyl each Re 1s independ entBI y selected from-Q OH, oxo,

NC2, halbegehed, (uy;imam@ntcdxbine Wheasain ge givoumr tbreean@mylen%tmnmﬁ |Lcar6pt ional ly
substi t ut ed a coval ent

bond or °BUB} I&’i‘u ‘&epgn‘ié‘ﬂﬁrgﬁpggg rbyuﬁggl?%rf)g¥ St R gI\kIl(tRQCIr( bt anched,

hydr ocardyopN gl M(RY$EL SiD,NIR)- orotvv@(oyet twd(eme (EI(rG))Os sf, Qoa,rsaaptu onal | y
and i ndependently replaced by -N(R)- -0-, -C(O0)- -OC( 0)-, -C(0)0-,
-SO-, orCsor-CENRR) Af gy~ or - Qt(:bf)zN( R) - -N( R) S02-, or -S2N(R)-: and Z is

hydr ogen or i@@JSQ%EWUS%f%W% Rﬁaw eﬁt%qtu%& bmﬁmle A}%&gen NGZ,

or CN. WD 2011/ 42 A compound of fornula X or X-a:
or a phayhpERuRYc@ol Walagae N@bhHbeCdalbt thmm@mbemﬂmcmpnthlcm bonyelic,t wo, or

L oo satuggted Parily. Rz drsl Sy B e eI oS REERaLRY™ B R
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

each R® is independently selected from —Q-Z, OH, oxo, NO3, halogen, CN, a
suitable leaving group, or a C aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

Q is a covalent bond or a bivalent C,¢ saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —-N(R)-, -S-, -O-, -C(0O)-, -OC(0O)-, -C(O)O-, -SO-, or
-SO;-, -N(R)C(0)-, -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.

40. A compound of formula VIII:
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each R, Rx and Ry is independently hydrogen, |ower alkyl, |ower haloal kyl,
or lower cycloal kyl; each Rz is independently hydrogen, aliphatic, or aryl;
R is a mibagam3497i s - C(0) NRx- or -NRx-C(0)-" Ri RgTAISR&10448914.0
menber ed nonocyclic or bicyclic, saturated, partially unsaturated, or aryl
ring containing 0-3 heteroatons independently selected fromthe group
consisting of nitrogen, oxygen, and sulfur; R is -L-Y, Lis a

coval ent bond or a bivalent Cl_8 saturated or unsaturated, straight or
branched, hydrocarbon chain, V\ﬁ@ﬂ‘\ELn one, two, or three nethylene units of
L are optionally and independent!|y pgpl aced by cycl opr opyI ene, -NR-,
-N(RC(0), - C(O)NR) - -N(R)SOZ- 1SOZN(R) -0-, C(O) -0C(0) -
-C(0)0-, -S, -SO, se-, - %-NR -N:N- Yis
hydrogen, nitrile, ClL 6 aI i phatlc plf*?o‘nally subs ’ﬁ‘!ted wi th one or nore
OH, NRxRy, oxo, hal ogen, N2, CDG or a 3-10 nepbered nonocyclic or
bicyclic, saturated, partiall y un%1 turated, or &Hdnring having 0-3

het er oat ons i ndependently sel ected f 'trogen/ oxygen, or sulfur, and
wherein said ring is substituted wt ps; and Rx and Ry
are independently hydrogen, |ower al hal oal kyl , or | ower

cycl oal kyl ; each Re is independent|ly>selected from-Q Z, OH oxo,
NC2, hal ogen, UN, a suitable |eaving a C1_6 aliphatic optionally
substituted with oxo, halogen, NO2, or/UN, wherel n: Qis a coval ent
bond or a bivalent Cl-f satur nsat urated, straight or branched,

hydr ocar bon erein t hyl ene uni ts of Qare optionally
and i ndeg epl acedj|by - N( -, -0-, -C(0)-, -0C(0)-, -C(0)O-,
-SO-, or R) C(0) - / N(R) S02-, or -S@2N(R)-; and Z is
hydr ogen or atJ j nsubstituted with oxo, hal ogen, NOZ,
or CN. '}‘j Rb H

VII
or a pharmaceutically acceptable salt thereof, wherein

n and nl are independently zero, one, two, three or four;

Ra, Rb, and Rc are independently selected from R, OR, halogen, —CF; -CN, -
C=C-R, -NRxRy, and -C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

R’ is halogen;

X and Z, are independently —N(Ry)-C(O)-, -C(O)-N(Ry)-;

Z» is a bond or a 4 to 10 membered monocyclic or bicyclic, saturated, partially
unsaturated or aryl ring having 0-3 heteroatoms independently selected from nitrogen,
oxygen and sulfur;

Ry is -L-Y;

L is a covalent bond or a bivalent C, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, ~NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SON(R)-, -O-, -C(0)-, -OC(O)-, -C(O)O-, -S-, -SO-, -SO;-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N»)-;
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43. A compound of formula Xl: or a pharmaceutically acceptable salt
thereof, wherein Ra, Rc and Rd are independently selected fromR OR

hal ogen, wQR811/03490N, - NRxRy, and - C(0) NHRz; each RPCRUS2010/0i8916 S

i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;
each Rz is independently hydrogen, aliphatic, or aryl; X is -C(0)NRx- or
-NRx-C(0)-" RlL is -L-Y, L is a covalent bond or a bivalent G g
saturated or unsaturated, straight or branched, hydrocarbon chain, wherein

one, two, oryt hr}gﬂrd@hhylkﬂeecp@ntlﬁlaﬁt dpnamzﬂl}opﬂasﬁxnwldl yitlande Ion(ﬂtﬁpendent |y
repl aced by cycl opropyl ene

- SO2N( RP-H RXRY, .0@,01) Ogengh‘@@) Qr CNCQNroi)R%,-% m@bere%%%goql\ly%& or blC&l R) S02-
- C(=NR) £ rs tura gam%ﬁ%/ e@gﬂm%)ted’ or aryl rin 'h§\&gg dr 9@1%f3:r0d%rﬁ§ '1ﬁc§3|pelgénﬁ!/| phat Ic

optiona titu w th one or Ry, oxo, ogen, N2, or

CN, or aecht&@frnmnonm m:g@cycarlsulfumancbwdnymin f@ud geg l}rsab@rﬂuteéawltﬁll laft| y
unsaturg&ed Qngﬁryl ring having 0-3 heteroatons independently sel ected
from ni ygen, or sulfur, and wherein said ring is substituted with

1-4 Re groupRx ad®Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

each R° is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a C| aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

Q is a covalent bond or a bivalent C.¢ saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by -N(R)-, -S-, -O-, -C(0O)-, -OC(0O)-, -C(0)O-, -SO-, or
-SO;-, -N(R)C(0)-, -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.

41. A compound of formula IX or IX-a:

Ra
Rd o)
g Rb

NH

/\¢ N
1IX
@ Ra
i
0]
TVRd QT’[:;QZ

S NH

/\¢N
IX-a

N

\ \/>—33
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Rx and Ry are independently hydrogen, |ower alkyl, |ower hal oal kyl, or

| oner cycl oal kyl ; each Re is independently selected from-QZ, CH
oxo, NO2,wbabngsmo7CN, a suitable |eaving group, or a CkeTalSeqaysoes
optionally substituted with oxo, hal ogen, NO2, or CN, wherein: Qis a

coval en
br anche

and Z i
hal ogen
2011/ 03
wherein
-CF3, -
hydr oge
i ndepen
or -NRX

t bond or a bivalent C1_6 saturated or unsaturated, straight or

. d, hydrocarbon chain, wherein one or two nethylene units of Q are
optionally and independently replaced by -N(R)-, -S-, -0-, -C(0)-,
- C( 0) 0- or a PRATmatduticBPaccepthBlR:AE Mercof vAd N(R) -, - N(R) S02-, or -S2N(R)-;

hyd Cl-6 aliphati [ ' i
® NI &% ReAR o arecarisannaratisd gyt T huihes
&%gz&gg&y%%@}Qﬁﬁ%ﬁgg@domx@ﬂphﬁgnaceuticaIIy acceptabl e salt thereof,

and 'Rc are independently sel ected from

-0¢(0) -,

hal ogen,

. R OR
CN, - NRWAY, Roaardl R OjsOndugRndently hydraggeHower #kylalowerhalpalkyhgependent I y

, lLower al kyl, |ower haloal kyl, or |ower cycloal kyl; each Rz is
3@ﬁ?ﬁ$gﬂ§§¥bgen, aliphatic, or aryl; R is a halogen; X is -C(0)NRx-

- C( 0) eachXz isSndepdh@@€n hodrogevyatipkdticy by, aryl;

R’ is halogen;

Ring A is an 3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

Rii1s-L-Y;

L is a covalent bond or a bivalent C,g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO2-, -SO-N(R)-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -5-, -50-, -5802-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;

