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[0 SQ] Evidence for the role of Btk in allergic disorders and/or autoimmune

disease and/or inflammatory disease has been established in Btk-deficient mouse

models. For example, in standard murine preclinical models of systemic lupus

erythematosus (SLE), Btk deficiency has been shown to result in a marked

amelioration of disease progression. Moreover, Btk deficient mice can also be

resistant to developing collagen-induced arthritis and can be less susceptible to

Staphylococcus-induced arthritis.

[0006] A large body of evidence supports the role of B-cells and the humoral

immune system in the pathogenesis of autoimmune and/or inflammatory diseases.
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(Formula I)

and pharmaceutically acceptable salts, solvates, and mixtures thereof, wherein

X is chosen from N and CRZ;

Y is chosen from N and CR3’;

Z.1is chosen from N and CR3; provided that only one of X, Y and Z is N at a time;
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R? is chosen from H, CHs, F, C1, CN, OCH3, OH and CFj;
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R4 is RS \ -RER7T i(cH2)nPK \N-R8 RO (CH2)n mis
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chosen fromH and C1-G5 al kyl, wherein said alkyl is
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and cyclic ring having 0-1 additional N, S or O, wherein the optional additional
ring nitrogen is optionally substituted with C;-Cs alkyl and said cyclic ring is
optionally substituted with OH;

R’ is chosen from H, C;-Cs alkyl, and C;-Cg cycloalkyl, wherein said alkyl is
optionally substituted with one or more substituents chosen from OH and
O(C;-Cy4 alkyl); or R®and R7 are optionally taken together with the —
N(R)C(R’)(CH,),C(=0)N(R®)- group through the respective nitrogen atoms
to which they are directly attached to form a 6-membered cyclic ring;

R® is chosen from H and C;-Cg alkyl, wherein said alkyl is optionally substituted with
one or more substituents chosen from OH, F, and OCHjs; or R’ and R® are
optionally taken together with the nitrogen atom to which they are attached to
form a 4- to 6-membered cyclic ring having 0-1 additional N, S or O, wherein
the optional additional ring nitrogen is optionally substituted with C;-C; alkyl
and said cyclic ring is optionally substituted with OH;

R’ is chosen from H and CHs;;

R'%is chosen from OH, H and C;-C; alkyl optionally substituted with N(Rg)z;
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a conpoun one O
of Btk activity, the method comprising providing a packaged pharmaceutical

preparation described herein wherein the instructions additionally include
contraindication and adverse reaction information pertaining to the packaged
pharmaceutical composition.

[0016] Provided is a method for inhibiting ATP hydrolysis, the method
comprising contacting cells expressing Btk with a compound of any one of Formulae
[-IX in an amount sufficient to detectably decrease the level of ATP hydrolysis in
vitro.

[0017] Provided is a method for determining the presence of Btk in a sample,

comprising contacting the sample with a compound of any one of Formulae I-IX
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[0022] As used herein, “modulation” refers to a change in kinase activity as a
direct or indirect response to the presence of compounds described herein, relative to
the activity of the kinase in the absence of the compound. The change may be an
increase in activity or a decrease in activity, and may be due to the direct interaction

of the compound with the kinase, or due to the interaction of the compound with one

or more other factors that in turn affect kinase activity. For example, the presence of
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or indirectly) another factor to increase or decrease

t he kinase activity, or by (directly or indirectly)
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[0025] “Pharmaceutically acceptable salts” include, but are not limited to salts
with inorganic acids, such as hydrochlorate, phosphate, diphosphate, hydrobromate,
sulfate, sulfinate, nitrate, and like salts; as well as salts with an organic acid, such as
malate, maleate, fumarate, tartrate, succinate, citrate, acetate, lactate,
methanesulfonate, p-toluenesulfonate, 2-hydroxyethylsulfonate, benzoate, salicylate,
stearate, and alkanoate such as acetate, HOOC-(CH,),-COOH where n is 0-4, and like

salts. Similarly, pharmaceutically acceptable cations include, but are not limited to



stearate, and al kanoate such as acetate,
HOOC- (CH2) " - 000H where n is 0-4, and like salts.
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fréer 18 LS o‘tﬁ‘ﬂn@djﬁi}? bds b g%l dotutRAok 'tlﬁ:lﬂc?cf LY, @orrrlgerselg if the

pharmaceuti cal ly "acce addition salt
prpdwd iscetedlyasdi amsolduiongalt heirtiquée] yoagtermaceatisallyt b pgable

i t t ti .
ot eft mE e PRnEE b e s B PRt P or
soPfe@Pa{d tRahtiag kit RAUMichivith SAAGSE ih LB RASE W RBRNESal

Those skilled in the art will recognize various

pr@gﬂdvrrétforcprﬁmrm&éldo@dé@nwhm frmybasfécm@umﬂ@ Phesgakidled in
th? 8132\%1? r%g g E?a rezgna Cl%l’éslftllt%atbcr %18%080 '8t s th ]t ran%? Ib% Iu?ehnd £ %ltretﬁ)are
nocoRER phﬁrrﬁiteutm’aﬁ§a6¢eptdb[b\/ﬁditm saft@r exanpl e est er or

am de derivati ves of the conpounds_ of any

[082FIul ae 4s noted Fhpyet RiOAULH Fﬂé@l falbgithinthe EF(SP@% Oéﬂv present
1n'€_éo)[ fi{ig§?ﬁl$lxte v\ﬁgfe&o ide 89 Nggéf tﬂg cS¥o s o?fm one

en a mnls ered to a patlen
Farpmine [Xt dholdrn ‘pr@h&@§ limdude ahjneomp@d]dmgqatmﬁm es of

pr odruygs. i ncl ud bu not imted to, acetat
compAonat ot aé‘ﬁéPnB@EE %%Wﬁﬁ%a FSREEd (psspagient, eg ‘upon

mEdHALd ﬁB@éstg eH R pr&cFng hEQ&nﬁlEé?QMbdﬁgs ﬁféld@i% U QPO
In the conpounds of any one of Fornulde I-1X [0028]

limhe toeagetdts dbmatte and b mrostetandtlifve dehertiveabf fmnttianal groups

fornme the . interaction of a ent and._a
et s BiRbSh il il o i onf B Eyee 11X,
[0628iept abl BheStohy 8édvate’ Sléfds RSO YAt A%ntity Yol HEl FPthe

nmonohydr ates and hem -hydrates. [0029] The term

integgedipR OB S@léﬂéragd peompeuicherit@hle selvafes pref phapmacesiicallye
acgg Qa‘ti érs1 ét? sutgl hyg rregs;'lg d Jd?nrgamgﬁohlydrc?tes natheltnwﬁxérg{es

[0029)30] Tl’TEhet tefnit Qe Tefkad @nthe clipkadentifyefoaned bypthehe
chem cal entlty formed by the interaction of a
coeBhpRignP! aramaRBRhier %ﬁab@maétw@réﬁm@ap%m aPeh 2 pskgion

1né§d@@ ++ qlﬁrl\;f?d bet ween t he conpound and the nol ecul e.
or exanpl e,“conpl exation can occur through van der

[0UB@AI| s i ntBreaetnn Oms- chV)ahhnOg@nplbx)’ hrélfeng to tandhemical entity formed
bybtgectrostatlc |nter3%4 ed. i oni c di

R a5ty GuepPpred it FHotey el BBHAN gpaleat hagdds no
fof RETDQfcASBOCbRbLAY Qﬁtt}ﬂ\@%le@ﬁle. For example, complexation can
occur through van der Waals interactions, hydrogen bonding, and electrostatic
interactions (also called ionic bonding).
[0031] The term "hydrogen bond" refers to a form of association between an
electronegative atom (also known as a hydrogen bond acceptor) and a hydrogen atom
attached to a second, relatively electronegative atom (also known as a hydrogen bond
donor). Suitable hydrogen bond donor and acceptors are well understood in

medicinal chemistry (G. C. Pimentel and A. L. McClellan, The Hydrogen Bond,



el ectronegati ve atom (al so known as a hydrogen bond
acceptor) and a hydrogen atom attached to a second,
WO 2000039321y el ectronegati ve atom (al so known aBCHUS2008/077054
hydrogen bond donor). Suitable hydrogen bond donor
and acceptors are well understood in nedicinal
chemstry (G C Pinentel and A L. Mcdellan, The
Freprdin Gan FBowkdco, IQ6UYR 2ZDGAr(ia8 89 KeRadd | US2RD8¢ 0 B4

Freeman, San Franci sco, 1960; R .Taylor and_O.
Grquiiar 0. OreRya Gy Bg\ﬁaowo?f&wﬁ%sgaaﬁrgkﬂ@é?%ﬁ%@,
(1%@gunts of Chem cal Research, 17, pp. 320-326

(1984)). [0032] The term "active agent"” is used to
[0032]i cat e Ehecthienr ‘adilve epdritt is uakd thindiaste alwhemamgi eslty which has

.activity..In certain enbodinments,.an "active agent” is
biglOgISAEAT D NIVERG™ SHHITR UG AF e Tt §° 3 PP hat e
pRMACHHYL uBBENFoBYarkle 3 adiel xebMNEHF bd HLLAPEIALEC.

0033] The term "therapeutical 'y effective amount" of
therapeisound of this invention neans an anount
ectiv en.adm ni.stgre 0 _a _human.or._naon-h .
O3 e s G0, AGEPE RREF et e BT R R LolBRRL T
inadiloh Afichs oM ambuR\eet Ve wheh advningst@bd tdld B@ASEor non-human
progressi on, or prevention of disease e. ? a )
Patigity oIy ide aithsrarstie benafis sughotsimeliggjiop ot armeirpiintlowing of

‘ e ‘ o ; ;

S AU} BREE RO IR D, O B A AR amoun
meyrtxogh maods sufficidnetoagrerthicthk sympfohsaifiavdiseasenasgonsise tan

. ampunt sufficient to reduce cancer, synptons, .t he .

m@%&e@t{sﬁ%vawe&a 5eBF gapdines a Qvﬁ%ﬁswﬁgfsﬁlaﬁwe amount i

arPInh &Ind b Ffifie R0 d8duce Lhkces YWHRHOAR, @E s ARp@Hs ¥ BBM @isorders, the
and/ or nfl ammat ory di s€ase, or the synptons of an

syapidres oindnl adlengat disyrder dlot syorptorhm osanatoigminowti amdfors a

. Lher apeut,i cal | ffective anpunt is an anmount .

kgL AbERs defs sibuont TRyl sit iy In some

eIBEHUGRERY S tiEeddetititdllydnfeOti @it STt s LESMPboffislefo deErease
stop the growh of a cancerous tunor. In sone

the ppobieas Wetsctablerdapecapesiact e i anyorenifignt dajectabdvislamt of gopthe
grgw s cs’a%ll]::f]:trlo&sl ot sso@l{el er}lll(l%o%ir%?rﬂg,e rtggrﬁpéul{ﬁ?ﬁy eéffpctive
certaln circunstances a patitent sufrerrng trom cancer

ani@nt Qi PERSENIfFiS¥APOGRENIOL chitefv@s afrh@c tigdertdif ciB@tBstances
enbodi nents, a therapeutically effective anount of a

2 RASHPOWHEI B SIRMLENCEHRA BOLIPECSER! SYENREMT Ofhefis &fested. dpsome
1 . r v
S AR e
ann@amk eufSicient tolpeeyeat  eighifeatlinodgse e rignificantly tedssubs. | n
nmet hods described herein for treating all ergi
iy e S Rayegrons SEop NS O SR PRUH IR serum. or

tisdh S8 GR 1R OCriBENEGeinTHl AEIRL AlY¥r i ERSSHORInd/Br
autoimmune and/or inflammatory diseases and/or acute inflammatory reactions, a
therapeutically effective amount may also be an amount sufficient, when administered
to a patient, to detectably slow progression of the disease, or prevent the patient to
whom the compound/chemical entity is given from presenting symptoms of the
allergic disorders and/or autoimmune and/or inflammatory disease, and/or acute
inflammatory response. In certain methods described herein for treating allergic

disorders and/or autoimmune and/or inflammatory diseases and/or acute inflammatory



therapeutically effective anount may al so be an anount

sufficient, when admnistered to a patient, to
wa@li0e088ht y sl ow progressi on of the di sease, oPCPUE0681077054

the patient to whomthe conmpound/ chenical entity is

given from presenting synptons of the allergic

di sorders and/or autoi nmune and/or inflanmatory
reaﬁtma&ethexapdﬁmall;aefmcave ambli@mat dsy/bd asponae suffidgient to

rtr%d:g ne%}?dgs descr bed hegﬁl n for treati ng aller
Pfa UG Adstest cgreastind ‘Frﬁli}ﬂ%“t Gk prptsiRLcE jype in e
pa@’i\s§t@sa1§18§ andrah. REMLEnIgE iR oamRL %Bocﬁm\éﬁs%%&éﬁ%%@%f’y

PCT/ US2008/ 077054 rea tlons a therapeuti cal
ef@bﬁe&:ammmt asnouarhourd pf alcsmp@mdmhemmm nmtlts ldf:fqube@ h¢reino

ete bl e decrease in,t nou of a .
sPRCRHES st R RN RS FE R Fro iR af Rimberd gl iy
soBRS dhiBodiAEntE X HEPd R utid Ny OB RIIRRAINERHnSandunt of a compound of

t her apeuti cal | effective anount is an anount of
anyemp ot HemnaHasd- Buféﬁltenw seimsfegane detiedseithe n@@herr pﬁBeqxﬂls
In anoélﬁlgm f I ant IS méjgl% O l’sn%nttsl?l %&ﬁ%eu;(lcaﬁ/ G%E c?ve am unt IT iln

ano i A sone enbo erapeu

ane@hin@of 4 &’@npé‘lmdnif ah ofo g il ac A X uERU1RA WA decdEase ﬂ{éylevel of
one of Formulae I-1X sufficient to significantly

angie a¢esysoling degep o antikadypo a pptiant’s|hoodnwitn By dé%@é??pflnéa“heﬁla

arfQue enbodi ments a therapeutically effective anount is
an amount of a conpound of any one of Fornulae I-1X
[0034]f i ci eﬁfhettermiémhﬂﬁﬁ;(m”tlhdicdtteyﬁklgmffﬁcaraniei:rease in the baseline

acety receptor anti by Iood
acm%o{ ‘hgl iﬂ%@égfélwa%&%ﬁfs ?“35'3\}% of ?gw lt?fl‘h@ &M
dectedatd *ﬂ'Etk%@twl’t}nﬂ'accﬁﬁf:%@oﬁnéﬂr&@ kdsh&Ratio %ﬁfr@s@ﬁ@e &t ddipound
basel ine acti'vity of a biological activity or

ofpun@ oes sf Forhmihdedli X, oglatofe tBithe antivity iof Btk inghealsene o such

crease, in Btk acti.vit ct,.or, .i ndi ect
cPESHERadhs fecrinse B bbb dode ot it 6 ige ibERliF e o
conoiHd agthl Btk Xor du@'t@tﬁe\'iﬁteﬁa@tlblli‘ 6f afchic¥mb¥uf wih kné br hbe
absence of such Eound The decrease in activity

othefyfa¢iersdias in in hﬁfe@ kaetivifyt dioaexdnapie.che pigsence ofrsund
covn\%}{o%ncl? §n dgcregse%tkgft% l%l#ynchf g%{nﬁnl{got]:) tl”?etuﬁﬁi B%l?%)u%y nd

one or nore urn

(dﬁb&ly&ﬁtlh&irdcﬂy) drotheg Xa001t€ dedrbge Bre s&nGE, &f byt (dectly or
npound may decrease Btk activi t%éby di rectly binding
1nfhéeqﬂbréd®ir¢@smwh%%glﬂm ¢t Belepressat [y the cell qeipreagiimy )

?@t her fI‘ﬁﬁﬁ)‘?thn BIE Qétﬁa?%é@ Kl ot abl@ ﬁnlﬁ%tlon ]pf Eﬂi(

rectly i rect ecreasli ng the anount
acpr g and startdatdlblocleﬂnhlcairasmygfa]nBﬁmactlE/iﬁﬁ 3b¢h dathe WTHH lodraysis

Btk activity also refers to observabl e, i biti of
asggpydes E%eid\hey i 1 sgme PR IeEnST 6 CRBRPRR] © %@@CPEPO@WC I

I)@l@ats'a\/l'lt%/o Vaﬁiéqgssatﬁaﬂ &eeqﬁa—ﬁo Ny ShS In%%ﬁ'@%n@%§ﬁﬁén‘%€g

bel ow. n sone enbodi nents, a COI’TpOUﬂ any one Of
copyonndl abary-one of Formulae [-IX has an ICsq value less than or equal to less
than 25 nanomolar. In some embodiments, a compound of any one of Formulae I-IX
has an ICsp value less than or equal to 5 nanomolar.

[0036] “Inhibition of B-cell activity” refers to a decrease in B-cell activity as a
direct or indirect response to the presence of a compound of any one of Formulae I-

IX, relative to the activity of B-cells in the absence of such compound. The decrease

in activity may be due to the direct interaction of the compound with Btk or with one
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I X has an 1 C50 value less than or equal to 1
m cronolar. In sonme enbodi nents, a conpound of any

W@a@®90893F0r mul ae 1-1X has an |1 C50 val ue | ess tP@mUBS2008/077054
equal to less than 25 nanonolar. In sone enbodi nents,
a conmpound of any one of Forrmulae I-1X has an I C50

val ue |l ess than or equal to 5 nanonolar. [0036]
or'thahioldiet faerorothaBincteld affect Bwdetlyttiviegf.ers to a decrease

0D e prieBbiiss <5t &bt or Sy i one pERGY
C]!a)lg %&re%%nﬂh'a\é@anﬁ%dta@ ﬁﬁ&ﬂ X t'h¥ a&fay @es“cﬁloéc?bélawt ITl?some

ce of such conpou decrease in activity
eummﬁubandwamnquh@OHMUGUE(ﬁﬁben@btl6&h@§MIKéo&dnphmmdmnor

th Btk it 1 09/ 039397
cqppli Bsmis BT o dn 305s <Pl RisiRen coRBs ofapuens A Fapplae
- ARG 18:CRllle 1B&t thi b¥equhOB3ds thanhd. Pintiéromopdr. Br Gophd

activity also refers to observable inhibition of CD86
@qﬂnre@@r: dreompoznd pharyaang cAd'oapulse bhX Ass athl sagalag less than or
10Bed below In sonme enbodi nents, a conpound of

eﬂga ne o?lﬁ%rnulae I-1X has an 1C50 val ue | ess than
[0038] eq ual“B eellltiRitgT gp®indluded fctisofien, eediad bt s@or@amzatmn,
compound of any one of_Fornmul ae I-1'X has an_| C50

OnFaPRIBE PESRE QTHBPIEYRTIRYUR cel BreMbEepReRtans. 5 v P HinlIaG0, and

G o Ra R O AP0, Blgypogoyin.
e. Q,G@Mn da(@rmd agD. YI0&3IBellsBlwalave awhibrateyceptao forchI pmdﬁm
redi stributjo reor gani zati on

|V | On
Ig@ ﬂ%{fﬂafo aﬂ%erapﬂa%ﬂr @t@aay S‘B@PIBX?,SéFIagﬁ%ﬁ%}F%%E B cells also
ca[—v?(iﬁeﬁﬁlﬁﬁ% re@e;gops 6O act%wo?rﬂﬂnerﬁ? bt cclrh;h@mé@c(@ pl en3s,

In particular TLR4), or menbrane-bound
Chdnfidn @lgi GOl Thesg vareug ;rnelng:mnel Igaptm dnd glembktnstboBndel | s

o0 B RO A SR o BBhH BBl 45 '

ca?ﬁﬁé@l%'&:@&jmlltﬂge siBnfl@fahsdRtis® carry menbrane r ecept Or S
or the activated conponents of conplenent, e.g

[003%, ca, Raell @twltyﬂlﬁ@@cl\)@ﬁsut@wﬁ@ﬁ@roané)deu@te@]o@f&ﬂn@bafffias
ormﬁal unonl'*:(‘)bltl)l?]raJ ncIImm un f(l)%g ﬁ;gatl'fle Ig)ﬁﬁhes 8§ bg‘%ﬁbﬁ %rﬁ?ﬁ%ﬁe}g and BXVC

under go redrstri ppi Ng

colntmdsn atwenshigeahres had sEutimbimits[ B3 %nﬁnsgbbulapdlassei y e.,
al so includes the synthesis ortgroduct on

Ig@nlgﬁbéal}%@ -3 d ilghmiFotreBtifed s 1> hﬁ%ﬁw‘éfgﬂ“&lﬁwa}l Héftegprees of
they RE & a]Flg %IR‘Xucﬁﬁhethg a 31113 aci& Eé rhqild héh?%l %tft@%gf}peptlde

struc eat ures an struct uni t
chiammAmagbdibutoi angiedrassigsn niayde detebt@@,m 41y Ay, seveld] clagbs ofand

e SSRGS e o o
infRfhifd cRBUHENEGoANBoLREGE Bu®imhhe ARILYERPHaY@ikewise belong to
one or several classes of immunoglobulins. For example, rheumatoid factors
(antibodies to IgG) are most often recognized as an IgM imnnunoglobulin, but can
also IgG or IgA.

[0040] In addition, B cell activity also is intended to include a series of events
leading to B cell clonal expansion (proliferation) from precursor B lymphocytes and
differentiation into antibody-synthesizing plasma cells which takes place in

conjunction with antigen-binding and with cytokine signals from other cells.
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chain. Antibodies to a given antigen may be detected
in all or several classes of inmmunoglobulins or may
Whe2009834397 cted to a single class or subcl ass 0PCT/US2008/077054
i mmunogl obul i n. Autoanti bodi es or autoi nune
anti bodies may |ikew se belong to one or severa
cl asses of imunogl obulins. For exanple, rheumatoid
[004!1:]t ors (‘hibith@dsfes-celd plioglﬁ)ratﬁmé’ rofesd to afitiibinion @€ poiiferetdon

an | gM i rmnunogl obul i n t can so | gG.or
Of[ porgal %nceélaaﬁuf aﬁcanser@&chs P -ty Og%aBsce lwdégéd

1nBi"31tid?1Cclf lﬂl@ﬁn@i p&l- Hﬁ@as@cﬁ B&¥RA! $he Jte?ﬁd‘ﬁrﬁlgblhgn Br B&lel1
cl onal expansion (proliferation) from precursor B
prbl)lfwm’woytrelscamsdlo ioérEdserogaby agmrﬁlnantrdborease in the number of B-

nt i. bod nt hesi.zi pl as pl ace
ey B AT Rt h G PO B RAPRE S H EHE) PR e
wé&ilg 'B@'aﬁ glgﬁ)ﬂﬁb@ﬂtm@&eﬁﬁ ih $he nulﬁbey\@f BORAL Q393 hirro sample
PCT/ US2008/ 077054 [0041] "Inhibition of B-cel
cogata@tedfvelﬂm i:@npounéfOé eBy piee ofrffirpiutaeddXafs comphictl ép amagrhed
sa le 0 con ctecl?wu% suc osmucoql %S cancerous B-cells, e.g.
F? % B M SR OB o hi bi ti on of nor mal ,

[0042]- di SeaIﬁBQuBmC(ﬁWB 8ell ﬁﬂ@ﬁfdrﬁ[diil aléonfatdat fol cQj’SeIQﬁblB-uﬁﬁlbikion of
proliferation"” indicates no increase or any
B§P1é RTiferaen wecttamaed thymidiae WGpperatign agiay é@l B-gell e| t her

prgfr]fgﬁt]%oéosu%fl al the a!sé’a?/ -dedHRd ?gr EI{] hllntgbfnle%ﬂlb% m%n?se a'compound

fatlonln vIrtro wou e any signitican
ofdmgz beasfeForrmﬂzfeeI Xumdsen 10%, \B-h&:dhstssthamoﬁqualrtovll()tmloromolar In
h.a conp nd of

contacted w
SO#&%O&WHW R CQ?PBBWE; af s o8 Mherelne X 63 lgaw 12559] ¥glue less
th§195‘1t &f’]ﬁ% 15 teha iS40 a R ORB RN N sohRO4KB ol RBID) tdo?fﬂ)oﬁfld of any

B-cell proliferation also refers to observabl
onerphiiFoirhulos I-6X haBarcKlsh vigneless graator equal o 3 setr@n@dmd

m di ne, i pncor par at.i.on .assa B-cell . .
(o Hor ot SRR B0ER TR SRR Tesids K dsmireh bymsrsifipy
to %QﬁBst@rfﬂéQQlﬂ SAH@IgféQfé'ﬁ@MBﬂs inefudd Byzeane alqgrglEthﬁﬁﬂsaﬁ‘

I-1X has an TC50 value | ess than or equal to 10

coyZ@r bwydierar, bropchiglownebgwprie diives) and theg alipgiast angrgther

f.Faormulae |-1X has an 1C50 value | ess than or
m@%g ?‘%nmpess t han 500 nanonol ar. I n sonme enbodi nents,

[0844Jonmpounth sefm&nyferoier diforf@ronihea@spiratoty RaserdRhdieE®rized
val ue | ess than_or equal to 50 nanonvl ar. [0043 An
by igflpgpgiion.grarroyiingfghe aigy axsrad increased react HiyREGhg pigways to

1nﬂé’19@5 QS 'Aétl)[rh% ¥ fr df éqglglgt ngﬁl%%%%t é@lﬁsﬁéﬁfﬁsgcfgﬂf:h i dtopic

conditions 1 nc rcr
(ﬂ@ﬁbymaﬂmnnmnﬁever br onchi al asthna urticaria (hives)

[0?48% 42]0 od P§¥ Jg g%l?aé]ft efslggqag% azlleyr eéqs:{ag)gq, ﬁ@g glé% 1s%pa%1stlcally
sisRERIN & PEnBYShEIMERRIBG LEEhE&R Al significance such as Student’s T-
test, where p < 0.05.

[0046] A “disease responsive to inhibition of Btk activity” is a disease in
which inhibiting Btk kinase provides a therapeutic benefit such as an amelioration of
symptoms, decrease in disease progression, prevention or delay of disease onset, or
inhibition of aberrant activity of certain cell-types (monocytes, osteoclasts, B-cells,
mast cells, myeloid cells, basophils, macrophages, neutrophils, and dendritic cells).

[0047] “Treatment or treating” means any treatment of a disease in a patient,
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by inflammuation, narrow ng of the airways and
i ncreased reactivity of the airways to inhaled
W@ @an3939Ast hma i s frequently, although not exRCTER2008/§77054
associated with atopic or allergic synptons. [0045]
By "significant"” is meant any detectabl e change that
is statistically significant in a standard paranetric
intlagingof statistical significance such as Student's T-
test, where g g 0046] A "di sease responsive to
|nthlt|dWW%U%ﬁt Bf3%ity" is a disease in which
| BT LT NG Bk ok bR g RAOYERBNRNE BRIARGN i BRI itor
such as an |orat| n of synptons, decrease in
di sease pebgriesticaiscagy, thaent cammngrthajegwysmlﬁ ofi¢lsred e
onset, or_inhibition of aberrant activity of certain
cel | -typed™PBbcyt es, osteoclasts, B-cells, mast
[0048] S, nya@iedt &eﬂrl:@entlﬁg’sé) BREAsS mdABE EARMRIRS clinical symptoms
neutrophlls and dendritic cells). [0047] "Treatnen
dhhedm@@cnw@bdﬁwdmg any treatnent of a disease in a
[OB J: Eglt ’ng‘;k%tl%:l\q rb/t<? gr? gr%glﬁf)cs%-c/:huszag r(é)lgl O7a¥ quﬁ has been or will
beahé ebjettd tichendhé \@k@pm or@k p&ifirn&itC Jthe SHMHRIIQ B theaﬂdelrﬁlbn
relieving the disease, that is, causing the
Cafléog rigefy| wrbogh humamherpy agq) NEEBRAEY aprlsatipns: PR &Yeat or
erﬂgo%‘frﬁ@ﬁtg Qﬂe Pﬂleﬂ{ I%%ﬂﬁﬁnglgﬁ% sdrf! G&h Iaﬁts (ftllléolgﬁi%f\"! is human;
i sease 'not to eve
andl?atsoma bfhbodah&ns thopaienaisichaien fsane hataSndadammral t hat

been be the ohject treat nent,
[Oﬁg®ervat| HV£¢ é&%ﬁgﬁﬂﬂgﬁgopkﬁ%mﬂﬁihods of the

i nvention, can kg useful in both human therapy and
veterinar appuycatlons In sone enbodi nents, the
patient is mral ; in sonme enbwdi nents the patient
i s human;” and \n sone enbodi nefits the patient is
chosen ftom cat dogs 0] Provided is a

a N\

conmpound of For I 1 %1 XNYO ZWV

\\

V—

R? HN \ / R*

(Formula I)
and pharmaceutically acceptable salts, solvates, and mixtures thereof, wherein
X is chosen from N and CRZ;
Y is chosen from N and CR3’;
Z.1is chosen from N and CR3; provided that only one of X, Y and Z is N at a time;
W is chosen from N and CH;
V is chosen from CH and N; provided that one of W and V must be N and W and V
are not both N;

1.
R’ is chosen from:
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Rz' HN R4 (Formula 1) and pharmaceutically acceptable

salts, solvates, and m xtures thereof, wherein Xis
w@ebesos93pTom N and CR2; Y is chosen from N andP@RBS2008077054

is chosen fromN and CR3; provided that only one of X

Yand Zis Nat atine; Wis chosen fromN and CH V

is chosen fromCH and N, provided that one of Wand V

must be N and Wand \ are not bo

s ~ H;C
HO j, For d 7‘5‘, F s 3 // ’r{,
H;C // ei, Et/%\é{, // a’f, // ‘ff,
F / S / .
S S / qéf $
// £ // £ ] b A

DD O,
OO

R? is chosen from H, CHs, F, C1, CN, OCH3, OH and CFj;
R? is chosen from H and F;

R? is chosen from H, CHs, CFs, F, C1, CN and OCHj;:

R¥ is chosen from H, CH;, F, Cl, CN and OCHzs;

R*is
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CN&- ; R2is chosen fromH CH3, F, d, CN, OCH3, OH
and CF3; R2 is chosen fromHand F;, R3 is chosen from
WOHR00D8®39TCF3, F, C, CN and OCH3; R3 is chosePCT/U820084)77054

CH3, F, d, CN and OCH3; R4 is 14 WO 2009/ 039397
PCT/ US2008/ 077054 R5 \ -R6 R7 i (cH2)nmPK \NR8 RO
(CH2)n mis chosen fromO and 1; n is chosen fromO
and 1; R5 is ®hosen fromH, Cl-C6 al kyl, and C3-C6
cycl oal kyl, whirein Fs‘,7ai d alkyl is optionally

substytuted with one \or nore substituents chosen from
OH R Gt . R6 is—ehosen fromH and Cl-C6 al kyl ;

or RS and Rg/ axg optifnally taken together with the
ni trogen atom to whi they are attached to forma 4-
to 6-nmenbered cyclicaing;having 0-1 additional N, S
or 0, wherein the optional additional ring nitrogen
miischosen Gaal Q 3ndslibsti tuted with C1-C3 al kyl and said

AN N ' .optionally substituted with OH R7 is
“%ﬁgééeeﬁfgdr“grghabﬁ lt1 s alkyl, and C3-CB cycl oal kyl |

Rk eheien femi H, €Ky lalliys, andihi@uatloylkslbdieidintad alidyt 8 one
or nore substituents chosen from QH and, Q(Cl-
al kytpiongy RSB RATEOE BPRIE ﬁalmﬂywpgsw@ﬁsqno%%c@?, F, and
Wit hoehg - N(RS) C(R9) (CH2)" C(=O) N(R8)- group through

6the respective nitrogen at o[Ts to which they are
R%iis choseh yiromt Handdd -Coalkyr on B’ gdnihdye ppioreily Itaken togegher Réth

s oA AL R, e BT
subsdytitlAR faihe @thdﬁ{tﬁﬂhmhs br O2R8eeHRe opfioM3l adiflor3d

are ‘optionally taken together with the nitrogen atom
t o winightrogasyis gpaonly aubréiguted withdrirk zalkyl and s@d wpativaiiegiis

cycl oip%iokillﬂgsu%gt\{tiu%% v%%hloﬁ?di tional N, S or 0, wherein

R’ is chosen from H, C;-Cs alkyl, and C;-Cg cycloalkyl, wherein said alkyl is
optionally substituted with one or more substituents chosen from OH and
O(C;-Cy4 alkyl); or R®and R7 are optionally taken together with the —
N(R)C(R’)(CH,),C(=0)N(R®)- group through the respective nitrogen atoms
to which they are directly attached to form a 6-membered cyclic ring;

R® is chosen from H and C;-Cg alkyl, wherein said alkyl is optionally substituted with
one or more substituents chosen from OH, F, and OCHjs; or R’ and R® are
optionally taken together with the nitrogen atom to which they are attached to
form a 4- to 6-membered cyclic ring having 0-1 additional N, S or O, wherein
the optional additional ring nitrogen is optionally substituted with C;-C; alkyl
and said cyclic ring is optionally substituted with OH;

R’ is chosen from H and CHs;;

R'%is chosen from OH, H and C;-C; alkyl optionally substituted with N(Rg)z;

R'! is chosen from H, CH; and CF3; and

R'?is C;-C; alkyl.

[0051] In certain embodiments, R'! is CHs. In certain embodiments, R'! is H.

