HETEROARYL COMPOUNDS AND USES THEREOF CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority to United States

appl i cat iwo 288vi2assonunber 12/ 426,495, filed April 20, 2@0%Uusesioobl7Bs a
continuation-in-part of United States application serial nunber 12/253, 424,
filed Cctober 17, 2008, which clains priority to United States provisional
application serial nunber 60/981,432, filed Cctober 19, 2007, and United

St ates provisional application serial nunber 61/052,002, filed May 9, 2008,
the entirety of each of which is hereby incorporated herein by reference.
TECHNI CAL FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to
conpounds useful as inhibitors of protein kinases. The invention al so

provi des pharmaceutically acceptable conmpositions conprising conpounds of

t he present invention and nethods of using said conpositions in the

treat ment of various disordeFkO VALYE NVENTI ON [ 0003] 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
associated wth diseases. One inportant class of enzynes that has been the
subj ect of Crsé-Referonee ft Rilyted Appli@tieh n ki nases. [0004] Protein kinases
constitute a large famly of structurally related enzynes that are

responsi bl e f orppish@pk@ndd QhimSbridvity & U St Mro@iiosd] dhiHcaton®REL UG, 6 P79 19CESSEes
within the cell. Protein kinases are thought to have evol ved froma conmnon
ancestral t he conservation of their structure and catal ytic
function. g?@%@ﬁHﬁr?%Einases contain a simlar 250-300 am no acid catalytic
dormai n. The ki nases may be categorized into famlies by the substrates they
phosphorylate (e.g., protein-tyrosine, protein-serine/threonine, |ipids,
etc.). [0005] In general, protein kinases nediate intracellular :signaling
by effect i Higldpf apemdiopt transfer froma nucl eoside triphosphate to a
protein acceptor that is involved in a signaling pathway. These

phosphor yl at i ofThisieventioraetatea s genéreldo b fowbng dieck wivies, ahé partitwdarlyedlappeodul at e
or regulate the target protein biological function. These phosphoryl ation
event s areVQWgﬁﬂ@%giMﬁkkhgg@k@gﬂmnmaesponse to a variety of extracellular

and other stinuli. Exanples of such stimuliinclude environnental and
chemi cal stress signals (e.g., osnotic shock, heat shock, ultraviolet
radi ation, bacterial endotoxin, and HO ), cytokines (e.g., interleukin- 1

(IL-1) and tymor necroslis factor a (TNF-a)), and growh factors (e.g.,

gr anul ocyt §”#@E‘?“&Br?§8&-s"88‘f“&9§k stinmulating factor (GW CSF), and fi brobl ast
grow h factor (EGF)). An extracellul ar i mul.us, may affect one or nore

cel lul ar resporfdisek yaéyeatar@@opglogléqupe%dp S'\ﬁﬁ h}’%l'ﬁiﬁﬁ“ ,Olﬁfa?‘?’?r ¥fation,
secretion of hornones, activation of transcription factors, nuscle

cont r act i opympslagreessieccted tha flowilines toaavell el pusiping diqeid sudnas tates inko the el

regul ation of the cell cycle. [0006] Many di seases are associated with
abnor mal cetHigh ressurestp diaste the daghy rmatidny Yarouecheclkvahas erervoubilat ietd tevent s as
descri bed above. These di seases include, but are not I[imted to, autoimune

di seases, HpkhiassTBpbRYht BAckIRSAS thePOmps.di seases, netabolic di seases,
neur ol ogi cal and neurodegenerative di seases, cancer, cardi ovascul ar

i seases. "al | r gl ANGhIAGHATE R A5H ABlindhe BARB AN BT ol e

di seases. Accor re renal pr ot el nase

i nhi bitors usef as therapeutic agents. S RY, THE A NVENTI ON [ 0007] It
has nom1begwmﬁfghﬁafﬁﬁ?ﬁﬁﬁﬁ%d%ﬁa¥e%?“fﬂ?gmé$ﬂ%§ﬂ]4%%ﬂQﬁ¥ IS e ceut i cal 1y
accept abl e conpositions thereof, are efteptiv& as 'nhibit%rs,of gqf or nore
protein ki Aesgeansilew pessagso ArfierHs atsemblyyds igesrsd through apifegss pore ipthe Jody
pharmaceutically acceptable salt thereof, wherein Rng AA Ring B, m Rx,
Ry, W and Rrangagiag thteklvaeeit.herei n. [ 0008] Conpounds of the present

i nvention, and pharmaceutically acceptabl e conpositions thereof, are useful
for treating a Wailé tisytypefof dicsk asleswortls well, déigh flow raienidbtghahschedswbei at ed

wi th abnormal cellular responses triggered by protein kinase-nedi ated

events. Sugfly ¢Hnd @AGAS théeaab dRlodge Mmaemwtﬂaga%q. IOMRdridproldiRme afteger i bed
hereln.[OOOQY Conpounds provided by this invention are also useful for the

study of Ki i i I gi cal phenonena; the study of
intracelIuF%@ﬁﬁﬁﬁﬁgfgﬁﬁgﬁg%ﬁg%?g Bﬁgﬁﬁgbg nmedi at ed by such ki nases; and

t he conparative eval uati on of new kinase inhibitors. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 depicts the EGF inhibiting activity of conmpound 1-1.
Figure 2 depicts the results of conpougg 1-1 in a "washout" experinent as
conpared with conmpound 1-93. Figure 3 depicts dose response inhibition of
EGFR phosphoryl ati on and p42/ p44 Erk phosphoryl ation with conpounds 1-16
and 1-17 in A431 cel | sSUBYUFATEE $dPEET {Rddsle 26¢sponse i nhi bition of EGR

[T T o N 1 a2~ A A — 1 [T b1 o N ] - AN AN oA




Figure 7 depicts M5 analysis confirm ng coval ent nodification of ErbB4 by
conpound 1-1. Figure 8 depicts MS analysis confirm ng coval ent nodification
of ErbBl w0 20u2123889by conpound 1-1. Figure 9 depicts thecirnseaionsoas of BTK
signaling in Ranpbs cells by conmpound 1-13. Figure 10 depicts the results of
conpound 1-13 in a "washout" experinment with BTK in Ranps cells. Figure 11
depicts M5 analysis of the tryptic digests confirm ng coval ent nodification
of TEC ki gase by conpound 1-13. Figure 12 depicts M analysis confirmng
coval ent RBUMtati on of BTK by conpound 1-63. Figure 13 depicts M

anal ysi s confiygm coval ent ificatian of BTK hy conpou 1-66. Figure
1 dopi ot o an RAAPEIHGe EBamERe t BRvath Peean wA S ARG s crs an
am no acid se%gﬁnce f.or TEC (SF | D %#” Fi gure 16 dﬁfiCtiEﬁﬁ>anino acid
sequence TBRTACERY @SB HIACCOSE §ﬁ FEeRCE 198 H?ec%‘tya‘ﬁa“é ride VeRAjtERte for
BMX ( SEQ 4). Fiqure 18 depicts,an am no,acid sequence for JAK3 (SEQ ID
5) . Fi gur ejfﬁ)@va@@pﬁe%&%%awe RY AGreRIPYATERGUBHE & 1B FPSF: sﬁ@aﬁ%g%fﬁﬁ%ﬁm LED
DESCRI PTI ON OF CERTAI N EMBODI MENTS 1. General Description of Conpounds of
the | nvenPY BEsYEHH]A helderdpr aiflapreip stnpaEsh o 2 fRROThtheuldRk inthaASHISS BREpr ovi des
a conpound of forrmula | : or a pharmaceutically acceptable salt thereof,
wher ei n:  BhHaprer is piyataBy moypiad tothe helderiapd, exdends b e sayiee atpntirgi#igheny | , an
8-10 menbered bicyclic partially unsaturated or aryl ring, a 5-6 nmenbered
nnnocycliéﬂW@ﬂ@W@aﬁyﬂﬁﬂmﬁéﬂw&wk%gﬂmhmmﬁgﬁép@atons i ndependent |y sel ect ed
from nitrogen, oxygen, or sulfur, or an 8-10 nenbered bicyclic heteroaryl
ring havi ng 1-B theprefered enpodimersghneidinofajion devicetcetnprises mshitiehiegeh, oxygen,

or sulfur; Ring Bis phenyl, a 5-6 nenbered heteroaryl ring having 1-3

het er at onportipel épeadiarthé gccess berstbelpwf the shollde The hgldenhas aglepandingipavithart ur at ed
het erocyclic ring having 1-2 heteroatons i ndependently selected fromN, O
or S, or smighttdeepenivarted ehgagythe stradght edgzlpoytionns thewe@selbror aryl ring
havi ng 1-3 heteroatons i ndependently selected fromN, Oor S; RL is a

war head gr oup; TiRysupgorhshduldgemns a hédeo getipn @idyve theweat irathk ptefermed embodiment.

hal oal kyl ; Wis a bivalent Cl-3 al kyl ene chain wherein one nethyl ene unit
of Wi s optfaaaal bsterrde tHraugghch Hoye in tiNRRider pol{dr2)f @e@upport SBOMYS(iiRB) - ,