Y is hydrogen, nitrile, C1.¢ aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R* groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

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

Q is a covalent bond or a bivalent Ci. saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by -N(R)-, -S-, -O-, -C(0O)-, -OC(O)-, -C(O)O-, -SO-, or
-805-, -N(R)C(0)-, -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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Ring Ais a 4-10 nmenbered nonocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatons independently sel ected
from t he woaop/wengi sting of nitrogen, oxygen, and sul f BCI/UR201054891L6 Y;

L is a covalent bond or a bivalent C _8 saturated or unsaturated, straight
or branched, hydrocarbon chain, wherein one, two, or three nethylene units
of L are optionally and i ndependently replaced by cycl opropyl ene, -NR-,
-N(RC(0)-, - C(O)N(R -, -N(R) S02-, -S&2N(R)-, -0-, -C(0)-, -0C(O0)-,
-C(0)0-, -S-, -SO, -S@2-, -C(=9)-, -C(=NR)-, -N=N-, or Yis
hydrogen, nitrite, C -6 aliphatic¢ optionally substituted with one or nore
OH, NRxHEY; o%?omﬁwég,fOW%%&Fgﬁf\i, or a 3-10 nenbered nonocyclic or

bi cycl i crgsat ur at eﬂﬂ‘ partially unsaturated, or aryl ring having 0-3

het er oat od 1 wdependent|y sel ected from nitrogen, oxygen, or sulfur, and

wherein safdAin substituted with 1-4 Re groups; and Rx and Ry
are i ndepéndent | / gepl; _Nower al kyl, | ower hal oal kyl, or | ower

cycl oal kyl ; Rp €ach Re\ s/l Hdependent ly selected from-Q Z, OH, oxo,
NC2, hal o x , a Qui tab ,Ea | eaving group, or a Cl1_6 aliphatic optionally

substi tuted vﬂth oxa,' hal ogen, N2, or CN, wherein: Qis a coval ent
bond or a bival ent Rfsat urated or unsaturated, straight or branched,

hydr ocar bon chai n, \apeérein one or two nethylene units of Q are optionally
and i ndepea tly replaced by -N(R -, -S, -0-, -C(0)-, -0C(0)-, -C(0)O0-,

-SO, or - -N(R(0)-, -C(O)N(R)-, -N(R)S02-, or -S®2N(R)-; and 271 Z
i s hydroge ! P<atic optionally substituted with oxo, hal ogen, NCO2,
or CN. 4X'A cqnpg @@a A ll-a or Xill-b: Xl11-b or a

phar maceutic Riccept abl B It thereof, wherein

Rc N'N Ra

or a pharmaceutically acceptable salt thereof, wherein

n is one, two, or three;

Ra, Rb, Rc, Rd and Rf are independently selected from R, OR, halogen, —~CF3_ -
CN, -C=C-R, -NRxRy, and -C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalky]l;

each Rz is independently hydrogen, aliphatic, or aryl;

R’ is a halogen;

X is —C(O)NRx- or -NRx-C(O)-*

Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

R, is -L-Y;

L is a covalent bond or a bivalent Cg saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, -NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO3-, -SO:N(R)-, -O-, -C(O)-, -OC(0)-, -C(O)O-, -S-, -50-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=Ny)-;

Y is hydrogen, nitrile, C. aliphatic optionally substituted with one or more

OH, NRxRy, oxo, halogen, NO, or CN, or a 3-10 membered monocyclic or bicyclic,
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Ra, Rb, Rc and Rd are independently selected from hydrogen, R OR hal ogen,
-CF3, -CN, - NRxRy, and -C(0) NHRz; each R, Rx and Ry is independently
hydr ogen,wbaesrodadokyl , | ower hal oal kyl, or | ower cycl oalPkyluS2eaos8IRz i s
i ndependently hydrogen, aliphatic, or aryl; R2 is hydrogen optionally
substituted aryl, or optionally substituted heteroaryl; X is a bond
or a bivalent Cl-C6 saturated or unsaturated, straight or branched
hydr ocar bon chain wherein optionally one, two or three nethylene units of
the hgldfsﬁlﬁﬁlté’d@ pagiagy mn@,ﬁtereitai;ieﬂeiﬂﬁeﬂﬁg Ylaf/lﬁQHBE eﬂtebdyatexNR mdepenaenﬂy:( 0) -
-0C(0 O Ri n
Ais a Aels@eﬁémem%g%%@fe* ?rc%utflar BP‘&V’&PW&P Saé‘h‘f"ﬂﬁ &Séhsﬂfw&flt‘“fé}l 4 ¥ °
unsat ur gfe Qrangryl ring containing 0-3 heteroatons i ndependent ly sel ected
fromthe g p consisting of nitrogen, oxygen, and sulfur; R is -L-Y;
L is a coval &xtanddhdamerindepbideatle hydiGge8 lewenalayletpwsr halslkyupateydr st r ai ght
or branchg A hl%drocar bon chain, wherein one, two, or three nethylene units
of L ar&9ptik¥hal I'y and independently replaced by cycl opropyl ene, -NR—,
'ggoRg (C):(O) S 'eac(ﬁ( Q) N(Bal%gfndé\lftl@sgfsbzted fré2(-R) OH, 090,,NO§(IQilogen ON(@)

-, -S -C(=9) - or
hydr ogensuitafile llanV@g E(BSI!UIB Al 3 Qnatalhéh%’m ‘PPISW&PII)lX/ S‘SWB%‘W* HitB X ﬂ‘ﬁloé?ﬂe or mor e
CH, NRXRyp QFQN Q@% NC2, or CN, or a 3-10 nenbered nonocyclic or
bi cycli c, daturate partlally unsaturated, or aryl ring having 0-3
het er oat ons |Q1®hea)&nd:ﬁamtl bonﬂedrembadlehtdh%mamrajgbnr unsajuyeted, graighildrur, and
wher ei n sai IS subtltu ed with nd Ry
are i ndép %‘WgE‘L &%?’3?‘6@ L, VEAER 2P 1Y 1™ Of’ﬁ&@/ﬁ’e nggpggchre(gptl?ng@(r

cycl oal K]ylh, dependen@REEpIRR iy iN@gpesdeot |y gl aotes-f qmeQ-20-Qr, oxo,
NC2, hal o or ep‘é:rll\l,e aﬁsét}:tablbz | eavi ng gr oup, or a C1 6 aliphatic optionally

substitub d- thR*}Céng GNP TN, -NUIS Opror cRO2NR e Qis a coval ent
bond or a bi qﬁﬁdm%ﬁ%r%a UighaK "3’&18”%@?%‘*‘* @S w it bR, gﬁroggﬁ fbHanched,

hydr ocar bon erei ene units o ar'e optionally
and indepe]wlently replaced by -N(R)-, -S-, -0-, -C(0)-, -OC(O) -C(0)0-,

-SO, or -S2-, -N(RC(0)-, -CCO)NR-, -N(R) S02-, or -SOZN(R)-; and Z is
hydrogen or ClL 6 aliphatic optionally substituted with oxo, hal ogen, NOZ2,
or CN. 43, A compound of formula XI:

R
X S 1
|/ o) 8\\\
NC /N“‘<\/N~/ Ra
Rb

or a pharmaceutically acceptable salt thereof, wherein

Ra, R®, Rc and Rd are independently selected from R, OR, halogen, —-CFj3 -
CN, -C=C-R, -NRxRy, and —C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

X is —C(O)NRx- or -NRx-C(O)-°

Riis-L-Y;

L. is a covalent bond or a bivalent Ci.g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are

optionally and independently replaced by cyclopropylene, -NR-, -N(R)C(O)-,
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46. A conmpound of fornmula XIV: XIV or a pharnmaceutically acceptable salt

t hereof, wherein Ra, and Rb are independently selected fromR, OR,
hal ogen, wQR811/03€@d7 - CEC-R, - NRxRy, and -C(0)NHRz; PCTABCHOR489RX and Ry
i s independently hydrogen, |ower alkyl, |ower haloal kyl, or |ower

cycl oal kyl; each Rz is independently hydrogen, aliphatic, or aryl;
R2 is hydrogen, optionally substituted aryl, or optionally substituted
het er oar yl ; X is a bond or a bivalent Cl-C6 saturated or unsaturated,

st rai ghic(oyngnansiRBdyy,dsosR{IeN-CEhal(m)wheredp, au)onaklysoneSOLyo or three
met hyl ene units of the hydrocarbon chain are independently replaced by
“NR-, - 0CES)ONR):- o8- or -EEYe-, -S-, -SO, -S»-, -C(=S)-,-NeN-, or
“C(=N2) -5 Ry R plhioGen, nitrile, €L $1iBhARVG:BRANP QR Pwhth AL @R tmdrk 0
saturated or Y*u?lss}é?{t%? etn’eal,mlgf rbéng?h or %Jrlanch}le)d, ﬁyder ovcvar.bon g:r%i_n, wher ei n
one, twqH,0¥RtRy, eeonkilbydne NO-uon €N, of a B- IQrmeenptred manpgychingr bredelpendent | y

repl aced by cycl opropylene, -NR-, -N(R,C(0)-, ,- 0O)N(R).-, -NR),S02-,

" SN rretitug parg]ans Sl aniqity et inb 03 el Shpnenehiliy™

- _=NR) selectDFNom Iﬁfrogeq Gkﬂt?%en; or sulfur, aXd Whe Ryl s0Q ahRg isHubstithied with-164al i phati c
W

optional | y substituted one or nmore OH, NRxRy, oxo, hal ogen, NO2, or
CN, or R Zrawpsmadber ed nonocyclic or bicyclic, saturated, partially

From ni 1 ogenct 3Kt BikBRP 19,0 P g o Gt ed wi th
1-4 Re gyolopikyl;and

each R° is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a Cj aliphatic optionally substituted with oxo, halogen,
NO», or CN, wherein:

Q is a covalent bond or a bivalent Cj, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by ~N(R)-, -S-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -80O-, or
-S0;-, -N(R)C(0)-, -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.