[0052] In certain embodiments, R"Zis C;-Cy alkyl.
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the optional additional ring nitrogen is optionally
substituted with C1-C3 alkyl and said cyclic ring is
WwWopionosmbty substituted with OH RO is chosen PEDOS1408/077054
and CH3; R10 is chosen from OH, H and Cl-C3 al kyl
optional |y substituted with N(R9)2; RI11 is chosen
fromH CH3 and CF3; and R12 is Cl1-C3 alkyl. [0051] In
[0083]t ai n drlvedaimrentbedinkhis, V6 iAMAnd Mnis €& (H’-]:immla I-a, wherein R,

RN L Sk 2 7 ST e

PCT/ US2008/0077054g 0 [ 0053] I n certain enbodi nents, Wis
N and Vis (Férmula I-a, wherein Rl, R2 , R4, R10,
X, Y and Z 8s defined in Foyrula 1). o RRo R X N
Y Oz N R& HN \ X [-a) [0054] In certain
enbodi nent s, (Formula I-b, wherein

Eérnuﬁg i)RAO S}g\ R// N defined in

NR2 HN\ / R
(Formul a I-hb) [OO 5] '
[0056] In certain enbadi nents,
present invention are of Formul a |
R2 , R4, R10O, Y and Z are as defined rn Formula I
Ri o

(Formula I-a)
[0054] In certain embodiments, W is CH and V is N (Formula I-b, wherein Rl,
Rz’, R4, RIO, X, Y and Z are as defined in Formula I).

R4

(Formula I-b)
[0055] In certain embodiments, X is CR>.
[0056] In certain embodiments, the compounds of the present invention are of

Formula II wherein Rl, Rz, Rz’, R4, RIO, Y and Z are as defined in Formula 1.

(Formula II)
[0057] In certain embodiments, X is N.
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R2 RN/ Y/ O~/ NRz HN\ / R4 (Formula Il)

[0057] In certain enbodinents, Xis N 16 WD
WwWQe®9INEBIBI7 PCT/ US2008/ 077054 [0058] | n certBECTUS2008/077054

enbodi nents, the conpounds of the present invention

are of Formula Ill wherein Rl, R2 , R3, R3, R4, and

R10 are as defined in Formula |l. ORIO RL/ -NN R3
[0058) / N Ra cBrtaihiNmbodlinkhty, Bercuippuhdd 9f th¢ PRSIt idvention are of

certain enbodi,nent Y- 1§ ' 0060]. I n certajn
Fosry i rgl,nq%lh cﬁﬁ&uﬁdsﬁ'{? aﬁrd@ﬁewf in; FRVBHIA Ton
are of Forgula | Wowherein RI, R2 , R3 , R4, R10, X

and Z are as\defi/ned in Formula l. ORI0O RL X N R3,
/ O \' /| N \ / R4 (Formala IV) [0061] In

certai n enbodi men NY 1S 062] In certain

enbodi nents, the/conp unds/of t\ne present invention

are of  For méi V\,he;/ T RL, , , R3, R4, and RI10

are as defined in la N—=

R® R2 HNOR4
(Formula III)

[0059] In certain embodiments, Y is CR? .
[0060] In certain embodiments, the compounds of the present invention are of
Formula IV wherein Rl, Rz’, R3’, R4, RIO, X and Z are as defined in Formula I.

O

(Formula IV)
[0061] In certain embodiments, Y is N.
[0062] In certain embodiments, the compounds of the present invention are of
Formula V wherein Rl, Rz, Rz’, R3, R4, and R'° are as defined in Formula 1.

M

(Formula V)
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ORIORR RLN/ NO N R3 Rz HN\ / R4 (Fornula V)

17 WO 2009/ 039397 PCT/ US2008/ 077054 [0063] In certain
wepiodsasents, Z is CR3. [0064] In certain enmboRCTERL088/077054
t he conpounds of the present invention are of Fornula

VI wherein Rl, R2 , R3, R4, R10, X and Y are as
defined in Forrula |l. 0O RO Rl XN YCN- OR3 Rz
[0BHB]\ / RéIn (cEnsimehdoWinient], ZASBR’I n certai n enbodi nent s,

[.0066]. In_certai n _enbodi nents, the conpounds
Wﬁ?‘*lt he pr18§8’ﬁ%m eH\P@ﬁtni“‘élFF alﬁecompoum?ﬁ}hm%qnt% YeRHphare of

Fd%:hulaRaI wﬁ?rem KR RA' R4Rﬂ{® Xazﬂ'gl \zal%r & d@ﬁn&ﬁfn' F@)?ﬁllularl
Formula I. ORIO RR"RL N

( For nul a VR ) [00B7] In certa| n enbodl msnts, the
§ h
R1

conmpounds o present invention are of Fornmula
VI1I wherei AR, R, R3, 322 R4, and R1O are as
defined i fi’ Forrru>t£x o) Rl/ N

Y\ / O

N
R3 R? HNOR4

(Formula VI)
[0065] In certain embodiments, Z is N.
[0066] In certain embodiments, the compounds of the present invention are of

Formula VII wherein Rl, Rz, Rz’, R3’, R4, RIO, and Z are as defined in Formula I.

/

(Formula VII)
[0067] In certain embodiments, the compounds of the present invention are of
Formula VIII wherein Rl, Rz, Rz’, R3, R3’, R4, and R'° are as defined in Formula 1.

o) R10

>\*“/ i /

1
R N

/ .

(Formula VIII)
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R2 RL/ O RB-OCR3 R. HN\ / R4 (Formula VIII)

18 WD 2009/ 039397 PCT/ US2008/ 077054 [0068] In certain
werinomsasents, R2 is H [0069] In certain enbodP@EOS208/077054

R2 is F. [0070] In certain enbodi nents, the conmpounds

of the present invention are of Fornula |IX, wherein:

O RIORR RLN/ R3, O N R3HN\ / R4 (Formula IX)
[08d8]i s chdaenrtiinemboinfentz &> D/ ::;S~, and R2 is

hosen fromH,. , .F, and,C; R3 is chosen fromH,
W@ﬁﬁ, R dderin Cbadimergn 82 ah Fr rom 1, 0. F and O :
[08'7'0]' S RS n'\certfRR eﬁ%odinie(ng,_@er@o\rm'oﬁﬁds ot tﬁ@pf(e%lrﬂfention are of

Formula IX, wherein:

(Formula IX)

1.
R’ is chosen from:

R? is chosen from H, CH;, F, and CI;
R? is chosen from H, CHjs, F, and CI;
R¥ is chosen from H, CH;3, F and CI;
R*is

m is chosen from 0 and 1;
n is chosen from 0 and 1;

R’ is chosen from H and C,-C alkyl;
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mis chosen fromO and 1; n is chosen fromO and 1;

R5 is chosen fromH and Cl1-C6 al kyl; 19 WO 2009/ 039397
wEQDPOBBO08/ 077054 R6 is chosen from H and CLPABUS2008/077054
al kyl; or R5 and R6 are optionally taken together with
the nitrogen atomto which they are attached to forma
6- menbered cyclic ring having 0-1 additional N, S or
RUis chiren éiom HhaddhtCoalayl; okl dridddBdre bptignatily takeg esgetlies with
optionally substituted with Cl-C3 alkyl; R7 is chosen .

f r orMHNEEFgREILOBBIOY G thih acetizclics; tg f%?% 6-membered cyefic ring

opt i 1. fy t
chosn e X L SRLR K B e e o PR B e Been
opt i isrptidnally aklesitutedyeith&r -G dlkylt he - N( R5) C( R9) ( CH2) "

Rb s e PR, lkd et Sy SBF Reapligngly “paFfeg wien
6- megres @bré YestifuchisREoseRdrdns OHNageO(d tomikliang RCInER’

al kyl; or R7 and R8 are optional ly taken together wth

t he ¢ ppidraHy saksmtagsthen with thel (RDERa CAEMEE=OBN ROy ngraup

4- to 6-nenbered. cyclic ring. hayi Q-1 additional N
s or Ty RS R rEMTREmARRY ORI Ihel o At hlifisgdn

I s Ofptrhamamembsigbsydlicuigd Wi th C1-C3 alkyl; R9 is
ghosen fromH and CH3; and , R10 is chosen fromH and |
Rat chasenfrop H nd 6715 akyle@iR aid Rnse aptienly taken ftegegher pith

t.ain: i t.s.: i 7, t Qi
Crbaft RiRIBR PRI Phicl el afk aal R kol fla GPLS Aimbered .

I n csrliaring eading O-exitigionRIN| S oc@oserefr thaopibnlal aditidnal

(DO ./, .and \ [ . 0074]. I n _certai odi nents, R2

i s c‘i“f@s@ﬁoﬁndﬁ\‘)éﬁl%‘}aglﬁ,su tl,tutswthcal@nﬁgﬁj In certain
RERRAK-ABAINSH J34 d13,; ghesen from CH3, F, O and CN. In

certain enbodi ments, R2 is chosen fromCH3, F, and C .

R'’ris desemframdibodiCiréhtalkylR2 is CH3. [0076] In certain

LS NEN: T RTRM  EREPE

[0072] In certain embodiments, R! is chosen from:

[0073] In certain embodiments, R! is chosen from:
QoL Qo OH
7 5‘{ , s "é , and .
[0074] In certain embodiments, R is chosen from CH;, F, Cl, and H.
[0075] In certain embodiments, R? is chosen from CHs, F, Cl and CN. In

certain embodiments, R? is chosen from CHs, F, and Cl. In certain embodiments, R?
is CHs.
[0076] In certain embodiments, R® is chosen from H, CHs, F and Cl. In
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certain enbodinments, R3is H |In certain enbodi nents,

R3 is chosen fromF and . In certain enbodi nents, R3
W0 200ekssen from CH3 and OCH3. [0077] In cert ai PCT/US2008/077054

enmbodi nents, R3'" is chosen fromH CH3, Fand C. In

certain enbodiments, R3'" is chosen fromH CH3, F, d,

and CN. In certain enbodinents, R3'" is H In certain
cegtnincahroelivhents, RS is Hs 16 kes@n efbodinEns, RAth dhosdnnfrora &t dndii.

enmbadi nents, R3' ;i.s chos nd CN. [0078] In
Inceigigiem Qﬁ%t%@ntl%‘:ho%l r%méf%s@ﬁi @égﬁn H and Cl- cs
[0@47J,<]yl 0%'0@H%hl%b%ﬁff§én'tst w ed bR ﬁ@% an%grm

mbodi nent s, R5|scosen fromH and C1- al ky .In
ceuemeatmhodBnhUEIlRTethsteRB’rqm H: ﬁidjheﬁ ¢l ard ENadd cmam:s

eritint &k SIH ShtberG R BT ool TR G Ad s In

ce@inl SnKJARHET S fH30f§chbseH\‘ﬂdﬂ1Y bl aghdnet hyl . [0079] In
certain enbodi ments, R6 is chosen fromH and Cl1-C3

[047&y| . | nln cerin gMhodiveds Bem ehoserpirpry Pé At enChatil H,
optio nlei]%/y Subetzltli]l}/edﬁgﬁl SHORY cer%al e%n (r)rpe¥1 hls: ﬁ S ch%er tf?%m H and C;-

chosen
C{ ARAO]I tatteemBbdimeARORT im:ﬁbﬁ:,n fREn amhdRﬁl @5 akplakm Bertain
together with the nitrogen atomto which are

er%hqda@ﬁ% K gs £lasgn fom Holfﬂe@é/hﬁ%lla?%(@%)ng rIP ﬁ@rtfﬁav. ng
ende%hmé{j[g #ﬂ 9P seNfrorm Q7 m tthgﬁﬁ gipgy the optional

tironal ring nitrogen is’optionally substituted
[0079]h C1- (8 cattkiyilemblodintaitd, &° s @rbadiromri snd Rﬁ(araﬂcyRGIn

are en together the nit atomto V\:hl
Ceftﬂwﬂwéﬂa‘mtgj%éadwel@ %ﬂom‘ﬁ @emﬁﬁ@afﬂa “RrEgRyliap rpf&?ﬂ In
1’\ﬁI éﬁ%o@nﬁerﬁgq{qlb %En NonH e ® 1%%& hn the optional
d itional ri'ng nitrogen |s ?lonally substi t ut ed

[008@]h C1- 08 caitkiglemblodingets, & ran@RB@nh tammtsgetmfr veittdthR@itrogen

o §ndy VG e SERLetTER ' b S oAy ook e Wi 0.1

adaRidayl NI $6F @ZivA¥lein the 8ptivt P hdvBifi el fivik nffogeR idiioh
In certain embodinents, R5 and R6 are taken toget her

suwttthtedrv@thﬂr%gléﬁﬁl altlé‘ﬁiitftl@ ephdimantie R’ andRaatedelradogasher
Wflgggﬂt%%q% CX‘{IPO Qfﬁlcﬁﬁle Tare gtttac%lé E/ohf% IBIa%ememlbnl)éd n’?/‘f-lllc ring

n enbo s @SR F

havig I ,ad@hhlydl,N S c(r@ﬂﬂ?e@é‘ﬂn t@@btwh%ﬁ&%&ﬁmg ﬁltlﬁgdfrt ®in
enbodi nent s, is chosen fromH,

opdiggally @hﬁt}tyt?é%th CrCealyhiln Céﬁﬁa&mr%geétﬁtr%ent% aRd Rﬁ?ff‘aialéen
tog ﬁ&%l‘ﬂﬁ?lgtnﬂﬁ(;gteﬁ\%&llﬂ to Ml‘gﬁ)&%@é LiddRdd to%mga%tﬁ%)v% N-

rou e respective nitrogen
méthsely)lp&rz&ndfﬂ rmmygplmrmnﬁem n’(cmp}icdmlyi aln&eﬂmmaﬁtbednmm;sl iRé
and R aré &k to getjher wit %E)egr/uggge%gazconﬁ)g/ H gf%{ z?rz Z1tha50 ed to form
N-methylpiperazinyl or N-ethylpiperazinyl.
[0081] In certain embodiments, R’ is chosen from H, methyl, ethyl, -
(CH;),0H, and -(CH,),OCHj;. In certain embodiments, R’ is chosen from H, methyl,
-(CH,),0H, and -(CH;,),OCHj;. In certain embodiments, R® and R’ are taken together
with -N(R%)C(R®)(CH,),C(=0)N(R%)— group through the respective nitrogen atoms to

which they are directly attached to form a 6-membered cyclic ring (e.g.,
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~~ 01~ 5 N8 RNNRTJO0082] In certain enbodinents,

R8 is chosen fromH and C1-C3 alkyl. In certain
werinomsasent s, R8 is chosen fromH, nethyl and BE€HY5E2008/677054

certain enbodinents, R7 and R8 are taken together

with the nitrogen atomto which they are attached to

forma 4- to 6-nenbered cyclic ring having 0-1

itignal N, S or 0, wherein the optional additional

ri itrogen is optionally substituted with Cl1-C3
rahkyl . Whaecertai n enbodi nents, R7 and R8 are taken

t odet her wyth the nitrogen atomto which they are

attached to forma 4- or 6- rrerrbered cyclic ring having
[0082] addi tlngakkin emb@dlrmentmﬁenmh@suhﬁfomrﬂ parh@l-Cs alkyl. In

oot rRitholt. 38 AR BNy SRRy oSt o

erfttidiaeah IR/ mdStard tikedtoskihBr €t ke Ge6dai dfom to Whlch they are
enbodi nents, R7 and R8 are taken together with th

atigrhqddg dermag Anio GmgkIberedichieljc Apghaving Grd r@ééltltoaalfl‘&rﬁwr O,

AR LAIAST AEADALLBE FUKLELRRFARLE oy BRI

alkeydr Tatartabmbabiodimehts, Rhind&h%hr&&kan eodetticewithageninepen atom to
w th the nlt]‘rleﬁgen atomto which they are attached to

whigh fexgroHBchsd to tarm & 45 Grinpapbered qys%%rng avipg P gditional
N%E’J@J AR e o oﬁa‘-f allitibfhl %%‘0 ?thﬂgeﬁ @Qﬁidﬂﬁm %bs%tédswuh

met hyl . [0084] I'n certain effbodients, RLO is chosen
méthglnortdtiah dndCk43d cj/qhica"mgtiabpnormﬂja GubstmmctwltRﬂH i B dertainn

t ai [ ts I
RO Tt SPGB CROURBT T e o b 6 B et
at@Bhddab &iny NSHBEY Ipk pet £6h vl N ethyWip@a £ el fn%r;ﬂioﬂﬁyl' 8r azetidinyl
substituted, in certain enmbodinents there a% 1-3

opsighally substitutedarith OHeda cewain p@qbpd\l@@ntSaR?/ apql Bt aumtalen together

5-R8 .and Q,.in certain .are
iR o B Sl SRR BB RufEh it RORRAMRE:
[0683]hi opheReefthin@nibegRebnt) RA iSH. G coftaiémBodiBrhe) RUis
ring as shown herein. In certain enbodi nents, Rl
meBk ai ns a phenyl ene or benzo ring as shown herein.

[Obé‘ét:]lceIr taip c@%g%{ﬁ%ﬁﬁﬁentﬁim RnoRfh f?dﬁ%lod’&g QFE%G‘CIBV g}tﬁn

icri g I'n certa enbodi nent's
erﬂfﬁdﬁrﬁéntﬁ&i issH ndmeeatatd ¢rabodimsntsRWris Jé(ﬂfﬁ)jN(CH}QSIﬂ cdrtain

certain enmpodi ments, the conpound of Formula | is
CreliRGUBRR oS OB
[0085] In R-R® and R'®, where optionally substituted alkyl or a cyclic ring is

substituted, in certain embodiments there are 1-3 substituents and these can replace
any H atom. In R°-R® and R", in certain embodiments cyclic rings are saturated.
[0086] In certain embodiments, R! contains a thiophene ring fused to a 5, 6, 7
or § membered ring as shown herein. In certain embodiments, R! contains a
phenylene or benzo ring as shown herein. In certain embodiments, R, R R’ and/or
R® form a cyclic ring and in certain embodiments, RS, R6, R’ and/or R® are non-cyclic,
as shown herein.

[0087] In certain embodiments, the compound of Formula I is chosen from
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WD 2009/ 039397 PCT/ US2008/ 077054
N-(3-(6-(4-(1, 4-Di net hyl - 3- oxopi perazi n-2-yl ) phenyl
wW@pi0n039347 met hyl - 5- oxo-4, 5 PCT/US2008/077054
di hydr opyrazi n-2-yl )-2-fl uorophenyl)-4,5,6, 7-tetrahydr
obenzo[ b] t hi ophene-2- car boxam de;
N-(3-(6-(4-(1-(Ethyl (isopropyl)
Nadm(6:0d« R4 {{izrersi-Baoxpeipeydzin mr)plyén)yhﬂmnm)~42nethyl 5-0x0-4,5-
oxoe({)ﬁ)}/clrgqugzqg I2ayr?[]) 5%0?’0&5553/4 5,6 ’?)t(e(%raﬁyc?rogenzo 'Slpg/ rh%rzlfl: 2-

met hwlRianyde - 4. 5. 6, 7-t et rahydrobenzo[ b] t hi ophene- 2- ca
r boxam de;

NNB((@%%I (BthylliseprBp g dmetohnpt(02-petlamyethh (nothyhaoxoert by | )

h
e ion el Sl RO e St P SRy 2402 et r
hydrrﬁ@tﬁfﬂiﬁé )-4.5 18 n&hﬁﬂﬁngbe@@m%wﬁh%z carboxamide;

2-Bi s(4-eth
Nﬁﬁﬁ@ﬁ%ﬂ Bls(ﬂfe)hﬂplmr@émhkryl?ﬁr@wythaﬁph@)ylamm@tmd@ 5-oxo-

A R LT L

N-(?th{o@hél{k-:( lalﬁbfaﬂll'dé"- mat hyI 3- oxopi perazi n-2-yl) pheny
Ndﬁﬁ%ﬁ‘ éb%ﬂ.{%ﬂﬁl@l mer@nh%tyw prestiylyphgngaging)-dapgthyl-S-
hyd
4yt 23%6 §%ﬁlﬁhk{ﬂy§£[l€§‘§z}l) %f%g{y?ﬁéﬁ%l) g% 11’ tetgahgg%)pﬁ}%er az
I n- &Wlohpptemh}anphmaa—zkarbmaahyde— 5- oxo0- 4, 5-di hydro
N((é-)(gié 2]3%)(%'1 )(14121%‘[%9 l(go lPi 9213 eﬂi@) §(fj|am1no) 4-methyl-5-ox0-4,5-
(dlﬁﬁﬁf)}%’?ﬂlﬁ 'Ieﬁf'y |rﬁéf§lﬁﬁ§nyﬁ -0% 8PLERY hydrobenzo[b]thiophene-

phenylam no)
5- dlhyaibowmdzl n- 2 yI) 2- et hyl phenyl ) -

4,5 6, 7=t et ydr ob hi ophene- r.boxam. d
rea N B TN G R Pa b PR G SRRy i

0) - %n@th?]% QQUM)SJJT&QWYIJO pxrazm 2-yl)-2- methylphenyl)benzamlde

am no) - 4- et hyl - 5- oxo- 4, 5-di hydr opyrazi n- 2-yl ) - 2- net hy

(SE) I\bfﬁef@(ﬁl)@w)smsthyl am@toaﬁﬁwp@pyl(methyl)ammo) -3-oxopropyl)
N (e Rh R CREEr SRR O opyrazin- 2y metiphenyly

o) 44 Hﬁﬁh&{ra}@d@@Qﬁnﬂo[ﬁ]thlophene 2 carboxamlde

ropyrazin- 2- yl)) - met hy }/I) 4-tert- but}/I benza
Nﬁﬂé@ ( (Dlmethylammo I- (1sopropy1(methy )amino)-3-oxopropyl)phenyl

g*m.( %glngﬁbﬁh ‘}:53_))[(;53%,5Zci’l}%}_ﬁfrmﬂn?—gﬂ)zb—%&h% Lhahenyk e 7-
di hytdnwdpyraénzeDithigph2aciichnpopheiy] ) -4,5,6,7 -tetra

b] t hi ophe 2-ca
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N-[6-(6-{[4-(1,4-diethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-3-fluoropyridin-2-yl]-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;
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benzot hi ophene- 2- car boxam de; N-[6-(6-1[4-(!
- et hyl - 3- oxopi per azi n-2-yl ) phenyl I am no }

WO 2000084391 - 5- ox0- 4, 5- PCT/US2008/077054
di hydr opyrazi n-2-yl )-3-fl uoropyridin-2-yl]
-4,5,6, 7-tetrahydro- 1- benzot hi ophene- 2- car boxam de;
N-[6-(6-1[4-(4-ethyl- |

N-[Brﬁﬁhyzl ¢ 134-dicatpil {3esapi perZin L JypipBenyll Tamamd }rd njethyl-5-oxo0-4,5-

4, Sr%fi’f%l?%%%ﬁ §z>r1h6zﬂlg9rf) 23ngthy]phespilrt- P -t rghydro-1-
4[ goe?é&ﬁoﬁh‘%@g&gogamlggnzot hi ophene- 2- car boxam de;
N-[6-(6- -

N-[3(nf [4-¢4-etby hiFmeBhyddepiopgreazim2 34 phgmblemyid} -amietiyl 5-oxo-

- 4- | -5- -

1 oS 2D G Tpore: 3 gl Py it ST gahydro- -
-4, %&Z&x;@@h}gg@ogﬂn@@’nzot hi ophene- 2- car boxam de;
N- [6-(6-

Nl (61141 Ul il G sgiveziaie 2 mp;apmémipohﬁmmhs}l-s-oxo-

ai ot SRR RIS pprgBbespli b gy -
4 Shezathiophér@hy di®odamidenz ot hi ophene 2- car boxam de;

4 WO 2009/039397 PCT/ US2008/ 077054 N- [ 3-(6- {
N[[i (p1| [%ileﬁl -Staipil-3300pisarEr a2 Rb gwﬂa%n%rme hahiSrxoy4.5-

i ny ORI IR O PR 4, 5., 6, 7
t et rt&lnydhmphenebknm?km?mh;ene- 2- car boxam de;
- (6~ 1.4~ (4-. - o :
NI}L&&%%&? 1555 é%@l%%%&ﬁn@@meﬁ&%%wlphw}?811?0>-4-methy1-5-0><0-

4 et aylyars p‘i’/i‘ef%in—} 1]-2-fluorophenyl }-4,5,6,7-tetrahydro-1-
, 5-di hy ropyrazi n -yl 31 6ot go}ro 2- et hyl phenyl ] - 4, 5,

6 7-earothlvpliere- 2-catbexmotltyi ophene- 2- car boxani de; N {

N oL g Bepapinsasiny BB Femippbgmethy!-S-oo-
- 4- et J yd Roprdin-2-y1]-3- ﬂuorop*rrldm -2-yl1}-4,5,6,7- tetrahydro—l—
4, 5- dlhy ropyrazi n- 2 yl]-2-1luorop enyl} 4,5/6,7-tetra

hy drienzothigehenst hcwbmereide: car boxani de: N-[ 3- (6- {
N[{ﬁ—[%—](l{ —)L&k?t hly dlniet]gyﬁojoogo%rlpaeﬁzqn % ﬂj}%gnﬁpaxm]no)aﬁn mect)h)}l 5-oxo0-

di hy&dﬁ@lﬁlwﬁagiyfazar Yy) -2 fl6edbitidiar2ophens b J7-tdudhy@roft 1 et r a
hydr o- 1- benzot hi ophene- 2- car boxam de; N {

5-[ dge@_@(ch{%)gg)e 2-carboxamide;

N§2 lh'ug dT?t(hB{lllEiq@F %ﬁ@'(@%@tﬁﬂ/lrﬁ gxéﬂléé?gﬁﬁ%l );l)phenyl]ammo} 5-oxo-
4, 5- édﬁhﬂwdonyraam h—prlyérﬂyl]% f Jouete oplneing-1 }bedz@hiGpHerteed-r a
hydr o- 1 be%sot hi ophene- 2- car boxam de; N {

6 [ 65aooxapg

N¥346- quﬂglt At m&hﬁxﬁgk@ﬁﬁ&ﬁm?yl)ﬁh]sﬁﬁ%ﬁhé)} 4-methyl-5-0x0-4,5-
am no
4, 5- cahmdmwndzylhlzluprq 63ndthylphamylird, Qo A-Rtrghydrat 15, 6, 7

t etge%lggtglro%flé"ﬂe—}carboxamide;

N-[3-(6-{[4-(1-ethyl-4-methyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo-

4,5-dihydropyrazin-2-yl)-6-fluoro-2-methylphenyl]-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;
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benzot hi ophene- 2-carboxam de; N { 6-[6-(14-[(2R)-
1, 4-di net hyl - 3- oxopi per azi n- 2-yl | phenyl | am no)

WO 2000084391 - 5- ox0- PCT/US2008/077054
4, 5-di hydropyrazi n-2-yl]-3-fluoropyridin-2-yl}-4,56,7
-tetrahydro-1- benzot hi ophene- 2- car boxam de;

N-[ 2-fl uoro-5-(4-net hyl - 6-{
N{[8+¢4 {472 I limSh dxD px qqepaziin-22y] ydhppyi myih ¢ } -dmdibyl-5-ox0-4,5-

}- 5- gxo- ) .

4, - HNYRORBRgP-2211n2 SLeproppRRMY -G T B ydipl perig iophengs -

enzqth; RAgNe- 2- carboxam de; N [3-(6- {

[4-(1, 4- dlnethyl 3- oxopi per azi n-2-yl ) phenyl] am no }
N-{§- [0t hy 2 Breostio- Byl5-1-(dimethylamino)-2- oxoethyl]phenyl}amrno) -4-

e PR B Pt S AT R bRl 1
N[ 30e§1§0tﬂ1{0@héﬂe 2-carboxamide;

- et hyl - 4- net hyl - 3- oxopi per azi n- 2-yl) phenyl] am no }
N- {2 ﬂm@}[ﬁﬂ{@{b@ hydroxyethyl)-4-methyl-3-oxopiperazin-2-

met.h
o 7 VR RARBE it s eSS -
ZOO%QMﬁilBGHi&EBMQWManhHe [5- (6 {
3- oxopi perazin-2-yl)p yl'] am no }
N- [jr (éré{éhﬂ 4@1 gy143 -gxopiperazin-2- yl)phenyl]ammo} 4 -methyl-5-0x0-4,5-

! PRI e o
4- aatbioptene-2-carboxamide; _

Nl TR LY g el Zioxost i ipnenil ) s d s
4,5, cﬁhidrsﬁlraﬁmg;npz|meth;?ﬁﬁ&tyh'@Hﬂﬁl&@y 2557 haxade. N

{ 2-fluoro-
1- ( Denycthmphetehdkirbdxameittry | - 3- oxopi per azi n- 2

Il o . .
NI ddimgrhis-asepine s B Aney By Py
’\f [51, @-,(dﬂryd%(ﬁiﬁrdﬁﬁlﬂ&g 2-methYRERI N4 SRR REraRy&BI DOXam de;
[ 4- Grnmﬁhwm@@hy1ceb@%ﬁwﬂeémézun 2-yl ) phenyl] anino }

ph&r‘rﬁacg}lp é(all acgeﬁ)?ai)f'e a)lts,zso}\iates mrxtlllr]es thereof.

uor 8phé

[0088]4 di f |T11Hp1es43n5ccﬁnﬁouﬁl&§ d@bﬁﬂé@hdrem are potent inhibitors of Btk.
benzot hi ophene- 2- car boxam de; N

While pet being bRanyv-28y diespi seias Fﬁmzolwdf ﬂaﬁ%wmrom Rygpeyties in
the ﬁ?’] %eaté e@ff@afff )S%)meéasured byI folr] gxaqr;fle the inhibition of Btk in

yrazin
whdle byxdti(angi i, ibhibjtiont ot tB- aﬁya:htraaﬂlen in mice).

zot hi r boxa El_ﬁs_ : o
[OF l(1, 4- ﬁ?lﬁfirﬁm%r SDig#y B%Partlrto PPPYBy G e e will be
p?ﬁrr‘eﬂpto}thos% -oTetdiddry §1’<1‘PP§9 the art, surtable pr ocedures berng described, for
hy ropyr|d|n 3-yl)-2-nmet hyl phenyl |-4,5,6, 7-tetra
exla,;n@ieg iy the reaction schemes and examples below, and in the references cited
herein. See, also, U.S. Application No. 11/371,180 (US2006/0229337), filed March
9, 2006, which is incorporated herein by reference in its entirety.

Reaction Scheme 1
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benzot hi ophene- 2- car boxam de; and pharnaceutically
acceptable salts, solvates, and m xtures thereof.

WO 0®88393The present conpounds descri bed her ei NPEF/ES2008/077054
potent inhibitors of Btk. Wile not being bound by
any theory, certain conpounds have inproved properties
in the formof greater efficacy (as neasured by, for
exanple, the inhibition of Btk in whole blopd and the
i nhibition of B-cell activation in mce),
Met hods for obtaining the novel conpound

herein will b rent to those ord in
the art, su; procedures bei ribed, for
exawplem%rn—the eact isgn scH¥neS"and gxanpl es bel ow,
and in the nces cited " her ee, also, U S
Appl i cation 11/371, 180 (U82006/0229337) filed
March 9, 20 o, whi ch is incorponatigd herein by
reference in its entirety. Reaction échene 1 36 WO
2009/ 039397 PCT/ US2008/ 77054 O / Br / BOO (Ri-a ~
~ Step 1 (R a 201 BO Step 2
(R)1-a 205 NHz C (R)l-a 206 HN O 207 Step
3 R [0090] R err| 41 action Schene 1, Step 1, to
a suspensio
Step 2 Ry
X
205\,
Cl O
O
B/
(R)ya——
206 X
Step 3
[0090] Referring to Reaction Scheme 1, Step 1, to a suspension of a

compound of Formula 201, bis(pinacolato)diboron, and a base such as potassium
acetate is added about 0.03 equivalent of [1,1” bis(diphenylphosphino)-
ferrocene]dichloropalladium (II) complex with dichloromethane (1:1). The reaction is
heated at about 85 °C for for about 20 h. The product, a compound of Formula 203, is
isolated and optionally purified.