-N(R2) s@2-, -S&N(R2)-, -0, -C(O-, -O0C(O-, -C(OO, - S, -SO or -Sx-;
R2 is hydengeemeait wifitheanaltd preser staticntoftheGdat6 al i phatic, or: R2 and a
substituent on Ring A are taken together with their intervening atons to

forma 4-6 nenpefeebls aeleathadar ipdgeanDside that abtid alyisatfed Blheldwhaganher Wi th
their intervening atons to forma 4-7 nmenbered carbocyclic ring;mis 0-4;

each RX i $acidddeeaasd etk YipsRh@ehaded in ep boal]‘éé Tiad REEAay haWBRan exed¥nal Tl Zon - SC2R,
-SOR, -(OQ R~ -CX2R -(ONR 2, -NR(OR, -NR(O'NR2, -NRSQ2R, or -N(R)
2; or: RxitgBlwislesth Sidb.ahaRe %@ﬁ%@%bd&i&éht,ttﬁ@ﬂéngbmﬁﬁe{n\d@é‘ér&ﬁl fabips to forma
5-7 menbered saturated, partially unsaturated, or aryl ring having 0-3

het er oat ogk,jidafgReR gﬁ’d@&d ¥ori 8h @p4R % WaADr Helch R8RS a SbY T8RS fasRierSiyHdla:
wherein said ring 1s substituted with a warhead "group and 0-3 groups

independeg&h&e@qﬁ Qﬁ%&mﬁﬁQHhQ%gwfﬁﬁ ogen, CN, or Cl-6 aliphatic; and each R
group is independently hydrogen or an optionally substituted group sel ected
from Cl-6 aliphatic, phenyl, a 4-7 nmenbered heterocylic ring having 1-2

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, or a
5-6 nenbe | yl ring having 1-4 heteroatons
independe%$ﬂ§ﬁ§§¥§%§é8Fg$§%§%| S'ogen, oxygen, or sulfur. [0011] In certain
enbodi nents, the present invention provides a conpound of formula Il: or a

pharmaceuti cal Ly accept abl.e salt thereof rein: Ring Ails an i.onal |y
s o e oy b RCERRE 8hShaf i ROF RS yHRE EEfhucdst Maddpladn W APHILT 1Y

unsaturateq@or aryl ring, a 5-6 nmenbered nonocyclic heteroaryl ring having
1- 4 het er §&F0 "i ndependently selected fromnitrogen, oxygen, or sulfur, or

an 8-10 nenbered bigyclic .heteroar rin Vi 1-5 heter.oatqQns.

i ndependent | y 5?@&3 éda F‘?"Bﬂ’?aﬁ]ivfel’”oﬁﬁ?? b8§)88€ﬁ’,e tga%p%ru‘fa}vﬁr?feéﬁur?g’ Y ihdPhead
group; Ry is hydrogen, .hal ogen, CN, |ower alkyl, or |lower haloalkyl; Gis
CH, or N; °QpYenigggnoveds o o Ris hydrogen or optionally substituted
Cl-6 aliphatic, or:R2 and.a substituent on Ring A are taken together with
their intervening atons to forma 4-6 nenbered saturated ring; mis 0-4;
each Rx is independently selected from-R, halogen, -OR -CN, -NO 2, -SX2R,
-SOR, -C(OR -C®2R -C(ONR 2, -NRC(OZ)R, -NRC(O NR2, -NRSO2R, or -N(R
2; or: -2



Rx and R are taken together with their intervening atons to forma 5-7
menbered saturated, partially unsaturated, or aryl ring having 0-3

het er oat owe 20rdiepssadent | y sel ected from nitrogen, oxygeRrCTAS2610/081788
wherein said ring is substituted with a warhead group and 0-3 groups

i ndependent|y sel ected from oxo, halogen, CN, or Cl-6 aliphatic; and each R
group i s independently hydrogen or an optionally substituted group sel ected

het or oat ome. | NABBEAGTE g eky B L BaRo R Mgk ViR phAoBr e i B or 4

5-6 nenbe&ﬁf gocyclic het eroaryl ring haV|ng 1- 4 het eroat ons
i ndependefit'§"8 &1 ect ed frontnitrogen oxygen, or sulfur. 2. Conpounds and
Definitions [QQ12 ounds of inventio ude .t hose descri bed
general |y abo&égur%ﬁeﬁara%vnwfﬁéw *’i Oagfterﬂa%eavg ﬁ%g‘(‘fPésses subcl asses,
and speci es disclosed herein. As used herein the follown definitions
shal | apply urii@¥s>d¢ aepstioss ‘i“?i’tﬂioééheétﬁl’ldeiief Fw%é@@n&tmﬁﬁ% lipgr¥erit9fon, the
chemical elenments are identified in accordance with the Periodic Tabl e of
the El enefig¥re4CAS version, Handbook of Chenistry and Physics, 75 Ed.
Additionally Igeneral pr|n0|ples of organic chem stry are described in
"Organi ¢ Chenil8gurg 6 is arbpitomsview pf e holdesfifegusd 4.y Sci ence Books, Sausalito:
1999, and "March's Advanced Organic Chemi stry", 5th Ed., Ed.: Smth, MB.
and March, J. Figwhn isg sidyeclgyations viemews seon fromthyoright side, afiikg kadder ofFightes of
whi ch are hereby i ncorporated by reference. [0013] The term "aliphatic" or
"al i phati4 group"”, as used herein, neans a straight-chain (i.e.,
unbranched) or branched, substituted or unsubstituted hydrocarbon chain
that is conpl iglry 83 parspeettveaiew, partialipsectoned, ditte apperonabe wfiFigeredf
unsaturation, or a nonocyclic hydrocarbon or bicyclic hydrocarbon that is
conpletely saturated or that contains one or nore units of unsaturation,
but which is not aromatic (also referred to herein as "carbocycle"
"cycl oal i pbailedDeseriptioy of tha/lkyedntipn: t hat has a single point of attachnent to
the rest of the nolecule. Unl essotherw se specified, aliphatic groups
contain 1-6 alR¢ihdihg €o Eiglden flappeisalvd D1 BamEboanlledvitheamt strédin @fdals andgy oups
contain 1-5 aliphatic carbon atons. In other enbodi nents, aliphatic groups
contai n lddwittrt4haid €7.CB6dOTB 8 tnbfiallyldonieiet! lintotTRivIiasRMWIERI floal inphat i ¢
groups contain 1-3 aliphatic carbon atoms, and in yet other embodi nents,

- al i phat i Csigg1e URSctioR WECH islfrain Md RAant etPT PORa B BowhdireSR RRd @MDAtihEENT S,
"cycl oal i phatic" (or ‘carbocycl e” or "cycloal kyl") refers to a nonocyclic

C3- C6 hydeeeidapsitdat eli@i;qiapleﬁteﬁiawﬁ@etdgrf@it e@elorngtétatiiawtt@bment&apr nor e
units of unsaturation, but which is not aromatic, that has a single point

of attac h@@ﬁbﬁmé Qnibhe Uo%&tré&fn éd@elmhﬁ% x%atm%‘ﬂo‘hﬁ%lr@tuﬁi' d)fﬂh@%bt&:hﬁé AH#dR.
i ncl ude, but are not Iinlte | i near or branc substituted or

bstit I Kk h
l(J(r:])s/gl za: ky )gYeEyélé %%t{:e?gl %gl %‘%ﬂéﬁiy ﬁg?%?gya?kdm%@{d)' aﬁls‘;e)ny h@prBOM ‘?’he
term"| owg t b kyl
Eienplafy ?%@%?M%Fﬁkfﬁgﬁgﬂgg“ﬁrg&ﬁgn%&#ﬁmqnuh %ﬂb%%géFagm op?opgiougutyl

Ciod strai gnt Bk loih gRRel Rl DR el 0 Blbet RACTR  D
hal ogen at,ons 0016 e .term heter ns one ar  nore of

sulfur. nigraye: Hpvisego S0l M 28RBSl O GeSat T o
nitrogen rnize for basi c

N 1 ogen 8?‘3"*“%‘4%&% PR i Boss o g Bitned WBplY ﬁ*f D R G e N
Noubet 1t Blonoust farf o8t of dyondn J6SE 1 el koot @ anll e '

her ei n, ngans that a nniety has one or nore units of unsaturation. [0018]
As used hEP¥iPASS284AX1S% m "bival ent Cl-8 (or Cl-6) saturated or unsat urat ed,
straight or br nched, n chain refers to bivyal ent al kyl ene,

al kenyl ene, “&PWH‘?I ‘éaﬂg ‘%’ﬁi‘ﬁ? %Jhﬁtlo“éte@ aap é‘itarﬁ‘?‘mB’F Y’B’?”&ﬁ‘?:ﬂ‘@d‘pé%eaa’efi ned
herein [0019% The term "al kyl ene"” refers to a biva %é roup. An

"al kyl enechgh fpntrakchambey %é%wsgﬁen@?ea& 23., dhis shp 25 rred QAERE B n i s a
positive integer, preferably from1l to 6, fronilto 4, frontlto 3, from1l
to 2, or from2 to 3. A substituted al kyl ene chain is a pol ynmethyl ene group
in which one or nore nethyl ene hydrogen atons are replaced with a
substituent. Suitable substituents incltde those described below for a
substituted aliphatic group. [0020] The term "al kenyl ene" refers to a

bi val ent al kenyl group. A substituted al kenyl ene chain is a pol ynet hyl ene
group containing at | east one double bond in which one or norehydrogen
atons are replaced mnth a substituent SU|tabIe substituents |nclude those