44. A compound of formula XII or XII-a:

Rc

Rc



Rx and
| ower c¢

oxo, NO2,whabugsmo7CN, a suitable | eaving group

Ry are independently hydrogen, |ower alkyl, |ower haloal kyl,

or

ycl oal kyl ; each Re is independently selected from-Q Z, OH,

optionally substituted with oxo, hal ogen, NO2, or CN, wherein:

coval en

-C(0)0-
and Z i
hal ogen,
phar mac

I ndependent

or a CPCo/uskéiplasie

Qis a

t bond or a bivalent C1_6 saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two nmethylene units of
optionally and independently replaced by -N(R)-, -S-, -0-, -C(0)-

Qare

-0C(0) -

or a Pdrmaddutic 8GPaccepthplRBAL Mereof, \ﬂ(dfk)ifxl( R -, -N(R)S02-, or Sb2 N(R) -

S hydrOgﬁﬁegéR&?ﬁﬂn@ﬁﬁgg%ﬁ%p8%8 nalgy93ugﬁt|tut@gk0tﬁh gxo

ngg $alﬁwxgpg§(pr_@gb)@@g@it thereof vvhereln Ra Rb, and Re are

y selected fromR OR hal oge

RxRy, . and
-C(0)NHRz;  each R gacindRy mn@nmnmtlwyﬁm%é%@rrﬁlw Waf B@‘@ﬁ?éyli» 8%er al kyl ,
?Ioalk&8@§?{ | oner cycl oal kyl; each Rz is independently hydrogen,

| ower
al i phat
opti ona

TGP ary R2 is hydrogen optionally substituted aryl, or
|1y suhsiRi ytietbpbedeatipaydtogen, aliphatic, or aryl;

R’ is a halogen;

X is “C(O)NRx- or -NRx-C(O)-*

Rx is hydrogen or lower alkyl;

Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

R is —-L-Y;

L is a covalent bond or a bivalent Cg saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, ~NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SOs-, -SO;N(R)-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;

Y is hydrogen, nitrile, Ci aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

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

Q is a covalent bond or a bivalent Ci. saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by -N(R)-, -S-, -O-, -C(0O)-, -OC(O)-, -C(0)0O-, -SO-, or
-SO;-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO;-, or =SO;N(R)-; and
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R3 and R4 are independently hydrogen, R, OR -OH, or halogen; R is

hal ogen; X is a bond or a bivalent Cl-C6 saturated or unsaturated,
strai ght WO 2brizisedeed hydr ocar bon chai n wherei n opti onal IPgTase)10t0¥&91€©r t hr ee
nmet hyl ene units of the hydrocarbon chain are independently replaced by
-NR-, -0-, -C(0)-, -0C(0)-, -C(0)0O-, -S, -SO, -SX2-, -C(=9)-, -C(=NR)-
-N=N-, or RI is -L-Y; L is a covalent bond or a bivalent Cl1L 8
saturated or unsaturated, straight or branched, hydrocarbon chain, wherein

one, two, or ZtimgeroFeh By Cepaliphiitic Hpabndllyasubstirpieid ovied bxo, antbgemdePendent |y

repl aced by cycl opropylene, -N(R C(0)-, - C(OON(R-, -N(R) S02-, -S2NR)-,
-0-, -CPoyN- -0C(0)-, -C(0)0-, -S-, - O, -S2-, C( =S)-, -C(=NR)-, -N=N-,
or Y is hydrogen, nitrile, 0_6 al i phatic optlonally substituted with

one or nmore OH, NRxRy, oxo, halogen, NO2, or CN, or a 3-10 nenbered
monocycldSc orA binsymindof foatuler ¥tléd,or pdHth:al | y unsaturated, or aryl ring
havi ng O- ?Rheteroatons i ndependent|y selected fromnitrogen, oxygen, or

sul fur, Nin sdid ring is substituted with 1-4 Re groups; and WO
2011/ 03490 PCT U 0 O 8216 Rx and Ry are independently hydrogen,

| ower al Nro h Ryl , or | ower cycl oal kyl ; each Re is
|ndependently sel -QZ, OH oxo, N2, haI ogen, CN, a suitable

| eavi ng group, or a G _6 -al rﬁ1at| c optionally substituted with oxo,

hal ogen, QL NCN, wRer ei n: Qis a covalent bond or a bivalent Cl1_6
saturated of u satNur é rStraight or branched, hydrocarbon chain, wherein
one or t ene \uni ofqu are optionally and i ndependently repI aced

by -N(R) - ®r-, -C(0)0-, -SO, or -S2-, -N(R C(0)-
- C(0) N( R) -N( R) SO% -; and Z is hydrogen or Cl_6 al i phatic
optional | y substi t ut ed W|th 0X® haI ogen, NO2, or CN. 48. A conpound of
formula XVI or XVl-a: R

or a pharmaceutically acceptable salt thereof, wherein

Ra, Rb, Rc and Rd are independently selected from hydrogen, R, OR, halogen,
~CF; -CN, -C=C-R, -NRxRy, and -C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

R, is hydrogen optionally substituted aryl, or optionally substituted heteroaryl;

X is a bond or a bivalent C;-Cy saturated or unsaturated, straight or branched
hydrocarbon chain wherein optionally one, two or three methylene units of the
hydrocarbon chain are independently replaced by -NR-, -O-, -C(O)-, -OC(O)-,
-C(0)0-, -S-, -SO-, -SO;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;

Ring A is a 4-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring containing 0-3 heteroatoms independently selected from the
group consisting of nitrogen, oxygen, and sulfur;

R is -L-Y;

L is a covalent bond or a bivalent C,g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(0O)-, -OC(0)-, -C(O)O-, -S-, -SO-, -SO;-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N>)-;
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1 R XV R Rb XVI-a or a pharnmaceutically acceptable salt thereof,
wherein Ra and Rb are independently selected fromR, OR hal ogen, -CF3,
-CN, - NRAMR920amM3490C( 0) NHRz; each R, Rx and Ry is i ndepemrdeniskeioloysdnegen,
| ower al kyl, |ower hal oal kyl, or |ower cycloal kyl; each Rz is independently
hydrogen, aliphatic, or aryl; R2 is hydrogen optionally substituted aryl,
or optionally substituted heteroaryl;
Y is hydrogen, nitrile, C| aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and
Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;
each R° is independently selected from —Q-Z, OH, oxo, NO;, halogen, CN, a
suitable leaving group, or a C, aliphatic optionally substituted with oxo, halogen,
NOs,, or CN, wherein:
Q is a covalent bond or a bivalent Cy, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by ~N(R)-, -S-, -O-, -C(0O)-, -OC(0O)-, -C(0)O-, -SO-, or
-SO;-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO;-, or -SO;N(R)-; and
Z is hydrogen or Cj aliphatic optionally substituted with oxo, halogen, NO,,
or CN.