[0091] Referring to Reaction Scheme 1, Step 2, 10% palladium on charcoal is
added to a mixture of a compound of Formula 203 in a polar, protic solvent such as

methanol. To the mixture is added hydrogen gas. The reaction is stirred under
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conmpound of Formula 201, bis(pinacol ato)di boron, and a

base such as potassium acetate is added about 0.03
we@owoesdsent of [1,1'" bis(di phenyl phosphi no) fePeDU82088/077054

di chl oropal | adium (11) conplex w th dichl oronethane

(1:1). The reaction is heated at about 85 C for for

about 20 h. The product, a conpound of Formula 203, is
ballsoh pteschranfihyeipddenrnatdomn puipefdted f01[ 4081] 3 Refre prodgctt o

Reacti on_Sch . Step 2, 10% | adi.um on char coal
Cw@ou%agﬁ ‘i‘gs A lé@féfang OBB‘%‘B@M&HQFd ‘Formul a 203 in
[0@91}0' ar, I@éf&tring t8 R'eé(&fb"n S%H&Iﬂe @SSteggt Q@Jl&ﬂlon Jfoabbﬁtean

m Xture is added hydrogen reaction is stirred
eqlund@lt 8f7a WD 2D0Y/00 39 BBiTa EQBT deSZ@ﬁB:éCGVem Such dyali¢hd@omethane

gssure of. hydro gen at roomte
is ﬁd eﬁpé)rtb?%aec 0a Uc%lrﬁg &fﬂa‘lp&ln liaz%d;SO dsabb ase suc% as
tnbﬁlglaahﬁéiln%dna@mwé}ﬁIshc\h BUWitH1b@¢hetad092he Refiar ik BErdPat
Reaction Schenme 1, Step 3, a solution of about an
ropgjuEmaeare i ahomdﬁﬁo rypducpramenpoRod of Horanly At is
isslgtleg%% suocnr‘;lll S rollhé:(pl oronet hane is added portionw se
¢'8teq A PRYSTERY B compound of Formula 205 and a base
such as tr| et hyl am nReadtioarscheme2 sol vent such as
di chl oronet hane. The m xture is stirred at room
tenperature for about 16 h. The praduct, a conpound of
Forrmul a 207, is isolated and opfion y purified.
Reaction Schene 2 Br B (R)1-4 $tep 1 a 301 Nz

(R)
303 ep 2 (R)1-4 PR~ OBO R)1-4 306
R | N O  Step 3R)14
O
|
B

Step 2 Rye—
_—

305 Ny

Cl O

AN
(R)1a—— |
A
306
' 307

HN O
_—
Step 3
R



R 38 WD 2009/ 039397 PCT/ US2008/ 077054 [ 0093]
Referring to Reaction Schene 2, Step 1, a mxture of a
w@ovposs3e7 of Formula 301; an excess (such as BODUS2008/@77054
equi val ents) of bis(neopentyl gl ycol ato)di boron; and
about 0.3 equivalent of [1,1-bis(diphenyl phosphi no)-
ferrocene] di chl oropalladium 1:1 conplex with
[0893]h] or onkxdfhaing;to Reactnttahems Achtepd, a pottassifumoageiad ef
in an_inert solvent such di.oxane i s heated at
Foramfaa0 I 68 Cxsoutughas a%m@f‘é FOYYRIENS R0 %Fae%matyz‘f
1514 d8 030k andl Sbdi @ Phfsh A0 P PL 1 *oB1gdat hdsbBtlo)-

s 0094% Referapi ng to Recgg‘{i onOScElherre ,ﬁhgﬁ%ié ZSb ao)
ferrbsenatdechddropalbdimpauint cafiplefevitidichl 3@ edmae 10%ba base such as
al l adi um on-carbon .in an_.inert solvent such as. ethyl
plBab B e e o e Bl iproR® i lecdy ol Rag ahue an.
TR ro@ROUE cothpohd bPPHINLAABET, & 14bRted BAE opRERMY Purified.

conpound of Formula 305, is isolated and optionally

[0894]i f i ed. R¢foomg]to RetationiSegeme 2RRtap 2i dmigereerfe @mpsuegof
F%rtnu?a f(%l aut Il%% °§11a%%u%19f> —%gr%%n (i)rfl an El%ft%iv%ntss%?h gg] ?thgl aCEtate
ase, SucC as rre ylhamne I n an I nert solven uc

médandiils fréated WRRUOPLI Af Byalkb s for ivudRRut roam teaperalrenThe
of an acid chloride of the Fornmula 306 and the
Pragiyatur @nrousd pf Feignud 393 dnisoleipgend ratienallypusibedit 15

p&y. The 0 r - '
0P ot oa ‘S iaro R FOAHAR 2 2Gied R SRR fapognd of
Fdrihdla IS ddil/a Hes€ shEis tSeglainift smnAndi® solvént Mudr as\ THIRis1

Br ")\ .. 5 03 39 WO 2009/ 039397 PCT/ US2008/ Q7 4
trq;qiegi c?qp\pv/isg)w%ﬁ a_%oma gn qquivalent of9 an ac? chloricgr of the ormuqa g(s)g and
the mixture is stirred at room temperature for about 15 min. The product, a
compound of Formula 307, is isolated and optionally purified.

Reaction Scheme 3

R13
Br i~
0 0
N / N /
)\/ e )\/ e
N N
Br ~ g Br ~ Qe
501 503
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(R),-a 505 O NH [0096] Referring to Reaction Schene
3, Step 1, a mxture of a conpound of Fornula 501

W@bwan3dwn’ equi val ent of a conpound of NH2- R13, PERTS2008/077054
i nert base such as 1-nethyl-2-pyrollidinone is heated
at about 130C for about 1 hr. The product, a conpound
of Formula 503, is isolated and optionally purified,
wherein R13 is yR™~ R [0097] Referring to Reaction
Schene 3, Stef'2, a m xture of a conpound of Formnula
503, an excess| (such as about 1.2 equivalents) of a
conpound of 0 107, about 0.05 equival ent of
tetraki s(triphenyl phosphi ne)pal I adi um and a base such
as | N_sodiu nate in an inert solvent such as

' aneri's heated at about 100 Cin a

Rsea#ed prlessure vessel for about 16 hr. The product, a

co of Fornula 505, is isolated and optionally
purifiped. [0098} I n sone enbodi nents, conpounds of any

one of| Formulae |I-1X are admnistered as a
dteut i cal conposition or formulation.
Accordingly, the invention provides pharnaceutica
foryul ati ons conprising a conpound of any one of
ae |-1X and pharnmaceutically acceptable salts,
es, and m xtures thereof, together with at
one pharmaceutically acceptabl e vehicle chosen
carriers, adjuvants, and excipients. [0099]
Pha naceutlcally accept abl e vehi cl es nust be of
sufficiently high 40 WD 2009/ 039397 PCT/ US2008/ 077054
[0096]i t y arRefstnfitc Remditlon Scheme Oxbteptlya tr@xtﬁﬂ:rti:f@rcotﬂ]fbﬁhd of
SU|tabIe for adm nistration to the _anijmal bei

il 2, b 2 ghiEAIENt AR cpEIPPHR of NFR - @ apy istdge such
h

aspl r%{éﬁﬁ?;f:g %MOQ@%HJO%ﬁig IE%[%& \e}\ﬁ a?t—)laﬁtt ﬁnggérlbo l%ﬁé?ﬂf Oh?e product, a
coaan;foﬁm@ bERbrnida PONVY Welaredpnaopiicallyguafied,twheadin Rt Br i al
for\pdn1n|strat|on per unit dose of the conpound.
002007 \Exenpl ary pharmaceutically acceptable carriers
& thereof are sugars, such as | actose,
nd sucrose; starches, such as corn starch and
pot a tarch;- cellulose and its derivatives, such as

[0597"%i um Caﬁg@fﬁﬁ@% ﬁ%hctﬁﬁ@cﬂéﬁé §; Step 2, a mixture of a compound of

Formula 503, an excess (such as about 1.2 equivalents) of a compound of Formula

107, about 0.05 equivalent of tetrakis(triphenylphosphine)palladium and a base such
as IN sodium carbonate in an inert solvent such as 1,2-dimethoxyethane is heated at
about 100 °C in a sealed pressure vessel for about 16 hr. The product, a compound of
Formula 505, is isolated and optionally purified.

[0098] In some embodiments, compounds of any one of Formulae I-IX are
administered as a pharmaceutical composition or formulation. Accordingly, the
invention provides pharmaceutical formulations comprising a compound of any one
of Formulae I-IX and pharmaceutically acceptable salts, solvates, and mixtures
thereof, together with at least one pharmaceutically acceptable vehicle chosen from
carriers, adjuvants, and excipients.

[0099] Pharmaceutically acceptable vehicles must be of sufficiently high
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et hyl cellul ose, and nethyl cellul ose; powdered
tragacanth; malt; gelatin; talc; solid [lubricants,

WG owh/03s9st eari ¢ aci d and magnesi um st ear at e; PREI/UB2008/077054
sul fate; synthetic oils; vegetable oils, such as
peanut oil, cottonseed oil, sesane oil, olive oil, and
corn oil; polyols such as propyl ene glycol,
@itym&r siuﬁﬁclelstby loist tokicitpenrent@l therarditgbdd foehbmirgsteation to the

col; algini¢c acjd;: phosphate buffer sol utions;
ﬂgfﬁ%h bejigg té‘?age ié\]§1€’t ‘E’Q%‘i’\?@ﬁ\@ it CRERISPTY Pﬁﬁg}?{"%‘lmé\; ch
bedsfiR 0 Hin'oﬁh‘tr Hlvefidlef et oyéa% 961‘1ﬁﬂctﬁﬁ%ﬁ§ thelcb®) Qﬁﬁd‘ﬁ
agents; bl eti ng agent stabi’l 1 zers; anti oxi dants;
suﬁhce@e ey atqvwgc prpcytrccagetmntlt}e@ mtereal ;fori wlomtr@tlorspdr un dose of
hand 5 I]zlphate buffer solutions. [00101] Optiona
the ge gents may be included in a pharnmaceuti cal

[00POMOSi t i DbmpMHy PRasircBRical Y Redepibicdaliert Bt @nhRInentWitieieof
the activity of "the conpound of the present

arg AR e, aS[lmqmgluEfSﬁ@cd VEEH) ﬁ@@h@&, amho%ssoaf starch and

o Y, E
po%%o S{r%fﬁc(l;lé ﬁ%{u(l:% € an8 gt(s: éieerl at1[\)f||3sé sg% 254 sodSo %aar oxsymetlhyé cellulose,

et]‘ilyl)(:blllllileﬁa hﬂftﬁﬁeﬂlfyl cdlubose] petievdd thagadarsitichalblglatin; talc; solid
harnaceutlcal acceptabl e vehicle. In instances in
3P, BYHE 3¢ oippoTiATd B AIABNESEIM [isRS: e3leiym wifateppynthefic

OIIEEL%%%S Bid 8ls, éﬂ:lhlﬁQ IpEé.Iﬁllt &)%F&lég gﬁl &?%m@ ﬁll l’lﬁfvg oil, M&)rn

are’ wn'to those I's art,
oil; Ipolyoﬁ;es,uc]b at prap@emoglytalnglyedinet wyrbitid) manmios aind @ntysthylene

h as. di ulfo i.de si.ng surfact
el gaic a?ﬁ@% £f'6|safqtk9ﬁ3ﬁm§ Busic &aihfWENS;
wghﬁgﬁgﬁﬁats@ch z{sqgéhg& laH@Pghlthé( 'cﬂﬁnﬁg g(éiﬁié t1aQBrifYd a %el &

conpound any one of "Fornul ae |- the resu
tahlmmgmgntmytabbz‘as sapltigkidents; Isragpmmszm pyreepHise ovatar isptoeic
he resulting m xture depends upon

”én%ﬁﬁ%gpo%$a?§%b%?g£“?ﬁ§1udlng the intended node of

[08L0M] NI St r@ptisHAl Qdﬁﬂetagﬁq@ﬁﬂar BE liiclude@fin b PRar&REBAAdD N
t he chosen vehicle. The effective concentration

cogifopitionevihich dp nghwibistepaalhyngterfisee wifheswet viss oft the compound of
r ed may be enpirically determ ned. 41 WO
S BRSTE Sl Ioher Las006/ 70054 [00104] Conpounds of
[0eng2]one Offfdcdif BUb@@niratiols FEY cO@paehy cmaslp ahe af Boradulae, I-1X
topically, arenterallﬁ i ntravenously

and pharpacs Bigadly apeepedls BHs sevarq%haandamxaﬁ%@e@ef » &fF, mixed with
ﬁ%@tle%%i&utl&[ 9&:%?@‘5 re@'eh%le \th %S}Péﬁﬁigﬁglwhlch the comlpound

mnistration, rec as an m c sol ut
exbibity ynsanlfﬂment relbiity,i metﬂmtsdgem]mmhmh g rompairido msay be used.

SUCRFES ok ayaipghe o e R e dds ftrberegudf GLHE st limited

,al‘i’éﬁ?g)éb%o%n@,' §u¥h §§§1%%@1§1Qf‘féx1dé' (PRESS), leﬁg RWHInSs, Qfich as
TWEEN, or dissolution in aqueous sodium bicarbonate.
[00103] Upon mixing or addition of the compound of any one of Formulae I-
IX, the resulting mixture may be a solution, suspension, emulsion or the like. The
form of the resulting mixture depends upon a number of factors, including the
intended mode of administration and the solubility of the compound in the chosen
vehicle. The effective concentration sufficient for ameliorating the symptoms of the

disease treated may be empirically determined.
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granul es, emul sions, hard or soft capsules, or syrups

or elixirs. Conpositions intended for oral use may be
WEe@passe’ accordi ng to any nmet hod known t o theP@r/US$008/077054

t he manuf acture of pharmaceutical conpositions and

such conpositions may contain one or nore agents,

such as sweetening agents, flavoring agents, coloring
[0ab@tit s andompswsie by amgoregd Fosmulaa [-0X dery Headpfiniviecke orally,

har maceuti cal |y el egant, and hl e preparatjons
topialboRareairil RSOt oy P&F&WF%’& dW&Ctb%hB&ﬂﬂ#aLa%ﬂwOf
sppar?/l sﬁbq?mgg {ral?sdeﬁmOUﬁq)uQéal a@%lrf?{heatlgfl Ig&ﬁﬂ}”ﬁ%nl -1 X

o iments, “oral fornmulations contain at
Oﬂhdm@mc&%qtmm gty omeroﬁeaas,ao dpsagndnpfofRodatidna. | . Sone

nt f % to 50% or, from 5%t
Lt Rl R A R R S
tabled| drach@Q b RS <€ hQEkoBOBPEIS duls fHRionk SRspeRGhl gswhé@ 3k d

sol utions, enulsions, suspensions, powders, granul es,
granylss, egulsiangchand erssofts%palﬁgs oapupher dlixke. Cornmesmons

1n%P§ecgf gelutcl)lhlgegl | aﬁr%%greg acc:)csolr 1%% E}ols z? é/smgtﬂmlﬁ n?(wn o tlile art for

th¢ hﬁnﬁfattur&@haf‘rﬁﬁdwh@ﬂ Ic@ﬂﬁposﬁﬁdns%ﬂkﬁctlﬂcdihﬁ;ﬁﬁﬂfo\ﬂ@tﬂa‘yQSntam
flavoring agents, sweetening such as sucrose
Ongror §REE RSN Suqhﬁtséfeﬁtﬁglklg ﬁgentag‘@ﬂ%ng Fatscenlpripspgents and
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I XIrs, S an I ons
prepsdmrmﬂs hgimmbodlmempydrelrfenghlynms copmhryﬁbllmy] Ere99% of a

col I|qU|d sucr.os rbitol a wat er
ugd Pl OTgRf FREmplas X o3P Rd %ﬂ%‘@‘?té’rﬁri’ﬂgf%/rﬁééﬁ?@
cofnga'in £qarwk & (ﬁJeY%hg oo of aRLBPYLEDEr BN ;. SRRDLIh R GimEhits

sucrose. Suc rmul ations may al so contain a
codenmfromrit5% [OP0 8} froonjfoumds %06t acympnadef afpemubide®rmulae
I -1 X can be incorporated into oral liquid
“preparations such as aqueous or oily suspensions,

[00P06]t | ONSQra@AlHiMREred TYMPPStionsHlsEintMté Squiti @blutions,
exanpl e. Moreover, fornulations containing these

engHEAnS ampéml@ltsb pewderh erivalesy elivdrst Bactuiss.2yaipy. anddbrbike.
Tl%:or ceujuéa e \{\gbtle c%@ér“g s ui®dbl Ofor rep%yatlgﬁl%k u(%ehI cle
droret uc%ﬂ qui

use. prep ara can con

codipovigiohs mealellblchdivin iv &t arg UOI a@nﬂﬂatid@s a&g%ﬁ)taﬁgﬁe?servatwes,
PCT/ US2008/ 077054 suspendi ng agents (e.qg., sorbitol
flaypriny 2260Et Ry Peteng agf‘élése sucdy %éB%réf%‘BFgS&FCha%ft@ﬁe masking

thyl cellul ose, carboxynet hyl
agggt{ f‘éqdrbold?}ﬁ | g&%@ y y y

ul ose, m num stearate gel, and hydrogenated
[0 e fa[f@)iqal eompemefhysl dfgaﬂgﬁnﬁos sjrepg elixire eimubsions and

SR o5 e R Bt RO B G SO bPP BTG ehgphbfeid
subtdse, sorbitol and water. Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol, sorbitol, or sucrose. Such
formulations may also contain a demulcent.

[00108] Compounds of any one of Formulae I-IX can be incorporated into oral
liquid preparations such as aqueous or oily suspensions, solutions, emulsions, syrups,
or elixirs, for example. Moreover, formulations containing these chemical entities can
be presented as a dry product for constitution with water or other suitable vehicle

before use. Such liquid preparations can contain conventional additives, such as
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fracti onated coconut oil, silyl esters, propylene

gl ycol and ethyl alcohol), and preservatives (e.g.,
woreaobpso3er propyl p-hydroxybenzoate and sor bi cPEEUS)008/077054

[ 00109] For a suspension, typical suspending agents

i ncl ude net hyl cel l ul ose, sodi um car boxynet hyl

cel lul ose, AVICEL RC-591, tragacanth and sodi um

Su&ﬂ)@idﬁ%t agpnts (§/pl sabitoleytupnmetyeatlkilosnacluctaelsegirt dyrup, and

orbate 80;._ and typical preservatives include
53/ r iﬁdé}ﬂ%@es Gel{ose; plgmim Algeratsugst and
I
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prBéé@l\Fa@JF)EQ yg rfﬁéthyﬂ G Prbpill BIK drox§BénzBuRlafl BAbR: acid).
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SOBI osg ?(t)xy%]?&hay Olﬁlkl é@ Ig)%l,(}fé SBE”tﬁdgfloatrntﬂ?grp SO 1um ]al(émate
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products of ethylene oxide with Iong chain aliphatic
m%@é%ﬁ@ﬂgdP?%Pﬂ@KQﬁﬁﬂ@nfh%ﬁ?%ﬁecaethyIeneoxycetanol or

[Ogg{ﬁjensatl& gg gﬂg&ﬁ ForQlcoft Y §Q&n§x{h&§ it ?hT &’cﬂﬁ& éwuh

rs derrve atty acids an suc
expiplignoxyuatablylfenide sonbiacoire oSagnsbdust sut@nsions. cSmdhesm@ﬁenm

. ducts of eth ne oxi de th partial esters derived
mglpgwu%ﬂl@g %&epﬁs 4 FEATARIL ISP MR AT TG @?4 Sexanpl e
m@tﬁ&&f@ﬂﬁ&@eeﬂfd@ﬁlﬁp*ﬁrﬁlfhﬁééhﬁfo‘s& lJsB@mm-rzt’lgma@qf&kﬁ?ﬂﬁylpyrrohdone

suspensi ons” may al so contain one or nore
gupn e‘sgcmah|au@gumfaoamaxhsmrseng@l‘rwetttmg agenfs; ng:nmﬂy’roccumng

PRSI £af 98 s laiPng Songenste Boarsiy Pt SRS sride

witie BRlyaRlde, ok bxanké peXaRKIe 1RRAMAt&Ior comleh¥RioRipreducts of
sesane oil or coconut oil, or in a mneral oil such

ethdene Q}‘m(iifdwﬁhﬂ%‘gfqhﬁm afipbatisi 4lgohelss ﬁ%?r%lﬂl@ﬁl@ rray contain a
heépadgc ﬁ1ype%fag ahol 8r co%)égrmllgn groﬁlsi 3 etﬂﬁl 8}?%03 & é)a{tlal

Sweet eni ng

esfedy detnvab@\bm fa&lydcfdls and i hegtorgedht & pmwxpahﬁdﬂkembmﬂ
ugrowde pal at abl e aral Ere par ati ons,

G q%ﬁ%ﬂ%«;ﬁ pedpgtes ‘?’tbiélén%‘}/xl%émﬁd’émaﬂ gricte feriygg from
fa%ﬂﬁéldé)ﬁdjlwﬁto HEYdAdes2RT ADhS %8hgthy egg%&%ltan substltulte The

arnaceuti ca rrp03| t1ons rnvention may
agneousrsubreasibos may 4Bo \Ah2D0HE 03 8B pRCTHAIB20(Bf BTGB ethyl,

of oil-in- mater enul sions. The oily phase may be a
me@&ﬂngéWGVVy ?%Pm%xanple olive oil or peanut oil, or

(001 ﬂlt] ner 2' O buspbiforrTRleSolh Attied bRALELhiiRe e Mixt ur es
ingredients in a vegetable oil, for example peanut oil, olive oil, sesame oil or coconut
oil, or in a mineral oil such as liquid paraffin. The oily suspensions may contain a
thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening
agents such as those set forth above, and flavoring agents may be added to provide
palatable oral preparations. These compositions may be preserved by the addition of
an anti-oxidant such as ascorbic acid.

[00112] Pharmaceutical compositions of the invention may also be in the form
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Sui tabl e emul sifying agents may be naturally-occurring
guns, for exanple gum acacia or gumtragacanth,
Wo2109/0343bYy - occurri ng phosphati des, for exanpl ePGDYS2008/077054
bean, lecithin, and esters or partial esters derived
fromfatty acids and hexitol, anhydrides, for exanple
sor bi tan nonol eate, and condensati on products of the
ofdli-ia-pateit rablsios. €Tl oily ghaseinhy be neegetatde pil ffor exaxngripbive

.pol yoxyet hyl ene sarbh n nonol eat
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widle e
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b di
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aqaBshssusgeasien belitlsd dﬂdﬁgfnajﬂvﬁat@qﬁbvlaé theSicaiveCihgrediedt i C
acid and croscarnel ose; |ubricants such as magnesi um
adgpigiFeawEh agiPaRing oraGtingaesnt apspending agent and pRg 1 gore

prg%"l Ha‘flggs %ﬁébg%I%%&I%gOW% é anngg)d’ngvsﬁsl%%?f‘ﬂlg aﬁents are

aracteristics xture
exag@ltifisd bg thoke mempmdﬁﬁ&@cmb@se can be added for

ar anc Sweet epers and fl avori ng agents as
Wﬁgﬁﬁrt el abIes Bpteally ROMAR}F 478 SntipapiRia fgfmﬁeuﬁ aqumt'ctble

adﬁﬁ\%ﬁ@rﬁ qnéf’ta(ﬂh}%ﬁts usehul cadiuHvantshafed Eodﬁtﬂ%@ﬁ%h@te mannitol,
lets. Capsules (including time rel ease and

lagtost aidreetuliosd; daslers such austaich ogeddtint andisoeriobsy dmrtpgmlste such as

AT R AN ERE SR S

acRBSRINGR! YGRS IsHET &l dilRddn didki€e tASHcused EPBhproddow hel f
stability. [00115] Such conpositions may al so be

ch@@ﬁte@@uw dlempasrdar @rnaqurqm@@;g@gg ageny bl qsth,\ﬂp ACisteprean
b adﬁg agogg SP b Q&Cﬁggg]tgétng% b and, hvgn@lgtatgérgg Su s?aﬁsggrtarﬁe

sawmhm myntﬁt)l poypetlatik,raad fﬁmﬁn@afs appbd @aful @ﬁyuvams &dr
ri ous imes to extend the desired action. Such

Chaw@@éatﬂ%? rf@aw&ﬁsémc udingfime,erdeasppad ssginegirelensen t ed
folr")rﬁ?lag&?s) Bipidih %ofﬁfgﬁ eﬁ(l)*e%r%@re a6 gc{ &ﬁ&n&'ﬁlm&% @bove. The

yvi nyl cet r oxy
selvetibry btedlrtier cosgpopérith aftat @:;pe&dlsfmi seceﬂldanj' ms;deﬁltndnsag]ket taste,
coaté%}?if es and shellac. [00116] Formul ations for
o8k A %1 so be presented as hard gelatin 44 WO

[069%/ 039@1%hp%p9§g@%9§7319§ﬂe coated by conventional methods,

typically with pH or time-dependent coatings, such that the compound is released in
the gastrointestinal tract in the vicinity of the desired topical application, or at various
times to extend the desired action. Such dosage forms typically include, but are not
limited to, one or more of cellulose acetate phthalate, polyvinylacetate phthalate,
hydroxypropyl methylcellulose phthalate, ethyl cellulose, Eudragit coatings, waxes
and shellac.

[00116] Formulations for oral use may also be presented as hard gelatin
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capsul es wherein the active ingredient is mxed with
an inert solid diluent, for exanple, calcium
W@ 2000080892, cal ci um phosphate or kaolin, or asPGDU$2008/077054
gelatin capsules wherein the active ingredient is
mxed with water or an oil nedium for exanple peanut
oil, liquid paraffin or olive oil. [00117]
caPhaesmiereihi thahctive iposdientdn mivaaywitean etthelid diluenoffon
sterile jnjectable agueous or ol eagi nous s spenS|on
CXEIPLS, g%}glﬁ@@r‘m%yalﬁl@m Dineliats BEKaRBB T A ngtteslatip ﬁ%PS‘ﬂeS
whRON ALy %Lg?gdléﬁ}qssﬁm?eal Pl bSRPLS adiud, bl
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thgtqla]ve Ibeedl mgrgtleornled fl?/oevr?t Xlglre S{S)elljlge 1(51 ?ab?eo&\ééaggtllo%nnalf}y Xls? P]e sterile
1njwfaBRSs©1Lﬂ1Ith ob k@pdnsimmch @d—toﬁﬁ)@aﬁﬁlta&mw&}{ﬁﬂ)w neicld] fog
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or mil ae m ni st er parent era
addition, sttele] fiecd@bi aumorﬁanmtaﬁy ampadid n$ stolatiton suspendmg
I nt.,ravenou

cl uges _subcut aneo ct.i ons,
meﬂ %&g duy avaO%erﬂlwﬁwéé%eg (oM B “i’f‘of‘ﬁnR}PY?danﬁﬂéla’&ﬁ synthetic

mb R NS ride CANRAYRER, afty 80Ys QB a9 blekOIME R uskPfl in the
dependi'ng on the vehicle and concentration used, can

pmmmﬁmmlﬁhnsuswemded or dissolved in the vehicle.
O@fgﬂntage usI uvants Wﬁ in%ocal anest.hetics,

1off i er vart v BESadR OB B SO AE E T 20 s BRRLORE " &

pardieraN i £4t€rile kﬁbdﬁ(ﬁﬂy P&@ARAS hiihMGrakioh iMM®RP k&cataneous
adm nistration the carrier conprises at |east 90% by

injgetieftst IWV?I}@@S,tlb'tf%mu%@]f@pdﬁir{lth%wl injgetien ﬁémém@uteﬁblnﬂ@es
ém oundh [)f g ne Af F%?tn}ﬂag ?:[ﬁ cile%g ”&n'} | b lih%t BlLid an&i c%%éentratlon
hyTPol€at &

m pr opy Yene gly rro
used,van @ither&i&(iuﬁfbﬁaémomlisoh{eﬂ od #R]vekierep Q&Mﬁta@éou@[}y adyﬁeants
of Fornmulae |I-1X may al so be administered in_  the fo

sugl a%l?ﬁblo@?%tbfftwésprﬁwvat@e% #1d tadiering $e¢N4t FadrPeatissohied in the
9.0 TR GRERIG) AP Borc AR DRRERRAGE s s

non-irritating excipient
atileast S0%i ly weight df thartytat esppodtion. eIsn douie dmlmdurderat the carrier

rectal tenperature and w| | ther r in the
fof BEE G GO O1 QaUE" ISR IGEm SHOH HHEEDEPLE] HEFae
ﬁf&ﬁ@&q@@ihfa%l aidsesRd ¥t hyl ene glycols. [00120]
Compounds of any one of Fornulae |-1X nay be

[00BYHul at ddorhpeunide ohiny one of Formulae [-IX may also be administered in
the form of suppositories for rectal administration of the drug. These compositions
can be prepared by mixing the drug with a suitable non-irritating excipient that is
solid at ordinary temperatures but liquid at rectal temperature and will therefore melt
in the rectum to release the drug. Such materials include cocoa butter and

polyethylene glycols.
[00120] Compounds of any one of Formulae I-IX may be formulated for local
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45 WD 2009/ 039397 PCT/ US2008/ 077054 or topical
application, such as for topical application to the
W@ R09/039307 mucous nenbranes, such as in the eyRCT/US200$1€77054
formof gels, creans, and |lotions and for application
to the eye. Topical conpositions may be in any form
i ncluding, for exanple, solutions, creans, ointnents,
orgepisal applidatins, suth hk&or tefied Iaplﬁrcauonmj the wkinzad syucous

ki h h 001 Such
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[oyBzHiety ofuchablhutiBhs May 8& Fahmlael 4s kOBPN109 iddidhi@kdlutions,

such as, for exanple, water, alcohols, aloe vera gel,

pfé|5+7a i G apprqylnytee;alth eComp‘mawlis of Ayaene & Formylae [¥Kmegyailso be
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[001D2B]C a| CEdIﬁctaﬂ,‘ ESmpdSHiﬂlme:onfp@[smg assipdund enayl dne R Formulae
sol vents, hunectants, thickeners and powders. anpl es

L1 caperpdgrixqhwila a any%@f e TigRaterials svelhionh leéh? #h such as,
B8 ol Oy L85 £ B TR B b o

minecdl adeprepdaeydlyad] CRINGI2, mghsy;ziqmplonam mnd it lilel eat e,

eryl nost ear at e,
Wﬁtﬁlne |, T@Pte“ﬁ]isﬁklt%hq? o g “é"eWPPlﬁP erﬁrs inclyge fop pxample,

erh A0S %Bﬁfteﬁt’s ReRtdnts, ﬁﬁ&l&neﬂs%ﬁd B YErs H@ia‘ﬁﬁﬂl@stﬁ each of these
i socet’yl stearate, oleyl alcohol, isopropyl |aurate,

typesxof Imatmﬂlmxéucldemhe ustsingly onat meum oPoud or msmcmettymals

cetyl palmtate, dinethyl polysiloxane,
ar%ll"lsﬁ)%ﬂmsy sebacate, iso-propyl nyrist ate, iso-propyl

[0PB24T1 t at erRepr&@niafi GPYoBeRRIRlRde ddhirylal®@hBR LRy
polyethylene gl ycol, triethylene glycol, [anolin,

MQRAI OIS, gl}@@tyb menogedrateaprapsies! 3idiol, luanteok 3li¢l, mink oil,
ce%ﬁ% Clgil&t 1esg OB %?y? llslogtegra Oht%ar%d adif égooplﬁgﬁalﬁtgtgrlgocg%l stearate,

I SOS éar I'C acCl I C acl

oleﬁ@woﬁ@yisobtdpgl laataes, héal nayl&até aiét:gat@eatdry)btaa&qah 2-6icisat eyl
ol eate, and nmyri state; propellants

al%qb@ Cﬁ‘é’l B%labt&wedmb‘ﬁhsdh@ymf/%én% di-arhutyl getsatByiso-granyt |
e S
GRS AR RO, PGS B SOLUERRL S e
glmttnethglehe gBtbly lannkn,gksandd oilrenomiuhyil, @md}n&roﬂ castor oil,
di | ene gl ycol nobut er, diethyl ene gl coJ
achsfe BRI arRUCHD! PSRt el i iy tehrt S,
paﬁlﬁ{tm&j Ssoptdp gf @fﬁﬁi%@flé{frﬁnact%%‘}fﬁw1§ctat%u@é?:y?§leate and
gl ycerin, Eorbi t ol

myristyl myristate; propellants such as propane butane, iso-butane, dimethyl ether,
carbon dioxide, and nitrous oxide; solvents, such as ethyl alcohol, methylene chloride,
iso-propanol, castor oil, ethylene glycol monoethyl ether, diethylene glycol
monobutyl ether, diethylene glycol monoethyl ether, dimethyl sulphoxide, dimethyl
formamide, tetrahydrofuran; humectants, such as glycerin, sorbitol, sodium 2-
pyrrolidone-5-carboxylate, soluble collagen, dibutyl phthalate, and gelatin; and

powders, such as chalk, talc, fullers earth, kaolin, starch, gums, colloidal silicon
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pyrrol i done-5-carboxyl ate, sol uble collagen, dibutyl
pht hal ate, and gelatin; and powlers, such as chalk,
w0 2000/039301 | ers earth, kaolin, starch, guns, coPCDUS08/077054
silicon 46 WD 2009/ 039397 PCT/ US2008/ 077054 di oxi de,
sodi um pol yacryl ate, tetra al kyl anmoni um snectites,
trial kyl aryl ammoni um snectites, chemcally nodified
dioeigaestdium pdlyaurylhtemesh hikghiremonmnganediads| yiatkyd byl ed
nmontnorillaonite clay, hyd _a& ed al um nium.silicate,
AR ARYMSTRGCHLES, C%EHP‘B’@‘(W{‘H{)‘F HBERFHIM alugdip silicate,
orgrag{ipﬂ?%iﬁé{d meRihdHIRA e cﬁgghn)%}ﬂé{d 0&ibLNGHhicate, fumed silica,
nostearate. [00125] Compdurids of any one of Fornul ae
catbaxyvimglypdymer, baditmpadekymethgdenallnlos¢.emd @thylent lggycbbr m
f liposone delivery systens, such as small
MORISCAHET | ar  vesicles, large unilanmellar vesicles, and
[00uds]i | ametddponn@s bEhfSoneldf FRSANES I—‘Iﬂﬁhé@ﬂﬂsJ&rtﬁFﬁalﬁf om
a variety of phospholipids, such as chol esterol,
adgnipigteyddamtheefoamdb! pipesaspehdalivasy sybtemisnish af goalpeiilamdiler
V&SRR AN MBS L f 0T At AL NN PYSIEM § 5 dablvery, @f
t1e cd(”rrpoun%l I'ncl"ude’subli ngug}, Uccal” and Rasafl
fogtasBfemf Oty SByhbspholipias] ducl aschdlaspdreiakteyryR@iig arse
one or nore of soluble filler substances such as
phosphagdelchelgiepi t of  and mannitol, and bi nders such as

L8, OBLSAUGL AL 05601 W ERCARUUTELDN
co@podadirg]udesbblirgant, dpccaivret enardsagedfolmy. aiich,compositions

antjoxi dants and fl avorin ents di scl osed above )
LYRICRlYY (ENRTHE 088 8Morg ‘E‘fcﬁf&“ﬂ”?e @%BEW‘I}C%%“ S SYHRE é‘fr}%‘ﬁl

andfndbl, ¥n& BIRdBSE sREPN L8ea i Rict iyt AfiMR &flluﬁ)se,sc‘afﬂ&&&@thyl
suspensi on or enul sion that can be adm nistered as a

cetlnlpspond dydroxypropylmecth¥loglnlest. &ilidaes dsbilicanss, sgeedeners,

S S L g A
[00f27]1he presapsdsitidhé gt inRilatidytyplcaly Ot beditalidyd inCtBPsrhS6r a
an activity enhancer. The activity enhancer can be

sofiHp8 esspens AN \RIHds 10Ty et eambegidnipisead] a9 drnaewdemetin te

in different ways to _enhan r be in en f
tofoF oG RS ORI G Hanl1F o MR R brRethane o
triPelotdfidl@anetedr@sses of activity enhancers include skin
[OBenet rati on enhancers and absorption enhancers.

biPl2o] PhersraRasiticrapt be RrseRtinvRE B May e apiem!on
TR B SBysPOLNrL  FaETh b g0
varigtyodfinosle¢ulesathitffenaion iwdifferero veayh anathahdeeortteendagpendanc of
thgrfa{)eeu%tcseff%]::ts %f ﬁl%'}}%gsléﬂtd co%pounds. Particular classes of activity enhancers
include skin penetration enhancers and absorption enhancers.
[00129] Pharmaceutical compositions of the invention may also contain
additional active agents that can be chosen from a wide variety of molecules, which
can function in different ways to enhance the therapeutic effects of a compound of
any one of Formulae I-IX. These optional other active agents, when present, are
typically employed in the compositions of the invention at a level ranging from 0.01%

to 15%. Some embodiments contain from 0.1% to 10% by weight of the composition.