1 2 " o ~Nns A




and the |ike, which may bear one or nore substituents. Al so included wthin
the scope of the term™aryl", as it is used herein, is a group in which an
aronmat i ¢ wongior3fsased to one or nore non-aronatic ri ngeCTAISeHo0as17Bhdanyl ,
pht hal i m dyl, naphthi m dyl, phenanthridinyl, or tetrahydronaphthyl, and the
i ke. [0024] The terns "heteroaryl" and "heteroar-", used al one or as part
of a larger noiety, e.g., "heteroaral kyl", “het eroar al koxy", refer to
groups having 5 to 10 rlng at ons, preferably 5 6, or 9 ring atonB havi ng
6, 10, orjungios shpelderr hds Fhamiaae parPandiguiar te axis 2y - UaﬁtFaWaRﬁSW@e 23rhag@di ti on
to carbon atons, fromone to five heteroatons. The term "heteroatont refers
to nitrogemwnteshoyeythat beginssatljfnation sheplden 7 rid extengs upatrgan adsefestesh diftansg.t r ogen
or sulfur, and any quaternized formof a basic nitrogen. Heteroaryl groups
i ncl ude, teiminating bt aicownterbore shioilldery29. fCouateyore phauldsr 29, isi sldcd &z el gldne
pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl,

t hi azol yl perpedichlanmobyis 24 il fadésadomtngireanpyAisdiyof, thisgds aisiforypied ipypitreadi nyl |
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridinyl. The terns
"het er oar ydstagar2d betveter jumtion shoakleu3®dnceruaierhorabimolden2?d. uBefgatdypbreads whi ch
a heteroaromatic ring is fused to one or nore aryl, cycloaliphatic, or

het er ocycB ybegin atgenctimhshoaldeizy anddéradatedvefpeoreathing canhtestmhaabhiotlders29%n t he

het eroaromatic ring. Nonlimting exanples include indolyl, isoindolyl,
benzot hi enyl , hepzsfors Zinaldo, had b b&rd Giftdtfia mhytbads BR.AAESAdsI33 abeadaped thazadivel |
benzt hi azol yl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl,

qui nazol i Ryhp 35 heWaXBY umed llré&‘hrﬂliﬁlgﬁl@ll Hihieyt| fornesad tbatzwitmh ac@Se bett 1§l An
phenazi nyl , phenot hi azi nyl, phenoxazi nyl, tetrahydroquinolinyl,

t et rahydr @éc@ﬁ%tmbpd}whoulaa@mweg dpbad Bovkdskinba®a? |A3és$ b%m@n@ldetm is
het eroaryl group may be nono- or bicyclic. The term” heteroaryl may be

used i nt epGhandpakiya Brealtr timl dhdmion @t AERARNtvE td18cess’ BURS @Xi9@6Ydn i@ Oup”
or "heteroaromatic", any of which ternms include rings that are optlonally

substi t ut ﬁﬂstrea_rﬁ%ld‘éeﬁéﬁmr@ec{ P%Hé%a@al K radfafiflefsibiPofRd@ 3/1s 18 AR Alhatd tut ed
by a heteroaryl, wherei n the al kyl and heteroaryl portions independently

are opti OQII%% é(ra?iﬁ‘aﬁﬁhé ﬁt%%st 2% ¢Q8rthe éaewaﬁ%t HELEbdte 25 RN B0 ohEdgBRBOCY Cl €

"het erocyc et erocyc ic radical”, and "heterocyclic ring" are used

i nter Chang?ggbﬁ)‘f %Qigf r3§f fucﬁ s Qs&%ﬁWnﬁn%ﬁ%&Qiﬂxs &g@th%égqegﬁé@; i pl2te

- 7-10- menb eterocyc IC noie hat 1's elther saturated or
partlally or
nore, pr ePe Ea@}c;} agtrtfgﬂ?w%? guék a’thl%her élgﬁid B'd 9 dA §| %}R%loﬁ{a? gﬁgﬁeged in
reference, to,a,rin | es a
substit ut é dhorlﬁ ét“:’ grgergblggﬂrgagecg a%%eﬁed) &'}tﬁn?edgg ?5’ alricfé)ggndg dS\LIR’ga?@ rIt$ Qe(ttltrgld
unsaturate? ﬁ;n? haV|ng 0-3 heteroatons sel ected frontoxygen sulfur or

ni t rogen, trogen may be N (as in 3,4- dihydro-2H pyrrolyl), NH (as in
pyrrolidinyl), (La n S tituted olldlny 0

het erocyclic rFﬁ{&”B‘ﬁr%ﬁBéO it‘%uéecﬁ’eadg(?ger S ‘é‘ﬁ’gﬁ%{ Y PSEY bﬁ% %&W%ﬁr % 2Pt om or
car bon at st abl stru ture .an t ons
can be op%g%ﬁgfl§° ﬁb ﬂ?ﬂﬂf@%lwﬁyﬁ ?g%“% agﬁfwn%gfﬁﬂﬁPﬁax P@%
unsaturated heter %IC radi cal s include #houﬁ imtati on

t et r ahydr BRU? BRST S S PERYH BYIQPIEFAR er.tf&? e eﬁagin weqntratcm inner
pyrrolinyl, tetrahydrqu|noI|nyI t et rahydr oi soqui nol i
decahydr oQRETR 44 FPVevsk 9451 1359A be ﬂmétt%&twtk %14932 é%ypmplate&mnahwf
dlazeplnyl oxazepi nyl, thiazepi nmor phol i nyl, and_qui nuclidinyl, The
terns he@éﬁ*@éyct%shownwet%gweﬁe |h9¥1@r 4% fhat adsespiding) lin et extigpdsealona it i c
group”, "heterocyclic moiety", and "heterocyclic radical”, are used

i nter chan@eramgy hlelp &i7 has apertian $het hercapperirgaiel phe samevipdielflimensianes sesees v |

ring is fused to one or nore aryl, heteroaryl, or cycloaliphatic rings,

such as i tewlshelfler 33Helatitiefoyaccess hpisriisyd6, Astrbpwan ihFigierfy lip 4@mhas a greater

t et rahydroqui nolinyl, where the radical or point of attachnment is on the
heterocychyﬁﬂKmngﬁbAOhéﬁ@m@§ymHWhmgﬁamﬁkhﬁvﬂbﬁmﬁﬁhwer%ﬁﬂ@ﬁmyebh@fwﬁﬁe term
"het erocycl yl al kyl" refers to an al kyl group substituted by a heterocyclyl,
wher ei n t B8. dlikyA7 sk etight edge byrtiop dBtthairmsatihed epé edetntth wxiartoro gtoubial | y
substituted. [0027] As used herein, the term"partially unsaturated" refers
to aring noiety that includes at | east one double or triple bond. The term
"partially unsaturated” is intended to enconpass rings having nultiple
sites of unsaturation, but is not intended to include aryl or heteroaryl

noi eties, as herein defined.[0028] As described herein, conpounds of the
invention may contain "optionally substituted" noieties. In general, the
term "substituted”, whether preceded by the term"optionally" or not, neans
that one or nore hydrogens of the de5|gnated nD|ety are replaced mnth a

o o o,



substituted with R -(CH 2)0-4Q(CH 2)0-i-pyridyl which may be substituted
with R -NO 2; -CN;, -N3; -( 2) O4N(R) 2; -(CH 2)0-4N(R C(O R,

- N(R) C( S)WRp 2010aBBY0- AN(R) C(O NR 2; - N( )C(S) NR 2; - ( CHP2XMSANOBICEO) OR;
-N(RN(R)IC(O R -N(R) (R)C( o) R2; - N( )N(R)C(O)OR; -(CH 2)0-4(O R
-C(S)YR -(CH 2)0-4C(OOR, -(CH 2)0-4C(O SR, -(CH 2) O4C(OGCsSI R 3; -(CH
2)0-40C(O R -0OC(O(CH 2)0-4 SR, SC(S)SR;, -(CH 2)0-4 SC(OR, -(CH2) O
4C(O NR 2; NR2 - SSR - SC( )SR (CHZO4 ONR 2; -CCONOR R,
C(O)C(O)Wa‘g%:(’ endy ﬂ@bq@naﬁ(\dﬂl each ofhersiiaic te%afrp?wna @P2R;