46. A compound of formula XIV:

R2
Rb

\ Ra x\R
4 N 1
V(T

N

/ ~
N\ /
N X1V

or a pharmaceutically acceptable salt thereof, wherein

Ra, and Rb are independently selected from R, OR, halogen, —CF3 -CN, -
C=C-R, -NRxRy, and ~C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

273



R3 and R4 are independently hydrogen, R, OR -OH, or halogen; R is

hal ogen; R' and R' are independently selected fromR, OR, hal ogen, -CF3,
-CN, - NRAR9,20aM3490C( 0) NHRz, X is a bond or a bi paraszo1@h4366
saturated or unsaturated, straight or branched hydrocarbon chain wherein
optionally one, two or three nmethylene units of the hydrocarbon chain are
i ndependently replaced by -NR-, -0-, -C(0)-, -0C(0)-, -C(0)0O-, -S-, -SO,
-S2-, -C(=5)-, -C(=NR)-, -N=N-, or -C(=N2)-; RLis -L-Y; Lis a
coval ent bongt, @ hyalr&ievpdmidvhalGlsubsstatedrayledr eptiouakbpsubsated, strai ght or

br anched, hydrocar bon chain, wherein one, two, or three nethylene units of
L are ob?'iefﬂ%'é}ﬂ y and |ndependently repl aced by cycl opropyl ene, -NR-,

- CNIE ORg g( 0) X 1%@0% B) a bwal@(ﬁb §@% saturam(uﬁ);aturafeg stralfgft Q} t&anﬁl%( 0)
is hydr chg@ns:arhom clnduewh@ﬁnﬁomllon@lﬂnaomac thpm ﬁlr@lmsﬁhxl@bétlmltstﬁféhﬁ with one or
nor e

et N e S T TR

het er oatop®0-ngepsodeso,y @@SQQLGGEMRpmNﬁN—[Gg@( =Noxygen, or sulfur, and
wherein said ri is substituted with 1-4 Re groups; and Rx and Ry
are i ndepend@ntlfiygLWydrogen | oner al kyl, |ower hal oal kyl, or | ower

cycl oal kyl ; | DHSRRACEN] LyuSRLEE! Gikalr OB - Qraflnt Qb 0XO,
NC2, hal og enL &\?Cg@ag%t{%gg?%r eav?%g g?%)t.sjp, or a 136ra |ph§t¥g|c optionally
substit tbtrzmdhcm tHydmxm;bohaclhagnerwheN@Q onar twolNor whiee enenhylene unitQof & arecoval ent

bond or a_bi urat unsat ur at.ed t ranched,
hydr ocatoBB?P IPfai"?“fjt %F@F%‘feﬂ lﬁnré:pglfe‘f\% "T PRIPRYE éUnI t %@g %ﬁo{)ti onal I y
and i ndepe I X(R C8eh, YR - N(R) =G OS-OC© ; -C(€)0),--8-,-86(,050,-,- C( 0) O-,
- SO, o‘ﬂz gdcg{) };%mzah)r YRC)( 0) N% R)( L - N( (R)%OZ-(C()or SCJZN( R)B aﬁc(j )Z IS
hydr ogenC61)€1CE )p’%ﬂ €O Ymal |y substituted with oxo, hal ogen, NO2,

or CN. 49.A @ngegf nftrql [TEJM, aMthrc optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,

Y

saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

each R° is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a Ci, aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

Q is a covalent bond or a bivalent Ci saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —-N(R)-, -S-, -O-, -C(O)-, -OC(O)-, -C(O)O-, -SO-, or
-SO;-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO,-, or —SO,N(R)-; and

Z is hydrogen or Cj aliphatic optionally substituted with oxo, halogen, NO,,
or CN.

47. A compound of formula XV:
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WO 2011/ 034907PCT/ US2010/ 048916 or a pharmaceutically acceptable salt

t hereof, wherein Ra, Rb, and Re are independently selected fromR, OR

hal ogen, wQR811/03€Md7 - NRxRy, and - C(0) NHRz; each RPCRUS2010/0i8916 S

i ndependently hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;
each Rz is independently hydrogen, aliphatic, or aryl; R2 is

hydr ogen, |ower al kyl, |ower hal oal kyl, |ower cycloal kyl, optionally
substituted aryl, or optionally substituted heteroaryl; R and R' are

i ndependent |y hydrogen or | omexRryal kyl ; X is a bond or a bivalent

Cl- C6 saturated or unsaturatied, straight or branched hydrocarbon chain
wherein optionally one,RQEP three nethylene units of the hydrocarbon
chain are independently regldced by -NR-, -0-, -C(0)-, -0C(0)-, -C(0)O0-,
-S-, -SO, -SX@2-, -C(=5)-,/{-C(gNR)-, -N=N-, or RLis -L-Y; Lis a
coval ent bond or a bival en il g saturated or unsaturated, straight or
brancheqalhmqgocaﬁpon chai n/ erBfn one, two, or three nethylene units of
endent¥y repl aced by cycl opropyl ene, --NR-,

L are optidhal by ;ﬂiﬂi?d
-N(R 0) - o)l |-,
B T S e T

- NCR) S02-, -S2N(R)-, -0-, -C(0)-, -0C(0)-,
N
i's hydrogen,H

Y C(=9)-, -C(=NR)-, -N=N-, or -C(=N2)-; Y
nithtile, C_6Raliphatic optionally substituted with one or
nore OH, NRxRy, oxXx Vhalogen, NC2, or CN, or a 3-10 nenbered nonocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3

het er oat@nrphamlepeticdntabyepsl ecltaberbofh mhaieir ogen, oxygen, or sul fur, and

wherein said I{zi,% ,iigd ﬁclzj grsetiin el'f)teggen\{\fytsgleg'tég frlg(ran g’r BH,pﬁziloger}lg—CFl-CN, -
C=C-R, -NRxRy, and -C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

R; is hydrogen optionally substituted aryl, or optionally substituted heteroaryl;

R; and R4 are independently hydrogen, R, OR, -OH, or halogen;

R’ is halogen;

X is a bond or a bivalent C-C¢ saturated or unsaturated, straight or branched
hydrocarbon chain wherein optionally one, two or three methylene units of the
hydrocarbon chain are independently replaced by —-NR-, -O-, -C(0O)-, -OC(0O)-,
-C(0)O-, -S-, -SO-, -SO;-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;

Ry 1s -L-Y;

L is a covalent bond or a bivalent C,3 saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO;N(R)-, -O-, -C(0)-, -OC(0)-, -C(0)0O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N3)-;

Y is hydrogen, nitrile, C). aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R°® groups; and
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Rx and Ry are independently hydrogen, |ower alkyl, |ower hal oal kyl,
each Re is independently selected from-Q Z, OH,
or a CPCo/uskéiplasie

| oner cycl oal kyl ;
oxo, NO2,whabugsmo7CN, a suitable | eaving group,

opt i onal

|y substituted with oxo, hal ogen, NO2, or CN, wherein:

or

Qis a

coval ent bond or a bivalent G _6 saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two nethylene units of Q are

opt i onal

-C(0)0-,

and Z is hydrogen or Cl1-6 aliphatic optionally substituted w th oxo,

Iy and |ndependently replaced by -N(R)-, - -C(0) -,

-qu)

- SORx a8 RySER indeped(dRyG( aydrpgerqc@ydn(ark)yl 1owm( k@)@d&yl OPOWEEORN( R) -

hal ogensya@@kylor CN. 50. A conpound of fornula XVIIl1: XViIl or a
phar maceut | C@:!c'hyReai%%cli%tp@l?&e%ﬂﬁ%lfectw@fo%om -AhBHEbXD, NO,, hal%@sn RBN, and Rc are

i ndependently sel ected from
- CE- - - CsiRfabld\Ra Ry g -aBoW) Mﬂmzcamaheha@c wtiRpHie sl

ydrogen, R OR hal

oge
ﬁ‘i‘gﬁ%\ﬁz%que’ B?IO%‘?HCyCI ic,

- CN,

sat ur at unsaturated, or aryl ring having 0-3 heteroatons
Sg%%$§6§> b@%gﬂ fron1n|trogen oxygen, or sulfur, and wherein said

ring i s substy tsui @@valrtibohd 4rR bivalent Cea(shtut%,tedmr amsdﬂmyted,sstli‘amilé@éndent |y
hydrogen, |ower alkyl, |ower haloal kyl cl a Rz is
i ndependenehsg, ﬁy@m%‘éﬁn chaif JRBEFIR ongPr gy%/fne é‘z f)al\?ﬁéx( ?Q?/tlo% ﬁp .
- NRxRy- %&’)mdé’é dently r ;Jﬂrce% Rin(R)S -s.L- d MO, t(b@(cnr 00§01, hed-when Rl is

i ndepen

-L-Y, R

ECt ed

- C( 0) NHRROaNeN@®)B¢QP, C(O)N(R)— -N(R)SOZ- or ~SO,N(R)-; and

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

48. A compound of formula XVI or XVI-a:
R"R"

pe i%sm

———

RziR4 o i@io ‘ N
N

0 N’H\N RRE~Z

XVl-a

or a pharmaceutically acceptable salt thereof, wherein

R1

NH

Ra and Rb are independently selected from R, OR, halogen, —CF3 -CN, -C=C-
R, -NRxRy, and ~C(O)NHRz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

R, is hydrogen optionally substituted aryl, or optionally substituted heteroaryl;

R, and Ry are independently hydrogen, R, OR, -OH, or halogen;

R’ is halogen;