Other embodiments contain from 0.5% to 5% by weight of the composition.
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any one of Formulae I-1X These optional other active

agents, when present, are typically enployed in the
w@9po393p7 ons of the invention at a | evel rangPCyU$20081077054

0.01% to 15% Sone enbodi ments contain fromO0.1%to

10% by wei ght of the conposition. O her enbodi ments

contain fromO0.5%to 5% by weight of the conposition.
[08T730)\O 2OOHie(lﬁ%ﬁfbnMﬁdﬁ@@ﬂ&g@&ﬁ%&aee{ﬁ@ﬂ&ﬁhﬂlh@ons. Such

i pventi on i ncl ydes, packaged phar maceut.i cal
P"‘Fg*}%?al formul nsgeri e ap%l@ﬂ%@féaﬁ%Fﬂﬁpaﬁlﬁlﬂhgomwa%@%npound
ofF%llﬂ ARGERS e p@mﬂahﬁ&eﬁem 'a%&e,g)gab@e mmam@es afd

one of Fornulae I'-1X and pharnaceuti call
ma«mrepthatmé agdlinssrucsaisvat esng tadompdsition @strctah e n@@fmalan d

(t}ﬁ)é |a tu'(l?agr}%a& ;J]_Snlgrolﬂ‘l&:f‘gﬁ) ég?n?rgi Itﬂ§e| 1%?#0218%}%%6: fory using the
p}ﬁﬁfﬁ&%fmwmpbﬁ@oﬂ PSitdablg bhi@hs s@F@in@Fortl § ldNGadeN€sponsive to
har maceuti cal conposition to treat a patient
in l@tthéquf ngk petoriyaand] erdakibitioagy dhedlland/qr myahpifisiell |a©thlbff The
1nvenl§ on c n 1ncﬁereand\{1d1%r IrelghI l?lIn}; 1n(%n Of‘uon f:or examnle to atient or
act tg)}/) The"Sihvent i°0n can®ihct Gdeé

hdﬁftﬂ\tiud ipAg) i eSiCas iallh ey irk mf)@kagéd sHrmhdciutieN adsmhﬂaudno a
patient. or health care provider, or as a |label in a

Prs%?@lba@ela smatompiey include fPeexRmPle ¢téigacy. F]’Pséé% richidsggnistration,
cogﬁgﬁgg%@&d%xeﬂsg Cddtin frods H@gﬂ L @aifihnk t8 HeYohafRR286cal

m ni stration, contraindication &nd adver se
forrealatioron i nformation pertaining to the pharnmaceuti cal

lation, [00131 In II of the foregoi
W@ﬁlﬁzundsm&ﬁ ﬁ@ngFF]e% R Forlparadt of Sc of farmiae 11X can

bl Ris RIQN AGhe2hORGxtuRS, cﬁnlfﬁ:&ﬁlﬁﬁau&{ with ofRFRENRLBs.
with other active agents. [00132] Accordingly, “the

[00H324nt i orA¢auedinglgstha inentiodingfudes @atethog of tlpamn%pa,tleﬁt; for
exanple, a |, such as a hupmmn, havin
o BbA ST s B e an et st Fore g Ta iRt
B @& ikyd Q:Bﬁbhﬁﬁg h@mhhﬁraﬁﬁg k@ihe pAaitMaviib Ghchta Sik&RA R,
an effective anount of a conpound of any one of

effeéﬁm‘@@““mfxcﬁmﬁowfrmwm pEEgIplaccliepdatiaemacsptigally
ac %g%’b%%?%si 1vau!," K %%ules ﬁeof [00133] To the extent

i Sease, alleviation of the

[0dixxase, Th ﬂne&i&:nﬁbhﬁ’pBﬂ?ﬂS implicweirh disey®, aldsithtion of the
prophylactic treatnent is wthin the scope of this
dipeave ﬁ*ﬁ%ﬁ? SYMRIERrEI Y ARAHY Srafd BIOPRYIAFHSFISMEt Inmithire

SCQ% A a h@f&ltlbn h?% I%&ﬁnéﬁg (!6 ogﬁ&e(ff alflg Nge SfSFoﬁ{ﬁsz{E I-

l'eviation of di sease, disedse sy
Xpmey elnd athihieothanidneaphyi that allnviatxeatoﬁdrstasef dicasd st goss,
assomatngvmththese ki nas i.s. also w thi

he . )
PrEYHE Ve AT PHYIRFEA feRenf ﬂ]“o%fl%&‘%teéf‘“ﬁ%%%ﬁﬁ&‘é‘?ﬂses is
al® W RhinEd ét%ﬁe b LiniM@nBt k activity and/ or

[00134] Methods of treatment also include inhibiting Btk activity and/ or
inhibiting B-cell and/or myeloid-cell activity, by inhibiting ATP binding or hydrolysis
by Btk or by some other mechanism, in vivo, in a patient suffering from a disease
responsive to inhibition of Btk activity, by administering an effective concentration of
a compound of any one of Formulae I-IX and pharmaceutically acceptable salts,
solvates, and mixtures thereof. An example of an effective concentration would be

that concentration sufficient to inhibit Btk activity in vitro. An effective
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inhibiting B-cell and/or nyeloid-cell activity, by
i nhi biting ATP binding or hydrolysis by Btk or by
WG 00e/083hEr mechani sm in vivo, in a patient seET/E81008/077054
froma disease responsive to inhibition of Btk
activity, by admnistering an effective concentration
of a conpound of any one of Fornulae |I-I1X and
copbattrmeoe utay balaboeramee pkpebimaemailyt for exmpleaiye]ssayﬁrgdalood

m xt ur.es ther eof | e an effectj
COBEFHLBHER af ths FomBaY BéﬁlePn%élfal?y hE GHER AR POSY P Livent
[Ot)PS Jnh' bi f Bk cAflobiphdnys. ke dbhbift®n r&goﬁgltf@&)tlhﬂlgltﬂ)% MBik
2009/ 039397 PCT/ US2008/ 077054 concentration may be
acaisite nndion Becedgbape far mtmtqadikgfll adtontyexeampée a bynadisaigengn
1{%' ooa. cance trati n of t e#:o%rﬁ%gund,t or,. y )
b - EB?I}C(}OY W‘l APOHNE APYGT BT BIV PR i epesy and/ pipppasyite
inflAmERAMRy &Ab@sH. ment s, the condition responsive to
i nhi bi t| on of Btk activity and/ or B-cell and/or
[0/ 34]0i d- cBhe mamtiomnnc;lud@ agagtbed of teahope pan@é&ld@ng caireer, a

baI l.eraic disorder algi an_aut ol nmune (ﬂ
ofe fdfso er an a ercﬁlc dlSOI‘ er and/ I an autoimmune an o n amn%ator
mrat o or ‘an acute 3‘%

dlﬁfﬁﬁ& tah@or a1{ &Qllé’:ﬁl}lafﬁhﬁit(brp\r@i&hb@ byl aﬁﬁhnidt%ﬁn a aﬂEﬁf&Ubﬁ'e @fnount
treatl ng a_ pati ent havi ng_cancer, a bone disorder,

ofz qogigiad af avyrensrof FRemeac khX aod Bharmasitisaldy aceptable salts,

soﬁ&ftésam res g,ercé%?se and/ or an acute inflammatory
reaction, mnistering an effective amount of a

[06t3Mound Iofsomﬁybnmodlmﬁntd:dremmlndmohs hiXl dinchses that can be affected

phar maceutical ly ac | e l.ts, ol vat es
usTHERS Y one p§§§ tfaq B aprlidernBiAT s imitschi:
alePREbEbRIBS, ﬁ‘l@fhdﬂig&ﬁﬁ%@ﬁhﬁlﬂ@& to%QerQ@ aﬁ&fg@&lth%ﬂtls Hlséd??za hay

conpounds of any one of Fornulae |-1X, 7 nclude
fewgrebnoothihli avihined uttwaria diives) gndfapdstiegessand etbdriatimg but

g limted to eczemn, allergic rhinitis or coryza,

coRdifiontieyer . bronchi al asthma, urticaria (hives) and
auﬁ(ﬁﬁ%@e'aﬁﬂ/@k BFlanARdoQtdi@hscal BBluling®AAbt1iiA& to psoriasis,

aut ol mmune and/or inflammatory diseases, incl ué)l but
Ciodn’ SMIWia%ee dritadlepayrdl amdfﬁome cSrJ @gmn 's difieaseatiesue jgrafi nemtl@n,
anla%mg Q gerjgcn%a ﬁjtrgngs ?antcid or‘g %hmg Is ?t&%lcqlr

yperac rangpﬁ ant ed

er@ﬂh@@ﬁ]@sus«’:‘(ﬁh&l BBociaes tgﬁiﬂl@uﬂohﬂilﬁqtlsﬁ ﬁyﬁdm&amy@ﬁm n(lan;ﬁle
associ ated gl onerul onephritis), dernmatomyosit
sclepss, ,§¢1ér0d§%mae varsplits GENEAgsarciaied Jadsethes ‘taﬁ%‘lhﬂdes)

a ﬁhﬁ%n@%\%&% ﬁg&%ﬂd @iﬂgm%t)&ﬁ CYI?CSS(EM:Eé t(jo%ﬁﬁa} ture Q%&%ﬂwgﬁd

tic a orrbocto eni c states od asture
sqpnuiedagien(eaﬂdnephﬂsmmchplﬂdlogh@memhhn@)mmrbs:lanﬂs

ul nonary henorrhage the scl er o r heurat oi d
rheypdfpicd rltlasqsmwﬁnﬁ)lﬁ ehisnicdd At t?m%‘gpgmpemc purpura

(rEBY, ARIBREYL ARG NC PRYIRYA 'R disease, Alzheimer’s disease, Diabetes mellitus

(type 1), septic shock, myasthenia gravis, Ulcerative Colitis, Aplastic anemia, Coeliac

disease, Wegener's granulomatosis and other diseases in which the cells and
antibodies arise from and are directed against the individual’s own tissues;

acute inflammatory reactions, including but not limited to skin sunburn, inflammatory

pelvic disease, inflammatory bowel disease, urethritis, uvitis, sinusitis, pneumonitis,
encephalitis, meningitis, myocarditis, nephritis, osteomyelitis, myositis, hepatitis,

gastritis, enteritis, dermatitis, gingivitis, appendicitis, pancreatitis, and cholocystitis;

49



(1 TP), Addison's disease, Parkinson's disease,
Al zhei ner's di sease, Diabetes nellitus (type 1),
waeppiogsghock, myasthenia gravis, U cerative CT/UBR08/077054
Apl astic anem a, Coeliac disease, \Wegener's
granul omat osi s and ot her diseases in which the cells
and antibodies arise fromand are directed agai nst
cahhi& inolidingduahodimiv bitemaadogied utadighnidianmhas B-cell

ctions, inc but not. limted _ to skin sunburn, .
1ymﬁ PEpRRC e yw%glgsteﬁ lewsrania, 4ehie myRlegegPys Ipienia, chronic

mgélégéﬁ%ﬁs 1eHI‘<§h1'af éﬂrbﬁc ahy hdutSy hB ictlbékenﬁg q}éﬂ? REf Ie%kemla,

encepaltls I’TEnIngItIS nmyo Itis,

Hodgkgongiedase,iNqn-Hydslin lmphoapatndﬁ;xk myg]@atac ad @hef diseases

ent er. d| citjs,

R it R0 bR B t&%y@q%dﬂriym%?pp 099530307
bo%@EIsu@%@@%Ic@Jdm%%ut oANGfkd td HGbdpdkdg. but not imted

to hematol ogi cal nal i gnanci es, such as B-cell
[OOy?rﬁihorra Bf&n@l akoewen Irywpm Iof apapitesiy @dk@nh@ma chsﬂle Defective

apnﬁteosm %ontrl"tl)ates % {fle plaﬁl n%%nesm an& dl["ugr s1stgn man eq'i;emias and

em a,

lyfn@h&ﬁﬁ.@ a"hus Ml@flpi’o\&déﬂil is aaﬁfﬁhod\lﬁﬂ’prb‘l@dglkg r 1|n§hﬁﬂiﬁlg')£@ptos1s in
mul tip nlwi/el oma, and ot her di seases that are
g

celp amre%senr EFoBpriging centaging he coll Wl asompyHishak 3y one of
d
F&%%Ia%fﬂpé ff'amﬁgaﬁl[cgly%?&@ﬁﬁ shIRCLiding aﬁ&'mlﬂg}es tIlé}%cIfe

t'0 osteopor osl I's’a known | tor
[0ar3fit osi ﬁhmnbwmhmml&saaéthsds dbefeewtidny & whishptcosipsund of

SRS PSR B PR enensl . ond Bt o5, shancs o

mixSurls RIe D, choﬁﬁ)eﬂﬁt)ﬁ Qe O phdARHEd RiPaIARAPSiSibR tﬂe@eof) is the
cel I's expressing Btk conprising contacting the cel

only adiiva agcrmgm,mdo ofpateny apd elsofincluess meltteels of trb’atment in Wthh a

h t I I | t I
cRp 0 E o gD L 5y e eirhirsREs R st els
solRikdROflel iafxtheede@Atoratoposilo (LONP Fl%ﬂla@éuﬂc@l%ﬁ%@ﬂmn
of Formulae I-1X, and phar maceut i cal accept abl e

thergpsis gosnyap @gtlerﬁﬁucomblg@tmne\glth peg @r(more(ﬂdd]élonal active
g%ﬁtgf g‘glF gidcgﬂoﬁa:f ﬁgtlv %legtlas gi?@g gltvleﬁ ? éﬁ%??ﬁ‘tqge 1allgt T ont

agent > §i ven

coaketutil &9 withcd dﬂﬂﬁﬁ)uﬁ@bh@(ﬂﬁp@itldﬂrc&"&hmﬁem mveml@h a
co ound of any one of Formul ae |-
[0BHH hace uTheclanloa d)é@ﬁfk‘éﬁn@h%ﬂ Qf§reatf%f‘éllt véfhégmaf@%aﬂhrms

y@}gﬁﬁé"fu ds L ﬁlreﬁwq]zosuéj ftie rgplgﬁ)'sfs'aﬂa/o; Qstﬂma 11?Whlch a compound

phar maceut osition thereof
ofppay ioee1df Fasrnnm&ﬂmun@phamtabemellpa{ccnpmldeadm Scblmtad and
[ The additional actiy can b

activ agents. e agent (s
mﬁ‘it%%&ﬁ’&?o i Hieiouht AcLuE AT YR §© Bty ﬁ%‘g@&? Ifz?BIdf‘/S Wetheds
ofBrea ORRR BN fhe@matXTRRR . QR tePic 1lpRis BHERSHoduBVRRkibRNclerosis

[00140] The invention provides methods of treatnent of

andfrer@sthtneiin wamdhhy ¢anmpound 9§ snyeeriecof| Hopmslae Ay Xhandat osus,
phrzgurrlnzgciegjtigalﬁfcgcgerp%ﬁ)le salts ds/o Vrateasszgnh 1xtureg\ﬁlereof % ggfn}i) & 8atient
in combination with one or more additional active agents.

[00141] Thus in one embodiment the invention provides a method of treating
cancer, a bone disorder, an allergic disorder and/or an autoimmune and/or
inflammatory disease, and/or an acute inflammatory reaction, which comprises

administering to a patient in need thereof an effective amount of a compound of any
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of any one of Formulae |-1X, and pharmaceutically
acceptabl e salts, solvates, and m xtures thereof, is

WO b@9/08H3y7 acti ve agent given to a patient and BCBHUS2008/077054
i ncl udes nethods of treatnment of rheunatoid
arthritis, system c lupus erythematosus, nmultiple
sclerosis and/or asthma in which a conpound of any

omervé Fofmiae MIX asd phdriiacanidallphaepmble whlis a&lkfgaezacane ptistoles

sal ol vates, and m xtures thereof, ven to a
thﬁfﬁ?f Gigether it rbranstachie agenh WJHYB’ efsua iR} cancer,
a l%ilte'dfﬁr@&ezﬂlt a?HCI‘éIQ Qkddker IS dnrhu@d'lﬁmﬁﬂ;@%gﬂ/(m ﬁltﬂahﬂﬁatory

I nvention provides a nmethod of treating cancer,
dlmam@ add/soardmute aflaminagory ireact pis. oFelerx amipllf the scamnd agent may be

and/ or nf | anmat o di sease, and/o
“aa&}t% F“ﬂﬂaé%%ﬁ%%‘nt yTFeég{%?ﬁt SVﬁtth t\% Ffi*?ﬂn‘g BripieiagEy may Be prior to,
conbéth it hath, BEfIBwind@ddu@Bit with He§HpsMArRahy BRe of Formulae I-
effecti ve anmount of a conmpound of any 50

DQ@@QS/@GQ@@WI@@WW GyOoBkvatesnandohixpeentbeesef | Lnj CXrtaln
rmaceuti c acce S S vate
R e S e e e

aca@iﬁﬂle s3] divaaed) allitemhbﬁﬁlfebl khek@ft, ik cembined vxathCa&hﬁﬂﬁf actBre agent
bone di sorder, an allergic di sorder and/or an

ingnglnaemee fney Swithble RaHWRIS RErangrdesHae maynby wed ih
co%%ﬁaﬁloh%h@?gx@% ?Qﬁ%?rﬁ)@of FehufX 3R 1ﬁclhqlée bafhe %Qt

agent may anti -1 anmat ory agent. eat nen
hnmtetchtot tlenselcongtudc bgangs, dgenxbmpiymbempein @f, ciibpplatin, taxol
ncomtant W th,. or foIIovvlnogtre tnent with a

ci ﬁﬁba?ﬁil el 5;’;8})081148 dppopabiipy ol @ cqombyination &omprlsmg at least one
of RR&f di‘@g‘b%&% é}féﬁioltﬁér@ﬁﬁﬁcpﬁgtﬂ'tse thﬁer dp':éi’JltM ah@8moRALknts may

m xtures thereof. In certain I ments, a conpound
algf beawspd orheneadr iFopmbinagor witk Chmotphlapwlzm‘agtmts ally

R rea GotRodRsehg St raThent P ETRe LRHRR tosage

chbRioBans Bl eaddefts 2dhdi thidERfan b %Eéfﬁf—‘lﬂtc'oﬁﬁnﬂaﬁ@ﬁ WM}’otﬁ)& used
in combination with a conpound of any one of Fornul ae

chemojherapepiigidrugh e paitisulabtdrugsithatiedpce gpoptosis.
[06 éﬁﬂg t herg %?e?l% Idc fo? gl%rea%’n% N aI%Slt? %,rg%l ?n er Efgrycg s eng:(’)ther

pl atin, taxo paclitaxe 0posI

o@qmmgtudmlm,steﬁhg & £ parteinDatdedgoi SO othdrgpyad cﬁemlteram:am
of the foregoi ng chenot herapeutic agents

agrBldP &Rt eigu ErEP i of ARy PegfdirrEufas - [XAnd phpemassutically
t
acF%ﬁﬁ%%ﬁ&%lgﬁi% gﬂ@#ﬁ)&ﬂregmtﬁeli]eo(fhﬁ aﬁﬁ)ﬁlﬁpﬁﬂfl 1)&1‘[6[8 %ﬁgg‘ase the

one of Fornul ae |
sensafity oﬁa&ncarhneﬂn&ﬁhs chemothqamﬁn tagent amiso plougled bareirbe

ul tion with other t her apeutjc

[Oﬁf‘ﬁ‘{:] EE |Oél?er Cﬂ%%@@eﬁaﬁ%“@c ataFﬁBg 8§?Jsl
coﬁlﬁﬁéﬁﬂl vﬁtH@E B%eﬁt%nip@ﬁﬁc?s%&lﬁ@e t%%Bﬁbltnla\éhé Vinfifbiogncer
cells to chenotherapy, conprising admnistering to a

(cpapioghesinum deprogesiany tapeeentchase Apphiditohydengt dramameciniaod
etoposide), alkylating agents (e.g. cyclophosphamide, melphalan and BCNU), tubulin
directed agents (e.g. taxol and vinblastine), biological agents (e.g. antibodies such as
anti CD20 antibody, IDEC 8, immunotoxins, and cytokines), tyrosine kinase
inhibitors (e.g., Gleevac) and the like. Such examples of other chemotherapeutic
drugs that can be used in combination with the present compounds also include R-

CHOP (cyclophosphamide (also called Cytoxan/Neosar), doxorubicin (or
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agent together with a conmpound of any one of Fornul ae

I -1 X and pharmaceutically acceptable salts, solvates,
W@rwIsdUr es thereof, in an anount suffici entP@DUS2008/077054

increase the sensitivity of cancer cells to the

chenot herapeutic agent is al so provided herein.

[00144] Exanpl es of other chenotherapeutic drugs that
Ad@amyaen)ugi@dristine (Onadt»iim)adnkiqmedaﬁioﬂbﬂemdCEr(efsﬁamldeoaarbopddtﬁq,

|nclude t¥ﬁ$%§§g$ras %g%ngéﬁﬁﬁﬁEﬁﬁfgﬁéw )éﬂﬁf n or
(e %Hﬂgm&ﬂﬁg{éﬁ%ngﬁbﬁg Q,g{aga%)me aﬁ&(&ﬁg%Nﬁﬁ‘)Q gﬁﬁ&&ﬁaﬁle( thgxan

cycl ophosp hal an and
T@amh@t@dmag@nmtfmdm@bnmadamuanmmbﬁmﬁHbshkme)

| ad.ogi c agents .(e.g. anti S h as _anti 0
051000 e BEE beihiidlnsTaM Ao ERe et SRTHRE or treanne
aut i RSindQnHioR BFRMAByRIifcate, inByitlch a GbBpMAR)ofaRY oh&16f

i ke. Such exanpl es of ot her chenot herapeuti c ~ drugs

FarmataeddX amé nhg@@acmu@ﬂmcmtalbmaw,tShlmtvé epnde”slémres thereof,
e R e L
a2 DRI aRGIDL UERRASS Qmmé nofckpeéfiy ahdTOX-2 specific

V|ncr|st|ne (Oncovin) and prednlsolone) I.CE
CYCloPBETIar ey ARBBIPato corapRIngs: SpBISOdteyoidppshotrexate,

i

tu g?égdggsﬁggﬁ%? ?eceg of' ?hgf)'nlgégef R aﬁ%g%?tggﬂl%leunogﬁ?%gsants and
methsfpdxatd. n) , gentltablne thuxan(r) Treanda ,

rampouci |, fl nt uzu he Ilke
Wﬁ@%ﬁi%] i ﬁﬁ 13?13 h@&@@mﬂ%@a PrOfens o
ﬂﬁﬁﬁ‘ﬂ&{ef? ﬂcaﬁfoxteﬁ ead hzﬂﬁoxéﬁ%%@iu%‘f@oi@ﬂ&y Q(Smblﬁtlﬂlmtdﬁrlé/fenac

di Seases, I n which a conpound of any one of Formul ae
sorlmn)(ammmppMMCsehmﬂacabxagprcam;ebiﬂlamaé, rslaletcgm, gmloxtmﬂ@sm

e iR %ﬁ'ﬂ%ﬁ%ﬁ%@?@?fﬁ B DRPEtph s SRRy Slnetin

sodf@i tafid hGlok ekl Bebuiné CERGhpled B NSﬂIDsQalNﬁ‘I\kBﬂe COX 2 spemflc
non-speci fic and -2 specific cycl ooxgenase enz

inhipHptsi(t-©F %corgm@ddbm@iuhm%coé@ wilbostlesothasis at least 5 -fold
logv%} &191%1 lihexle‘t § sl %éc'l g’oxﬂ? aPcfecorxel§ ele}n?récch-lr‘tl)\,laoricoxib
receptors agon St nodu uppressan an
anﬂﬁﬁha%a@date [ 00146] Exanpl es of NSAI Ds include, but
re not limted to ibuprofen, _flurbiprofen, naproxen

IOQW] napr oRerfugbeliegrhodinentahe ﬁ%mf@@%@tﬁ% T/OUSE afsahcylate
Saﬁil' TRk SAde JJ?J? ?Iletﬁyt ARtedtd Q&Eﬁ&ﬁl%hc %‘r‘é n%l?%gﬁ‘m sodium

prozin, uni sal, piroxicam
sahtyiekej ad,chbemoprdahegnesiahcdalinylateet opr of en, sodi um

AT e R Sty M

ex 1e2 (HeR&etidok € roidl B{l\'ymetcﬁ&%n (ffon? corti@orfeOIPQHREthA KAt
ibits COX-2 with’an 1C50 that is at | east 50-fold

methylpredmsolone prednisolone, prednisolone sodium phosphate, and prednisone.

[00149] In additional embodiments the anti-inflammatory therapeutic agent is a
gold compound such as gold sodium thiomalate or auranofin.

[00150] The invention also includes embodiments in which the anti-
inflammatory agent is a metabolic inhibitor such as a dihydrofolate reductase
inhibitor, such as methotrexate or a dihydroorotate dehydrogenase inhibitor, such as

leflunomide. The second anti-inflammatory agent that may be used in combination
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| ower than the 1C50 for COX-1) such as cel ecoxi b,
val decoxi b, lum racoxib, etoricoxib and/or rofecoxib.
w0 ®2FY9T n a further enbodi ment, the anti-i nfPEIT81008/§77054
agent is a salicylate. Salicylates include but are
not limted to acetylsalicylic acid or aspirin, sodium
salicylate, and choline and magnesi um sal i cyl at es.
witlDBdy@ie orimeoraicbimpounids afithet preyenaigeaitiomyclalisdidegias and oral
corticosteroid. For exanple, the corticosteroid nay

agents forgEcating Fiswmagre pBMES. dexanet hasone,
[06?51"]3” pr e@flﬁ'e?@rh@&ﬁmei% ed ﬁiesié?%eglg?ﬁ 8]91&59 b §(91191H§t10$n‘§ dh Wiich

phosphat e, and predni sone I'n additi onal
méﬂbbdwnmnusﬂmhemamycenqwundnnam@myCﬁhemupkma]mw@gém@udsas

d conmpound,su s gold s um t hi onmal at e. or
e it e GO, SN R e oA Pe b PR eRsafiAShab, and
ad@TROHIabeAL S i P) WhICE Ard 8- BNFlatphh Rl dndBIGRAIGNYIbAGENt 1S a
met abol i c i nhibitor such as a di hydrofol ate reductase

[0PHFA]bi t orStilbetber csbademprs péshatl@ve@map@rtmm mnlun@tt@s in

wlgigfl%ﬂlr 29 %néa gc VHéherp[ e an imnznéréonstup?rﬁ tant com%)ém% élécél as

mét@ﬂﬂi’da)ﬁ&t, Iléﬂﬁn512udé@c§?@6@>bﬁ&9 3&:LolReld, lalﬁﬁﬁ)iaﬁﬁﬁg 0 ﬁéfcolwlehhlate
an one or nore conpounds of the present invention

J-udes bi ol ogi cs and oral agents for treating
[0[){?% mat oi ﬁllﬁ&h@f éntﬂgo%hmg n‘g%ﬁt:ll]e ugelﬂﬁ[)n E&ft)eﬁgh ﬁilt%nst\ﬂﬁl
nvention pertain to co nati ons
Rionan@nRitukinhdbawmather yeeashauwndk ibg selactavety de(ﬁ&tmg CD20+ B-
nocl onal antibody (such as eculizumab or

Ceggxelizumab) a TNF ant agoni st, such as entanercept,

[0D44)i Xi m?i?@sa%@ fével@%@ltﬂerﬂfﬁﬁ‘bfo(r BAhpIR) oG 0. l%g to 140 mg per
anti-T a nonocl onal anti bodi es. [00152] “Sti

kilpigiven Oﬁhd&tydvmghrttl:@r ddy ¢anebeiusefahin the trpgtnteat of the above 1nd1cated

RN R T R AR
mh;efaé coHThELwith YiEd RBRY idodicRGl s s%léTBJ(Ssa @il DIRfaky e,
nycophenol ate nofetil. [0015 Sti ot her

de@ﬁmbmg AR the bpstitigated goé ﬂtel rotiqudarnagde of @dmmtrﬁélpnolagsage

u V\f ftogné \év&:li n%na(llry d:é)é& tf’f riad%% 600 5%? %nh é)lf aft %gtﬁ?éﬁérg?teny\n rk

[ODIMge I emedp&nfﬁ of @@agxr ﬁhey alsb oiryexpendigs othefcommpoindlused
ng to 140 T% per kil ogram of body wei ght per day can
angah e 125 G4 redtishy B SR BTG et A lsa @ dhe
R o gffi' §llérgrc%1ﬂydér%n§(og al&g;nﬁrﬁﬁltlé ﬁﬂ%rﬁﬁﬂarﬂﬁ@ow a_llggase, a
anount o Ive 1 ngredl ent that
dosage regimen of 4 times dally or less is used. In some embodiments, a dosage

regimen of 1 or 2 times daily is used. It will be understood, however, that the specific
dose level for any particular patient will depend upon a variety of factors including
the activity of the specific compound employed, the age, body weight, general health,
sex, diet, time of administration, route of administration, and rate of excretion, drug
combination and the severity of the particular disease in the patient undergoing
therapy.

[00156] A labeled form of a compound of the invention can be used as a
diagnostic for identifying and/or obtaining compounds that have the function of

modulating an activity of a kinase as described herein. The compounds of the
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may be conbined with the vehicle to produce a single
dosage formw ||l vary depending upon the host treated
waeensmsdparti cul ar node of adm nistration. DoBELyES2008/077054
unit forms will generally contain from1l ng to 500 ny
of an active ingredient. [00155] Frequency of dosage
may al so vary dependi ng on the conpound used and the
inpattion audyasaddidioneldgbe tised dbiedchlidhting opeméri dhdretahdardiz o
exanple for the treatnent of an allergic disorder
bigai§d¥sr aut oi mmune and/ or i nfl anmatory di sease, a
[0@??75}96 r e%jr Bk }érén'l ﬁerﬁeéiil@'tﬂaym‘ércoh‘g)%ﬁnd B e%ﬁ&ddlrelcﬁy or
sonme enb nments, a dosage reginen or 2 tinmes
1ndha¢dtly lateladseith a labelvivhich meowndﬂielrcwt@mble thglwé,\ﬁeg ratloasotope,

cific dose |evel for a partlcu atlent
Mg ane o Ao by el St ity The
cheliluMiideécd tdchr ﬁi@@ffﬂcfﬂuﬁh %ﬂ%@éﬂ]@s eiP! eetic Hﬂﬂcﬁng%lecules
body wei ght, general healt sex, diet, tine of
ingleieké paisst slaghias Miotingudetreptavidin, disox nandantidigawinress. éFafthe
spem%{r: %gr{dl%gg,mdr §%§ Stég I[:T(?mn e%nleg and grﬁva/oé% gl[){hr}éz}ilyqthe lage%ed
w{ﬂ%)ixﬁﬁe}cu& WhibR pesideg Fon cﬂi&eoﬁoﬁ qmaewirdamé v&hfhairioﬁ/\nqjiiMddﬁres

can be used as a diagnostic for identifying and/or
assptlineriahgyee ofsdabrd san R0 inciagellY o e Grieiretable signal.