-(CH 2)04SOZCR -(CH 2)0 405(O 2R 2NR2 -(CH 2)0-4 S(OR
- N( R) S( O) Sepyares 21 antirqtgtiondpviogto nrw(emﬁtmn Qéhq -P(O 2R -P(OR 2;
-OP(OR 2; -OP(O(OR) 2; SIR3;, -(C 1-4 strai ht or "branched al k Iene)ON(R)
2: or -(C 1-4 Atshawgialsodn Fr@ﬂ@ﬁéweél7a1rql@e|réhéys’c}@@)@qﬂéﬁya@hmam@peﬁrﬂ%ach R
may be substituted as defined bel ow and is independently hydrogen, Cl-6

al i phat i cits loger sifiy, Hingg biqcls) 49 arpincatedrpthe 8psirepra sisie oé o e Er andrayd Snﬂﬁeﬁ‘g) or
a 5-6-nenbered saturated partially unsaturated, or aryl ring having 0-4
het er oat ot fhete seghdether| l;y isnéreaperidg 4 orhagh hingg dlock dR\hgen hoter Slsenténding or ,
notw t hst andi ng the definitionabove, two i ndependent occurrences of R

t aken t ogtirdvgh it Ahshowai in Higire 6 yeach hgledil dspeferatilp obhong. 3 The centeripomgsdorl
saturated, partially unsaturated, or aryl nono- or bicyclic ring having 0-4
het er oat ohaled Fldwjpenidterith eaclsethect ed from ni trogen, oxygen, or sulfur, which
may be substituted as defined bel ow [0030] Suitable nonoval ent
substituents oORefEtringto Filgererli ageat 63 hadxleyiof thkcadgS4 tha enpabe peacieinthreadsclr r ences
of Rtogether with their intervening atons), are independently hal ogen,
-(CH 2) 0 @Rupstrédimipadsage, 23 (Iithe? )thanlictting E&detiar) BredddR54 didctly 2h Geat GBI CMRYr2;
-Q(haloR), -CN, -N3, -(CH 2)0 2C(OR, -(CH2)0 2C(OOH, -(CH 2)0 2C(O OR
-(CH 2) 0 hpRded 4rfdrigeher® @SHasibleCiick s &hpbYidg a sdpetdtethRaddNhiBRained (g, Dbt 2NR 2,
-NO 2, -SiIR 3, -GGIR 3, -(OSR -(C 1-4 straight or branched

al kyl ene) & @R orifibe orSOR paWags &5 MattedNRhiohgh! RSpHESLE b5ITsedaasl Witaing tiy eceded
by "halo" is substituted only with one or nore hal ogens, and is

I ndepende iy /disgéieicCdsGRwiine %Q%eézﬁbﬁ@mtS&t 53 lekla2BBular L41G7 iR dparbanpr a

5-6-nmenbered saturated, partially unsaturated, or aryl ring having 0-4

het er oat OBy RESRRDURN ks 848G LB ntEbORD Mol AV, PheadBkdurli-a
Sui tabl e dival ent substitueRts on a saturated carbon atom of R include =0

and =S. [ Qf @rg&bt&%@u&r V4th R4 o{sg@?fs gpé;rg Sonf¥ @mﬁ%%ﬁreqeac@aradnofat 021 of

an "optiona stltute group I nc hefo | owi n =0

=NNHC( O Rg%trfmglggs%e% may Id@"f%é@@ Rleat 55YRs7an ThiekRal ﬂange @?%m us%?o%%

-S(C(R * ereln eac I ndependent occurrenc RiTs sefqect ed from

hydrogen, @1%19%1?3!5 fgg%bér%u{g%& el hal s THBRE sl URd ofiS &ﬁ&%@?gfﬁa%' 9% Isor a”

unsubst it & ere urate partially unsa urated, aryI

having O s aBhRAhE R REGRSDIF h}rte?ggs%adchz LB AN & tﬁgs&reﬁﬁxmf or”

sul fur. SHFRA varan are 0 VITCI

)2 30 . il eg?ﬁw@%ﬂ%l"f a”s}'?ﬁ o Y3l bR o P QP B Mafior

hyd hat whi bst i defi db

Y eogeT: & ee%%?rféff’eart é%r\rﬁ%@tandsgﬁrﬁrwiﬁﬂ@%%%ﬁ B Suigr a2
h 0- t t d ted f t

vty s&g%ggé ?qé?rg?e@'té'eaﬁ e R i Bt 6 o oo of B | net ude

2?' ?ﬁlﬁg ' ER R erressirhe ggumeﬁélrrpe&éﬂwhhﬁ%ﬂ %%Cgﬁﬁ%a%wstwgﬁ%re i

preceded by "hal 0" is substltut ed only with one or, nore hal o?ens and is
i ndependeﬁ’f‘gaﬁm@ih%d‘é’mswﬁé‘% pige of gopf Spig’ block apy revpse W frosp ceptral’ chamber 21

5- 6- menber edsat ur at ed, partlally unsaturated, or aryl ring having 0-4

het er oat offii0 UAHEABHRISHEF 3 s dilapre 15 BitPAllY Fengested éﬁ&dérr by §rﬂ1@rvwr 67 [ 0033]
Sui t abl e substituents on a substitutable nitrogen of an "optionally

subst i t ut €AMPESIRLPVG HEP &@réy ORR shown). c%leylﬁz 67 ﬁtege)\reﬂr the. m(ooﬁegedvhc ks 49 0) CH
2O R ééIO) 2R, -S(O) 2NR 2, -C(S)NR -C(NH)NR 2, or -N(R*S(O 2R
wher ei n e &REUR 6).s Glevrepk heseayiingrica) I@Gg@ﬂwthata_hga with hineg bleckwablene helgs bl
substituted as defined bel ow, unsubstituted -OPh, or an unsubstituted
5-6-nmenbered saturated, partially unsaturated, or aryl ring having 0-4

het er oat ons i ndependently sel ected from nitrogen, oxygen, or sulfur, or,
notw t hstandi ng the definition above, tv# independent occurrences of R,
taken together with their intervening aton(s) form an unsubstituted
3-12-nmenbered saturated, partially unsaturated, or aryl nono- or bicyclic
ring having 0-4 heteroatons independently selected fromnitrogen, oxygen,
or sulfur [0034] Surtabl e substituents on the aliphatic group of R are



-(haloR), -OH, -OR, -QhaloR), -CN, -C(OOH -COOR, -NH2, -NHR, -NR
2, or -NO2, wherein each Ris unsubstituted or where preceded by "halo" is
substi t utwa 20m/p2388pt h one or nore hal ogens, and is i ndepemaseaiow3is 4

al i phatic, -CH 2Ph, -0(CH 2)o iPh, or a 5-6- nenbered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatons independently sel ected
fromnitrogen, oxygen, or sulfur. [0035] As used herein, the term
"pharnmaceutically acceptable salt” refers to those salts which are, within
the scope(Fagura Bl singlgipin( ! priagritneuehdales 4% pu 1ot Ritallyseesmflapper & oh t he
ti ssues of humans and | ower animals w thout undue toxicity, irritation,

al | ergi c heldgddsEigareP dingratgsieae obheamsof slskiseAand Bitdlwi t h” a reasonabl e
benefit/risk ratio. Pharnaceutically acceptable salts are well known in the
art. For exanpfleppesyalyg 1156 egrembled iy secugipg eset Hetoghrsadeed e Fet €EW §1 WElkSpt abl e
salts in detail in J . Pharmaceutical Sciences, 1977, 66, 1-19,

i ncor por asasdred @gaingt seaj flangee? L nElevispiap pawedita kaddar 3 aendetbemticassriblysofof  t he
conmpounds of this invention include those derived from suitable inorganic
and or ganflappec 63isndmdldend®ds inExtedphiesacodss bheer 2fac Elatder 48 will selfeligm sl
nontoxi c acid addition salts are salts of an am no group forned with

i nor gani cbeaissitssings Heckh ¢ol Mokt Bbwrend 40 of dgh§Haowelbad kip stoight egdeosptior i ¢
acid, sulfuric acid and perchloric acid or with organic acids such as

aceti c acisl, Thx algagenit df thewlirese blaks 49 andalip straight adgechortint 48 witlabidgs eslucci ni ¢
acid or malonic acid or by using other nethods used in the art such as ion
exchange. 4@pReéntphanoatdauds widet ¥3 aaneptiald e asedst bore A6 Geie3 hditieatsequred

al gi nate, ascorbate, aspartate, benzenesul fonate, benzoate, bisulfate,
borate, bty ks botapphofoah @, seslanifhakess lbberst es lower portion of cap 35 abuts an
citrate, cycl opent anepropi onate, digluconate, dodecyl sulfate,

et hanesul {;pRatie of RIIAGRYUE to fethilicMe? 43 0h Ueeisapteshalilder gl ycer ophosphat e,

gl uconat e, hem sul fate, heptanoate, hexanoate, hydroi odide,

2- hydr oxy- et hapesyatdienahe nokA¢ HOWivaNak Gonl e ek Sde bEFigaed, tolvardriid rightl f at e,
mal at e, nal eate, mal onate, nethanesul fonate, 2-naphthal enesul fonat e,

ni coti nat gype Aoy HInf upse SR bResa B! 18R ri@@bdﬂsés&la@wt%@@%ﬁxgp@@ﬁ&d inditRed
persul fate, 3-phenylpropi onate, phosphate, pival ate, propionate, stearate,

succi nat e ’bg?fttgsefrf’otw’? ’ W%%‘éﬂﬁ'é 3% prERIR¥ARALRyitD Wil LARE eapet 898 MovdBidREANOAL €,

val erate s and t i ke.  [0036] Salts derived from appropriate bases

i ncl ude alkal i .fet al kal | ney eayrt AR QARd b offed e K YA ) 4
salts. Re;gll}%eééésrll at @ygnalnkgig}ﬂ%o%' zllrfk I?‘%Ee&ghértt h matgllr&sal tsoi ncltﬂ%]e sodi um