R’ and R’ are independently selected from R, OR, halogen, —CF;,-CN, -
C=C-R, -NRxRy, and -C(O)NHRz,
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menber ed nonocyclic or bicyclic, saturated, partially unsaturated, or aryl
ring having 0-3 heteroatons independently selected fromnitrogen, oxygen,

or sul furwoand/os®rei n said ring is substituted with 1-2CRUSand/oydye6 Rl , is
-L-Y, Rl is selected from hydrogen, R OR hal ogen, -CF3,

-CN, - NRxRy, - C(0)NHRz and a 3-10 nenbered nonocyclic or bicyclic,

saturated, partially unsaturated, or aryl ring having 0-3 heteroatons

i ndependently sel ected fromnitrogen, oxygen, or sulfur, and wherein said

ring is subsiiitutyedd vt 4 Bivhteft &-Cy saturatdd dransatGavd| afmgm@ndramhai bi val ent
Cl. 8 saturated or unsaturated, straight or branched, %/dr ocar bon chai n,
wher ei nhdrecarbepochagt wheremeonvepy efre THhPE @fe&fm?}hélﬁéebfﬁ Sidribg |y and

OEPEDFILig RS sl 0ragng nl¥g 0 BBy, SO

-C(=9) - -CGGE)O:NB)--SO-NSNQ -66=8)CLENYR)-, -N=N-, oiY-G(sNbydr ogen, n| tril e, G _6
aliphatic op k[y substituted with one or nore OH, NRxRy, oxo, hal ogen,
NCO2, or CN, 10 nmenbered nonocyclic or bicyclic, saturated, partially

unsat ur at ed, 10fs @r«,walédt Bnd Y NBivEedt 06} 4tQAkQITS: hxﬁBd&ﬂﬁBdiemaightSﬂ ected
from nitrogen, oxygen, or sulfur, and wherein said ring is substl tuted with

1-4 Re groahst, hadwcarbon chgin, avhgray Oa¢»e“¥%d>éﬁ}éfﬁ§émthﬁylem8?‘é§g@ Mewer al kyl ,

| ower hal I c I Regks | ent |
sel ect e&’p é}’}lalﬁ A@%@E&nﬁy @ b% yC1Opr 8’23 sﬁﬁ{{ablm%ég@dng g?/oup, or
3/“ G _6 @(ODN'@‘-)F GN@RIS'@&HaJSDliNSUbSlO Ejt(f(@d \Ailij)ChO?}xdl(G)@F OQQHSONGSOdzor CN,
erein IS a al e ond or a bivalent Cl1_6 saturated or
unsatura@éﬂ;)’s@gﬂ%t I\{C)w'bP’ézit(ﬁgél) hydr ocar bon chai n, wherein one or two
met hyl ene umyt & ﬁgfdr@&'fxr RitQR! E?n%hbh(atﬁr%tﬂoﬂﬁil%p&ﬂﬂﬁﬁtécywltﬁRJn@Qﬁ'dndSﬁ! N(R) -
S, -0-, - 0 “St2-, -N(RC(0)-, -C(0)N(R) -
_N( R) SOBH, N)RxRS@Q&N( R}l‘bgeﬂah@zzoﬁ SNhotir dg@rmembagd goapsyshiaor &iyplis.onal | y
substi t ut ed th_oxo la XX
or a ph 3?% ée\:lg partla;flpl un@gtupaq & bc]r Pﬁé th%‘unéo(f % K\%A;'e(f&ﬁgﬁg que(f)tsn(ie%lgu

eut*Car  y"aecept a
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4

R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

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

Q is a covalent bond or a bivalent C,, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —-N(R)-, -S-, -O-, -C(0O)-, -OC(O)-, -C(O)O-, -SO-, or
-SO;-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO5-, or —-SO;N(R)-; and

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

49. A compound of formula XVII:
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Ra and Rb are independently selected fromhydrogen, R OR, hal ogen, -CF3, -
0-CF3, -CN, -CE-CR -NRXRy,-C(0)NHRz and a 3-10 nenbered nonocyclic or

bi cycl i c,weabwmt®wd, partially unsaturated, or aryl ring@Chaseg/ 088936

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, and
wherein said ring is substituted with 1-4 R each R Rx and Ry is

i ndependent |y hydrogen, |ower alkyl, |ower haloal kyl, or |ower cycloal kyl;
each Rz is independently hydrogen, aliphatic, or aryl; X is -C(0)-NRxRy or
-NRx-C(0)-Rz; Wis O, NH Or N-Rc; Rc is hydrogen, |ower alkyl, |ower

hal oal kyl , or |ower &pcl oghkyf; Rl or RI, is -L-Y; with the proviso
that when RL is -L-Y, iS\gl/E-icR'ed from hydrogen, R, OR, hal ogen, -CF3,
-CN, - CE- CR o- NRxRy, NHRg.and a 3- 10 nmenbered nonocyclic or bicyclic,
saturat ed, JArti gatdéated, or aryl ring having 0-3 heteroatons

i ndependerfY|y of ronfhi trogen, oxygen, or sulfur, and wherein said
ring is substi Nnwith 1-4 R and when R1, is -L-Y, Rl is selected from
hydrogen, R @R, haHos(en -CF3, -CN, -&--CR -NRXRy,-C(0)NHRz and a 3-10
menber ed nonocyclic o Y)lglcyclic, saturated, partially unsaturated, or aryl
ring hayj pgnfndchelanpaleplblende prnsEnvheeisel ected from nitrogen, oxygen,
or sul fur, and wherei'n said ring is substituted vm'te{] 1-4 &: Lis a
coval ent bon8aoRb.zndiReakrsrindapengenglyseleated drost R AR ablrgitedC Fst¢ i ght or
branched,_ hydr ban,chai erein one, two, or three nethylene units of
L are og‘ttlc?)%aT yX aynénclingz%’;merftly repl aced by cycl opropyl ene, -NR-,

-N(R) C(0) -, eachViQ ROAdd R 4AI0IRERALIBR A G48I0E eCERY INfoR)er haloplkR), 8D2-
-SOZN(R%-, -0-, -C(0)-, -0C(O0)-, -C(0)0-, -S-, -SO, -sx-, -C(=S)-,

- C( =NR) Jowergypjoalkyk Y is hydrogen, nitrite, Cl_6 aliphatic optionally
substituted \é‘;:lél'hRPﬁ‘?n@é’peHEHn@l Gldrodex RfiphQxQor &gl;0gen, NO2, or CN, or a 3-10
menber ed nonocyclic or bicyclic, saturated, partially uns-atti ated, or aryl
ring having ®3s hetregaatoores alkylidpesrdwinalkyl deveceysipat b APiPiddgen, oxygen,

or sul fur, .and, wherein.sai ' ' htuted with 1-4 Re groups; and
Rx and I%}bsé‘ﬁge? %’Hgﬁéﬁaté%%%:“g Sh%/%%&%(glﬁa%%\t&r al kyl, | ower hal oal kyl, or
| ower cycl oalkyhd R’ are independently hydrogen or lower alkyl;

X is a bond or a bivalent C;-C, saturated or unsaturated, straight or branched
hydrocarbon chain wherein optionally one, two or three methylene units of the
hydrocarbon chain are independently replaced by —=NR-, -O-, -C(0)-, -OC(0O)-,
-C(0)O-, -S-, -SO-, -8SOs-, -C(=S)-, -C(=NR)-, -N=N-, or -C(=N2)-;

R, is -L-Y;

L is a covalent bond or a bivalent C;.3 saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO:N(R)-, -O-, -C(O)-, -OC(0)-, -C(0)O-, -S-, -SO-, -50;-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=Np)-;

Y is hydrogen, nitrile, C\ aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;
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each Re is independently selected from-Q Z, OH oxo, NO2, halogen, CN, a
suitable leaving group, or a Cl1 6 aliphatic optionally substituted with
oxo, hal oyerep1132070r CN, wher ei n: Q i s a coval entrCivarsdoiof4g21oi val ent
Cl 6 saturated or unsaturated, straight or branched, hydrocarbon chain,
wherein one or two nmethylene units of Q are optionally and independently
replaced by -N(R) -, -S-, -0-, -C(0)-, -0C(0)-, -C(0)0-, -SO, or -SO2-,
-N(R C(0)-, -CO)N(R -, -N(R)S02-, or -S®N(R)-; and Z is hydrogen or C _6
al i phat :j c ?p]gmnm‘il isMI)l&éﬁéﬁchd'nggtselécwﬂtfi‘bnon -ZhaHpgen, NOOhalogen,GSN, 52. A
conmpound o ormul a Rc Ri or har maceuti cal | cceptabl e salt
t her eof suiigbks l@ﬁwng group, R 2 R afghatis PPRGN Y quﬁﬂté‘ﬁfé]ndéﬁth%l) g %‘t ed from
hydr ogeRn R, hal.pgen, -CF3, -0-CF3, -CN -NRxRy, - C(0) NHRz and a 3-10
menber ed r%bnocchvl c or bicyclic, saturated, partially unsaturated, or aryl
ring Ih?w ng @ 3 heverlouttomd qrndbwehdeﬁ?h byawwﬁboedn%ﬂmﬁﬁdu sttng@r@r oxygen

or su erein sai.d r|n IS o sub i ted

subst i tgmg dg@ otEaot FWI%% né)flﬁ)s’ B\X/L,\hryyenﬁéjln aPky12f V\(/)enrall ycI oal kyl ,
| ower alk®Xwie érme@ﬂy P@m@h le)X%N(RI)—O\A@I @ycbo(a) kccxy(O)- -CE3)30-8B3 0r