I atl .
OB, 2 R bt ok B RSB RS g micine
exlé‘fﬁ]ildslSZOOS/ 077054 invention may additionally be used
for validating, optimzing, and standardi zing
bi oassays. [00157] By "l abel ed" herein is neant that
the conpound is either digghpley Of indirectly |abeled
with a | abel which provides a detectable signal, e.g.,
Schediediasot ope, fl uorescent tag, enzyme, anti bodi es,
i efNessygh assopagoet i ¢ paxtitdeg, chenil uni nescent
In uI es, etc. Specific
; mcl%e pairs, such as biotin and
st rept avi di n, digoxin and antidi goxi n etc. For the
speci fic binding genmbers, the conpl ementary ﬁqbrrber

woul d normal |y be | abel eq. M t g, ol ecule
PBOVBEESL f o(tcgm in accordance RO 11,

pragedyres, out | i ned  aby&, 1nhe | g ca directly
or i ndi r ee y provide a detect abl e 0s¥gn3 [00158]
The invention is further illustrated by the fol I ow ng

non-limting exanples. Exanple b j@til
H,, Pd/C n,
EtOH, rt,2 h Pd,(dba);, Xantphos, Cs,CO4
N O 1,4-dioxane, reflux, 16 h
2

0
N N
= N = (o)
\ S H CH | CH
3 ITI ) N/ 3
CH,4 /N\)
" H;C
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\ ((CORH H2SO4, MeOH ((CO2Me reflux, 16 h GzN/ QN ~

Br H3C,, N MHN NHVe || AIBN, NBS, CCl4 CO2Me \ / \
wWOR@PbB393eT | ux, 18 h EtOH, rt, 1 h O 02N 2 O2NeGI/USX0BS/077054
NH H3C, SCH3S N NGC-: I H2, Pd/CN11 CH CH3

EtOH, rt, 2 h Pd2(dba)3, Xantphos, Cs2C03 HZN / O
1, 4-di oxane, reflux, 16 h4 OH NYN\ O d-s H CH3
SchefitidAbBN O N C 12 H3 HBC IN J CF3CO2H 54 WO

039397 B&H US2008/07¢054 Reherre | b W
reflux, 16 hr : cal, Br EtOH
94 % 78% RT

|
Pd/C N__O
R N/ EtOH )N\),\ﬁo [
ON—< >—2 < > 2 Br N
2 N_) _) E——— I
NH

/ iProH
105°C Ao

9
Qpg
S ~0 [
Pd(PPhs), NH

dioxane
1N Na2CO3
100 °C X N

Methyl 2-(4-Nitrophenyl)acetate (1).

Br 2N

CO,Me

O,N
1

[00159] A 1-L single-neck round-bottomed flask equipped with a magnetic
stirrer and reflux condenser was charged with 4-nitrophenylacetic acid (14.1 g, 77.5
mmol), anhydrous methanol (130 mL) and concentrated sulfuric acid (12.0 mL, 216
mmol), and the reaction mixture was heated at reflux for 16 h. After this time, the
reaction was concentrated to dryness under reduced pressure. The resulting residue
was partitioned between water (500 mL) and diethyl ether (200 mL) and the layers
separated. The aqueous phase was extracted with diethyl ether (100 mL). The
combined organic phases were washed with saturated aqueous sodium carbonate and
dried over magnesium sulfate, and the drying agent was removed by filtration. The
filtrate was concentrated under reduced pressure and dried to a constant weight under
vacuum to afford a 96% yield of 1 (14.6 g) as a white solid: mp 45-46 °C; 'H NMR
(500 MHz, CDCl;) 6 8.19 (d, 2H, J = 8.5 Hz), 7.46 (d, 2H, J = 8.5 Hz), 3.75 (s, 2H),
3.73 (s, 3H). Reference: Tetrahedron 2002, 58, 10113.

Methyl 2-Bromo-2-(4-nitrophenyl)acetate (2).
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HZSCa COON MeO COOVe NBS/ Al BN COOVe ZN pZN pzZN / ~

-NH H\N- eflux, 16 hr CCla Br EtOH 94% 78% RT O Pd/ C
W@BeoonN0gd397 EtOH O NO OZN NJ H2 HZN / N ) Br~N PCT/USEE/077054

105 CNO~N~ Br' VN~ 94 HII NONO O12 N

Pd(PPh3)4 NH dioxane N O 1IN Na2C3 / | 100 CS N N

O Methyl 2-(4-Ntrophenyl)acetate (1). ((CO2Me 2N 1

[00159] A 1-L single-neck roubkd-bottomed flask

equi pped with a nmagnetic_~Sli &r and refl ux condenser

was charged with 4-nitroy| aceélic acid (14.1 g,

77.5 mol), anhydrougnifet#anpl (130 nl) and

concentrated sulfuric acid (12.0 nL, 216 nmmol), and
[00he0]r eact A dAL kinkleteek vamdieabardd dlask efdippedfvath 4 hapnetic

After this time, the reaction S cancentrated to
stighey paketlyy 68?de|néf‘dm‘?é&hbrrg§§ %‘n%el. &%& PedUNBPHgCH R due

tetrachloride (120 mL), N-bromosuccinimide (10.7 g, 59.9 mmol) and

azobisisobutylonitrile (275 mg, 1.67 mmol), and the reaction mixture was heated at
reflux for 18 h. After this time the reaction was cooled to room temperature and
poured into heptane (120 mL). The resulting suspension was filtered and the filter
cake washed with heptane (40 mL). The filtrate was concentrated under reduced
pressure and the resulting residue was subjected to flash chromatography to afford 2
in 72% yield (10.7 g) as a clear oil: 'H NMR (500 MHz, CDCl5) 6 8.23 (d, 2H, /=9
Hz), 7.74 (d, 2H, J=9.0 Hz), 5.40 (s, 1H), 3.82 (s, 3H); MS (ESI-) m/z 272 (M-H).
Reference: Tetrahedron 2002, 58, 10113.

1,4-Dimethyl-3-(4-nitrophenyl)piperazin-2-one (3).

HiC N/ﬁ
N
“CH,4
o)
O,N

[00161] A 100-mL single-neck round-bottomed flask equipped with a magnetic
stirrer was purged with nitrogen, charged with Nl,Nz—dimethylethane—1,2—diamine
(1.61 g, 18.2 mmol), ethanol (5 mL) and 2 (500 mg, 1.82 mmol), and the reaction was
stirred at room temperature for 1 h. After this time, the reaction mixture was
evaporated under reduced pressure, and the resulting residue was purified by flash
column chromatography to afford an 89% yield (404 mg) of 3 as a yellow oil: 'H
NMR (500 MHz, DMSO-dy) 6 8.18 (d, 2H, J = 8.5 Hz), 7.60 (d, 2H, J = 8.5 Hz), 3.87
(s, 1H), 3.61 (td, 1H, J=12.0, 4.0 Hz), 3.26 (ddd, 1H, J=12.0, 4.0, 2.5 Hz), 3.02
(ddd, 1H, J=12.0, 4.0, 2.5 Hz), 2.84 (s, 3H), 2.64 (td, 1H, J = 12.0, 4.0 Hz), 2.06 (s,
3H).

3-(4-Aminophenyl)-1,4-dimethylpiperazin-2-one (4).
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was partitioned between water (500 niL) and di et hyl
ether (200 nL) and the layers separated. The aqueous
Wphb®sme3wsas extracted with diethyl ether (100 neQT/USI068/077054
conmbi ned organi ¢ phases were washed with saturated
aqueous sodi um carbonate and dried over magnesium
sul fate, and the drying agent was renoved by
filtration. The f||trateH3@a§ ncentrated under
reduced pressure and dried to a constant weight under
vacuumto afford a 96% \((Hl4 6 g) as a white
solid: nmp 45-46 C, 1H MHz,) CDC13) 8 8.19 (d,
2HJ:85Hz),7.41{gN = 8.5 Hz), 3.75 (s,
3.73 (s, 3H). Ref erenc® Tetrahedron 2002, 58,

oA e R T
Ll pa il B MRSl St 17 et @nd fefl yx Condenser
mﬁb@iﬁ?@%@%ﬁnfa@m @00/@ W @gﬁ%%wylgﬁeaT action flask
A GRS bR el ERIOTERN L Ly,

prasyofe)qf hadagtinéorr2da cAftenthiyituaithe ﬂmaiswhepmrgdd with mte&geux The

f 18 h. Aft i h dt
calbst s st B ABEor e e SECHIRBaRSRg §RguRf chi&
wadhed e lekHan B0 18 YEIDE MHeAN i@ Svas icbh@hBste@Reddriteddcbd bR sure

cake washed wth heptane (40 ni). Theflltrate was

to@fnekn b4 atyedd ghd €16 reaha,see?clolqzrieés silir &1 MR (109 MBeuPMS{ydo)
5 87 ot P S YRl 2Pl g PO PR AP (1R (i
12((50100 Nkbzs @Q@J&H)Ss @1 ?d?t ﬁqilJchngoﬁiz) FiZ%zFédZ 114 Jgd’12 .0, 4.0

0 (s )
tht%SZIQ 3@)'}%)2 (s, @HﬁéﬂérﬁE&H)Wt Pahedrbn 2002, 58,
10113. 1, 4-Di net hyl - 3- (4 nltrophenyl)pl per azi n- 2- one

5- ﬁr&mo-iﬁ;%ﬂoxy-l mjeﬁlly\{ 1§ pyrazm -2- 0121eN hgrtcﬂogen bromide salt (5).

RS

5) CH3 *HBr

[00163] A 500-mL three-neck round bottomed flask equipped with a
mechanical stirrer and reflux condenser was purged with nitrogen and charged with 2-
(methylamino)acetonitrile (23.4 g, 220 mmol) and methylene chloride (200 mL). The
suspension was treated with oxalyl bromide (50.0 g, 231 mmol) and the reaction
heated to reflux. After 2.5 days the resulting mixture was cooled to 0 °C and filtered.
The filter cake was washed with methylene chloride (2 x 30 mL) and dried to a
constant weight under vacuum to afford a 79% yield of § (49.4 g) as an orange solid:
mp 161-162 °C dec; '"H NMR (500 MHz, DMSO-ds) & 12.00 (s, 1H), 5.11 (s, 1H),
2.95 (s, 3H); MS (ESI+) m/z 205 (M—Br).

4,4,5,5-Tetramethyl-2-(2-methyl-3-nitro-phenyl)-[1,3,2]dioxaborolane (6).
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[00161] A 100-nL single-neck round-bottoned fl ask
equi pped with a nagnetic stirrer was purged with
woRapodsn; charged with N 1, N 2 -di net hyl et haP@&F/US2008/077054
1,2-diamine (1.61 g, 18.2 mol), ethanol (5 nL) and 2
(500 ng, 1.82 mmol ), and the reaction was stirred at
roomtenperature for 1 h. After this tinme, the
reaction mxture was evapor at under reduced
pressure, and the resulting r due was purified by
flash colum chromat ogr aphy %o fford an 89%yvyield
(404 ng) of 3 as a yék O SAANNVR (500 MHz,
DVMSO-d6) 8 8.18 (d, 2H, 8.5 Hz), 7.60 (d, 2H, J =
8.5 Hz), 3.87 (s, 1FD 3.BL§td, 1H J =12.0, 4.0
Hz), 3.26 (ddd, 1H, J = 12.0, 4.0, 2.5 Hz), 3.02
[00tei], 1H,AJ-I=thi&e- ﬁ)eckélfoﬁhd Botﬁ)nirdzi)ﬂaslz e&eﬂlppcﬁd wihlh me2h&dical
(td, 1H, J = 12.0, 4.0 Hz)
stigrey andabrErRYREHYPY Was auraF%ﬂthﬂtmase raa% ersedo%h gdyromody
: /
DT 2 A e naeR g B b oo e
aceqte (BPdk; \&AOMH@I)rmngMB@ (3§®nnLif eA strasm pl ngedemivink passed

BB e B s RGP 86 a0 L ABHP ) BEFTEHYS vt
feﬁoé‘%eﬂﬁ%l%bﬂ%ﬁum a—lm)e cérﬁﬁl@k wath ditRstomeRde PHI DEdsons;t h

drogen gas and the reaction mxture stirred under a
9.Bamime nvaSpshféls'czdglc@ and theyehcsgehedtest at85C faf 28 wﬁes thif frme
thgr: gnreir)ﬁt\l/lreeg\%%s él\o'f%l gdito aﬁl%len\(\%eﬁnpg?att O0% ur%d ;Ir_llgoe%:rel}n?tt e é’tﬁ_at\gﬁz

(180@NLE) iﬂd@‘f/ItE?El k3)0nWa sine ereuved ki/ltﬂht@tﬂlpafe BebO(150. k¢). Tie resultmg
filtrate was concentrated under reduced Eressure

sugpengiog Veasdidtpgad tarageb e pad of 66llprys P43 (0ss) prgked enigia f fritied

AV 555 e GRBR Y A8 Sy D Pl
ordarsic lal2: &F, théflﬁralgzégegarateﬁ4wé$hed 12\h|)_h, ngergCB >S, ?ZIL). antHried 20'-?681‘2

soéélm g.]lﬁateo 2&%@ f(lgering ,q&fd so@glne E’l"}: a,;_c) thg f}ltrgwismppﬁgntrated and
u'éffﬁﬁ%gm ash Bﬂlgﬁﬁf@érz%‘rhg% QﬁfJ)rdMHI %3 rt@@érﬂetﬁ%%?z Rxdfy P98 ro-

br om sal t
phenyl)-[1,3 2]d10xaborolane (6) asa hght yellow sohd mp 52-53 °C MS (APCI+)

m/z 264 (M+H).

2-Methyl-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenylamine (7).

?
o
(7

[00165] A 500-mL round-bottomed flask equipped with a magnetic stirrer was
charged with 4,4,5,5-Tetramethyl-2-(2-methyl-3-nitro-phenyl)-[1,3,2]dioxaborolane
(6) (8.44 g; 32.1mmol) and methanol (150mL). The reaction flask was twice
evacuated and back-filled with argon. 10% Palladium on charcoal (50% wet, 425 mg
dry weight) was then added to the solution, and the reaction flask evacuated and back-

filled with hydrogen three times. The reaction was then stirred under balloon pressure
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[00163] A 500-nL three-neck round bottoned fl ask
equi pped with a nechanical stirrer and refl ux
W@ ovdesser was purged with nitrogen and char geRCTUS1902077054
(et hyl am no) acetonitrile (23.4 g, 220 mmol) and
met hyl ene chloride (200 nmL). The suspension was
treated with oxalyl bromde (50.0 g, 231 mmol) and the
ofthydricbont foeat tethptiaturefdrus.h. Afterthi? timedeyeldskevas twice

I I C apd fil d
cxpi e ORI IED TR AR TSRy PawER aipeel Geie 32k e
filfhe c%ngngra{e@qn LR, THE rﬂéstuﬁﬁf-g PRGN 2 NG unaLCH gﬁnvlglﬁlum for

afford a /9% yield of 5 (4974 g) as an orange
1 drpo df6drd heRIa@itdees yield (BINR g Eﬂz}nmﬂzyl 3DMBES .4 69:traﬁndﬂy100

[I%g?édt]ég%@,r?hn—]})gl? phenlghdmme (% s(a Whlte@ohd (1 'l:'OQ"II-ll-& 81 1%/18

(ES1-6. B4 234 etnayet hyl - 2- (2- met hyl - 3-ni tro-phenyl)-[1, 3, 2
] di oxaborol ane (6). 57 WD 2009/ 039397
PCT/ US2008/ 077054 O 02N B,O (6) [00164] A 1-L

4.5 8RS kdrroq%%% ?- 15 Boﬁ (Hnd’e \th a
‘ethahi cal 08 dﬁ rm)re ' pur ged
with nitrogen and charge with 2- brom) 6- nitrotoluene

(60.2 g; 278mmvl), bisEpimged| at o) di boron (85.2 g;
336mmvp1l), potassium acet atle £82\ 4 g; 840mmvpl) and
DMSO (320nL). A stream of ni n was passed through
the resulting suspension fér 30“mn, [1,1

bi s(di phenyl phosphi no) - ferrocene]dlchloropallad
[00166)] condpgéx - Vgtrahydiochenaebitbiophene-1-carbyxylir agpl {: Og, 5.50

o ATUBI PR ADRORRIR MO BESGHS SopleRsEthlp BN
diawthyEoimareiip DM naderaouio &6 andicoolad o AW ©x gl skddride (13.7

1)(:>1300rr1_ and M BE i\@oom& and treated with Cell pure
&5 2 248\ selujion 1mRCMIdY pddedgia siwge ARy @#P‘v@swqurmépé%if over

1 ﬁ(r‘lfro %Qf'so@ve‘ﬂ@g tHén( Ilgﬁlolvg&' (8 @éiu%gcpgregs%}e RAG KRA QLR & is

funnel I'ter cake was
red\mti éd)nwtqhtenM(BE 203nkx) to Sémb\)e @ridudlvexalybelgande Tlhaymdlwfls

the filtrat arate with ter (3 1L
g PR Ty e S PR v By S g st gt
l(ﬁ)H{LP afhen whabredfvikh §a@ﬁ1§teﬂ@§dlﬁﬁl%%ﬂcfeqtl @‘(dl O@H{l) aRYblid S&jer
[ ash chromat ography to afford 4, 4,

sodtum pdfage. hije plutiop-isrthenyiltereg a.ndppnqyntrated under reduced pressure

gl]\fee W g% 7[ g%yg%dhgxzﬁgﬂfh'&g%egs—éﬁg ey on%g A{lléﬁel_ﬁfiyas arPHE-white

soﬁdMEt)Bl I-3 (4 4,5, 5-tetranet hyl -[ 1, 3, 2] di oxabor ol an- 2-
yl) - phenyl amne (7).

4,5,6,7-Tetrahydro-benzo[b]thiophene-2-carboxylic acid [2-methyl-3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-amide (9).

S 9J§<
= N B\O
O
9

[00167] 2-Methyl-3-(4.,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-
phenylamine (7) (1.20g, 5.16 mmol, 1.0 equiv) and pyridine (0.42mL, 25.8 mmol) are
dissolved in DCM (40 mL) at 0°C under a nitrogen atmosphere. 4,5,6,7-Tetrahydro-
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0O H2N 16 B,0 (7) [00165] A 500-nL round-bottoned

flask equi pped with a magnetic stirrer was charged
WaWR(08/039397 PCT/US2008/077054

4,4,5,5-Tetranet hyl -2- (2-nmet hyl -3-nitro-phenyl)-[1, 3,2

] di oxaborol ane (6) (8.44 g; 32.1mmol) and net hano

(150n.). The reaction flask was tw ce evacuated and
bdna@[lb]tmobhmé Q/Vbirbo@ﬂ ghkbnd&(ﬂ%(ﬂ’@B b.adi @mnon) 6hisncalded (l60%

wet, 425 was t hen ded t he .
PEGPIHIVERS T ami Jun 8tr?36ﬁ WRRER t%@&&)/ﬁ{ 68 mingABagkent is
théﬁ tdngs euhder RY 09 Efés&ﬁé SRd R Sultaht&l] [1GBE e ProWRBluene (3

hen stirred under | oon pressure 58 WD 2009/ 039397

X MDJSE&@B)‘V@ 'l‘é’s@cﬁthl pylfldlhty dﬂl@g@ndlwtls theoditselvpe imtthylectate

o iR gl e g6 1 RN e P Gl Re
solAsh eflof&d (15@1@%@8@1@ dife@ ovéil doiludt Sulfu@ CEIRY JoRitRAN ik then

vacuo. The resulting residue was dried under high
filtesediand dopeentragedtundaf lfedu@dapr@f@@mtto gheideoyitetrahy(®-16 g)

oiol SR Ba B sl P RRIR T pmeol it e
[130} Jdibxabgrolbh 3~ 111-Ahé&syl Menidé Eﬂ ab)an otz wBidd sd1MHi)87g).
4,5, 6, 7- Tet rahydr o- benzo[ b] t hi ophene- 2- car bony!l
chloride (8. O C S 8 [00166]

. d
s;? &-5-@1 ﬁ.%eﬁglg a%)%??ypgrt %[&'M E&k Gﬁe @)ﬁﬁ@)@gﬂg%a“
¢ ! con roP #ops %%
dinethylfornan1de [DNF]Ound itrogen and cooled to

0C. Oxalyl chloride ] N asol ution in
DCM is added vi rlngéﬁan aIHome to warmto RT
over 1 hour. vent i ed under

reduced pressurey—and the resultan& oil is reduced

fromtoluene (3 x 20 nl) t 0'Pemove Pesi dual oxal yl

[001dgr i de. A PRE- e &iréluReck SourddIBR ot RISPIsK @FuibPecl i b
acetate and washed with saturated sodi um |carbonate

m@t’_hamcall 00t yeflwhemdorsch e Wmhenslatem mas elhrgestiviinl ,4-dioxane

5Tt ¢ Sl sho B b R A AR B Bporine

mt’r@@dﬁl&ﬁﬂ)u@h @SS tind &l1@iotEfor 15 mmutes 5 (8.44 g, 29.5 mmol), 9 (12.9
4,5,6,7- tetraﬁédro benzo[ b] t hi op hene- 2- car bon
g, c38|5d“ﬂm@8 ang et lsétﬁlpbfwylmﬁwSPl@ne)ﬁ@lﬂqdwr{l 12.88g)2.06 mmol) were

added and the reaction mixture then heated at reflux for 20 h. After this time the
reaction was cooled to room temperature and filtered through a pad of Celite 521.
The filter cake was washed with a 1:1 solution of methanol/methylene chloride (350
mL) and the filter cake discarded. On standing a precipitate fomed in the filtrate and
this solid was filtered. The filter cake was triturated with ethyl acetate (50 mL),
filtered and dried under vacuum. The resulting solid was suspended in water (75 mL),
filtered and the filter cake washed with water (25 mL). The filter cake was dried to a
constant weight to give a 53% yield (6.57 g) of 10 as a light yellow solid: mp 225—
230 °C dec, "H NMR (500 MHz, DMSO—ds) 8 9.73 (s, 1H), 7.66 (s, 1H), 7.21 (m,
1H), 7.16 (m, 2H), 6.37 (s, 1H), 2.75 (m, 2H), 2.61 (m, 2H), 2.20 (s, 3H), 1.77 (m,
4H); MS (ESI+) m/z 418(M+H).
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4,5, 6, 7- Tet rahydr o- benzo[ b] t hi ophene- 2- car boxylic acid
[ 2-met hyl - 3-(4, 4,5, 5-
wa dopasssdhyl - [ 1, 3, 2] di oxabor ol an- 2-yl ) - phenyl | PERUS08/077054
(99). CSHO NBO OI 9 [00167]
2-Methyl -3-(4,4,5,5-tetranethyl -[1, 3, 2]
di oxabor ol an-2-yl)- phenyl am ne (7) (1 20g, 5.16 mmol,
1.0 equiv) and pyridine (0.42m., 25.8 mmol) are
dIS | ved t 0C under nitr
A{bdisn ei mfﬂsvl rda mysvlwﬁbéwagglmnyl)

%’ﬁ’rlg ér@rna@kithmhzaf Bicarboymaife (bcar bony!|
chloride (8) (1.03g, 5. 16 ’ is then added in
portions over 5 mn and alla to geagl warmng to RT
over 60 mn. Al 4 eny’renpved under
reduced pressur g Nd-st he 1 esualit afg is reduced
fromtoluene (3 m.) to renove Yesi®ual pyridine.
The residue is then dissolved)in et¢til acetate and

hed wi odi um hydroxide (1N, 1 x 100 nl), then

ed vvl‘%‘ﬁ éé‘i‘luﬁlag]@dlec%%ﬁnérh%tﬁméiiﬂ&%k %cmllweﬁd@m mggpptic

stﬁjlrek Gtk RYIGK cSRELWP R fﬁs?éeﬁ wﬁﬂ’ﬁu%gér%ﬂd%a%%d LhgNo &6 55 g,

[tered and concentrated under rFeduced pPpressure
15g7 menoﬁl) &d&,nhycﬂnem alethgtene loBlozidf K4 inLp phie fe-r2sutamdonpdson

d l.-3-(4,4,5 5-1 .- 1 ,2 )
PRt B BT 1S Tl P S el hSiamige (29 me
2.60hdnsb1{ WeR H@dled and0dlE Wihktion Was then heated at reflux for 4 h. After this

4-met hyl -6- (2-nmethyl -3-(4,5 7-tetrahydrobenzo[ b]thio
timpé ﬁwgeag:non mixture was poured into a 10% aqueous potass1um carbonate

sof s VAT B RO R o Ve SR TR ARG

subpenedn MRS lﬁlfeﬁﬁdlrtﬁrdﬂgh Cenedb X1l a8 kheeldyidrp QQﬁra\Md hTtee aqueous
mechani cal stirrer, reflux condenser and nitro

laygs v eiactechwith aethyilens chlofidgi(dxaltld minad the yoraby ged organic
la%?ygzgfésd 'dQ)VM’ s%‘aﬂin‘ﬂ QPARL qﬁ red n&]cgﬁggn’trat%g uﬁd&rfg!h}ced

After bubbling nitrogen t resul ting
preshiret 1T réf{mﬂtlrﬂg&enﬂmli?vegstntﬁa(eﬂ WfTvéh 92:1281ubiomwd ht}lyl 9

(12.9 g, 32.5 mml) and_ . .
a%@fﬁ/%%ﬁ%f(sﬁ% m@?yﬁ&%&egh iThe Yiyar fakaimmhv@shesgwigh the b ethyl
ac%@/ﬂex@ﬁésesolﬁ@g 8@0 ﬁ‘i‘ﬂ%aﬁc‘i‘ 8ril LR d ABkafH \?&&Eﬁteuntdgle\nacnﬁlﬂttg d

at reflux for 2 fter this tinme the reactlon was
affwh 66% icldd3AD e rpek at ulightantowisblidmepl24h26l o6, &1 NAR
580 ML B6sB%5:) 59.86 (5. 1H), 7.98 (5. 1H), 7.67 (5. 1H). 7.28 (m, 3H), 3.57
(s, 3H), 2.76 (t, 2H, J=5.5 Hz), 2.61 (t, 2H, J= 5.5 Hz), 2.18 (s, 3H), 1.76 (m, 4H);

MS (ESI+) m/z 458(M+H).

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-o0x0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamide (12).
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The filter cake was washed with a 1:1 solution of
nmet hanol / net hyl ene chloride (350 nl) and the filter
w@2ae/08h38tar ded. On standi ng a precipitate fonRdI/Us20081€77054
filtrate and this solid was filtered. The filter cake
was triturated with ethyl acetate (50 nL), filtered
and dried under vacuum The resulting solid was
[06 1) endedA 26-mla tiakle(neok mbynd- bcfttiohtedlﬂmlk aqudpiddewifth h ireenetic

cak hed th t fil k
ST gl 5% CO‘\éM‘E?Hé"trY\d’?ﬂS%\{Réf 5??%”%6‘ @ﬁ bs?%%lg}gﬁi ft @@3@%
Q@ n%l\?lilgl Qeﬁﬁn%afﬂoﬁ%k/éyﬁ 1111%/‘1 §@lﬂn‘ijol) 55{21 122 %10)4%39 gl@ rﬁE? After
bul)bl)mg mt@ger( tiroughHfhe regultibg @qﬂptlQm-l)Tqr 36 rm?iu(es,,Xak}t-phos 232 Big,

é @)@Drﬁn% tﬂi(gf %ﬁja)e%ﬁcw@éw gg%@@ (Z(? m(gnb 03§ Ir_lqmolg/s

wHEhoMZABNOEA&%Rsh mixture was heated at reflux for 16 h. After this time the
N- ( 3- (6- Br ono- 4- net hyl - 5- oxo- 4, 5- di hydr opyrazi n-2-yl ) -
reg:twgtw%mcph]@dgwp yoom temperature and concentrated under reduced pressure.

TieRsdteds 1ighe WeE ORRERHR) S PRI SRE i GRLRPHATL O o

chz&ﬁatﬂgraphflw @vde edsiduekich olat Buredr pliasdd l%qpl‘e?ﬁ@tﬁivélﬂet/é}se
netic stirrer and reflux condenser was

it PR 1P GHER S BTt G MGl 1305 ageRew ond: 185 Taadgh IC:
QR VB DRRIOVAW G I B 4Pad 01 A1k 0818. 3090275 o),
7.88(s3 1ANOL32 @NAHN/ A7 ARy, My7t psren] 3ie), ¢ 29Qs,me), 4. 88 6& lH)

wer e added and the reaction was then heated at

3 LRI 815 AP Prip6 Tk P8 (PhGr Guet (oroHh 1A
t [ b t
S TR gD SR B BN el or  de. (75 ) was

added. The resulting suspension was filtered through

Celite 521 and the | ayers separated. The aqueous

| ayer was extracted wi thggghpwlene chloride (2 x 100

m.) and the conbined organic |ayers were dried over
Schemie?n sul fate, filtered and concentrated under

reduced pressure. TheNﬁesuItlng resi due was

triturated with a 2: 1 b on of ethy

acet at e/ hexanes (10 nd flltered e fllter cake
pWasywakhed with the 2: elﬁy
TLTLE 1©£
N
N O

z—0

I
CHs o N Pd(PhsP),, Na,COs

| 1,4-dioxane, water |
14 CH; reflux, 20h CH,
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acet at e/ hexanes solution (20 nL) and dried to a

constant wei ght under vacuumto afford a 50%yield
W@ 200903937 of 11 as a light yellow solid: np 24BcRUI20@3/077054

iHNWR (500 MHz, DVMsO-d6) 6 9.86 (s, 1H), 7.98 (s,

1H), 7.67 (s, 1H, 7.28 (m 3H), 3.57 (s, 3H), 2.76

(t, 2H, Jq5ﬁ5 5 Hz), 2.61 (t, 2H, %@;;5.5 Hz), 2.18

(s, \ 216 M5 (E 458( MtH) .

: (6F (4- (1;%?EE§E%E§L 3 erazin-2-yl ) phenyl am
=Tret hyl - Be@X8>01 t5kh

henég)-4,5,6,7-tetrahydr
obenzo[b ] t hi ophene-2- car boxan (12). O?C-1 \ N\
ONON\ HSN"CH3 CH3 _N H3C (12) CF3CO2H 61 WO
2009/ 039397 PCH US2®0Q8/ 077054 [00170] A 25-nmL

si ngl e- neck r%ﬁﬁ\-bottoned flask equi pped with a
magneti c Stim nd refl ux condenser was charged
0.3 mmol), 11 (304 ny, 0.66 mol),
(475 ng, 1.46 mmol) and 1, 4-di oxane
ubbl i ng nitrogen through the N/CH3
n for 30 m nutes, Xantphos (

with 4 (166°ny,
cesi um car bon
(10 nL)

0. 05 H,C” 0
R 2pZyYhdeheacet one) di pal | adi un(0) (30 0. 033
nnDI) we(e added and the reaction m xture vag dat ed
FF%X 6 h. After this tine the J was
cooled Ig)ré@nwtenperature and €oncent rp
resul {ing\res R ahsor bed

ont @osidPEaDgel i, aRd pur i
to give a residue, whick

urther payi N ed ﬁ¥
preparative reverse ph

PLC to afford & 30%yield
(143 ng) of 12 as a yellowolid: np 155- 156%C i H
NMR (500 MHz, DMBO-d6) 6 9.82 (s, 1H), '9.43 (s 1H),

8.08 (d, 2H, J = 7.5 Hz), 7.68 (s, 1H), Cﬁd 2H,
J =7.5H), 7.27-7.32 (m 3H), 7.24 (s, 4 88
(bs, 1H), 3.42-3.75 (m 4H), 3.59 (s, Q.95 (s,

3H), 2.76 (m 2H), 2.61 (m 5H), 2. 28#(% 3HP, 1.78
(m 4H); M5 (ESI+) mz 597 (MtH). Exanpl Schene 2

NaBH,, MeOH, rt, 2 h 0
~ N N -NH
\_{ |
S CH,
$ 0]
H
OH CHs
18

3,5-dibromo-1-methyl-2(1H)pyrazinone (13).

N4l\T¢O
Br)\/

N.
CH,

13

(J. Heterocycl. Chem. 1983, 20, 919)
[00171] A 250-mL three-neck round-bottomed flask equipped with a magnetic

stirrer and reflux condenser was charged with 1,2-dichlorobenzene (100mL) and
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NHZ CH3 BOH HBr~-N1 HB 0O HN\ NXNCH N ON CH3

3 NOCH3 ON Pd(Ph3P)4, Na2CO3 CH3 1, 4-di oxane,
W@R100/039997 14 CH3 reflux, 20 h 15 CH3 62 WO 20POr/0S889777054

PCT/ US2008/ 077054 CO2H Ce(NH4) 2(NC3)6 A CO2H C S

AcOH H2O, rt, 1 h SO16 NCH3 HBGNO1 AN'CH3 Ir N

NNHHC O H2ZNCH3 N O 15 CH3 ON N~ NH H BCP,
oxBlyPRAMIBMG0.6 £, 281 nim&Y.STo @dXoN@onlwdsSkHaded methylamino-

acetonitrile (7.01 g; 65.8mmol) and the reaction heated under nitrogen to 80°C. After
18 h the resulting mixture was cooled to room temperature, evaporated under reduced
pressure and the resulting residue purified by flash chromatography to afford 3,5-
dibromo-1-methyl-2(1H)pyrazinone (13) (2.87 g, 16%) as an off-white solid: mp 94—
95 °C; MS (ESI+) m/z 267 (M+H).

5-Bromo-3-(4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenylamino)-1-methylpyrazin-

2(1H)-one (14).
H
Br\ENIN e
N
AR S
CHj ITI
CH,

[00172] A 100-mL three-neck round-bottomed flask equipped with a

14

mechanical stirrer and reflux condenser was charged with (4) (780 mg, 3.56 mmol),
13 (998 mg, 3.73 mmol), cesium carbonate (2.36 g, 7.26 mmol) and 1,4-dioxane (40
mL). After bubbling nitrogen through the resulting solution for 30 minutes, Xantphos
(.162 g, 0.281 mmol) and tris(dibenzylideneacetone)dipalladium(0) (.15 g, .165
mmol) were added, and the reaction mixture was heated at reflux for 16 h. After this
time the reaction was cooled to room temperature and concentrated under reduced
pressure. The resulting residue was absorbed onto silica gel and purified by flash
chromatography to afford a 57% yield (818 mg) of 14 as an orange solid: mp 206-207
°C; 'H NMR (500 MHz, CDCl3) § 8.27 (bs, 1H), 7.72 (dd, 1H, J = 2.0, 8.5 Hz), 7.36
(dd, 2H, J=2.0, 8.5 Hz), 6.73 (s, 1H), 3.71 (m, 1H), 3.69 (s, 1H), 3.52 (s, 3H), 3.21
(m, 1H), 3.01 (m, 1H), 2.97 (s, 3H), 2.67 (m, 1H), 2.19 (s, 3H); MS (ESI+) m/z 406
(M+H).