Uit h . . ' . . .
TR e e e e T
anmoni um 3 :ng' Eelfa;:;’rgvy h a@[@? i He r@@e%e?c?ﬂe@ﬁonc a;fhé)ﬁl?eatiﬁc{) %gﬁén@ 9f SQUBE §f 1 ons

such as h F OXi carboxy e, sultate, p , hNitrate,
I | kyl | f t d f ' d,
st act ur e ARt PHARE A "Rk SRALE P Heanl eGP FIOBE S S

enanti oneri c, ditﬁstereorr?éi c, and geonetric (or conformational)) forns of
the struct@FEAT Y BRA$re, the R and S configurations for each asymetric

center, Z and doupl e bond.i soner and and onf ar mat i anal _i rs.
Therefore, singﬂﬂgég%W¥8§WBﬁ?%§?nP(§WEW§m§§“WéfFSggm%ﬁé%%Pgﬁgfwg?%%%§

di astereoneric,. and geonetri.c. (or confo tional)., m xtures pof the.present
conpounds B Skilledhimhe ge tat s 8?“%%8“?%6§Hi?1ﬁmkﬂﬁﬁ%¥§“ﬁ?ﬁg %g“@?lted,
all tautomeric forns of the cqnyounds of the invention are within the scope
of the i nASRIHBHITOMAR CORGALISNVEIHPRSs ot herwi se stated, structures
depicted herein are also neant to include conpounds that differ only in the
presence of one or nore isotopically enriched atons. For exanple, conpounds
havi ng the present structures including the replacenent of hydrogen by
deuteriumor tritium or the replacenent of a carbon by a G or Cenriched
carbon are within the scope of this invention. Such conpounds are useful,
for exanple, as analytical tools, as probes in biological assays, or as

t herapeutic agents in accordance with the present invention. In sone

enbodi nents, the R group of formula I-a and |I-b conprises one or nore
deuteriumatons. [0038] As used herein, the term"irreversible" or
"irreversible inhibitor" refers to an inhibitor (i.e. a conpound) that is
able to be covalently bonded to a target protein kinase in a substantially
non-reversi bl e manner. That is, whereas -& reversible inhibitor is able to
bind to (but is generally unable to forma coval ent bond) the target
protein kinase, and therefore can becone dissociatedfromthe target protein
ki nase, an irreversible inhibitor will remain substantially bound to the
target protein kinase once coval ent bond formation has occurred.

-, M I



defined and descri bed herein, provides such warhead groups for covalently,
and irreversibly, inhibiting the protein. [0040] As used herein, the term
"i nhi bi t ow0 208/1d8fsbned as a conpound that binds to and fom/usediolst7sst he
target protein kinase with nmeasurable affinity. In certain enbodi nents, an
i nhi bitor has an |1 C50 and/ or binding constant of |ess about 50 mM | ess
than about 1 mM | ess than about 500 nM | ess than about 100 nM or |ess

t han abou& 10 nM [0041] The terms "nmeasurable affinity" and "measurably

i nhibit, 5‘ Used herein, means a measurabl e change in at |east one of

Er bBI , Er bB2, ErbB3, Er bB4 a TEC-ki nase, and/or JAK3 activity between a
sanple conprisin nd of . the present invention, or conposition

t her eof , gp g qu@g'&as%g’gyofm@?rﬁg‘l ErbB2, ErbB3, ErbB4, a TEC ki nase,
and/ or JAK3, %? an UI val ert sanpl e cgggrisi n aé | east Oﬂe of ErbBl,

Er bB2, ErbB3, OHME‘V‘ BRI GryHnIntersegied by ypgesam and deynsypAm AR of sai d
corrpound or conposition thereof. 3. Description of Exenplary Conpounds
[0042] AcBassagendieilovppassagenhaving aoqmmondlownassagy &%i on provi des a conpound
of formula | ,or a pharnmaceutically acceptable salt thereof, wherein: Ring
Ais an opti onaafreﬁwawsﬂcpm etfigripuphewerdegerrbpy piesided engagegleny nember ed
bicyclic partially unsaturated or aryl ring, a 5-6 nmenbered nonocyclic

het er oar ynt¢ tha ypsiegem Jlgwirassapest er oat oms i ndependent |y sel ected from

ni trogen, oxygen, or sulfur, or an 8-10 nenbered bicyclic heteroaryl ring
having 1-5 hetfenr@aqs&hwe|m’c@reqyéngi‘élmcﬂ\ytys@pé@,qeesobor€rmn&aprﬂwéﬁborwyg@nt or
sulfur; Ring Bis phenyl, a 5-6 nenbered heteroaryl ring having 1-3

het er aton@tfmd@ﬁemdﬂnﬂbvp@w@am fromN, Oor S, a 5-6 nenbered saturated
het erocyclic ring having 1-2 heteroatons i ndependently selected fromN, O
or S, or an 8-d@ppenbeukldr foroydinite gvagst bare] y unsaturated or aryl ring

havi ng 1-3 heteroatons i ndependently selected fromN, Oor S5 Ris -L-Y,
wherei n: L i s ahaddarahseridbldimtrckhe accasstboreathe hbldGlex8nding at lmés dartallyuarswdur at ed,
straight or branched, hydrocarbon chain, wherein one, two, or three

met hyl ene thgnictess bdre hndlaeded phitt@sapport shoaddernateipendent | y repl aced by
cyclopropylene, -NR-, -N(RC(O-, -CONR-, -N(RS®-, -S2N(R)-, -0,
(O -, -0 O a flappex S Eally seSured to3hE hold@@Rd located mIhe cavitCforNRyvementN=N-, or
-C(=N2)-; Y is hydrogen, Cl1-6 aliphatic optionally substituted with oxo,
hal ogen, beReerddn §pdh povitich and 2Qlo3edRetiRd blvokiag owitieroagh thé 6itidei of thes@dtur at ed,
partially unsaturated, or aryl ring having 0-3 heteroatons independently
sel ected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 Re groups; and each Re is independently selected from

-Q Z, oxop, MNERchebRYAGEMNserfBly a@eomgttalelaﬂnhemma@o%ﬂmg or a Cl-6 aliphatic
optionally substituted with oxo, hal ogen, NO2, CN, wherein: Qis a

coval ent bond gf oiffi-Bla¥igh @é%ce%w@g%ﬁéwrﬁérﬁ‘&xtﬂéhé&@é‘r%ﬁ&%ﬁé&%orﬁéﬂtﬁé ght or
branched, hydrocarbon chain, wherein one or two nmethylene units of Q are

opti onal | X@Q'SW&?r’cg@aﬂ{tx-%taﬁ@ﬁ)h@&&%r%nﬁ%@aﬂ@n oiﬁhe holg%r, -(0O-, -0XO-
-C(O O, R) SO2-, or -SOZN(R)-

and Z is hydrogen or Cl-6 aI i phatl c opti onal I y substl tut ed with oxo,

hal ogen, NO2, or CN, Ry is hydrogen, hal ogen, CN, |ower alkyl, or |ower

of Wis ofti Ong}ﬁ% DAL EBhy Chodrahioyl AR chAhG ShBRShY, one Methyl ene unit
;?N'( SRZ %icci)rz ogen or o%ﬁ )E%éfl)c%ndmﬁgg@}% thﬁe%?og the %&?%?shou]d& ang,” iﬁ}d gr - SQ2-;

substituent on n eth r wth th intervenin

subst uent on, B 0g gl ol BT 1deE B g iR o PR R R P 1
their inte&v atons to forn1a 4-7 menber ed carbocycllc ring; mis 0-4;
each Rx i$ ?%ﬁ@gg%dently selected from-R halogen, -OR -CN, -NO 2, -S2R,
-SOR, -C(OR -C2R, -C(ONR 2, -NRC(OR, -NRC(ONR2, -NRSO2R, or -NR
2; or: Rx and Rl are taken together with their intervening atons to forma
5-7 menbered, sat ur at ed, rtially unsaturat . or aryl ring having 0-3

et er oat offs ThR gisgk e EbR Bk peordes BeB A YROBEN. oxygen. or el fur.
wherein said ring is substituted with a warhead group and 0-3 groups

i ndependently sel ected from oxo, halogen, CN, or Cl- aliphatic; and each R
group is independently hydrogen or an optionally substituted group sel ected
from Cl-6 aliphatic, phenyl, a 4-7 nmenbered heterocylic ring having 1-2

het er oat ons i ndependently sel ected from#hitrogen, oxygen, or sulfur, or a
5-6 nenbered nonocyclic heteroaryl ring having 1-4 heteroatons

i ndependently sel ected from nitrogen, oxygen, or sulfur. [0043] In certain
enbodi ments, the present invention provides a conpound of forrmula Il:or a
pharnaceutlcally acceptable salt thereof mhereln Ri ng A |s an optlonally