- CN, - NRxRy, and -C(O)N Rx i s independently

hydr ogen$ ioxhé(lR)@{(R)yJ C(QM) »hBIK%bﬁQ@ylor ‘§pZNGWe»ranéycl oal kyl ;

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

50. A compound of formula XVIII:

N)x‘\/\Ra //Rb n\n/n Re R
SUCR RV
o) Ry
XVIII
or a pharmaceutically acceptable salt thereof, wherein

Ra, Rb, and Rc are independently selected from hydrogen, R, OR, halogen, —
CF3 -O-CF3,-CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-10 membered monocyclic
or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

X is —C(0O)-NRxRy-, or -NRxRy-C(O)-Rz;

R, or Ry is —L-Y; with the proviso that when R, is —L-Y, R - is selected from
hydrogen, R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy, ~-C(O)NHRz and a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with 1-4 R, and when R~ is =L-Y, Ry 1s selected from ‘
hydrogen, R, OR, halogen, —CF; -CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-10
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each Rz is independently hydrogen, aliphatic, or aryl; X is -C(0)-NRxRy or
-NRx- C(0) - Rz; O Ra and X taken together with the atons to which they
are bondewof2orwmm3avobenzo ring that is optionally substit ecedsemne/esvieror e of
Rf, Rfl. Rf2 and Rf3; Rf, Rfl, Rfr2 and Rf3 are independently sel ected
fromlower alkyl, |ower haloal kyl, |ower cycloal kyl, |ower alkoxy, | ower

hal oal koxy, | ower cycl oal koxy, - CF3, -0-CF3, -CN,-NRxRy, and -C(0)NHRz;

Rl or Rl, is -L-Y; with the proviso that when RL is -L-Y, R, is selected

from hygiageted Monédsclibat Big@iic, sdtirdted; fadialNRxRyturatéd, Oy N@Rﬁn@hﬂvﬁgB 10
menber ed nonocyclic or bicyclic, saturated, partially unsaturated, or aryl

ring h a\pr%beteﬁ%toﬁ@tléﬁi%?@ﬁﬁélh Sﬁ’&étﬁé APENRITPS & PEYE B OF SUMW-1fnE PAGERT  oxygen,

or sulf ng is optionally substituted with 1-4 R and
when RI %ldrﬁ%qswpaﬂ{hs&g%qeéfcﬂfed from hydrogen, R OR, hal ogen, -CF3,

- CN, - NRny @ @s) Nldszzalamtobcmdaer ziLfblvrzrhamb@ned;atumtcxtyc uhgatgntedi styadg hitcor

sat ur at uns urated or a havi 0- 3. he oatoms

i ndepeng’é‘?ﬁ Bffﬁ ?ﬂ RFg e E)‘y‘ilgoéntggeg ‘:W%B?‘ ungﬁg &%ein said
ring is dﬁﬁbﬂlzﬁ]}ahh&’ 1ﬁ§@}ﬁhﬂédﬂt},’e%p\ldc%@ By 4y8opropylene, LNRS, aNgoCabgnt- bond or a
bi valent Cl 8 saturated or unsaturated, straight or branched hydr ocar bon

chain, WHEDER-onER)$Qw; -1 NR-eOnet € R @i tS(DO-L-Sar bptiGnal |y and
i ndepend%@lé%ogﬁlgg??eq\lw gyé%&r j)pyl ene, -NR-, -N(RC(0)-, - C(O)NR)-

-N(R) S02- 0C(0) - -C(O)O-, -S, -SO, -SO2-,
-C(=S)-, -C(=NW hydrodéNnijtrite, CGG(atidRAtic; optlonally Yubssitthydi matheame ori thoel e, Cl14,

2P Gy R RS SRR L S 0 S o i8R, 1 0O,

unsat ur ahgghte®" pafiMly ﬁﬂléﬂgirift@(\l' | SY9ardt %n@%a@(r%abgnﬁetéra%ﬁﬁﬂﬂ@%mielﬁ@' ected
from ni trogen, oxygen, or sul fur, and wherein said ring is substituted with

1-4 Re gﬂetmisé froghtitrogen, ox Ryena ALSUEgr sang whs:a@péﬁé@ﬁgwsquwéwh [4wer al kyl ,
| ower ‘O%gl Cgr | ower cycl oal kyl ; each Re is independently

sel ect ed T or 6} OH, oxo, N2, hal ogen, CN, a suitable |eaving group, or
a Cl_6 ali phai endRy iaoniatiépenderiythiyiduiged, Mwkehalaxb lowalhagpaikyl.NO2owear CN,
wher ei n: Qis a covalent bond or a bivalent Cl.6 saturated or
unsatura&yé@alké/f’ral ght or branched, hydrocarbon chain, wherein one or two

met hyl ene U”'etaéh @F @rﬁegelﬁeﬁﬂe?g@édtaﬂ Abgl imdeRRndaat No,! E:Qb @I\b)é N(R) -
-S-, -0-, -C(0)- -, -SO, or -SO2- C(O)N(R)
- N( R) SO2ujtale le@@@\gﬂ}lp, omAd 14 4l@hhty<dp@tmllmsu®1maeé|mélha>sq dlabmen,onal ly
substi tLNSz, W'CII\P Qs 'hal ogen, NQ2,
Q is a covalent bond or a bivalent C saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(0O)-, -OC(0)-, -C(O)O-, -SO-, or
-SO;-, -N(R)C(O)-, -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.

51. A compound of formula XIX:
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or CN. 53. A compound of fornula IV: NH Ro 1V or a physiologically
acceptabl e salt thereof, wherein Ra, Rb and Rc are independently sel ected

qu?lrzn)g’ Zmpznamngswm, -CF3, -CN, - CEGR -NRXRy, or -C(@GLRRSR/ORI6s Rv Rd

o~
N
T

or a pharmaceutically acceptable salt thereof, wherein

Ra and Rb are independently selected from hydrogen, R, OR, halogen, —CF; -
O-CF3_-CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

X is =C(0)-NRxRy or -NRx-C(O)-Rz;

W is O, NH or N-Rc;

Re is hydrogen, lower alkyl, lower haloalkyl, or lower cycloalkyl;

R, or Ry is —L-Y; with the proviso that when R, is —L-Y, R is selected from
hydrogen, R, OR, halogen, ~CF;, -CN, -C=C-R, -NRxRy, —~C(O)NHRz and a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with 1-4 R, and when R is —L-Y, R, is selected from
hydrogen, R, OR, halogen, -CF3 -CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with 1-4 R;

L is a covalent bond or a bivalent C;g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are

optionally and independently replaced by cyclopropylene, -NR-, -N(R)C(O)-, -
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Wis CHor N, Rd is hydrogen, |ower alkyl, -0-lower alkyl, -CF3, or a
hal ogen; Rv is -C(0)NRxRy, -N(Rx)C(0)Rz; -S(0)2NRxRy, or -N(Rx)S(0)2Rz; WO
2011/ 034900R0IN/1380010/ 048916 R1 is -T-L-Y; or Ra and RlPCakspomogdther with
the intervening carbon atons to which they are bonded forma 5 or 6
menbered partially unsaturated or aromatic ring that contains 0- 3
het eroatons selected fromN, S and O, and is substituted with -L-Y and up
to two other substituents selected fromthe group consisting of oxo, |ower
?rlo ﬁ)c/)l:ydc?(g}mg)og@z _-H[Ik)is!oz-,aSbe@an-a@dO)Cﬁ??(O’)-j £ (8hQend-, 0¥0a -8010 nmenber ed

( icyclic, saturated, partia unsaturated, or aryl rin
havi ng o~ EShret €l )on'ElJ_Nid‘érﬁgZHﬁ%d?t’l y sel ectgd fromnitrogen, oxggen agd

sul fur, and whergidhogal finilena, | Slisitic apabhatlysspsttutedt wih Whé br Incke Re gr oups;
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R¢ groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower
cycloalkyl;

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

Q is a covalent bond or a bivalent Ci.¢ saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(0)-, -OC(O)-, -C(0)O-, -SO-, or
-S0;,-, -N(R)C(O)-, -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.