5-(3-Amino-2-methylphenyl)-3-(4-(1,4-dimethyl-3-oxopiperazin-2-
yDphenylamino)-1-methylpyrazin-2(1H)-one (15).
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O17 rN'CH3 H3C N O O NaBH4, MeCH, rt, 2 h NH NCS
HCH3 NO 1 OH CH3 18

W@28963439Dn0- | - met hyl - 2( 1H) pyrazi none (13). BrPCT™MUSX008077054
N CH3 13 (J. Heterocycl. Chem 1983, 20, 919) [00171]
A 250-nL three-neck round-bottoned flask equi pped with
a magnetic stirrer and reflux condenser was charged
with 1, 2-dichl orobefizgne (100nL) and 63 WO 2009/ 039397
PCT/ US2008/ 077054 g Nproffide (60.6 g; 281mmol).
To the sol ution,v ‘ 0- cagetonltrlle
(7.01 g; 65.8mmol) hee}\g ed under
nitrogen to 80C. After g m xture was
cooled to roomtenperaturéH evapor at eq u der reduced
pressure and the resulting T esi due Q)urll‘fl ed by flash
chromat ography to afford 3,16-

[odﬁy]orm 1A 8t v, th%éell'fgc@f[)@t?d BaendaliBkk (saul lzecgwuﬂﬁ%agﬂ&m

an off-white solid: np 94- 95 C M (ESI+) mz 26
stifgmppflux condenser and nitrogen inlet was charged with 14 (2.50 g, 6. 16 mmol),

7 RS AR Y ity B RR RS ool p RERRY L s

g, 18.5 mmol) in water (14 mL). After bubbling nitrogen through the resulting

mixture for 30 min, tetrakis(triphenylphosphine)palladium (711 mg, 0.62 mmol) was
added and the reaction mixture then heated at reflux for 11 h. After this time the
reaction was cooled to room temperature and 2N hydrochloric acid (70 mL) followed
by ethyl acetate (70 mL) was added. The mixture was stirred for 0.5 h and then
filtered through a pad of Celite 521. The organic layer of the filtrate was separated
and extracted with 2N hydrochloric acid (2 x 30 mL). The acidic extracts were
combined and washed with ethyl acetate (4 x 50 mL). The aqueous solution was then
stirred vigorously with ethyl acetate (100 mL) while solid potassium carbonate was
added portionwise until a pH of 12 was reached. The aqueous layer was separated and
extracted with ethyl acetate (2 x 100 mL). The combined organic layers were washed
with brine (70 mL) and dried over magnesium sulfate. The drying agent was removed
by filtration, and the filtrate was concentrated under reduced pressure and dried in a
49 °C vacuum oven for 24 h to afford 15 in 8§6% yield (2.32 g) as an amber foam: mp
133-134 °C; "H NMR (500 MHz, CDCl3) & 8.29 (s, 1H), 7.80 (d, 1H, J = 8.5 Hz),
7.29 (d, 2H, J=8.5 Hz), 7.05 (t, 1H, J=8.0 Hz), 6.79 (d, 1H, J=7.5 Hz), 6.73 (d,
1H, J=7.5 Hz), 6.68 (s, 1H), 3.72 (s, 3H), 3.64 (m, 1H), 3.20 (m, 1H), 3.01 (m, 1H),
2.99 (s, 3H), 2.66 (m, 1H), 2.24 (s, 3H), 2.17 (s, 3H); MS (ESI+) m/z 433.3 (M+H).

7-0x0-4,5,6,7-tetrahydrobenzo[b |thiophene-2-carboxylic Acid (16).

~COMH

\ s

O 16
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H3 NO CH3 14 N | CH3 [00172] A 100-nL three-neck
round- bottonmed fl ask equi pped with a nechanica
waeipoea39and refl ux condenser was charged w t hPCBYSZ088077054
ng, 3.56 nmol), 13 (998 ng, 3.73 mmol), cesium
carbonate (2.36 g, 7.26 mmol) and 1, 4-di oxane (40
mL). After bubbling nitrogen through the resulting
[06b14])t | on AQB-m8D simgleddeek rout@rtigptoared flask 6higpedOviB4 magnetic

stpTey oy PUrzed g B BIL D Ao G b )
thm[pﬁ&ﬂér £ c%§xﬁﬁa§cﬁg(3% g' qg'S%meBr actfic QCld'%flG 5010 Lha §vater (40

he reaction was cooled to room tenperature and
lnbbnﬁenhnaneﬂmnm©anm1eﬂumﬁEV)mﬂe@i&@ég,6ﬁérmashhnam@camd

e due bsor bed to si. and ur|f|e
A PO S BRRR T2 Reapbion §2s It o enipeftypdfor 1
h. 0Afté14thﬂ,&1rﬁ@ ﬂsar@akgﬁmsfﬁllxhﬁe waP pé&ed 44 wafer (240 INNRal{cﬁ&@racted
MHz, CDCl13 8. 27 P2 (dd, 1H J =

wgh glepleene‘pzl@@de (3d,2 Qp:nL)J e@r@nlcaexsrap{g)wer@cnglpgd dried

OV<3|I'_IgOdiI']_]ﬂl ]ée(tﬁ flliler d %ﬁ ¢ icgl§ejtlt (rflé_l%o?%un%ﬁt.( rgt}uiel% p’rels,gblre]fo afford

1621n]720/& §1f:1d3(El)3,5 dybs éganéw 01 {6 nﬁoi374411m} M, '"H NMR (500 MHZ
S&k Ani no- 2- net hyl phenyl ) - 3- (4- (1, 4- di met hyl - 3- oxopi p

DMIS&Y i -5L3. @ﬂ pr,h]éh)ﬂé&(hd );L%ﬁét(h;%b)/r%@od@(%é@ (toAld, J =

3 CT/ US2008/ 077054 H H2N N N i
6082 2 A BRI T 5 [00173] A 250-niL
t hr ee- neck round- bottoned flask equi pped with a
netic stirrer, reflux condenser and nitrogen inlet

Nv(é@%ﬁéh@ébnwtm -3texqpipesgzig-2-g plenkynino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)- -0xo0- -4,5,6,7-

tetrahydrobenzo[b]thiophene-2-carboxamide (17).

0
~ N N -NH
\ H |
S CH,4
1;1 0
CH,
o 17

[00175] A 50-mL single-neck round-bottomed flask equipped with a magnetic
stirrer was purged with nitrogen and charged with 15 (249 mg, 1.27 mmol), 16 (500
mg, 1.16 mmol), N,N-diisopropylethylamine (600 mg, 4.64 mmol) and anhydrous
DMF (5§ mL). Benzotriazol-1-yl-oxy-fris(dimethylamino)phosphonium
hexafluorophosphate (BOP, 616 mg, 1.39 mmol) was added, and the reaction was
stirred for 4 h. After this time, the reaction was diluted with water (10 mL), and the
resulting suspension was filtered. The filter cake was dissolved in methylene chloride
(20 mL), and the solution was washed with 10% aqueous citric acid (10 mL),
saturated aqueous sodium bicarbonate (10 mL), and water (10 mL), and dried over
sodium sulfate. The drying agent was removed by filtration, and the solvent was

evaporated under reduced pressure. The resulting residue was purified by flash
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7 (1.79 g, 7.70 nmmol ), 1,4-dioxane (70 nL) and a

sol ution of sodium carbonate (1.96 g, 18.5 mmol) in
WwWwRi0810393272 ). After bubbling nitrogen througPCT/b82008/077054

resulting mxture for 30 mn,

tetrakis(tri phenyl phosphi ne)pal | adi um (711 ng, O0.62

mol ) was added and the reaction m xture then heated
clﬂbmﬁtegﬂapbﬂy foatffold a B2 %Afieldrof 1A i(37 ( ingeastdehite edet pnl S4as55

oled to roomtenperature and 2N h%drochl oric acid

C( 716 W}{ PP W%@DZE%)%(%]I (satldt dt& (Aol i) = des 1&?&&@@17 76-
7 ﬁ:ﬁ% ‘7”59 égﬁ%f)s’é b :‘75%; @2) 4}8,@7? gaﬁ‘ %t:!“&f‘(ad e tﬁr ds 45
HE)i Bﬁﬂai d H)R&: 55 epaHat et (dand, ehttlrla‘i;BeﬁHm) 1219321&1 lH) 2 88 2.86

hydrochl qri c aci 2 x 30 e acidic _extract
(TSP 2 BT “hitc 36 Snath i UHIBCYI 24361 ALK Y Sbg
61 Mﬁ-‘lﬁ aqueous solution was then stirred vigorously

vvit% yl acetate (100 nmL) while solid potassium

carbonate was added portionw se until a pH of 12 was

ous Ia ar at ed
Néi??—?%—?lea eﬁ%!%n o y‘é't"\é? Yuphengm il TRpyl-S-ox0-45-
dipy pﬁ(é%?"ég‘él Qi1 h brine (70
tetrahydrpbenzql hWéPn?@gﬁ&Q&?ml%ﬂfsé{ e. The drying agent
was renoved by filtration, an Cijltrate was
concentrat ed under reduced prm and dried in a 49
C vacuum oven for 24 h to aftord150in 86%yield (2.32
g) as an anber foam np 133-134_C, iH NWR (500 MHz,
CDC13) b 8.29 (s, 1H), 7.80 (d J =8.5 Hz), 7.29
(d, 2H, J = 8.5 Hz 7K = 8.0 Hz), 6.79
(d, 1H, J =

7.5 J =7.5H), 6.68
(s, 1H), 3.72 , 3.20 (m 1H),
3.01 (m ol 66 (m 1H), 2.24 (s,
3H), 2.17 433.3 (MH).
7- Ox0- 4, 5, 8f.b] t hi ophene- 2- car boxyl i c

Acid (16). Q2HH TIS C O 65 WD 2009/ 039397
PCT/ US2008/ 077054 [00174] A 25-nL singl e-neck

[00P75]d- bot A GOBAL kingdRkncRR WbutaEshtivhicd f&slﬂ@@ﬁﬁﬁdd&mﬂ‘éﬁ hfal Bdtic
was purged with nitrogen and cha Iaaed wi th

stigrep wgs puniged wathydtresise e Chirged with g éA¥) mgc%ﬂ%%mqlband
mQV\sia:l%Igorle%%%) .?Tgye'?e’&ﬁgqg?wlmor? f% E&ol@c‘f iod() ‘(Ci'l%nms)ﬁ% ?@)

Ion of amonium cerru
barbliydaitle (3136g10.819 indd) ‘miﬁ)dd)ded NAfaaetiitn e eaclidiDatrbdm

was added dropw se, and the reaction was stirred_ at
temaen%f%ﬁ&s@rlhtﬂtﬁ solyenf Was gyvapapatesk undgy iedpgedepressprg. The resulting

SR O T RN RO R 020t s
wiitegsotidc me Xt abdes®CreH N M Bnds D0 &iHz, XD £4,) & 8.38 (s, 1H), 7.90 (d, 1H,
J=75Hz),7.81(d,2H,J=8.5Hz),7.71 (s, 1H), 7.39 (s, 1H), 7.34-7.27 (m, 4H),
6.80 (s, 1H), 4.94 (m, 1H), 3.72 (td, 1H, J=11.5, 4.5 Hz), 3.65 (s, 1H), 3.62 (s, 3H),
3.21 (m, 1H), 3.01 (m, 1H), 2.95 (s, 3H), 2.76-2.62 (m, 3H), 2.43 (s, 3H), 2.22-2.13
(m, 5H), 2.02 (m, 1H), 1.83 (m, 2H); MS (ESI+) m/z 595.2 (M+H).

Examples 3A and 3B

N-(3-(6-(4-((2R)-1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-
o0x0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (19).
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over sodiumsulfate, filtered and the sol vent renoved
under reduced pressure to afford 16 in 72%yield

W@ 20088397 as a yellow solid: np 174-175 C, i H MMRUSD08077054
MHz, DVBO-d6) 6 13.60 (bs, 1H), 7.68 (s, 1H), 2.86
(t, 2H, J = 6.0 Hz), 2.59 (t, 2H, J = 6.0 Hz), 2.08
(quintet, 2H, J = 6.0 Hz).
N-(3-(6-(4-(1, 4-Di net hyl - 3- §xopg? per azi n- 2-yl)
phenyl am no) - 4- met hyl - 5- oxo-/4,&-
di hydr opyrazi n-2-yl)-2-nmeth
t et rahydr obenzo[ b] t hi opha
H3c_ NOONNH N Cf F3\N O

)-7-0x0-4,5,6, 7-
-Car oxym de (17). rN CH3
{_0/17 CH3 [00175] A

50-nL singl e- houbd- Dot Yormred flask gYui pped with a
magnetic sti s\Yyurged with nit/rogen and charged
with 15 (249 ny, 1.27 ¥mol), 16 (500\ ng, 1.16 mmol),
N, N- di i sopr opyl et hyl am ne (600 ng, 4.64 mmol) and
NZ8! g—gﬁ-@@%&-l - ilﬁéhgi:i-'oxo iperazin-2-yl)phenylamino)-4-methyl-5-oxo-
az0f riazol - 1- vil'5 oxye-tr ‘g’fﬁ;é%m% gﬁo)saﬁ; I
;%WB sttt oS S e
“SYpega™, e reaction was, stirred for 4 h. After

this tinme, the reaction mas\gi ted with water (10
m), and the resulting suspensyop was filtered. The
filter cake was dissol ved i hW ene chloride (20

m.), and the solution wa shed 10% aqueous
citric acid (1Q nl), ,sa ed aguequs godi um

bi car bonat e [ and er (10 m and dried over
sodi um sul f ate

e diyi ng ggent was fe pved by
filtration, and the solvent was evapQrated under
reduced pressure. The resulting residue was purified

[0817F| ash BB @0 0uxnroddr weewjs2ahg/dirgomaration on

t . %. Vi, @l
O RT3 G sk ol bty WAL, Bl Qe e
inBivRludlleragtiorhtds at 4.684in( &6 (200 H(-) ome. (Fu] L. 5-31° (cB. 7H-
CHCL;), mp = 181-183°C) and at 9.2 minutes (19) ((+) isomer) ([OL]D25 =+38.8°

(c=3.57, CHCl3), mp = 180-182°C). Alternatively, the racemic mixture (12) was
subjected to chiral separation on Chiralpak AD (75% isopropanol in heptane, at
ImL/min) and individual enantiomers were collected from 17 to 27 minutes (20) ((-)
isomer) and from 27 to 60 minutes (19) ((+) isomer).

[00178] Alternatively, racemic mixture (4) was subjected to separation on
Chiralpak AD (30% i-propanol/heptane 0.1% trifluoroacetic acid) to give individual
enantiomers at 5.4 minutes (S-isomer) and 14.9 minutes (R-isomer). The individual
isomers 19 and 20 were then prepared using the general synthetic routes described in

Example 1 or Example 2.

5-Bromo-3-(4-((S)-1,4-dimethyl-3-oxopiperazin-2yl)phenylamino)-1-
methylpyrazin-2(1H)-one ((S)-14).
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7.72 (m 3H), 7.50 (s, 1H), 7.28-7.23 (m 4H), 6.73

(s, 1H), 3.64 (td, 1H J= 11.5, 4.5 Hz), 3.57 (s,
wapoo/o®3ss (s, 3H), 3.14 (dt, 1H J= 11.5, 3.5PE®YS2008/077054

2.93 (m 1H), 2.88-2.86 (m 5H), 2.62-2.57 (m 3H),

2.36 (s, 3H), 2.17 (m 2H), 2.09 (s, 3H); M5 (ESI+)

mz 611.2 (MtH).

N-(3-(6-(4-(1,4-D y1"- 3- oxopi per azi n- 2-yl ) phenyl ani

no) - 4- met hyl - 5- oxp- 4, 5 F

di hydr opyr azi n- 2~

- tetrahydrobenzo[ b]thia

CH3 H3IC-N O ~C | N Cf 'N OH CH3 18

[00176] A 50-nL single-nec roﬁlnd bot t orfed fl ask

equi pped with a magnetic @t?i rer was purged wth

nitrogen and charged with {250 nmg, 0.409 mmol) and
[001319] anol 1d8simke-nef&i T30SHL trbutd- &Q{oﬁ{ddqmsu\@qm ]ig&il WiEh ho

0 C, and sodium borohydride (31 ng, 0.819 Mo was

magngae stingriaag reflyx qandgnsenway @E@équdn) h-dimethyl-3- (4-

an‘n%gﬁhe 21t);g|p§ra£ Al gnéll(ﬁ% 398 ?esaﬂﬁé%g) 3558 xxgoo\%nge‘t%qpﬁﬂﬁr

2(Iby)-bhasi. (Dgu&‘i’rﬁimﬁgﬂﬁpﬁd/ i-PeOM@f f @ el 8T1hd§thﬁ81%r}e| (6|7d Iﬁ12,24l
rTgZ as a white solid: np 165-166 C, i H NWVR (

m éllfﬂ) wagthsp a@%ed a_pﬁ)the rpsgl@ng guspgpgion g/as-he;ategi ql@ﬁ) °C for 16

hrz Alnid lu%'S" Wa:g o‘bsé‘v@d t]%) ol Jwﬁ% d£1§ Th%g‘lac ibn %\945 (:3015&@ room

. 34- 7.
tempdr,atuld:-ltheﬂ coﬂ@nﬁ‘ated ibvadnd, to 82@351L(t$ta1 idﬂ)lmeSABﬂla( BoinBH) mL

1H), 3.01 L 2.9  2.76-2.62
of Y Mgt oy aifl £3lSbisFi 0 P wbjer ey was
th%igaléor%edgg s{uly 3D hrsMe rédePkethpe tBred Ahe 21 Wi solfamh&s
colle¢tad pBa (fritt¢d 2Rpel bnd albwed toydic Gydsiopl hie i selids yeeph@med
| ani no) -.4-met hyl =5 .
oD SN00 B of ceyyetbermaringt i bhyrs e and e
subRinkidh yebis ehenael fbbinaphpagnze ©an exant daite 1Q)d whithen

collected on a fritted funnel, dried on the filter with vacuum for 1 hr, then transferred

Y~7-hydroxy-4,5,6,7
-2- arbo| am de (18). rN

to a round-bottomed flask and vacuum-dried overnight. White solids were obtained,

12.88 g (85 %).

5-Bromo-3-(4-((R)-1,4-dimethyl-3-oxopiperazin-2yl)phenylamino)-1-
methylpyrazin-2(1H)-one ((R)-14).

O L
g N Br

(R)-14
[00180] The (R)-isomer of compound 14 can be prepared from the (+)-isomer

of 1,4-dimethyl-3-(4-aminophenyl)piperazin-2-one using the same procedure.
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WD 2009/ 039397 PCT/ US2008/ 077054 N ~/NH O N/ \ CS
HNO o -N19 V

WOR(308B97 4- ((2S) - 1, 4- Di et hyl - 3- oxopi per azi n- PEHUFINGO77054
yl am no) - 4- met hyl - 5- oxo-
4, 5-di hydr opyrazi n-2-yl ) - 2-net hyl phenyl )-4,5,6,7-tetra
hydr obenzo[ b] thiophene- 2-carboxamde (20). N O \ NH
N/ \ S HN O (DCO 20 [ OCEXathplElde racemi c m xture (12)
was subjected to chiral separation on Chiral cel -AD-H

S—“@&&ﬁeﬂ sopr opanol in heptane, with 0.1%trifl uoroacetic
aC| d) t|o give individual ehantiomers at 4.6 m 6$
(RO (( r) (L@h@zsw -37.8 (¢=3.75, 2

([c

81-18 a t 9
@ 18 o Ml ® SIS
ALt'er nat i velgy, rttSIdle race mi xt uriec/tA)rmas by ect ed
pGhiral separation on tal pak ADY75% i sdpr opanol
in ept ane, at |nL/mn) gad individual enantioners
were collected from 17 to 27 mnutes (20) ((-)

i somer) and ¥Y¥dm 2762 60 ni nOEYEY 4 49 §N1\(Ie(2+) i soner).
00178{C Al t ernat jvel y, racemc m xt|ur e (4) was
Ubietté@t o seffarnt $MHC o 4-dchig a k AD (30%
buPhoPanak 4 hept'qne® 0. 1%:utimi f | uor oggetic acid) to give
i ndi vidual enantioners at 5.4 mpdgtes (S-isoner) and
14.9 mnutes (R-N8érer). The indiviNual isoners 19

and 20 were then prepared using the general synt hetic

m Wut‘é‘é &%‘18) _dck gc)atE i so)

pd in  Exanple 1 or Exanple 2.

V\IJEiBIdl met hy| - 3- oxopi PéYazi. C@Q’Ta phen
p

razin-2(1H)-one ((S)-14 68

N O
11 CH; o
Xantphos, Pd,(dba)s, Cs,CO4 ~ N\ NH
1,4-dioxane, reflux, 3 h \ g |
S CH;
4 o
CH,4

tert-Butyl 4-((15,25)-2,3-dihydroxy-1-isopropyl(methyl)amino)propyl)-

phenylcarbamate (21).
NMei-Pr
BocHN— >—:(S: s
@) HO  OH
[00181] A 50-mL single-neck round-bottomed flask equipped with a magnetic

stirrer was charged with D-(+) glyceraldehyde (90% purity, 1.62 g, 16.2 mmol),
ethanol (16 mL), N,N-methylisopropylamine (1.19 g, 16.3 mmol) and 4-(tert-
butoxycarbonylamino)-phenylboronic acid (3.85 g, 16.2 mmol). The flask was sealed
with a teflon stopper, and the reaction mixture was stirred for 3 d. After this time the
mixture was evaporated to dryness under reduced pressure. The residue was
dissolved in 10 mL of 2M aqueous sodium hydrogensulfate (20.0 mmol). The
resulting solution was extracted with methyl rerz-butyl ether (2 x 150 mL), and the

aqueous layer was basified by adding potassium carbonate (2.76 g, 20.0 mmol). The
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WO 2009/ 039397 PCT/ US2008/ 077054 N IN/ OCN O N Br
H (S)-14 [00179] To a singl e-necked 250 nL
wo oung3e3et t oned fl ask equi pped with a magnet i BCHUB2008077054
and reflux condenser was charged (-)-
1, 4-di net hyl - 3- (4- am nophenyl ) pi perazi n-2- one (8.2
g, 37.3 mol), 3,5-dibrono-1-nethyl pyrazin- 2(1H)-one
suéﬂf(hsﬁn@vas&itrﬁctéﬂrwit)l ethen@ x 50mf, {rkdBe wlJanic extracts were

Tri.eth 5.72 nm, 41 was t
compiy %ﬁ@%ﬁ @Vére%)é}um Afasg s%gngF@ﬁVWééh%@afné&g%tqé’o c
flltrgﬁori]- @he J@Jﬁlﬁlon&v&sm I“§1!CH ruﬁbfervf@c?uc@@ gleers Mfrg td zﬁ?orti 9' 6'9
day. 'The reaction s cooled to ro enperature t
(3c7(9rgj efiel at edvhita sviatwop 6b-8020'; ML NMR&BOG/MHm@MSO d6h&19 23

20 nL f_ 2M Na2 I d fol
OBy 110743 (SeHhedias s el 16 ik bl ok’ B drsit el be Ha.
4. §i Ny, ara 2ehs s, g’é(lqﬁﬁl%{‘ fgpesatiyes 43he gf frubi QtHiz) 3.30

'd was then ected on a fritted funnel and
(rralllH);/\deS {ro, Hil), 2d3y(sdpoet, 1H, i+ 6.5TH2), 20bi(dSHael.47 (Ot ks

to the r t flask a 0 di et .hyl
edHef 7 e b D 21T b a2 S M Don was
triturated at roomtenperature for 1 hr. The white
solid was then collected on a fritted funnel, dried
(Sor3-(tH{eert-Butasy cabonylaminoipheayD-2-(isoprepdtmethzhaminagaestic
Ac¢id (22 ound- bot t oned fl ask and vacuumdri ed overni ght.
Wiite solids were obtai 1AMe8rg (85 9.
5- Brono- 3- (4- ((R) BdHA-c 1yR- 3- oxopi per azi n- 2y1) phen
' ?1 rogne ((R)-14). NN ON
NNBr H(R-14 [00180] The (R)-isoner of conpound
[0d7821an bea QOG-ME ﬁﬂgl@fﬂéﬂk tdid{bbitoins @ TREK ecgflpped with a magnetic

1, 4-di net hy| - é4 am no§@9enyl );) perazin one usi ng
Stllfll‘?éwéﬁaﬁ@rmdo\‘ﬂé]@l 1€l.0bg, ponY). @egggtrile (6 mL), carbon

tetP 5%1]40‘1’%%‘{8%48?@9%9(9 mL) and ruthenium(IIl) chloride monohydrate (39 mg,

0.17 mmol); and the resulting mixture was stirred for 10 min. The reaction was
cooled to -9 °C, and sodium periodate (2.56 g, 12.0 mmol) was added. The mixture
was slowly warmed to O °C over 1.5 h, and then stirred at 0 °C for 1 h and filtered.
The filter cake was washed with ice-cold water (2 x 5 mL), and the filtrate was
diluted with additional water (20 mL). The aqueous layer was separated, its acidity
was adjusted to pH 5.8, and it was evaporated to dryness. The residue was triturated
with water (10 mL) and the resulting suspension was filtered. The filter cake was
washed with water (2 x 1 mL) and methyl rert-butyl ether (2 x 5 mL), and dried
overnight under reduced pressure to afford a 13% yield of 22 (121 mg) as a white
solid: 'TH NMR (300 MHz, DMSO-de) 8 9.40 (s, 1H), 7.41 (d, 2H, J = 8.8 Hz), 7.36
(d, 2H, J=8.8 Hz), 4.19 (s, 1H), 3.27 (septet, 1H, J = 6.6 Hz), 2.21 (s, 3H), 1.47 (s,
9H), 1.13 (d, 3H, J=6.6 Hz), 1.09 (d, 3H, J= 6.6 Hz); MS (ESI+) m/z 323 (M+H).

(S)-2-(4-Aminophenyl)-2-(isopropyl(methyl)amino)-N,N-dimethylacetamide (23).
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Exanple 4 Scheme 4 O OHi-PrMeN.,~ CO2H B(OH)2 x off
i-PrMeN. 11 ~~~ (s) (s) OH OH, HNwei-Pr Nal &4, RuCl3
W@ e@vp393t OH, rt, 3 d CH3CN CCl4/H20 21 -9 to BCTUSD08/077054
NHBoc NHBoc NHBoc i-PrMeN.,, CONMe2 i-PrMeN.,,
CONME2 1 (S) ~ (S) HNwe2, EDC, HOAt 4M HCL in
1,4-dioxane DMF, 0 Cto rt, 18 h rt, 1 h NHBoc 23 NH2
Br i-PrMeN. 1// CONMe2 /NRs) NMMeHrS CH3 N O 11 CH3 o
?CH Xan tphos, Pd2{uba] X '
reflux 3 h H67A S 24=N ) CE ME.ent - Butyl 4-
((1S, 28) 2, 3-di hydroxy- | -1'sopropyl (net hyl)am no)
yl)- phenyl carbamate (21). NN TWI e, Pr.  BocHN
0Pt o o

25-mL single-neck round-bottomed flask equlpped with a magnetic

stirrer was purged with nitrogen and charged with 22 (116 mg, 0.36 mmol), 1-
hydroxy-7-azabenzotriazole (50 mg, 0.37 mmol), N-(3-dimethylaminopropyl)-N-
ethylcarbodiimide hydrochloride (208 mg, 1.08 mmol) and DMF (2 mL), and the
mixture was cooled to 0 °C. A 2M solution of dimethylamine in THF (0.3 mL, 0.6
mmol) was added, and the reaction was allowed to warm slowly to room temperature
overnight. A solution of potassium carbonate (2.00 g) in water (10 mL) was added,
and the mixture was extracted with hexanes (3 x 30 mL). The hexanes extracts were
combined, dried over sodium sulfate, filtered, and evaporated to dryness. The
resulting crude product was mixed with methylene chloride (1 mL) and 4M solution
of hydrogen chloride in dioxane (10 mL). The resulting emulsion was vigorously
stirred for 1 h at room temperature. After this time, the solvents were evaporated
under reduced pressure, and the resulting residue was treated with water (2 mL)
followed by potassium carbonate (1.0 g), and then extracted with M7BE (10 mL). The
extract was evaporated and the residue was purified by flash chromatography on silica
gel to afford a 58% yield (53 mg) of 23 as a light yellow oil: 'H NMR (300 MHz,
CDCI15/CD;0D) 6 7.20 (d, 2H, J = 8.5 Hz), 6.69 (d, 2H, J = 8.5 Hz), 4.56 (s, 1H), 3.02
(s, 3H), 2.97 (m, 1H), 2.91 (s, 3H), 2.11 (s, 3H), 1.03 (d, 3H, J= 6.7 Hz), 1.00 (d, 3H,
J=06.6 Hz).

(8)-(+)-N-(3-(6-(4-(2-(Dimethylamino)-1-(isopropyl(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-0xo0-4,5-dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (24).

i-PrtMeN.,, ” ( )CONMeZ
S)

oiaRare

CH3

[00184] A 15-mL three-neck round-bottomed flask equipped with a magnetic
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[00181] A 50-nL single-neck round-bottonmed fl ask

equi pped with a nagnetic stirrer was charged with
w@2{09p3ghycer al dehyde (90% purity, 1.62 g, 16.PCTIB810p§/077054

et hanol (16 nmL), N, N-nmethylisopropylamne (1.19 g,

16.3 mmol ) and 4- (tert-

but oxycar bonyl am no) - phenyl boronic acid (3.85 g, 16.2
stimen Initrogbhanlet @aslkeethas cariahed wanichdrgad wah I26¢533ngmpm mmol),

th act| n m xture was irred for d. Aft

@ggn& Drrd 2o D %arv%}?tf‘e@éa}ga é‘éStnanale%%éé i

mtf dA'Ft&%d%ﬁﬁg Hﬁl%éer-lr &?Ol{%%%hg HQuifg g sol@u?ﬁ Rire qm'nﬁteg- @(E{prho S

2M aqueous sodi um hydr ogensul
(lf)ésmg t0. i mmIOthandmrls&/dﬂ>emgﬂ1da1mae¢iom)dlipa1m¢m(0) (9 70 mg, 0 010

RD it e ety B e Mo At BORIPERES S o\ fShis
tlrﬁQ tHe rBaBBloh wal @601€8 t0¥QoRDRHPERARS FilReel 42RO 81O 7ARS 4vashed

suspensi on was extracted with ether (2 x 50 nL), and
withh eleﬁw@nmbbélxd@ £A5t28 npe) eThecfdﬁbﬁem ﬂ@ﬁmopoemrémt@vmder
re uﬁefiiamfts?%ﬁ an<§ ﬁle résfltue rwgsenlpv\rl}éfiselag) &8 gurmcl iy &a%% p}l% dc}/ affo&d 24
(6RMBS S0 at @ yéli o g@hda nq9%3>u134 e, TH\HVB{ GDOOMH2 JDMSOadG)
white solid: 61-80 C; |HNI\/R§300 MHz, DI\/SOd6&
5 979 8br s bH). P, 192@7 T#33.98dd, 2HH J 383 )47 66 ¥s, 11).163( an, SH),

= 8 Hz 2
5 12 e 33598 P A0 D £88 b, 2t S 00
(t, (ZH JHB.5HA, ﬁzg(sHaH) 23023@ 3I€I)‘n1 75, 481 1591 (h, GH“})MQ(@ﬂ
tet, 1H J. = 2.06 (s, 3H), 1.47 (s, 9H),

6@ 5 (Mt H)g 4] J>4£46) 6c9|z2)5;cldorp§0r(ra 3H, J = 6.5 Hz);

M5 (ESI+) nlz 339 (MH).

(S)-2-(4-(tent-Butoxycarbonyl am no) phenyl ) -2- (i sopropy

| (met hyl ) am no) acetic Agk4mpk?). / \ NVei-Pr BocHN

22) CO2H [00182] A 100-ni single-neck round-bottoned
Sehe equi pped with a nmagnetic stirrer was charged

with 21 (1.01 g, 3.00 nmol ), acetonitrile (6 nL),

carbon tetrachloride (6 nL), water (9 nL) and

rut henium(l11) chloride nonohydrate (39 ngy, 0.17

nmol ); and the resulting m xture was stirred for 10

m n. The reaction was cooled to -9 C, and sodi um

periodate (2.56 g, 12.0 mmol) was added. The m xture

was slowy warnmed to O C over 1.5 h, and then stirred

at 0O Cfor 1 h and filtered. The filter cake was

washed with ice-cold water (2 x 5 nL), and the

filtrate was diluted with additional water (20 nli).