. 4 T | o ~ A~ 1



oxygen, or sulfur; Ris -L-Y, wherein: L is a covalent bond or a bival ent
Cl-8 saturated or unsaturated, straight or branched, hydrocarbon chain,
wher ei n owe,20tom3sser three nmethyl ene units of L are optipamaiskyiomsty3s
i ndependent |y replaced by cycl opropylene, -NR-, -N(RC(O-, -C(ONR) -
-N(R) S®2-, -S®2N(R)-, -0, -C(O-, -O0C(O-, -C(OO, -S, -SO, -S-
-C(=5)-, -C(=NR)-, -N=N-, or -C(=N2)-; Y is hydrogen, Cl-6 aliphatic
optionally sub titut h ox hal ogen, ,_or or 3- 10 nmenber ed
nonocyclic or ?WB?‘%\%O“ ﬁ&%{@é&on%ﬁa‘gisﬂaf&s%aﬁw@%%r Oaféli‘e S ring
havi ng O- ﬁ het eroat ons independently selected from nitrogen, oxygen, or
sul fur, Y®wherein said ring is substituted with 1-4 Re groups; and each
Re is |ndependﬁntly selefted from-Q % 0xo0, . N2, hal ogen, CN, a suitable
| eavi ng gt oup, thfupRoEIoylder hiasiaaarsaier ot tbawézpwl%@?@.twﬂe&alwﬁnvww
hal ogen, or CN, wherein: Qis a covalent bond or a bivalent Cil-
saturatedogPeﬂHQQTﬂFﬁF@ﬁ strai ght or branched, hydrocarbon chain, wherein
one or two nethylene uni ts of are optlonaIIy and i ndependently replaced
by -N(R)-, - S-ahalgis formed @) the gr por@ser@)a SO, or -S®@-, -N(R) C(O)-
C(O)N(R) -N(R)SCJZ or -SO 2N(R) and Z is hydrogen or Cl-6 allphatlc
optional |y sulfshstener exengsthroeshihe hele @gﬂelnto eNggBemet VA thigeat i prigvanidhen,
hal ogen, CN, |ower alkyl, or lower haloalkyl; Gis CH or N, Wis -NR2-,
-S-, or -@afﬁmwt%tlﬂﬁwdﬂmg@nuwe@pmﬂ@ngﬂ |y substituted Cl- ali phatic, or: R2
and a substituent on Ring A are taken together with their intervening atons
to forma 4-6 nenbered saturated ring; mis 0-4;each Rx is independently
selected from-R, halogen, -OR -CN, -NO 2, -S2R, -SOR, -C(OR, -CO2R
- C( O) N( R) 5.2The- el @R, asseR(¥ Q)rbdiihg to NRBORRyheaain thilhBder2songrisesRx and R1 ar e
taken together with their intervening atons to forma 5-7 nenbered
sat ur at ed, paradisd hayingrasattal apedng therethropgh;randg havi ng 0- 3 het er oat ons
i ndependently sel ected from nitrogen, oxygen, or sulfur, wherein said ring
i S substitut edwhdrdih tie flappdrésslvealbugecaaditoGhadigh Buppiniand elpein aesigknersel ect ed
from oxo, halogen, CN, or Cl-6 aliphatic; and each R group is independently’
hydr ogen or an optionally substituted group selected from Cl-6 aliphatic,
phenyl, a 4-7 nenbered heterocylic ring having 1-2 heteroatons

i ndependeat Tle @Rtieedachsidhly Mcbida@as clabXydakrei®r sul fur, or a 5-6 nenbered
nonocyclic heteroaryl ring having 1-4 heteroatoms independently selected

from ni trogen, the¥pfedin oW pattafdias alselQddherMlGREsHsMHdt O one aspect, the
present invention provides a conpound of formula Il-a or Il-b: Il-a ll-b or

a phar maceut i cé beat %@%@ctalakenaﬁdhreaamﬁe@éum IR Blefhabedad@f Ring AW R,
G Ry, Rx and mare as defined above for fornula Il and as descri bed
herein. [0045] In certain enbodi nents, the present invention provides a
conmpound of forrmula Il-b where in said conpound is other than

N6- mt ol yk - %&e&l@%ﬂz%%ﬂﬂlﬂé&@rd% 85 i By qﬁ}erﬁ[("gm%] In certain enbodi nents,

the present invention provides a rrpound’ ormula Il-a wherein said

compound s ot{efdaR phMadedn L ARRDEIY bnh il REATREAACAYh) BYLiJTL di ne- 4, 6-

di am ne,

N-(3-(6-(3-(t (rjfhé Lelapﬂa%%%méa%p&ﬂ By %ﬂtﬂ% Eié(&ﬁs%ﬂh '?efcﬁfg%k@tﬁ?le@pa)nahenyl ) cyclopro

panecar boxam

N-(3-(6-(3-bro 0 i onam de, M- (3-
am nophenyl ) - @Qﬁg%&g@%&gy e%ps%e%na?%%%nées t)a%%leyw R ﬂg%yl )-N

- et hyl - Oﬁ!}alenyl pyri m di ne- 4,6-diam ne. [0047] As defined generally
above, th% g A group of forrrul ae | and Il is an optionally substituted
group sel ected from phenyl, an 8-10 nenbered bicyclic partially unsaturated
or arylring, a 5-6 menber ed nonocycl i ¢ het eroaryl ring having 1-4

het er oat o n entI elected fromn en, en, or sulfur, or an
8- 10 rrenbgsghe% @YéarYecaS BLY gegpisingtp lg! MIJW& fo‘Bp roatoms i ndependent | y
selected fromnitr or sujfur. In certaln enbodi nents, Ring A

i s an optional?3ft gﬁg ést{éf% ‘B%W?esb{”%ﬁﬁumlaw fogmhe SRR S ﬁ‘é‘ﬂ?‘g Ring Ais
an optionally substituted naphthyl ring or a bicyclic 8-10 nenbered
heteraryl ring having 1-4 heteroatons independently selected fromnitrogen,
oxygen, or sulfur. In sone enbodi nents, Ring Ais an optionally substituted
di phenyl ether. In sone enbodinments, Ring Ais an optionally substituted
phenyl benzyl ether. In other enbodinents, Ring Ais an optionally
substituted pyridi ne nethoxy phenyl gro@p. [0048] In certain enbodi nents,
the RRng A group of fornulae I and Il is substituted as defined herein. In
sonme enbodi ments, Ring Ais substituted with one, two, or three groups

i ndependently sel ected from hal ogen, R, or -(CH 2)o 40R, or -0(CH 2)o0-4R
mhereln each R |s as deflned her ei n. Exenplary substltuents on Rlng A

L, N~ N7



UIlll 1I'VFLOAI NE FLAPPER VALVE Cross-Reference to Rel ated Application This
application clains priority to U. S. provisional application Serial No.

61/ 170, 9IwQ 2bidess8stpri | 20, 2009. Field of the Inventi orCT/Hs2&GI0i08Ma8Nt | ON
relates in general to a flowline check valves, and particularly a fl apper
valve for use in oilfield service operations. Background of the Invention:
Check val ves are commonly used in well hydraulic fracturing operations.
Large punps are connected.b |low lines to,a well for pupping a.l.igquid such
as water into at%ag%\lf\aélsﬁcu%eﬁ t%%&h‘r?ﬂ\g%?stg? BECP Hor A £OREcts ﬁ%ﬂgg?rtqﬂ rtgr Het i on.
Vari ous CE{@ k val ves 3{% C@ulpl ed into the flow lines to prevent back flow
to the pu o WPP:O SCHERK val ve has a body with upstream and downstream
fl ow passages separated by a central cavity. A valve seat is pressed with
an interference fit into the downstream fl ow passage. A flapper assenbly is

inserted fhrough an access. bore in the body fqr engaging the val ve seat.
Wi | e thi é ?@"p@e&‘? valyrease greorigIade clzioe f’,‘%}fr%’i“gh flow rate through the
check valve may tend to cause the seat to. dislodge fromthe flow passage.
O her i npr overfffv@isizam %{&%%fstb%@?l}fﬁpéﬁrgeéﬁ@ﬁle% thap ap ppstiprm gide RE the iseabper
assenbly. Summary The fl apper val ve assenbly has a body wi th upstream and
downst r eafistiningd thnge hydag agpsirerncigcipg shouldslthatis spagedaikera 48 upteam ssell@fids i nt o
t he cavitéﬁtransverse to the fl ow passages. The valve seat is secured by a
t hr eaded F&H@@hﬁﬁﬁmin t he upstream fl ow passage, rather than by press
fitting. A holder for a flapper is supported on a support shoulder in the
access bore. The flapper is pivotally nounted to the hol der and extends
into the cavity. An anti-rotation device prevents rotation of the holder in
t he acces$0-bdrcasckvalve psseipblyf compeidingnbodi ment, the anti-rotation device
conprises a straight edge portion fornmed in the access bore bel ow t he

shoul der. The dlgidydrvihgs centdb@eityintgyseciep byupdtream shd dovgistresa ewport i on t hat
engages the straight edge portion in the access bore. The support shoul der
has a wi dpassages; thedipvaprssaget vy ingeatmmontflve preteaxied enbodi nent. A fastener
extends through a hole in the wider portion of the support shoulder into
engagenment wi tthe tipstrese v wipasspgehawing arsot dtintemalahrebdiendpeait theRagifyemahl y, t he
seat has an upstream side that abuts and is sealed to a downstream faci ng
shoul der dewishreanu feingehonida spagemiffont the indaakl thrddde; seat” may have an external
flange on its downstream side. In the preferred enbodi nent, the flange has
an upstream f aciedithasingubsdeamtdiatowssusna cides, b caadsrifieshdraémdupmll of the
cavity by a gap. The fastener may be a set screw that engages the rim of

the fl angeircubiféredceBadiag b BtiopBxtérhaltth@adsrtivtenass theiigerhel trehds iRt @pbticamal Vi ew
of a flapper valve constructed in accordance with this invention. Figure 2

I's a sect fowphss¥deCie Apstichn sh{é%y&@fseettla_snrﬁﬁ%aﬂ@%wﬁé%e\éﬁ fRinghsh@yig, 1, with the
conponents renoved. Figure 3 is a sectional view of the body of the flapper

val ve taken al gi@cdsbBork iilﬂése%tin% e @hvifyl B h&eds bofd IR aft abRs@bdrORivingw of a
hol der for the flapper valve of Figure 1. Figure 5 is a sectional view of

the hol defs Rfpehdi@Hir%0 the flodKRRsa8t 2Ag the line 5- -5 of Figure 4. Figure 6 is
a bottomview of the holder of "Figure 4. Figure 7 is a side el evational

view, as seen afsruQH&rE Qﬁufdi%x?{f}}méj i he Rbesh g«?re tgﬁde ﬂ?l?‘lggkngdgtﬂ% \gjué)%o? E‘}._DI%WGF 8is a

perspective view, partia secti oned, er va 0 gure 1.