52. A compound of formula XX:

Ra R
b Rc
X '\ 0O Y R,
N__~ = R4
2
jez
(0] N

xx H
or a pharmaceutically acceptable salt thereof, wherein
Ra, Rb, Rc and Rd are independently selected from hydrogen, R, OR, halogen,
—CF;.-0-CF3 -CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-10 membered monocyclic
or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is

optionally substituted with 1-4 substituents selected from lower alkyl, lower
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L is a covalent bond or a bivalent Cl.8 saturated or unsaturated, straight
or branched, hydrocarbon chain, wherein one, two, or three nmethylene units
of L are wptoorshdoy and i ndependently replaced by cycl opcofshensssdiiR-
-N(RC(0)-, - C(O)N(R -, -N(R)502-, -S&2N(R)-, -0-, -C(0)-, -0C(O)-,
-¢(0)0-, -S, -SO, -S@&-, -=5)-, -C(=NR)-, -N=N, or -C(=N2)-; Y
I's hydrogen, nitrile, Cl1_6 aliphatic optionally substituted with one or
nore OH  NRxRy, oxo, halogen, NO2, or CN, or a 3-10 nenbered nonocyclic or
bi cycl i GalosiayNi@t@dyclpalkyi, &wet alkvsafluwat Rdoalboxyatgwerrcyclgaliany.ng 0- 3

het er oat onms 1 ndependently sel ected fr I trogen, oxygen, and sul fur, and
wher ei nCfa,i‘@"@f%&Ns‘%ﬁﬁ‘ﬁo%ﬁli‘%y’éﬂﬂs‘ﬁ?&mnfé with 1-4 Re groups; each R Rx

and Ry is i ndepepdentldrPyan@gRded k¥bwet Q08I 1@ aalokikh 1, opr | over
cycl oal kyl ; eaoc?lhef@’Rz %s i%epeﬂ%en% Iﬂg\qﬁ’%dr%lgg%lnfveal }eglﬁatié, gr&gr’;/)l; each Re

i s i ndependentloylkgkl ected from-Q 2z, OH oxo, N, halogen, CN, a suitable
10 0 OuRe e S UG RREBRIRL baghost1 Lot 6w th ox

X is —=C(O)-NRxRy or —-NRx-C(O)-Rz;

Or Ra and X taken together with the atoms to which they are bonded form a
benzo ring that is optionally substituted one or more of Rf, Rf1. Rf2 and Rf3;

Rf, Rf1, Rf2 and Rf3 are independently selected from lower alkyl, lower
haloalkyl, lower cycloalkyl, lower alkoxy, lower haloalkoxy, lower cycloalkoxy, —
CF; -O-CF3 -CN, -C=C-R, -NRxRy, and ~C(O)NHRz;

R, or Ry is ~L-Y; with the proviso that when Ry is —L-Y, Ry is selected from
hydrogen, R, OR, halogen, —CF3 -CN, -C=C-R, -NRxRy, ~C(O)NHRz and a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is optionally substituted with 1-4 R, and when R’ is —L-Y, R is selected
from hydrogen, R, OR, halogen, ~CF; -CN, -C=C-R, -NRxRy,~C(O)NHRz and a 3-
10 membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, and
wherein said ring is optionally substituted with 1-4 R;

L is a covalent bond or a bivalent C, s saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO»-, -SON(R)-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=Ny)-;

Y is hydrogen, nitrile, Cy. aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, and wherein said ring is substituted with 1-4
R® groups; and

Rx and Ry are independently hydrogen, lower alkyl, lower haloalkyl, or lower

cycloalkyl;
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Qis a covalent bond or a bivalent Cl1_6 saturated or unsaturated, straight
or branched, hydrocarbon chain, wherein one or two nethylene units of Qare
opti onal Iwoand/issependent |y replaced by --N(R) -, -S, POT/US2@00¥8916
-0¢(0)-, -(0)0-, -SO, or -SX@-, -N(RC0)-, -O0)N(R-, -N(R)502-, or
-502N(R)-; and Z is hydrogen or Cl aliphatic optionally substituted with
oxo, hal ogen, NO2, or CN. WD 2011/034907PCT/ US2010/ 048916 54. A conpound of
formula I'Va: NH RcN NN

each R° is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a Ci aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

Q is a covalent bond or a bivalent C, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by ~N(R)-, -S-, -O-, -C(O)-, -OC(O)-, -C(0)O-, -SO-, or
-SO,-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO»-, or —=SO,N(R)-; and

Z is hydrogen or Cj. aliphatic optionally substituted with oxo, halogen, NO,,
or CN.

53. A compound of formula IV:

Rb
v

or a physiologically acceptable salt thereof, wherein
Ra, Rb and Rc are independently selected from R, OR, halogen, ~CF; -CN, -
C=C-R, -NRxRy, or -C(O)NRxRz;

R’is
W Rv

/
Rd—— ‘

\

(THz)o-z
’U\_JU\_/

W is CH or N;

Rd is hydrogen, lower alkyl, -O-lower alkyl, -CFj3,or a halogen;
Rv is “C(O)NRxRy, -N(Rx)C(O)Rz; -S(O);NRxRy, or -N(Rx)S(O):Rz;
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Rb IVa or a physiologically acceptable salt thereof, wherein Ra, Rb and Rc
are independently selected fromR, OR, halogen, -CF3, -CN, -NRxRy, or

- C( 0) NRxRap 2011/03490Ri ng A is a 5 or 6 menbered partial | y Pomastunasssds or
aromatic ring that contains 0-3 heteroatons selected fromN S and 0; RL is
-L-Y; L is a covalent bond or a bivalent G _g saturated or
unsaturated, straight or branched, hydrocarbon chain, wherein one, two, or
three nethylene units of L are optionally and independently replaced by

c;a:l);)pr op;(;l eg;als “MNB-y: orN(R) C( 0)-, - CCONR-, -N(R)S02-, -S02N( R) -0-,
Y is hydr ogeﬁ«’fl apgl Bﬂqﬁ}k@n t@eﬂﬁfféﬂ ‘fhpgﬁt“?tﬁw(%‘f‘? 8?1%)1’? 0§’Eﬁo‘§’tc‘i£' Iﬂllf}lf }hcf y ar? h oneoz)r
mor € ?)5371' 6%&9&&? NGy Ofisafedhite@br @rofrafio rifg Mg cettaim®ooCcyclic or
bi cycllc satura parti al {/) unsaturated, or aryl ring having 0-3

het er oaB mrafaarcbamdﬂpeﬂdem fryms¥) Bené @, andm subsiitgipdvitthxygeAnd 4R B f ur, and

wherein said ri.n oaII substit t 0 each
Re is i H&@bé‘fﬁf@ Ptf 33&%%& é%f“ftﬁ%ﬁfqu@%’, 18—‘,% \§I§<r8QO I\Ig)g'e Bﬁl {)ggﬁl%wﬁrN a :
sui t abl glklypg\ﬁa cArAdpPCFQr a Cl_6 ali phati c optionally substituted with
oxo, hal ogen, , or CN, whereijn: is a coval ent  bond oHya bi val ent

G1°% sat urat Sdecbsensatus dbaamemEigowe e, NG BB Chai n.
\rM;S'r 2::2 &g% ura{ﬁg,}?\)%? E@gm[rlgegﬁvﬁ&@c?% Qx%te@a%r@% QHaéﬁé?@%ﬂﬂy sabded Elgpendent |y

-, -SO, or -SO2-,
- N(R) C( Q)tragen.GH3) Bhd sulfiki( R)dSORereinsaid SQ R Mytionalty |sgbsmm<b@eth ot G _6
al i phati (; Ochfplsonal |y substituted with oxo, hal ogen, NCO2, CN;

L is a covalent bond or a bivalent C,g saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO;-, -SO:2N(R)-, -O-, -C(0)-, -0C(0)-, -C(0)O-, -5-, -SO-, -S0,-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=Nz)-;

Y is hydrogen, nitrile, Ci.s aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, and sulfur, and wherein said ring is optionally
substituted with 1-4 R® groups;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl;

each Rz is independently hydrogen, aliphatic, or aryl;

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

Q is a covalent bond or a bivalent Cj. saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by -N(R)-, -S-, -O-, -C(O)-, -0C(0)-, -C(0)O-, -SO-, or
-S0,-, -N(R)C(0)-, -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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R is

Wis CHor N, Rd is hydrogen, |ower alkyl, -0-1ower alkyl,

a halogen; and Rv is -C(0)NRxRy, -N(Rx)C(0)Rz; -S(0)2NRxRy, or
- N(Rx) S(OvoRa11/8awh R, Rx and Ry is independently hydrogemushanousoas kyl ,

| ower

hal oal kyl , or lower cycloal kyl; and each Rz is independently

hydrogen, aliphatic, or aryl. Rb 1Vb

54. A compound of formula [Va:

R
\NH
Rec A
Y
l )\ ’ -
=
N N
H

or a physiologically acceptable salt thereof, wherein

Ra, Rb and Rc are independently selected from R, OR, halogen, ~CF; -CN, -
C=C-R, -NRxRy, or -C(O)NRxRz;