The aqueous | ayer was separated, its acidity
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was adjusted to pH 5.8, and it was evaporated to

dryness. The residue was triturated wth water (10
WOorkgo9assi9t he resul ti ng suspensi on was filteredPCIH82008/077054

filter cake was washed with water (2 x 1 nL) and

methyl tert-butyl ether (2 x 5 nmL), and dried

over ni ght under reduced pressure to afford a 13%yield

of 22 (121 &ig) as a white solid: iHCPI:IVR (300 VHz,

Dlvsc}dz)csjg40(s 1H), 7.41 (dyc2t 8.8 Hz),

7.36 (d,N2HCH] 8.8 I—|z%,D 4.19 (s H) 33 27 (septet,

1H, 3 6l Hp) BOS L FRODMAP T iy ( 9H, 1.13 (d,
i @ﬂm; s o e, M Ui
B&i—ﬂ% (gll; BocHN

nophenyl ) €2- (i sopr opyl (rret hyl ) am no) - N, N-d
71 WD 2009/ 039397

i<%r  HZN (23) CONMez [00183] A
pgzpottoned flask equipped with a
magnet i, g Stir was purged wi th nitrogen and charged
with 22 (118, .36 mmol), 1-

hydr oxy- 7 7-azabhenzotri azol e (50 ng, 0.37 mmol),

j nopropyl )-N - et hyl carbodii m de

2Q8 Myg,-Bil. 08 mml) and DMF (2 ni), and

PCT/ US2008/ 077054
25H@ Agioxgd e- neek

‘and the reaction aIIowedto warmslowmy to room
sol ution of potassium

car boadees. E2w@6 GgFoi n water (10 nl) was added, and
the m kXtdraevEe: racted with hexanes (3 x 30 nl).
The hexapes acts were conbined, dried over sodium
sul f at e, G I@ndHevaorat ed to dryness. The
wasyT xed with net hyl ene

u, A (ONco@f hydrogen chloride
tHy dioxane (10 nL).NTh® reSul ffi ng enul si on was
vigorously stirredcHor H; J.oom tenperature. After
this time, the sol vents were evaporated under reduced
pressure, and the resulting %esidue was treated with
water (2 nmL) followed by potassium carbonate (1.0 g),
and then extracted with MBEY 10 ni). The extract was

evapar@t ed and the resildug\was i y flash
Wonm%gl for 58% yi el d
M), O ght yelHo $ }IVR (300 VHz,

CDCL13/ CD30D) 8720(d oH J = 8.5 H

169 (d, 2H
J =8.5H), 4.56 (s, 1H), 36"2%E‘§ 3‘%2155\(iﬁ173((m

1H), 2.91 (s, 3H), 2.11 (s, 3H), 1.03 (d,&B8H J= 6.7
Hz), 1.00 (d, 3H J = 6.6 Hz).

HN_ NCH;

BOP Hunig's Base /Q\[
DMF, RT I /\\

N\
Y CH3

CH;,

2-[4-(tert-Butoxycarbonylamino)phenyl]-2-[isopropyl(methyl)amino]acetic Acid
(25).
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(S)-(+)-N-(3-(6-(4-(2-(Di net hyl am no) - 1- (i sopropyl ( net
hyl ) am no) - 2-
W@ x@e089sb) phenyl am no) - 4- net hyl - 5- oxo- 4, 5- di hyRPEDP§2088/077054

n-2-yl)-2-
nmet hyl phenyl )-4,5, 6, 7-t et rahydr obenzo[ b] t hi ophene- 2-ca
rboxam de (24). i-PrMeN.,,, CONM2 (S) NNHs HCH

(24) j O CH3 [00184] A 15-nlL WhiPeMe neck

round- bottoned fl ask equi ppgd M th a magnetic 72 WO
2009/ 039397 PCT/ US2008/ 0 @ stP¥rer, nitrogen inlet
and refl ux condenser wa ha#ged with 23(53 ng, 0.212
mmol ), 11 (98 ny, FoIto nmol ), cesium carbonate (152
ng, 0.468 mmol) and 1, 4-di oxaR®e (3 nL). After

[0018H]| | Ng AiSDIADEH Iemesaldgmfdttﬁmroﬁ&ulﬂamagqlﬁp,{;ddtwmamlgnetlc
30 m nutes, Xant 10. 4 and

stipier SpHFeRas Vit eﬁ Sl i Bost o oDy topsh7 L) V.0

AL 56 S8 R LA G

pheagbbionit amas(lciﬁog &b A mmod)o Mk eegreba inas 8galdd \bvttlea@thsa@ dap
the filter cake washed vvlth net hyl ene chI or| de (2

unglsr gpifroger ainygsphere ppd stieediah 5opng ismipsrtygeG” tin é\éﬁer this time,
thé ?%eﬁ&{ﬂwgg &R tFat &P&dﬁgéa oﬁHs%uf’éasr lfééufltﬁr%g‘em{ue was

unm chromat ography to a 68 ny, as a

supgectedwo Sladh drromptogfﬁﬁhyl_%fﬁgrd RS M%Sﬁkﬂd M4 gDMSChgiﬁ)Drcﬁ)vn

1 2 1 = "
soligy mp 738 e, MR 96 N RSOy 3 & 187 Loy grr 7 =
3of5 1 \ :
SR ey ﬁM@ Oin{ea Bt By A g
312, 027((s,9HBH) .15 1d, 291, (fnfl 6. 6HZD 01 Bd, GHL J 6146 HWB NIEBEST) m/z
32& 7.5 (MtH); [a] 25D +24.0 (c 0.25, chloroform.

5 Scheme 5 73 WD 2009/ 039397
PCT/ US2008/ 077054 3 ,CH3 ~-3 HCANCH3 ,N CH3

Ethyl 2-[4-(tert-Butoxycarbonylamino)phenyl]-2-[isopropyl(methyl)amino]
acetate (26).

CH,
H,C
N~ cH,
CO,Et
BocHN 26
[00186] A 250-mL single-neck round-bottomed flask equipped with a magnetic

stirrer was purged with nitrogen and charged with 25 (1.50 g, 4.66 mmol), THF (45
mL), 1-hydroxy-7-azabenzotriazole (1.27 g, 9.32 mmol) and 1-ethyl-3-[3-dimethyl
amino)propyl]-carbodiimide hydrochloride (1.79 g, 9.32 mmol), and the reaction
mixture was stirred for 15 min. Ethanol (429 mg, 9.32 mmol) and 4-dimethylamino
pyridine (57 mg, 0.47 mmol) were added, and the reaction mixture was stirred at
room temperature for a further 16 h. After this time, the reaction was partitioned
between water (40 mL) and methylene chloride (50 mL). The layers were separated,
and the aqueous phase was extracted with methylene chloride (2 x 30 mL). The
organic extracts were combined and dried over sodium sulfate. The drying agent was

removed by filtration, and the solvent was evaporated under reduced pressure. The
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Et OH, HOAt, EDC, DMAP CO2H | \ CO2Et CH2Cl2, rt, 16 h
BocHN /  BocHN 25 26 CH3 H3C,, N--"-~CH3
WOghA399Ti oxane \ COZEt rt, 4 h H 2N/ 27 NeQT/BS2008077054
CH3 t-Bu NOIl CH3 Pd2(dba)3, Xantphos, Cs2CO3
1, 4-di oxane, reflux, 16 h H \ N\ \ NI/ \ HI t-Bu
CH3 N O XCO2Et | CH3 H3C N', |IYCH3 28 CH3 O LiCH
refulfing residue was dried to a constant weight under vacuum to afford 26 in 73%

yield (1.20 g) as a white solid: mp 87-88 °C; 'H NMR (500 MHz, DMSO-ds) 8 9.35
(s, IH), 7.40 (d, 2H, J=7.5 Hz), 7.28 (d, 2H, J = 7.5 Hz), 4.16 (s, 1H), 4.05 (m, 2H),
2.80 (septet, 1H, J = 6.5 Hz), 2.02 (s, 3H), 1.47 (s, 9H), 1.11 (t, 3H, J=7.0 Hz), 0.94
(d, 3H, J=6.5Hz), 0.88 (d, 3H, J = 6.5 Hz); MS (ESI+) m/z 351 (M+H).

Ethyl 2-(4-Aminophenyl)-2-[isopropyl(methyl)amino]acetate (27).

CH,
oy CH,
CO,Et
H,N 27
[00187] A 100-mL single-neck round-bottomed flask equipped with a magnetic

stirrer was charged with 26 (1.19 g, 3.40 mmol) and 4M hydrogen chloride in 1,4-
dioxane (15.0 mL, 60 mmol), and the mixture was stirred at room temperature for 4 h.
After this time, the reaction mixture was concentrated under reduced pressure, and the
resulting residue was partitioned between 10% aqueous potassium carbonate (100
mL) and methylene chloride (75 mL). The layers were separated, and the aqueous
phase was extracted with methylene chloride (2 x 75 mL). The combined organic
extracts were dried over sodium sulfate, filtered and concentrated under reduced
pressure to afford 27 in 81% yield (878 mg) as an orange solid: mp 70-71 °C; 'H
NMR (500 MHz, DMSO-ds) 6 7.02 (d, 2H, J=7.5 Hz), 6.49 (d, 2H, J=7.5 Hz), 5.07
(bs, 2H), 4.07-3.97 (m, 3H), 2.81 (septet, 1H, J=6.5 Hz), 1.99 (s, 3H), 1.11 (t, 3H, J
=7.0Hz), 0.92 (d, 3H, J= 6.5 Hz), 0.85 (d, 3H, J = 6.5 Hz); MS (ESI+) m/z 251
(M+H).

Ethyl 2-(4-{6-[3-(4-tert-Butylbenzamido)-2-methylphenyl]-4-methyl-3-oxo0-3,4-
dihydropyrazin-2-ylamino }phenyl)-2-[isopropyl(methyl)amino]acetate (28).

(@]
A
N X
H |
CH;4 CO,Et
t-Bu Il\T (@]
CHj

H;C N
3 \I/ \CH3
28

CH,
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THF/ Et OH/ H20, 60 C, HCH3 | / CO2H 48 h t-Bu No 29

CH3 H3CyN CH3 CH3 ,-\ HNC NCH3 O BOP Hunig's Base H
WO 2009889%9N DMF, RT t-Bu CH3 N O N, 30 CH3 H3IRQI/pPS2004AB77054

CH3 2-[4-(tent-Butoxycarbonyl am no) phenyl | - 2-

[1 sopropyl (net hyl )am no] acetic Acid (25). 74 WO

2009/ 039397 PCT/ US2008/ 077054 N(i-Pr)Me CO2H BocHN
[09B88][ 001850AnbGngle-wick gbte}drimﬂomwlmdk batipmadedith h asknetic

equi pped with netlc stirrer C
st %ydmgee inles 3pdirg %Xﬁ‘ﬁl eﬁsewaﬁrﬁ%%r;e vl 226%35?% fﬁ mmol),
SQpr ;
e s s AL TR g P ) 231 penyl)-
begzarﬁldﬁ((ﬂ rmg) 1. SS'hmlqlbacmumrcamgatséallé@ w8 ImraolpJ hiast.he

g g ST o Ao SHRRE A dRPS BPLE et St G

mm&scxmgmsr(age&g pndemmed Hﬁ&ﬁlSﬁ[lE@f&S}ﬁ@enea—&@oﬂe?SM ting
resi due was /éect ed to flash chromatography t

dlaaﬁadrlmn(,%(ﬁrmg,zb F&ﬂ mgl)(vierg 4ddpd, ard thejrgaghon W@Wﬁ was heated
Ty Ty i, g i, R e
filerdd it condenddtddsunddHieducdd PBestiine. Tid) resdtidgd resilue W) purified

223 (s, 3H), 1.47 (s, 9F). 1.15 (d, 3H J = 6.6 Hz),
byflaph cg\mm@%raphyﬂo atferd 43 %yl E50meyat28 agayellgm splid: mp
119-120 °C; '"H NMR (500 MHz, DMSO-dy) 6 9.88 (s, 1H), 9.24 (s, 1H), 7.97 (d, 2H,
J=8.5Hz),7.95(,2H,J=8.5Hz),7.55(d, 2H, J=8.5Hz), 7.37 (dd, 1H, J = 6.5,
3.5 Hz), 7.31 (d, 2H, J = 8.5 Hz), 7.28 (m, 2H), 7.22 (s, 1H), 4.18 (s, 1H), 4.04 (m,
2H), 3.56 (s, 3H), 2.81 (septet, 1H, J=6.5 Hz), 2.29 (s, 3H), 2.02 (s, 3H), 1.33 (s,
OH), 1.11 (t, 3H, J = 7.0 Hz), 0.94 (d, 3H, J = 6.5 Hz), 0.88 (d, 3H, J = 6.5 Hz); MS
(ESI+) m/z 624 (M+H).

2-(4-{6-[3-(4-tert-Butylbenzamido)-2-methylphenyl]-4-methyl-3-o0xo0-3,4-
dihydropyrazin-2- ylamino}phenyl) 2-[isopropyl(methyl)amino]acetic Acid (29).

N\

CH3
[00189] A 100-mL single-neck round-bottomed flask equipped with a magnetic

stirrer and reflux condenser was charged with 28 (400 mg, 0.642 mmol), THF (5 mL)
and ethanol (5 mL). A solution of lithium hydroxide (124 mg, 10.2 mmol) in water (5
mL) was added, and the mixture was heated at 60 °C for 48 h. After this time, the
reaction was cooled to room temperature, and the mixture was slowly acidified to pH
4.0 with 10% aqueous citric acid. The resulting precipitate was filtered, and the filter
cake was washed with water (20 mL), then triturated with a 1:10 mixture of
methylene chloride/ethyl acetate (20 mL). The resulting residue was dried to a

constant weight under vacuum at 45 °C to afford 29 in 55% yield (210 mg) as an off-
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Et hyl
2-[4-(tert-But oxycar bonyl am no) phenyl ]-2-[i sopropyl (ne
W@ boobp3e3dho] acetate (26). CH3 H3C NCH3 COZEIT/USS0$MI 7054
26 [00186] A 250-nL singl e-neck round-bottonmed fl ask
equi pped with a nmagnetic stirrer was purged with
nitrogen and charged with 25 (1.50 g, 4.66 mmol ), THE
whiébsolidlhnp 11)-7hy98’°@;)]/H7I*€MR8(56®1 MHi MBS 0Ded ) §.981 @, 119), 829 (s,

mm:é? and 1-et 3-dine
1R 48) 8+ Bpyl § 8&2&‘%& ﬁrﬁﬁid?é{ Hydﬁécfﬁ%? Paéd. (2ﬁ 1? 8-> Hz)3p.39
I
L) £ RG] BRangRch oL 701 Xt Yae S ST 08 A

4?)3/(sl dHneS. 5{65(& 3H), 3304, IIH) 23@\&: 8Ha ddE(s, ﬁﬂ)j 1t3|‘?oe(s 9H), 1.13
reaction m xture S stirred at  roomte erature for
(daSHof et Heb O dar T SHek MS Ge18) 1iart Oh
partitioned between water (40 nlL) and net hyl ene
chloride (50 nL). The layers were separated, and the
aqueous phase was extracted with nmethylene chloride (2
4-fer gButy)N- (I (4-0F-(isopropgimetint mmine e2-¢bmstind gipenazin-1-yl)-
2-dxoethlylgpleny bmdina)yt-andth gi- & oxd-Hes- dihy d nep yagent 2- b2 -
médyIplRdybberizahiid@t30pn, and the sol vent was evaporated
under reduced pressure. The 75 WD 2009/ 039397

PCT/ US2008/ 077054 resulting re i dye ied to a
constant wei ght under vacuum o ford |n 73%
yield (1.20 g) as a white SO|N G 1HNI\/R
(500 MHz, DVBO-d6) 8 9.35 (s , (d, 2H, J

7.5 Hz), 7.28 (d, 2H, J ¥ (s, 1H), 405

(m 2H), 2.80 (septet
1.47 (s, 9H), 0.94 (d, 3H,
J 6.5 Hz), ); M5 (ESI+) nmfz
351 (M:H) . Etly o

2- (4- Am nophenyl ) - 2- [|sopropyl(rrethyl)amno]acetate
[00090].  CHBo a 3G, tubb-BouGREtwitHRMa2eticQ0H8T Iefe diiPedal29

si ngl e-neck round-bottoned fl ask equi pped with a
(l%grgepiléS ngpely.rlemethytpipdigainted A maq%gimrr@) $ME (gl),

Hﬁﬁl@*&ba@é‘(&‘ﬁ%@}f@ﬁ@ﬁ%ﬂlo@i‘ lclﬁ)c{ B@?’ ('75-].3][ng, "0.168 mmol). The reaction

mixture was stirred at room temperature for 26 hrs. Most solvent was removed by

), 2.02 (s, 3H),

rotary evaporation and the resulting residue was dissolved in ethyl acetate (100 mL).
The solution was washed with water (15 mL X 3), dried over MgSOQy,, filtered and
solvent removed in vacuo. Silica gel column chromatography (MeOH: CH,Cl, = 5:
95) afforded 30 as a light yellow solid, 25 mg (22 %). 'H NMR (300 MHz, CDCl3)
08.45 (s, 1 H), 8.09 (s, 1 H), 7.95 (s, 1 H), 7.92 (s, 1 H), 7.85 (m, 2 H), 7.75 (m, 1 H),
7.54 (s, 1 H), 7.51 (s, 1 H), 7.40 (m, 2 H), 7.19-7.23 (m, 2 H), , 6.79 (s, 1 H), 5.19 (s,
1 H), 3.62 (s, 3 H), 3.40 (broad s, 2 H), 3.21 (broad s, 2 H), 2.26-2.50 (m, 9 H), 2.18
(s, 3H), 1.92 (broad s, 2 H), 1.34 (s, 9 H), 1.25-1.31 (m, 6 H) ppm; MS (ESI+) m/z
678.19 (M+H).

Example 6
3-(4-Nitrophenyl)-5,6-dihydropyrazin-2(1H)-one (31).
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di oxane (15.0 nmL, 60 mmol), and the m xture was
stirred at roomtenperature for 4 h. After this tine,

W@ b@9108%set i on m xture was concentrated under rRUUTEW08/077054
pressure, and the resulting residue was partitioned
bet ween 10% aqueous pot assi um carbonate (100 nlL) and
nmet hyl ene chloride (75 nL). The | ayers were separated,
and the aqueous phase was exw/a‘eﬁ‘ed wi t h net hyl ene
chloride (2 x 75 nL). The contji ned organic extracts
were dried over sodium 3t et ered and
concentrated under redug pregsure to afford 27 in
81%yield (878 ng) asnaghsfange solid: nmp 70-71 C, 1H
NVR (500 MHz, DVMsO-d6) 8 .02 (d, 2H, J = 7.5 Hz),

[061919 (d, ARBD-rdL singleSnedlk }ourﬂrlﬁbﬁon{ebﬁﬂaslz EuippedO¥ittBa thhgnetic
(m 3I—I),281(septet 1H J = 6.5 Hz), 1.99 (s, 3

stlireg_ yag purggcﬂ.wﬂ\ly niteo gpnochqgged vgtlgghrldﬁl nlg]qphe\pyl-pygu\@tq_@)”z mg,

1 %2 ﬁ?ﬁuﬁg ’_3 (pi%é{e% E])f mopecglaﬁgl&fes I\@— 8(1E§hT%A%I¥d %%%droQMhanol (10
m[3-THe teauitin @sﬂlyﬁcbewzmﬁodml) to 2- "I@‘tvhly p I‘mm)aﬂi an@l— In®t hyl -

o- 3, 4-. di hydropyrazin-2-y o} phenyl )
eﬂ[lﬁ%l}f&ra&aw %&ﬂ AR W%@%ﬁ@ 5&%5@ ﬁftewddmowm
L thel reR4iol vids keirEdi3 IH@I(;I—tg bﬁ% frd l"p_ﬁfterzcﬁls%e the
2 /039397 PCT/ U82008/ 077054" [00188] A 50-nL
resﬂmg sspesionnwasididiat aointbel fiftbiasike equhqupeith velt meghanol (2 x 5

ORGS0 ) o B T R0 DS
31¥migent m@léit()lbé gl){ls zwmta laaﬂlld 311;{ 914,192 5¢C; tre deMﬁz
1, 3, 2] di oxabor ol an- 2-y phenyl)- benzam de (717

DMSEB?Bdmﬁ)S 93 (hseL‘HLl r&%ddbﬁtﬁ,at/ e &@.HZ?B 809 @, 218, fFl0 Hahd 88 (t,

it 6 odi g Sordbhs (kP 562 WL Sant phos. (78

ng, 0.134 mmol) and tris(di benzyli deneacet one)

di pal | adi un{0) (72 ng, 0.079 nmol) were added, and the
4-Edladt3-Gnnigropheni) Rineraringoume (:ﬁ?e) reflux for 16 h. After

this tinme, the reaction S d to room

tenperature, filtered and cnce f;r at ed under reduced

pressure. The resulting dug” was purified

O
O,N 32

[00192] A 10-mL single-neck round-bottomed flask equipped with a magnetic
stirrer was purged with nitrogen, charged with 31 (2.78 g, 12.7 mmol), acetaldehyde
(727 mg, 16.5 mmol) and anhydrous methanol (40 mL). A solution of sodium
cyanoborohydride (2.4 g, 38 mmol) and anhydrous zinc chloride (2.6 g, 19.1 mmol) in
anhydrous methanol (40 mL) was added, and the reaction was stirred at room
temperature for 1 h. After this time, 1N aqueous sodium hydroxide (25 mL) was
added, and the methanol was evaporated under reduced pressure. The remaining
aqueous solution was extracted with ethyl acetate (3 x 100 mL). The organic layers
were combined, washed with water (100 mL) and brine (100 mL) and dried over
magnesium sulfate. The drying agent was removed by filtration and the filtrate
concentrated under reduced pressure to afford a 98% yield (3.20 g) of 32 as a yellow
oil: "H NMR (500 MHz, DMSO-d) § 8.18 (d, 2H, J = 8.5 Hz), 8.02 (d, 1H, J = 4.0
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by flash chromat ography to afford a 43%yield (430 ny)

of 28 as a yellow solid: np 119-120 C, i H NWR (500
WORMI/OBIBO- d6) 8 9.88 (s, 1H), 9.24 (s, 1H), 7rCIUSIWN8/077054

2H, J =8.5 Hz), 7.95 (d, 2H, J = 8.5 Hz), 7.55 (d,

2H, J = 8.5 Hz), 7.37 (dd, 1H J = 6.5, 3.5 Hz), 7.31

(d, 2H, J =8.5 Hz), 7.28 (m 2H), 7.22 (s, 1H), 4.18
H#)s7.66 k), 2HL.JO4 8 (Srilz), 28 (s,3H563.8% (td 3H),, J 2.18D, 4 Hip)ed.22 (m,

1y 07 30 T Z 0. 3 Beh B0, 116,85 (1 2y T B o
3}{&"@% 3G 88, MK (EX1h) Ae250-Relf) ;. M5 (ESI+) miz 624
2-(4-{6-[3-(4-tent-Butyl benzani do) - 2- met hyl phenyl ]

S ATEPOR e  asrri Rpae 1 o-

[i sopropyl (et hyl)am no]H&cetNc Agid (29). H N\ N/

\ HlI t-B CH3 N O COZH | 3 _H3 ..N~ 1Y CH3 29 CH3
[00189] A 100-niL single- { royind- bottoned fl ask

equi pped with a nmagneti #irrer and refl ux condenser
was charged with 28 (b0 ng, 0.642 nmol), THE (5 nl)

and et hanol (5 nmL). A sol ufion of |ithium hydroxide

rTg, £ | - . [ 1 I

0pEEA % h &S T Rl i YR Bl ey R REy Rhun

cohdeer drfdemagnedc tiioer wapucged veith hioropaoand chaped atithr 32 (210
and the mixture was slowy acidjfied tg pH 4.0 with

Mg g8 agtrbl§hanel P anlae iran PYHECT @RI P g P BEi Hrt Areelherd
2}? %%&I?r{})ﬁgpict: 244 (6.56¢ nfll. h UBrmmEBKE dWRS i@ RedadMeh it dWetefux for

. then triturated wth a 1: 10 m xture of
30mairh yAkerehis hingy, teetattioyiwacetlad ¢o (@0 wehperatine, and powdered

ulti . dried t tant i ght .
plRabim SRR au s JetrgmaP e godut | TRSs O rernPriny was
FIREA A BB FOLS cald w2009 ORSRS 4 BT/ HSROBH/ P75 ¢ns

white solid: np 197-198 C, 'H NWVR (500 MHz, DWVMSO d6) 6

cogc@trafesl unglg) redacedprissure tq pfford3399 108% veld (185=mg) & a-white
.95 o) = o 7. = Hz
sofitge\83- Pt J TRy b st 8 7704 T 3b s 572 1 ),
. 32-¢7 7 , :
6.2%16 2%15 38.4 ?1%)3 _(652'07 ((&Fnhﬂ,l JH) ?ﬂzﬁ?é4.g)§?(bsé 2fl1’),2334.11(2 g-n(liﬂl‘p 3.42 (s,
1B, 1413 3H).S. 8Dy, 1H), 234 (m, 1H), 2.02 (s, 3H); MS (ESI+) m/z 206
(M+H).

5-Bromo-3-(4-(1-ethyl-3-oxopiperazin-2-yl)phenylamino]-1-methylpyrazin-

2(1H)-one (34).
H
Br NN H;C
L
N~ Yo
b )
34 K

[00194] A 100-mL single-neck round-bottomed flask equipped with a magnetic
stirrer and reflux condenser was charged with 33 (450 mg, 2.05 mmol), isopropanol (5
mL), 13 (603 mg, 2.26 mmol) and DL-10-camphorsulfonic acid (813 mg, 3.50 mmol),
and the reaction mixture was then stirred at reflux for 16 h. After this time, the

reaction mixture was cooled to room temperature, filtered and the filter cake washed
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(d, 34 J =6.5 Hz), 1.10 (d, 3H J = 6.5 Hz); M5
(ESI+) nlz 596 (M+H).
W@2G080893BUt yI - N- (3- (6- (4- (1- (i sopropyl (et hyl )eei/n82008077054
(4- et hyl pi perazin- |-yl)-
2- oxoet hyl ) phenyl am no) - 4- net hyl - 5- oxo- 4, 5- di hydr opyr a
zi n-2-yl)-2- nethyl phenyl)benzam de (30). 0 ~ 1Y N
with isoploplindWdl0 L), Thére301tinQ 312D Wad dissol ewiain extthylbre

et Lo RN B e AR 20
Ch?ﬁ’%iﬁ)g {grqg% fo afFMr 34 % ‘7@;% ,weé&*%yélgnn%o#%ﬁ%{z%%% -sgrlldTgnp 955033

BOP (74.3 reaction
°Clyi HINIVIB. (086 M4, IGT@; a8 20 (m HIETPR (AL, & =f ©F H26 1B (d, 2H, J
Mast solvent was renmpved b rotary evapqration and
~ SRAIPe’HH (1 A 587 Bhd nds W7 BEoHR st b oD MadByat 2 G
3}%}@93'(1&, 1H), BIE &8 i) 9B RS2SR Wi 1H), 8 8 31p=rlo Kz);
, dried over S04; filtered and ’sol'vent renbved 1 n
MbdESb:) 78t KOl (MelH)col uim chr onat ogr aphy (MeOH: CH2C12
= 5. 95) afforded 30 as a light yellow solid, 25 ng
(22 9% . 1H NWR (300 MHz, CDC13) b8.45 (s, 1 H), 8.09
N{(3-(64V-Etilyl B ok Spipérakin-2-71) BRerydamindiM4-méth3 - 5(dRo-£5H) ,
diKy(ilfbp(yFﬁziliﬂ-Z l%g)—ﬂu(ﬁﬂ-gx-ﬁlettﬂylli%eng ~45,§r,6§7?_a H)l H)5’ 1;- ?0 (ml
< ; S, , b. s,
teﬁi)am%ljoéf %Os[ ]t3 ﬁ?gg‘% nglz%)araoag 5,56' , 3.21 (broad s,
2 H, 2.26-2.50 (m 9 H), 2.18 , 3|H), 1.92 (broad
s, 2 H, 1.34 (s, 9 H, 1.25-1. 3AWNe_HHppm M
(ESI+) mz 678.19 (MtH). Exanple 6
3-(4-Nitrophenyl) -5, 6-di hydropyrazgn>2(1H)-one (31).
78 WD 2009/ 039397 PCT/ 1982008/ 077085

0
~ | N _NH
H
\ ¢ CH, 35
N o
CH;,

[00195] A 100-mL single-neck round-bottomed flask equipped with a magnetic

stirrer, reflux condenser and nitrogen inlet was charged with 1,4-dioxane (13 mL),
water (3 mL) and sodium carbonate (417 mg, 3.93 mmol). After bubbling nitrogen
through the resulting mixture for 15 min, 34 (150 mg, 0.370 mmol), N-(6-Fluoro-2-
methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-4,5,6,7-tetrahydro
benzo[b]thiophene-2-carboxamide. (192 mg, 0.460 mmol and tetrakis(triphenyl
phosphine)palladium(0) (75 mg, 0.065 mmol) were added, and the reaction mixture
then heated at reflux for 5 h. After this time, the reaction mixture was cooled to room
temperature, filtered and the filter cake washed with diethyl ether (10 mL). The
resulting solid was dissolved in methylene chloride/methanol (10:1), absorbed onto
silica gel and purified by flash chromatography to afford 35 in 41% yield (93 mg) as a
yellow solid: mp 179-180 °C; "H NMR (500 MHz, CDCls) 8 8.31 (bs, 1H), 7.79 (d,
2H, J=8.5 Hz), 7.39 (m, 3H), 7.33 (m, 1H), 7.22 (s, 1H), 7.04 (t, 1H, /= 8.0 Hz),
6.68 (s, 1H), 5.80 (d, 1H, J = 3.5 Hz), 3.99 (s, 1H), 3.65 (s, 3H), 3.64 (m, 1H), 3.36
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~0O0-"") 1 NH / 2N 31 [00191] A 50-nL single-neck
round- bottonmed fl ask equi pped with a magnetic stirrer
wo®psmsged with nitrogen, charged with ethyl PCT/US2008/077054
4-ni trophenyl pyruvate (223 ng, 1.00 mmol), 3 pieces
of nol ecul ar sieves (4-8 nesh, 3A) and anhydrous
met hanol (10 nlL). The resulting solution was cool ed
(nt,d H), L1 WMrhh1 1 2i8Q€t, (281, i -a6.0 Hz)2.66 (ty2ENnediairag 2(33m,

.05 ) was added dr i se. After _additi S
1At &t SHInG  GhoTHbrl Saee-4rh 30 (el Ir SO L B AR E) -
6150y M+fy After this tinme the resulting suspension was

ilgered and the filter cake washed with col d nethanol

(2 x5 nm). The filter cake was dried in an oven at

50 C overni ght under vac%uz{ntl%f;\fford 31 in 89%yield

(196 ng) as a white soli ’.‘IHB 191-192 C, 1H NMR (50
SdHdime 7 DMBO-d6) 6 8.63 (bs, 1H), 8.26 (d, 2H, J

Hz), 8.09 (d, 2H, J = 8.0 Hz), ;%8 (t, 2H J

I
o 0
[N @)

Hz), 3.37 (m 2H); M5 (ESI+) :
Br4- Et hyII}\fLB-(nltrophen | ) pi pera Ao-j-onle (32).

r jund[ Bot
wasNputged

anny i oug, eDRarpl (HOIEY i SORLL | on ofwsodi my |
anhydr oug, met'ha Pov) o Sefuti on ofsgsodi um
cyanoboréﬁydride & d, g‘nﬁ§l) and anhydr ous zinCl\CH3
chloride (2.6 g, 1 mmol) in anhydrous nethanol (40
m.) was added, and the reaction was stirred at room

tenperatywre for 1 h. After this ti I N aqueous

sodi u droxi de (25 nlL) was added, t;he jret hanol
was d undet_reduced pressuyey THg
aqueo Lgn | extracted witlf ethyl/ acats {3 X
100 gL). The o | ayers  were conbi ned, washed

with water (180 nl) and briné (N00ysnL) amd dried over
Magu@si; kM50l 1,.ata@xanc’he dryi ng ent s renoved by
filtrati ofwahdl the filtrate conceptrated under
reduced pressure to afford a 98e| d (3.20 g) of 32
as a yell ow

O,

2,6-Dibromopyridine-3-diazonium Tetrafluoroborate (36).