Det ai | ed AW t | an. ri El.aur | apper val ve
11 hasa Dod et AR g o 6L Aty kO bite iBREa ey WBE T
is nornal : IL.Nto.a flowine that will have flowin a single
directi on%éé\?\i%?)?f}e\’ig@?@?%%t?he upstreamend 15 toward the downstreamend 17.

In this exanpl EIehoén %&sgﬁefyig 1%{:')dtpél' a?cc@s%%oreexghgE%nla%rsl{e%rggﬁsgcn\%i%a]creﬁxggl: q\;/?len?l a

collar of a conv i"onal” coupl'i ng unroh. mat i ng

configuration of.the coupling upion. However downstr.eam an stream ends
o 1o gl el Bl B B BBHEE of D Rk OB A A RS e
union typg coupli.ngs coul.d be utiljzed, such as clanps. Body 13 has an

upst ream Passa e“iggg,ul)%o egﬁ’flaﬁalsug%ﬁ@?‘%g?r’chanber 21, and a downstream
passage 19. Upst.re assage .23 and downstream passage 19 are coaxial al ong
a fIOM/passagéﬁ%Qgiggg%FmAﬁggﬂéﬁss bore 25 is forned in body 13 for access
to central chamber 21. Access bore 25 is located on an axis 26 that is
preferably perpendicular to and intersects fl ow passage axis 24. An
upstreamwal | or shoulder 27 is |located at an intersection between the
upstream end of central chanber 2 1 and9upstream passage 23. This shoul der,
referred to herein asjunction shoulder 27, is in a plane perpendicular to

axis 24. Upstream passage 23 has a counterbore that begins at junction
shoul der 27 and extends upstream a sel ected di stance,



term nating at a counterbore shoul der 29. Counterbore shoulder 29 is also
in a plane perpendicular to axis 24 and faces downstream A set of threads
31 is forweadoion2sgsst r eam passage 23 between junction shealraseo1d/ns3essl
counterbore shoul der 29. Preferably, threads 3 1 begin at junction shoul der
27 and term nate before reaching counterbore shoul der 29. Access bore 25

al so has a set of internal threads 33. Threads 33 are adapted to receive a
cap 35, shown by dotted |ines in Figyre 1, ich forns a seal w thin access
bore 25, A actoet e S adeothtat g scoidel BRER AV TEERI thr eads
33. Acces&@?ore shoul der 37 is annul ar but has a greater radial dinension
or width alifyad o access bore axis 26 on its upstream side, defining a

| edge 39. The radial dinmension of |edge 39 is the radial distance along a
radial |ine frotapasirvosglyseened Rahelipgaploak ogrhehaldes 8y ppineandsocaigd ithieend 40
of | edge 39. End 40 of |edge 39, which is also shown in Figure 3, is a
strai ght eayie foreeqyemant;bstveeep pmprenpesidehidaiesed pesitiandilpckingdlogdhepugly 24,
Ledge end 40 could be other than straight, however. A hole 41, preferably

t hr eaded, thegrifiecefiteeisedl t hi n | edge 39 and ext ends downward into centra
chanber 21. Referring also to Figure 4, a holder 43 is supported on access
bore shoul der 37 and | edge 39. Holder 43 is flat disk having a | arge
central opening 44. In this exanple, holder 43 has a horse shoe shape, with
two downsit.cHm dbadsvalis asseatblykstondimgdo gaim U) whaeindheantiotatinndeviespeni ng 44;
however ends 45 could be elimnated to make hol der 43 conpletely annul ar,

i f desirecompsseshown in Figure 5, holder 43 has a depending lip 47 that
extends along its periphery. Lip 47 has a portion that has approxi mately
~the sane radi ad stohighe edpe@rteadinadoessmrd ol tshxmppateshoBlder; el at i ve t o access
bore axis 26. As shown in Figure 6, lip 47 has a greater radial dinension
or thickness oflip &gendiptdodamasi feten thedbldem tiehiphating a saalplalpodioneirsi on of ;

| edge 39. Lip 47 has a straight edge portion 48 that matches and contacts
axi s bor erdgpheid Wil Slelsthightedgsgasfos sricatatiddof bRsldérwifhl thsdeacont act with each
ot her straight edge portions 40, 48 serve as an anti-rotation device to
prevent rotation of holder 43. As shown also in Figures 6 and 7, hol der 43
has two spaced-apart hinge blocks 49 on its |ower side. Hi nge blocks 49 are

| ocat ed af)t g dhesit VAR BsSnfily &coldplgdetlatd1@Rdheri® Spaced apart from each
ot her by inner opening 44. Each hinge block 49 has a hole 5 1 extending

through it. AsygR@Martishourded ¥kiBndR coRfbushParbud the inferRiiMhRErdkné desong. The
center points of holes 51 coincide with each other. Referring to Figure 1,

a seat 53b9@§“gﬁﬁgéﬁgég@E“ﬁﬁgﬁh@é?&g@%ﬁﬁ&g9ge internal threads 3 1 of

upst ream passag er than locating exterior threads 54 directly on

seat 53, ot hergﬁgg&@gﬂ%ﬂmﬂ&e&ﬂwg@%éma@ohﬁmwd&he SHCRaPRnRFOYi Ny a

separate threa talner ring. Seat as an orifice or seat” passage 55

t hat eXteﬁ9§MB?&QHQQWE§{%ngﬁ§pge 55 is coaxial with and the sanme di aneter

as flow ine passages 9. Seat 53 has a circular seal 57 on its

upstream end t hat S inst _counterbore shoul der 29.

Al ternately, aag%lg?sbfg}rnzeﬁiﬁg%ae %?%%ﬁ%qg g%%%’ ag t he upstream end of seat 55

i n engagenent w.th an._un eaded portion. of [ e be

f easi bl e. Seatg%ﬁgH%§X§H&QXFE?ng?%P%gﬁggmﬁﬁg%%%%?gag%ﬁﬁg%ﬁgﬁﬁggﬁgﬁ hat has
a greater %g er d{ netgﬁ ghan gts t hreads 54. The outer dianmeter of flange
59 is appf 'ﬁ@ﬂEaﬁhﬁw ig MFHPSUCARASTA8 e i amet er of central chanber 2 1
at the upstreamend of central chanber 21. Flange 59 has an upstream facing
side that is spaced fromjunction shoulder 27 by a gap. A set screw 6 1
extends through hole 5 1 a en es the ter dianmeter of flange 59 to
prevent sgat %g%CIFPIBWIY%%%@%q%@’Cg%%%tPﬁraé’ég@ V&ffe“f—'éeferri ng still to Figure
1, a flapper 63 may have, a gasket 65 on its upstream side for engaging the
downst r eam si deegpsteamysidsHf fhs sgatdase Lrger diapele a@&@&bWP%W?@éﬁ?P %echanber 2
1 into upstream passage 23. Flapper 63.is pivotally connected to hol der 43
by a cl eviseataielipgapgfiaagehyvinggn ppsisanp daing HREdL ki) spa aGIPSEEATy pet ween
the two hinge blocks 49 (Figure 6). Clevis 67 has cylindrical holes 69 that
al i gn wit AvaRiohghe cBYIBCh o%Pong hol es 5 1(Figure 6). A single pin 7 1 extends
t hrough holes 69 and 5 1 to pivotally secure flapper 63 to hol der 43.
Figure 8 illustrates one of the arnms of clevis 67 and pin 71. Flapper valve
11 is assenbled by securing seat 53 to threads 31. Set screw 6 1 will be
secured agai nst seat flange 59. Clevis 80-is pinned to holder 43, and then
the assenbly of flapper 63 and holder 43 is inserted into access bore 25.
Hol der 43 will self-align itself because its hinge blocks 49 will abut end
40 of ledge 39 as well as |lip straight edge portion 48. The engagenent of
the hinge blocks 49 and |lip straight edge portion 48 with | edge end 40

oy . .= e ~ Y o o ~ - o ~ -



those skilled in the art that it is not so limted but is susceptible to
various changes w thout departing fromthe scope of the invention.d ains:
1. A checkowvalove3sssssenbly, conprising: a body having a eemtusadiomawig y

i ntersected by upstream and downstream fl ow passages, the fl ow passages
havi ng a common fl ow passage axis; a seat having a central orifice

t heret hrough and secured by a threaded engagenent into the upstreamfl ow
passage; an access bore intersecting the cavity, the access bore having an
access bore axis that is transverse to the flow passage axis; a support
shoul der forped in the access bore; a holder insertable intg the access
bore, t he{‘ho Eheae ﬁ&?%%@ggztaowgé@s ihpifn @r .wperaﬁna{*mﬂfrﬁt@ﬂa%@%@ bore and