Ring A is a 5 or 6 membered partially unsaturated or aromatic ring that
contains 0-3 heteroatoms selected from N, S and O;

R;is -L-Y;

L is a covalent bond or a bivalent C;g saturated or unsaturated, straight or

. branched, hydrocarbon chain, wherein one, two, or three methylene units of L are

optionally and independently replaced by cyclopropylene, —NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO3-, -SO;N(R)-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N3z)-;

Y is hydrogen, nitrile, Ci aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO», or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, and sulfur, and wherein said ring is optionally
substituted with 1-4 R® groups;

each R® is independently selected from —Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a C, aliphatic optionally substituted with oxo, halogen,
NOa,, 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
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or a physiologically acceptable salt thereof, wherein Ra, Rb and Rc
are independently selected fromR, OR, halogen, -CF3, -CN, - CEGCR -NRxRy,
- C( 0) NRQR711/034907 L2 is a absent, a coval ent bond, &ChivsaéienssoGl 8
saturated or unsaturated, straight or branched, hydrocarbon chain, wherein
one, two, or three nethylene units of L are optionally and independently
replaced by cyclopropylene, -NR-, -N(RC(0)- , -C(OON(R) -, -N(R) S02-,
-S®2N(R)-, -0-, -C(0)-, -0C(0O0)-, -C(0)0-, -S-, -SO, - SOZ- -C(=S) -,
- C( - - NRpad inddpddenidy repﬂ‘z(ce&lb)/-—N(\RD{ RS, h@-,pLOv)- ~sEOE(EaE, WHOIOL2SDs aabsent ,
Ring A re dth spiro atom Ring A and
Ring B agg %@ﬂg e’nﬁj(@?‘g&% Pﬂ(rg)#gwﬁ)érgg)ug&u’r ated, partially unsaturated
or aromatic @1@91y¥1ﬂ%%n%9@ﬁ§'aﬂ§h 6ﬁaﬂry0@1bgnfﬁtea&inﬁ%ﬁﬂ hhlogsn,Wos and 0; R
is -L-Y; is a coval en bon or a bivalent C1_8 saturated or
unsatur@t@@ﬂ, strai ght or branched, hydrocarbon chain, wherein one, two, or
t hree net hyl Suni ts of L are optionally and independently repl aced by
cyclopropylene,”-NR-, -N(RC(0)-, - C(ONR-, -NR)S02-, -S®2N(R)-, -0-,
-C(0)-, -0C(0)-, - 0-, R$-, -SO, -SX-, -C(=9)-, -C(=NR)-, -N=N-, or
-C(=N2) -; fogen, nitrile, Cl1_6 aliphatic optionally
substituted wWd nore OH, NRxRy, oxo, hal ogen, NO2, or CN, or a 3-10
menber ed nonocygli c or tpicyclic, saturated, partially unsaturated, or aryl
ring having 0-3 i ndependent|y selected fromnitrogen, oxygen,
and sul fur, and wherein sa 2)i"|2ng is optionally substituted with 1-4 Re

gr oups; each Re is Hldependently selected from-QZ, OH oxo0, NO2,
hal ogen, CN, a suitable | ‘eavi ng group, or a C6 aliphatic optionally
substituted wtihcoxs.N;hal ogen, NC2, or CN, wherein: Qis a coval ent

bond or a bivalent Cl saturated or unsaturated, straight or branched,
hydr ocar bon dskis hydrasen. épwergeylorO-tanesr gikyhy CEner ubdlegeiornd) are opt i onal |y

ond ndependgnt Ly ciapieced Rt Mg SRRy O ngpgRD) A9

hydrogen or @ﬂiclaRg Rhahd 8 yapindepaldeytlshjasd gdnutomckr wiklyh loxer, haballlodgenm, NO2, or
N R "ower cycloalkyl; and

each Rz is independently hydrogen, aliphatic, or aryl.

55. A compound of formula IVb

R’ i
\NH
()
Rc \ \
' Rf Ra
)\
N N
H
Rb
IVb

or a physiologically acceptable salt thereof, wherein

Ra, Rb and Rc are independently selected from R, OR, halogen, —CF3 -CN, -
C=C-R, -NRxRy, or -C(O)NRxRz;

L, is a absent, a covalent bond, a bivalent C,3 saturated or unsaturated,

straight or branched, hydrocarbon chain, wherein one, two, or three methylene units
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Wis CHor N Rd is hydrogen, |ower alkyl, -0-lower alkyl, -CF3,or a

hal ogen; and Rv is -C(0)NRxRy, -N(Rx)C(0)Rz; -S(0)2NRxRy, or -N(Rx)S(0)2Rz;
each R Rxoand/Byo7s i ndependent|y hydrogen, |ower al kylPCTiuseso/oshioal kyl ,
or |ower cycloal kyl; and each Rz is independently hydrogen, aliphatic, or
aryl. 56. A pharmaceutical conposition conprising a conmpound of any one of
clainms 33 - 55 and a pharnaceutically acceptable carrier, adjuvant, or
vehicle. 57. A nmethod of treating an angi ogenesi s-rel ated di sease

conpri siofd. drepptalally aadnmdepsidenily gefla ed bguhileptopyRnaieR 4 ReRao{Opn

effective anount of an irreversible inhjhitor an_angi ogenesi s target.
58. The mg?ﬁ Rar. 'Ng?wﬂszm?‘éi ﬁot’h‘E(gh‘gi‘Qggéés Tgéq)gﬁ'a?%dj fsease is an
angi ogengsl s-¢fekqt e@(%j-?ENQNS,e&S%@J&g)-E hat 'EHeeEI%Rlﬁsbbdh@t WaBh i tRr is
topically adninistering to the 'eye,  59. The nethod of claim5s7 or 58,
wher ei n abkent.ahigi dgenddding B ane desedos jaeddetbroagh fispie e teenr;gr oup consi sting of

VEGE Recepton 2l KR, ROGPR., S0, A PES U6 MefioeEFRE kel 86801 oS

unsaturated or aromatic ring that contains 0-3 heteroatoms selected from N, S and O;

R, is -L-Y;

L is a covalent bond or a bivalent Cis saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are
optionally and independently replaced by cyclopropylene, —-NR-, -N(R)C(O)-, -
C(O)N(R)-, -N(R)SO»-, -SO;N(R)-, -O-, -C(0O)-, -OC(0)-, -C(0)O-, -S-, -SO-, -SO»-,
-C(=S)-, -C(=NR)-, -N=N-, or -C(=N3)-;

Y is hydrogen, nitrile, C,¢ aliphatic optionally substituted with one or more
OH, NRxRy, oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, and sulfur, and wherein said ring is optionally
substituted with 1-4 R® groups;

each R® is independently selected from ~Q-Z, OH, oxo, NO,, halogen, CN, a
suitable leaving group, or a C,4 aliphatic optionally substituted with oxo, halogen,
NO,, or CN, wherein:

Q is a covalent bond or a bivalent C,, saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(0O)-, -OC(0)-, -C(0)0O-, -SO-, or
-SO;-, -N(R)C(0)-, -C(O)N(R)-, -N(R)SO;-, or —SO2N(R)-;

Z is hydrogen or C\ aliphatic optionally substituted with oxo, halogen, NO,,

or CN;
R’ is
w Rv
/
Rd—— l
X
(THz)o-z
”\M‘u
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Wis CHor N;

Rd is hydrogen, lower alkyl, -O-lower alkyl, -CF;,or a halogen; and

Rv is ~C(O)NRxRy, -N(Rx)C(O)Rz; -S(O);NRxRy, or -N(Rx)S(0),Rz;

each R, Rx and Ry is independently hydrogen, lower alkyl, lower haloalkyl, or
lower cycloalkyl; and

each Rz is independently hydrogen, aliphatic, or aryl.

56. A pharmaceutical composition comprising a compound of any one of claims

33 = 55 and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

57. A method of treating an angiogenesis-related disease comprising topically
administering to a subject in need thereof an effective amount of an irreversible

inhibitor of an angiogenesis target.

58. The method of claim 57, wherein the angiogenesis-related disease is an
angiogenesis-related ocular disease and the irreversible inhibitor is topically

administering to the eye.
59. The method of claim 57 or 58, wherein the angiogenesis target is selected

from the group consisting of VEGF Receptor 2/KDR, PDGFR, SRC, FAK, PI3K,
MEK, FGFR, Eph receptors, methionine aminopeptide-2 and Hsp90.
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