| anded on t he, support shoul der; and a flapper pivotally secured to the

hol der antP™M¥E&ted in the cavity for novenent between an open position and
a closed position blocking flow through the orifice of the seat. 2. The
check val ve asas%rmhyedgeéﬁﬁmnmgdquda‘gw the suppartBpuldendid si ng: an
anti-rotation device having one portion_on the hol der and one portion on
the support shufigrejethe hings bgﬁi(ieﬂgaﬁﬁsdbﬁ’ grrighéeds€e preventing rotation of the
hol der. 3. The check val ve assenbly according to claim1, further
conprising: a straight edge extending toward the cavity fromthe support
shoul der; and a |ip extending fromthe holder, the Iip having a straight
portion t hatTheahick vatvs agiemiylit dveording &0 ¢jtim Kl futhericompiisingheck val ve assenbly
according to claim1, wherein:the support shoul der extends continuously
around an i nnexsetloftheadsrfomfiedtih theaccasborbaroae thelsepmuisborlterstioiul der has a
greater width portion in one area than remaining portions of the support
shoul der; a hdd epitlat feors b the thréads grtbadeeess\worttand pouts amuppeasidk & theast ener
extends through the hole and into engagenment with the seat to prevent the
seat fr onhsldérad retain thicthbidar drhtie syppoit glandeassage. 5. The check val ve assenbly
according to claim1l1, wherein the hol der conprises: a disk having a central
openi ng therethrough; and wherein the flapper is pivotally secured to the
disk by a pin and clevis arrangenent. 6. The check val ve assenbly accordi ng

to claim i MmhpsRivalve hitembsidn@adingl ow passage has a set of internal
threads; and the seat has a set of external threads that secure to the

internal threaggodyhavihfe c&h@p&vwlﬁt@ssa&awhhma%ﬁa dowhgstredn Glowi M 1,

wherein: the upstream passage has a counterbore that defines a downstream
faci ng Shﬁé&ls%%&?thetﬂ&ﬁv SRMeed R ik AR A BveRdsabBatis;abut s t he downstream
faci ng shoul der; and a seal is |ocated between the upstream end of the seat

and the downsteamnkanindd pRAp fRing Set JhifembBRficad@l ve assenbly according
to claim1, further conprising: a set of threads forned in the access bore

outward from t g, SRRy ru%»st?e‘aﬁ’\ HBbwAsteaR sfdat c%&ll‘f)ﬁﬁcettﬁ’er&thﬁ)u%mrtﬁ@ds in the
access bore and contacts the holder to retain the hol der on The support

shoul der . u Str.eén%id% Q%ﬁtlﬁf gﬁ%x‘ﬁ?ﬁﬂé§@s ét\én%%g g{eqﬁt&%aftﬂreﬁésaih mel:pstmgﬁév@: a
downstream side of the seat has a larg Ianeter than an upstream side of
t he seat, i_nj L r cing shoulder that is
spaced fr8%%%%’%@g?%é%h?&g?ﬁgg¥hﬁﬁ@§§§§ﬁ$%(%@ﬂ%£%ap_ 10. A check val ve
assempl y, co PId 2 bord i Q?I‘(Sjbyctilhlgﬁ'lle régvig/, ﬁI[% Quticre?ﬁl bor@dving dnHk &S 6 ggs %t
upstream and downs 7 éam- 1 OW passages, the OM/pasé%gesE%aV|ng a common
fIOM/passaqg astd Hh@hafstrean1fLQW passage having a set of interna

t hr eads a81§8§HW”EWé° { c?@”ﬁﬁgegm&ommstrean1facing shoul der upstream from
the internal threads;, a, seat having upstream and.downstream.si des, a
contral Cor i cEOPRE SMET Brme LR AR SRR PR AR L8R B bt er pa

t hreads t hat ggggge the internal threads in thg upstream fl ow passage, the
upst r eam $PH¥ Prated UL PIART YRGB ARRATSTSS ¥ Sti ng shoul der: an

access bore intersecting. the cayity, .the acces re having an access bore
axis that is pé @ﬁ%ﬁeé‘iﬁgﬁ}lgf ° ﬁéa’ﬂedwq‘ﬁé%@’é’&éﬁ%lﬁ&% ;mt%e%%fﬁ%B‘?”tt WIRAA der
formed in the access bore and facing upward, the support shoul der extending
at | east pAaRgessherseitiepiKent Msspatdiosi#steiPhof t he access bore adj acent a
junction of the access bore with the cavity; a holder insertable into the
access bore, the holder being a disk with a central opening in

communi cation with the cavity, the holder extending at |east partially
around the access bore and bei ng supported on the support shoul der; a hinge
bl ock on the hol der;an anti-rotation device in the access bore and on the
hol der that prevents rotation of the holltter; and a fl apper pivotally
secured to the hinge block on the holder by a pin and | ocated in the



cavity for novenent between an open position and a closed position bl ocking
flow through the orifice of the seat. 11. The check val ve assenbly

accor di ngvoaooli2assp 10, wherein the anti-rotation devi cePCOMsLII9A31738

strai ght edge extendi ng downward fromthe support shoulder; and a lip
extendi ng downward fromthe holder, the lip having a straight portion that
registers with the straight edge to assure orientation of the holder with
the seat. 12. The check val ve assenbl ccording to,claim10, wherein: the
support shoul d&t° @Ht@ﬁ&ﬁ%ﬁﬁbﬁf&%@ 0 ea&%ﬁﬂﬂertmg‘giarﬂﬁsg‘r“"m GF8trdOPERiINg he
access bore in a plane perpendicular tq the access bore axis; the support
shoul der H&&olderheng suppagicd Ph thssPRRogshaidfie t he seat than remmini ng portions
of the support shoulder; a hole is forned in the greater width portion; and
a fastener extdffag onphipgghlogihen theheldgid i nto engagement with the seat to
prevent the seat fromrotating within the upstream passage. 13. The check
val ve assenbl y2 Sidieht efga gortion extgndingidpwnyaed &om .thetsnﬁpmrt;ﬁéwlg%rrwé pemaget t he
seat has a |l arger dianeter than the downstream side of the seat, defining a
fl ange haby thg haldentp praveriretpien ofgheshodderdad t hat is spaced from an upstream
wal | of the cavity by a gap.14. The check val ve assenbly according to claim
10, wher ei n t teeflapper pivasalbtseonediovheas leastimpe hings blogk en thaihglder aadgeirerndndi ng
downward fromthe support shoul der; and wherein the hinge bl ock engages the
strai ght bdged inthe caVie far meykmentibeiaveas sreesh posidaoandiarsdpsedpasitminiplaeBing f ur t her
conprising: a set of threads forned in the access bore above the support
shoul der ; flawmdhreughahe orfifie ofeseats to t he threads in the access bore and
abuts an upper side of the holder to retain the holder on the support

shoul der. 16. A check val ve assenbly, conprising: a body having a central
cavity intersected by upstream and downstream fl ow passages, the flow
passages MhavTheghackcwimeeksseidbbvacpadhgaeciai 5, whleinupst r eam f | ow passage
having a set of internal threads; a seat having upstream and downstream
sides, a @Rt leadt ofd hihiCHodk @ikt Opdihof hirge bltpRd spacsdapartifom caé othdr. ext er nal
threads that engage the internal threads in the upstreamfl ow passage, and
an external flange on the upstream side of the seat; an access bore
intersecting the cavity, the access bore having an access bore axis that is

per pendi cy} athd hedih@iel LWnIBASHRGAiN%b Slainf] 63 HABRIH the helérdas a EifiFR@tiar ound an
i nner dianeter of the access bore, facing upward, and |located in a plane

per pendi cylifalll O tHa8LAE LS RoBOEReaxi S; a fastener extending through a hole
in the support”shoul der into engagenment with the flange of the seat to
prevent the seat fromrotation;a holder insertable into the access bore,

t he hol der being a disk with a central opening, the hol der being supported

on the suppogfe &@%a@@erazésoe\?{n{%}%%&?irn %@cﬁgf'n{‘%? ik Rfh ﬁanf%%a?éﬂ lgﬁfréama strai ght

edge portion extendl ng the support shoulder and engaged by

t he hol de i wgqﬂ% fl apper pivotally
secured t%w?%gﬁéﬁ&%@%g%?%ﬁéaﬁﬂg%%m@ﬁ%@&ﬁg%%%ﬁ 0 %@f and a pin, and

| ocated in the cavity for novenent between an open position and a cl osed
position blocking flow through the orifice of the seat. 17. The check val ve
assenbly cording to claiml6 r.ein; g ne. hin | ock
conprise ngg%?d%%(ﬁﬁﬁﬁgs th%§°%%légab%$2¢§”$%%H$§§@ﬁaa ﬁgpygﬁ%go he check
val ve ass nblg aﬁcordingnio ﬁ%ai%116, wherein the hol der has a

conf i gur at1°SH“GEREF STPRES PR HE S&Hape of a horse shoe. 19. The check val ve
assenbly according to claim 16, wherein the flange has an upstream facing
shoul der spaced from an upstreamwall of the cavity by a gap. 20. The check
val ve assenbly according to claim 16, wherein the holder is renovable from
the access bore separate fromthe seat.
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