- N2BF
P
Br N Br
36
[00196] A 500-mL three-neck round-bottomed flask equipped with a magnetic

stirrer, nitrogen inlet and addition funnel was purged with nitrogen and charged with

2,6-dibromo-3-aminopyridine (25.0 g, 99.2 mmol) and 1,2-dimethoxyethane (70 mL),
and the solution was cooled to —10 °C using an ice/acetone bath. A solution of boron
trifluoride—diethyl etherate (21.1 g, 148 mmol) in 70 mL of 1,2-dimethoxyethane was

added at such a rate at to maintain the internal reaction temperature below -5 °C.
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oil: 1H NWR (500 MHz, DMSO-d6) 6 8.18 (d, 2H, J = 8.5

Hz), 8.02 (d, 1H, J = 4.0 79 WD 2009/ 039397
weEQDLOBBO08/ 077054 Hz), 7.66 (d, 2H, J = 8.5 PZIUSHIDE7054

(s, 1H), 3.39 (td, 1H, J = 12.0, 4.0 Hz), 3.22 (m

1H), 3.07 (dt, 1H, J = 12.0, 3.0 Hz), 2.50 (m 1H),

2.37 (m 1H, 2.21 (m 1H), 0.91 (t, 3H J = 8.5 Hz);
AR t(lcESldtblor(r{VZs Qcﬁﬁ)plétMl-zh-Bolutlon of tert—butyl nitrite (12.2 g, 118 mmol) in

henyl )-4-eth eraz| n- 2-one (33).. H3CN NH

7%‘4-@&?3 }'al}? A W@I‘Véserif@%lwaluﬂ% elerhesgetion
tefn#;@ﬁlﬁr@géib@p 8 Tﬁé @aJti%E'M stift@d! Ftﬁrésfﬁfthé}rldh 5&3&'@9’6 CAfter

irrer was purged h nitrogen and charged wit
th{s2ge thng¢a0(1018 Waﬂﬁbbl)i‘d aed Herfdler @ﬂ(ermaS, washodh wptb\hdeames (3 x 75

o L O A ey et i@ 45 BB S shf ot
3ds o @ﬁﬂté%hfd% 38-m e, AﬁtWRt B8 MH?@)MSbedg)%@Cﬁzl aniH, J
was cooled to roomtenperature and powder ed

= pothmss.an(¢dithdra.6 HA3. 03 g, 22.0 mmol ) was added. The
resulting suspension was filtered and the filter cake
washed with ethanol (4 x 10 nL). The filtrate was

2msﬁjjﬁégtmd)rup¢ﬂallfeqmed pressure to afford 33 in

100% yield (185 ng) as a whige rsolid: np 153-154 C

1H NVMR (300 MHz, DNBOdG)/@4(d 1H, J = 2.7 Hz),

6.90 (d, 2H, J = 8.4 Hz), lG. (d, 2H, J = 8.4 Hz),

495(bs 2H), 3.45 (mBrilH)N 3. 82 (s, 1H), 3.14 (m
289 (m 1H), 2.44 (m3lH), 2.02 (s, 3H); M

[Oé@l o 38 (22 okl topngshgye e A3 heBRRep HEH ek nol
coﬁaeﬂﬁg% é}iét_lgbf bR R chAdd W@ (4 38); 1H4 nBhoNwhich Waddqidl

distributed on the flask bottom and placed in an oil bath at room temperature. The
bath was heated to 80 °C over 20 min, then the bath temperature was gradually
increased to 130 °C over 30 min, until a decomposition occurred at an oil bath
temperature of 130 °C. Once all of the powder had visibly decomposed (the solid was
transformed to a goo and the evolution of gas stopped), the reaction was cooled to
room temperature and the resulting residue extracted with diethyl ether (3 x 75 mL)
decanting the ether extracts. The organic extracts were combined, washed with
saturated aqueous sodium bicarbonate (200 mL) and dried over sodium sulfate. The
drying agent was removed by filtration, and the filtrate was concentrated under
reduced pressure at room temperature to afford a 100% yield (3.00 g) of 37 as a
yellow solid: mp 47-48 °C; 'H NMR (300 MHz, CDCl;) § 7.44 (dd, 1H, J=3.3, 8.4
Hz), 7.31 (m, 1H).

N-(6-Bromo-3-fluoropyridin-2-yl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamide (38).
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34 H O[00194] A 100-nL single-neck round-bottoned
flask equi pped with a magnetic stirrer and refl ux
w@ordesser was charged with 33 (450 ng, 2.05 nP@i/y$2008/077054
i sopropanol (5 nli), 13 (603 ny, 2.26 mml) and
DL- 10- canphorsul fonic acid (813 ng, 3.50 mol ), and
the reaction mxture was then stirred at reflux for 16
h. After this tine, theleaction nmxture was cooled to
roomtenperature, fi ed and the filter cake washed
80 WD 2009/ 039397 P AW th isopropano
(10 nm.). The resulti sol ved in
nmet hyl ene chl ori dey 3 bsorbed onto
silica gel and purlfled flash chr omat ogr aphy to

0L 55> iR Eﬁ“ﬁﬁ& ST 5 HuPhdl Fia 3 Pichany
stlﬁrlfér raﬂft'hx cordefkeb aﬂ&%llt_lrogf\:]rﬂﬁleg dﬁsas Elhrbrgehdrw'ri‘tg&(ﬁdlbliéne (86 ?IfL) 37
= s

(3(0‘9]g i|1.|)7 mlgloggl,é,gﬁ tetgqhydro@elg@[le]ﬁlpog_hq}le 23ca1120x<am e_|_q.1|)29 g, 7.12

mﬁ}gg%ggﬁil%@c%rbi%éé 6§%FI;—96 nilrn(g? Abter ﬁlﬂbhﬂg it ggn h'ﬁzugh

th&lfe(sﬁl-tlﬁlgs()ltﬂm()ﬂ,f&tﬂMmSX@M@hb$QSGMgJ0250§In)rphlelaydi ani no) - 4
O0XO0-

trig dHV&FY}WP%?fF‘i‘?n?) malledlf%@r<é2@%9 HOP pretly pyrespddegand the
re&&foﬁ%&%@%pﬁ@c{tw LL@phep 812 A:@é'r%% Fitledfe (32dion N cooled

NCH3 F\ NH HY H35 SCH3 NI O | CH3[00195] A
to 10@n Mmmrmteeandefﬂtcrerddhrmhgh etpad weCefifed2k. dhaifipechkainals

n stirrer X enser and nitr
WP e et 0 i aReanee s CrLsphr B
regﬁe)gg l‘i‘)ﬁ@ sHe Q{l&l fﬁe%éﬁ@@lfgaﬂe@id{léf']ﬁs Pkificdt (B3coMRA throMataphy
u I ng nitrogen

using 500 ccgof silica ar?d eluting with 5% EtOAc/hexanes to afford a 37% yield of 38
(940 mg) a white solid: Ry=0.55 (20% ethyl acetate in hexanes); '"H NMR (500 MHz,
CDCls) 67.80 (bs, 1H), 7.38 (m, 1H), 7.37 (s, 1H), 7.32 (dd, 1H, J= 3.0, 8.0 Hz), 2.81
(t, 2H, J=6.5 Hz), 2.64 (t, 2H, J = 6.0 Hz), 1.85 (m, 4H); MS (ESI+) m/z 355.1
(M+H) and N-(6-bromo-5-fluoropyridin-2-yl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-

carboxamide in 34% yield as a white solid: R;=0.85 (20% ethyl acetate in hexanes);
'H NMR (500 MHz, CDCl3) § 8.29 (dd, 1H, J = 3.5, 9.0 Hz), 8.24 (bs, 1H), 7.47 (dd,
1H, m), 7.33 (s, 1H), 2.81 (t, 2H, J = 6.5 Hz), 2.64 (t, 2H, J = 6.0 Hz), 1.85 (m, 4H);

MS (ESI+) m/z 355.1 (M+H).

3-(4-(4-Ethyl-1-methyl-3-oxopiperazin-2-yl)phenylamino)-1-methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrazin-2(1H)-one (39).

H
o NN ci,
| L
N o j
CH;
O N

39 CH,
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through the resulting m xture for 15 mn, 34 (150 ny,
0. 370 mmol ), N-(6-Fl uoro-2-
WOoreaobys9ssz (4, 4,5, 5-tetranet hyl -1, 3, 2- di oxabor oPErU200$/)77054
phenyl )-4,5,6, 7-tetrahydro
benzo[ b] t hi ophene- 2- car boxam de. (192 ng, 0.460 mmol
and tetrakis(triphenyl phosphine)palladium0) (75 ng,
[0019395 m’mA)ZS well einglddedk ramd-tHotemed dlatlt equippedtwirtea miapsnic
heat e reflux for 5 h, After this tjine, the
Stlrr@aeﬂd GRS EYEr YA PEsEd with g ossBnd fféaﬁrg%*r Withphromo-3-(4-

4fét118£1 qr ﬁ@m? g okbﬁ &lakﬁlez yl%lkeﬁyréﬁﬁﬁ}ﬁdl Weth1 J)g;aezm 1HBLdRE"

u ting Solid was "di ssol
(2%n’rgy Déﬁé rruhdﬂ@r bld@/ 4réﬁhammethsﬂ©mmqlatammrbedl’/cﬁ)nm@, 0.671

mihgehSEm AR 0l i b (Rl e AP | B
oflﬂt?og%ﬁ@va@ péﬂs%'d %%15@1@ rMﬁﬂtm_;@Qgg%@sloﬁ f%) Zi"i)]{nﬁgg ( ]r;] H, H

Hz)
PdXd]gij) 13°C}]2@12 (17 rw 0(Q16 mmol)yvaﬁ t]g:n(pdﬂgc} and the ggcfign stm:gd at

reffugfbrith. A{ter s Tigge Il o shsa B bt ocBabBngibhs

paﬂrﬂﬂﬂlonb&%etv&eﬁ Ivaten(40hL,) ard 8Byl ztccta?d'{60~lnE) anddiltdzdd, thebugh a
2.59 (m 2.36 (s, 3H, 2 27

plpgﬁ)f C];ﬂ}te 521 é@le(q;;gar%rq_phasg wg se(ﬁaratgi,idngd ever. sgdlpm sulfpfs,

RS 4 A M el T e SOV o

di€dh@rethad3S sl ahid ik Nsprahsthapias il 2 The filtkiQAke 34s dded under
Va%uém%!c ?o)f)%{]teemprereaf‘allre to af%orla) 91'1_1%6 %!Swhicl::h WE.S 1’}|s|_f|:d irl}l |a|1e_ fl(\)lllowing

reaction directly: MS (ESI+) m/z 468.2 (M+H).

N-(6-(6-(4-(4-Ethyl-1-methyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-3-fluoropyridin-2-yl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (40).

F

NH S
—1)
(0] NH

40

H,C—N

Q,

e /—N\_/N—CH3
[00200] A 25-mL three-neck round-bottomed flask equipped with a magnetic
stirrer, reflux condenser and nitrogen inlet was charged with 1,4-dioxane (7 mL), a
solution of sodium carbonate (163 mg, 2.08 mmol) in water (1mL), 38 (183 mg, 0.515
mmol) and 39 (0.537 mmol, presuming quantitative yield) After bubbling nitrogen
through the resulting mixture for 30 min, tetrakis(triphenylphosphine)palladium(0)
(60 mg, 0.052 mmol) was added, and the reaction mixture then heated at reflux for 4

h. After this time, the reaction mixture was cooled to room temperature, and 2N

hydrochloric acid (20 mL) followed by methylene chloride (20 mL) was added. The
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NI - O Br O38 H3CG-N N 40 Pd(PPh3)4, Na2CC3, 1,

4-di oxane reflux, 4 h ONH O\ / ~%-CH3 H3C
WQ2@98439Dopyr i di ne- 3- di azoni um Tet r af | uor oboPEL/ES2008/077054

(36). N2BF4 Br N Br 36 [00196] A 500-ni three-neck

round- bottoned fl ask equi pped with a nmagnetic

stirrer, nitrogen inlet and addition funnel was purged
aqﬂbmth; lmyetr mg easpamwti chahgiedithvintethylene chlonde (2 x 25 mL) and then

am nopyri di ne a(825 0

bailﬁzda? ﬁ%lt%w@ SRS AVEPUHPP DS IHEF Y Ao T PooUR Eer was

th&PQitﬁa@teh%lt}JQe{ﬁ 3L BRloAle | £ GA0AR tlﬂék%ani% e?cﬂjaé’tg 'v&@:ﬂ:
boron trifl 5or|de di et’hyl et Herate 148

commmf)d and dried miverofodiun? swlfane t Hexdrgini ageltwaﬂs reradvteidaya\tacuum

el B 51 b TS A DLk L] Ym0
yiflE (83329984 9&17&56011%%6!5 st e UAHINOIR 486 MHEFF&E@E) 58.27

solution of "tert-butyl nitrite (12.2 g, 118 mmol) in
(b7, 0L E0L7.86 (dd,2Hd Jnﬁ haky elzhaind mas3Hhdd@d (dribipywid.S®(t, 1H, J =

i nt.aj nj n he i nt acti.o

oJ 5o AT P P . 73 Fredl 't G4 TP ey (- pibe-10 (m.
1H)1@ 3@ (M Her3 .24 i SIH) @%3*(4"9Hr gagd.0 p), wasy (i, I3Her E% aRd4n),

filter cake was washed wi th hexanes (3 x m.)
111616 i bd 7TaxHeo dhh theYhperat@lioed Oft).r for 24 h, to
afford a 98%yield (34.1 g) of 36 as a white sol i d: np
130- 131 C; 1H NWR (300 MHz, DMSO d6) 67.72 (d, 1H, J

9.6 Hz), 5.66 (d, 1H Example®@ Hz).

2 6- D brono- 3-fl uoropyridine (37). F Br N Br

] A 1-L single-neck round-bottoned flask

ped with a reflux

Tk
. 1. (COCI),, DMF, CH,Cl,
S 0°Ctort,2.5h
2. NEt;, CH,Cly, 0°C to1t, 16 h \K<

7

S

O,

H,N B
CH; O
Br\(jNoz CH;l, K,CO;5 Bf\(\INoz Fe powder, HCI cat. Br\(\ﬁ/;N}I2
N Sop  OMErISh E{OH, H,0, 60 °C, 2 h

ITI O ITI O
CH,4 CH;
41
O
\ H \
S CH; O 0
Br NH 9
AN 2
\(I 7 N N
Pd(Ph;P),, Na,CO; \ H
ITI 0 1,4-dioxane, water S 43 CH, N O
CH, reflux, 20 h [
a2 s
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condenser open to air was charged with 36 (4.00 g,

11.4 mmol) which was equally distributed on the flask
whoiwosa3and pl aced in an oil bath at room t enpRCHUSR088/077054

The bath was heated to 80 C over 20 mn, then the

bath tenperature was gradually increased to 130 C

over 30 mn, until a deconposition occurred at an oi

bat®, tenperature of 130 C. Once all of the powder had

Vi Si \deconposed (the soli transfornmed to a
goo dM he evolution of gas Stopped), the reaction
was ed po roon1tenpe d the resulting
resi due racted with her (3 x 75 nl)
decanti The organi c extracts

g tge et her Sﬁ&

wer e conxhied, washe ith saturated aqueous sodi um
car ey, dri ed over sodium sul fate.
The dE

%u ;agent & reproved by filtration, and the
filtrapgcie $ concentTat Nr reduced pressure at
roomtg g¥ ature to afford 00% vyield (3.00 g) of 37
as a ye Tow sol i d: nmp 47-4C, 1H NVR (300 MHz,

CDC13) 8 7.44 (dd, 1H J =g3,08.4 Hz), 7.31 (m

1H).

zo[ b ]thi ophene-2- carboxamixle }38). 83 WD 2009/ 039397
PCT/ US2008/ 077054 F NH - N Br 38 [00198] A 1-L
t hr ee- neck round-bottoned fl equi pped with a
mechani cal stirrer, reflux co nser and nitrogen
inlet was charged with 1, 4-di oxane (56 nL), 37 (3.00
5-Bromi-17/methyl-3-nitropyridin-2-one (41).
mol ), 4,5, 6, 7- tetrahydgobenzo[Q&}hiophene 2- car boxam d
e (1.29 g, 7.12 mol) "a i'urh car bonate (5.09 g,
15.6 mmol ). After bubblin rogen through the
resulting solution for 30 n oXant phos (350 ng, 0.605
nol ) and trls(dlbenzyl|dqﬂ§acetone) di pal | adi un( 0)
(326 ng, 0.365 mmol) mere ded and the reaction

t f Af t t hi {
[Oﬁ?ﬂ@lt]ruégct R it Mock sesbied aniet Bogiegcatiger o
pdcrgécf WHE glt El@h‘l&hc}ﬁr%?ﬁq’vl@lf 5 @?&hé 8.md-2- h&hﬁ)xfybizﬁcﬁﬁe eakee,

washed with | ene chloride
0. i ] trton‘t)aardlydaasls dovE ¢2i(r laLé dndjpm’edered M@ﬁ@emn gﬂrb@@m @33 hahesh,

332 S,O(Lgl? %}lal)lan eess{ls%lér?mg\r’la sstere%rfo ﬁ? min Xt an?blerrlTQCmperature After

this time methyl iodide (17.1 g, 0.124 mol) was added, and the mixture stirred at room
temperature for 18 h. The reaction mixture was then diluted with water (750 mL) and
extracted with ethyl acetate (3 x 1.0 L). The organic extracts were combined, washed
with brine (500 mL) and dried over sodium sulfate. After removing the drying agent
by filtration, the filtrate was evaporated to dryness under reduced pressure. The
resulting residue was purified by flash chromatography on silica to afford an 85%
yield (21.7 g) of 41 as a yellow solid: mp 122123 °C; 'H NMR (300 MHz, CDCl;) §
8.37 (d, 1H, J=2.7 Hz), 7.26 (s, 1H), 3.68 (s, 3H); MS (ESI+) m/z 234 (M+H).

3-Amino-5-bromo-1-methylpyridin-2-one (42).
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using 500 cc of silica and eluting with 5%

Et OAc/ hexanes to afford a 37%vyield of 38 (940 ng) a
woriwme3set i d: Rf= 0.55 (20% et hyl acetate in hRXEOSZPS/077054
i HNVR (500 MHz, CDC13) b7.80 (bs, 1H), 7.38 (m 1H),
7.37 (s, 1H), 7.32 (dd, 1H, J= 3.0, 8.0 Hz), 2.81 (t,

2H, J = 6.5 Hz), 2.64 (t, 2H, J =6.0 Hz), 1.85 (m
4H); M5 (ESI+) mlz 355B: Ni&nd

N- ( 6- br ono- 5-f | uor opyri di |)-4,5,6,7-tetrahydroben
zo[ b] t hi ophene-2- car boxam (g 34% yield as a white
solid: Rf= 0.85 (20% et hyl ‘mcetate in hexanes); |IH
NVR (500 MHz, CDC13) b 8. 293P(3dd 1H J = 3.5, 9.0 Hz),
8.24 (bs, 1H), 7.47 (dd, 143, , 7.33 (s 1H), 2.81

[0@%92]3:5 : JAE@? }E%ei—l_}_%ck n?urgicg‘g(gt df“’ﬁ%ﬁ% eqlélp]()%i %/'f[?l Etni;]ec?amcal

stizreg@%&ﬁsehuac@mmem@ufgeawm pheget @ dhajged mtmdzi 5-4
9% bynghb ehpnoli(383 mlg; isunprydsT 4325 meshpi: hei B32pmeh apahaN

R Y T O e A RS

Afiermpiseinne cie reantiod-viastcbokedo fdoas tenggrityypethdvdotdssiam carbonate
magneti c tirrer and t her nor equl at or was purged with
W *ldf%‘i},] %W%%dls EREFEEad Ry £ RTSPAPPOMBICIEEALNg SUSBETRYA™ Wis
ﬁl}ég?&z !(111)@ ﬂl_lé-,” Zf%ﬁlg&ke %Ja@ﬂéd%@h XJhM’Jl &4 .‘k') RFHO), ~Pre TR YT az
conrg(trhfed, Bder ItBéucredrmttsm}aie |mq> mlxb:h bltow)ndsotldr dhis(slf@ wag purified

by o SRRl O SR ae ot 82 T 41 (T Bl aBair

B e g 10eSsteng] NaiR MHzf@M §7.15(d, 1H, J=2.
Pd(dppf)Clg ?:HZ?SZC 15 NM %@O ol %W@s thgr(l ad deJ .

Hand.4olieé, Iitalct 2. 6rH£15 45 émk %H) 3r@‘ (s U3HX; MS ES+) Az 2403 (M+H).
this time, the m xture was cool ed to anbi ent
tenperature, partitioned between water (40 nL) and
NEBhzlAmGet BhRtKES-ota-1 armhidﬂowﬁaﬂl BM%tﬁylpﬁbMﬂ) 85,6,7-

teﬁ%h&&&b’éﬁﬂo{bﬂiﬁ ﬁéﬂ@mcﬁr %ﬁdé\m)separ ated, dried
over sodiumsulfate, fjlt and concentrated under

reduced pressure. The Oesl s trlturat ed with
di et hyl ether (5 ehsgjdilwas filtered
The filter cak Sriedi und
N~ ~o
43 |
CH,
[00203] Using the same general procedure as described for the preparation of

10, 42 (3.67 g) gave a 28% yield (2.10 g) of 43 as a yellow solid: mp 210-211 °C; 'H
NMR (500 MHz, DMSO-ds) 6 9.78 (bs, 1H), 7.65 (s, 1H), 7.25 (dd, 1H, J= 1.5, 8.0
Hz), 7.21 (t, 1H, J=7.5 Hz), 7.09 (dd, 1H, J=1.0, 7.0 Hz), 6.89 (d, 1H, J =2.0 Hz),
6.43 (d, 1H, J=2.5 Hz), 5.19 (bs, 2H), 3.49 (s, 3H), 2.75 (m, 2H), 2.62 (m, 2H), 2.12
(s, 3H), 1.77 (m, 4H); MS (ESI+) m/z 394 (M+H).

N-[3-(5-{[5-(1,4-dimethyl-3-oxopiperazin-2-yl)pyridin-2-yl]amino}-1-methyl-6-
0x0-1,6-dihydropyridin-3-yl)-2-methylphenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide (44).
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vacuum at room tenperature to afford) crude 39, which
was used in the followwng reaction directly: M
W@ EBbae3o3nT z 468. 2 (MrH). N (6-(6-(4-(4-Ethyl- PCT/US2008/077054
| - met hyl - 3- oxopi per azi n- 2-yl ) phenyl am no) - 4- net hyl - 5-
X0-
4, 5-di hydropyrazin-2-yl)-3-fluoropyridin-2-yl)-4,5,6,7
- tetrahydrobenzo[ b] t hi ophene- 2-carboxami de (40). F NH

N H3CG-N N oR | ~%-cH3 HBC [P0200] A 25-nL
t hree-neck r b nme ask equi pped\wth a
magnetic stirfer,> réfu dense d M trogen inlet

was charged with 1, 4-di ox¥an sol uti on of
sodi um car bonate (163 ng, 2.
38 (183 ng, 0.515 mmol) an
quantitative yield) After bg%
the resulting mixture for 30 mif,

RF" ot SHEE SHBLBPENIFR PR BT wil Ptk BB,

chiaggeti evdthad3 (0eX0l X5 ml’noﬂ) 3H6-cAforepyridini- 3 yhF H&Ldnhéthylplperazm—

25 o 0 100 EEReP 26 RE)E PORD GRB B ALEFOhe
G AR (201 e A T, 85 VOROOBLR039T . 1 0

077054 aqueous | ayer was separ at ed,
mmiot)hin dtxlagd eifenkthl ditérdbe (nzxtnre%asrd_egaan@ farHéminb s fedted

98 o8ttt Tnh b Gadion TR Rl SRR b R ORT e

pdukddOiftoig, @ 81 O(m2§ Té-dhis FBFadde dRhBBmethand {]I@Qhﬁ) MRItBe layers
conbi ned and dri ed over sodium sul f ate.

wergeenaryied Femaspedusshagawauerntraciedvigh <i11©1ifil0%ﬂlil@l3ﬂl19fiilé (3 x 10 mL),

ol £5NpSERSERL GBS, NOASIaSENART BISTRY fy Gt 419

drfed (Niah, SO z(nﬁ%ncMﬂZrate@D@ha):rlﬁe Bnikthre va§puri|ﬂ'@d by/co@imi dd,
1H J = 3.5 865 H), 7.84 ‘3H),7.72(@,1H),7.55
chgematggyaply, gradgeng Opif) %, Wepbl {n;alclémpmeaba@i/et I (I} to dtorg

Og@géﬁ B/0)0 }fdas%%gliéw/ﬁ (%S_E}F% %961?)1+H§H40J(:m 6. (])J_')HZ)
267(m 3H), 1.86 (m 4H),
Example 9

§H537 mol , presumni ng
ng nit rogen t hr ough

Scheme 9
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1.16 (t, 3H, J = 7.5 Hz); M5 (ESI+) mz 616.3 (MH).

Exanple 8 Schene 8 CO2H 0 1. (COCl)2, DWF, CH2Cl2 S
wW@2@9089391, 2.5 h NA: B O 2. NEt3, CH2Cl2, BCTIUS2908/077054

rt, 16 h S CH3 0 H2N BOO CH3 0 Br NOZ Br NO2 Br NH2

CH31l, K2CO3 Fe powder, HO cat. N OH DWr, rt, 15 h N O

EtOH HO 60C, 2hNO11 CH3CH3 41 ONBO H

S CH3 O O BL NH2 9 NHW \ 2 Pd(PhSP) 41:1 Na% H

allwl, erO S43CH3
2 0E € 4

CO,Ft

] 9397 o
PCT/ US2008/ 071 cH JL
Pd(PPhs),, Na,CO5, 1,4-dioxane
Br\[N\ NH reflux, 16 h
B l ( I
N O
(le CH3
45
(0]
S , NH
\ CH,

LiOH, EtOH, THF, water

H
N, N
55°C,18h | I hN/\CHs
A
ITI O

CH3 Cco,H
HOBt, EDC-HC] NHEt
2 //\N/\ CH,
[ N
THFE, rt, 3d
O NEt,

Ethyl 2-(4-Ethylpiperazin-1-yl)-2-(4-(4-methyl-6-(2-methyl-3-(5,6,7,8-tetrahydro-
4H-cyclohepta[b]thiophene-2-carboxamido)phenyl)-3-0x0-3,4-dihydropyrazin-2-
ylamino)phenyl)acetate (45)

P,

45

N/\CH3

COZEt

[00205] Using the same procedure as described for the preparation of 10, the
reaction of ethyl 2-(4-(6-Bromo-4-methyl-3-oxo0-3,4-dihydropyrazin-2-
ylamino)phenyl)-2-(4-ethylpiperazin- 1-yl)acetate (1.33 g) with N-(2-methyl-3-
(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)phenyl)-5,6,7,8-tetrahydro-4H-
cyclohepta[b]thiophene-2-carboxamide (1.26 g) gave a 73% yield (1.39 g) of 45 as a
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-NN- HN N 10 O Pd2(dba)3 Xantphos N CS2CO3 Di oxane
HN O S 44 5-Brono-I|-nethyl-3-nitropyridin-2-one (41).
WBOOBO39N O 1 CH3 41 [00201] A 1-L round- bor€DEOE2H08/077054
flask equi pped with a magnetic stirrer was purged
with nitrogen and charged with
5-brono- 3-nitro-2-hydroxypyridine (24.0 g, 0.11 nol),
taR Pdayrel @ $6 N0 CR8H miMRam eI €DEU ) [308. 36 &, UHD, 7. 92 (d, 1H, J
carbonateﬁé 350 nes 33.4 EH 0.24 nol), and t
= dddpenésbd.gH. Tkt fl. 55 i Bnc] i %Htff&?p@z)am&és
t t | e ~( S
1@@2‘3 , a{nﬂd% hgepﬁzg%fr% dgt ?[?rgd7a8tﬂrzg)ﬂ%1 694 ﬁ}gouaém
2H)0B8.918s,HH)TH60 (£ aEh DT (1 XM UF € SWaHz)t hes (d QHutfeds Wizl 2.61
wat er (750 extracted w et hyl acetate (
(by s, Brey 5%?& éféahﬁ%ﬁéx%%&ﬂg %f“@b clo%itn%% T vdsHén: tod e
h~br eMPER pji_,)lx d over sodium sul fate.
3%&ﬁeZQ#2§DVIng ghe érylng agent by filtration, the
filtrate was evaporated to dryness under reduced

i Bl iy

ylipfajno)phgay: Cetlc cig4dol, 1H J = 2.7 H), 7.26 (s, 1H),
3.68 (s, 3H); M (ES|+) mz 234 (MtH).

3- Ami no- 5- br ono- | - iyet hyl pyri di n-2-one (42). 87 WD
2009/ 039397 P ? /077054 Br N2 NO 1

r\j\l/\CH3

N.

N o
CH COH
46
[00206] Using the same procedure as described for the preparation of 29,

saponification of 45 (1.29 g) gave a 97% yield (1.20 g) of 46 as an off-white solid: mp
168-170 °C; '"H NMR (300 MHz, DMSO-dg) § 9.79 (s, 1H), 9.25 (s, 1H), 7.96 (d, 2H,
J=7.5Hz),7.70 (s, 1H), 7.29 (m, 6H), 3.86 (m, 1H), 3.71 (s, 3H), 3.37 (q, 2H, J =
7.2 Hz), 2.81 (m, 2H), 2.69 (m, 2H), 2.42 (br s, 8H), 2.19 (s, 3H), 1.83 (br s, 2H), 1.61
(brs, 4H), 0.95 (t, 3H, J = 7.2 Hz); MS (ESI+) m/z 655 (M+H).

N-(3-(6-(4-(1-(4-Ethylpiperazin-1-yl)-2-((2-hydroxyethyl)(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-0xo0-4,5-dihydropyrazin-2-yl)-2-
methylphenyl)-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-2-carboxamide
47).

\
H
| NN (\N/\CH3
N 0 N\)
47 CIH3 _CH,

OH

91



CH3 42 [00202] A 1-L three-neck round-bottoned flask
equi pped with a nechanical stirrer and refl ux
W@ ovdesser was purged with nitrogen and char geRCTUS19081177054
(2.7 g, 93.3 mmol ), ethanol (305 nL), iron powder
(-325 nmesh, 52.1 g, 933 mmol) and 2N hydrochloric
acid (50 nL, 100 mmol ), and the m xture was heated for
[0820V]at 60USng thafshme pidueduitiandesciibed foealat proparuien @), eat

redignd i (I e pth St R BT g eaved T vield
i : _ h
(15538 & AR PRRTRIA DS LS S AN Rafly 115158433
(s,CH-:I'I)_; él@()[‘lgﬁ,t al Jl.k:’ﬂa.g)rHZ‘)e?i@O Gd_ﬂfm, g&&%@ 6HZD,|O7.§Q @L dHa 7b480(§Ml 1H),
1 0. |1S S | wa urirtil e C umm
730 N Jor S oh = HEh 7o € olet. T SR HA . | e % g
14 f j : 5@ R
b7 @A 39S, 34 bf. BPNSSD Pk HeitAD3D. 3,90 (B,
3.021(s, 3H), 287285 JHz §.5 Bz) 4B 78 bis 2H2H5. SHZ02.66 (m ), 2M8 (s,

st ERet g2 207 ey o A A%y 2T MBS

mkA29MBH): tetrahydrobenzo[ b] t hi ophene-2- car boxani de
(43). NNH2 C H~~S CH3 ; aN O 43 1 CH3 [00203]
Usi ng the sane general procedure as described for the
preparation of 10, 42 (3.67 g) gave a 28%yield (2.10
g) of 43 as a yell ow sold d: 10-211 C 1H NWR (500
Mz, DVBO d6) 6 9. 78 (bsﬂ,xam"?l@. 65 (s, 1H), 7.25 (dd,

[00208] = ITHe folo®ingtdompodndslwért pre}k\’ed-hsi—'ng@r&ceﬂlﬁl)es simil9 to
(dd, 1H, J =1.0, 7.0 Hz), 6.89 (d, 1H, J = 2.0 Hz),

thesealpsqrgped ipExamples 1. 1) ' 519 (bs, 2H), 3.49 (s, 3H),

2. 75 (m 2H), 2762 (m 2H), 212 (S, 3H), 177 (m

MH+
4H): M5 (ESI+) mz 394 (MtH). MW
SQ¢QWT%-{[5-(1,4-dinethyl-3-c£%ﬂ?%erazin-2-y|)pyrid &ale m/z
2-yl]am no}-1- net hyl - 6- obs
0x0- 1, 6-di hydropyri di n-3-yl)-2- et hyl phenyl ]
-4,5,6,7-tetrahydro- |- benzat hi ophene- 2-car boxam dg

(44). 88
o N-(3-(6-(4-(1,4-dimethyl-3-
NH F / oxopiperazin-2-yl)phenyl
s N ;
\ C}_( amino)-4-methyl-5-oxo0-4,5-
N N$ o\ dihydropyrazin-2-yl)-2- 600.23 |601.3
HNW fluorophenyl)-4,5,6,7-
g\ tetrahydrobenzo[b]thiophene-
2-carboxamide
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WD 2009/ 039397 PCT/ US2008/ 077054 O -NNL SHNO N~
NH N O 44 [00204] A 48-nl seal ed tube equi pped with
wW@200088897 c stirring bar was

0.5 mmol),

charged with 43 POI/E82098/077054

3-(6-chloropyridin-3-yl)-1, 4-di et hyl pi perazi n- 2-one
), Pd2(dba)3 (0.032 g, 0.035 nmml),

(0.185 g, 0.8 mo

i n dioxane (10 nL
15 mn., it was h

HZO

(0.030 g, 0.05 mmol),

eat ed

reacfj on mxture was cool ed t|d

(10 ).

9, 9-di met hyl - 4, 5- bi s(di phenyl phosphi no) xant hene
and Cs2C33 (0.326 g, 1.0 mmo|)
). After the

at 95§

To t

“@@‘5 i RmAraRRag, o
n ' tp%’fyﬁ and
Hmet gmg}ﬂ) goxoethyl)

am
"\

methylphenyl)-5,6,7,8-
tetrahydro-4H-cyclo hepta[b]
thiophene-2-carboxamide

hi 0/m,) and t[PESRAYBIG)- 4\/%?téyl50’<0- 684.35 | 685.0
par at ed. @ eiepts phase \ﬂa%d]élxﬂﬁoﬁﬁltaé@ R
di chl oromet hane (£ % 10 nl), | reatbylphenybehbbied or gapic
extracts were washed wi th HOQttEahytinobemmd[tthioghes nl) ,
dried (Na2SO4), and concent r at2echrbodaemids ude m xture
was purified by colum chrorat ography, gradient 0-[10
% MeOH in di chl or oret hane/ etther (1/1), to afford
6—10—¢ (34 H—ot—44—as—a—soHed—MA(ESH)—=2z596
(MtH). Exanple 9 Schene 9 89 WO 2009/ 039397
PCT/ US2008/ 077054 -H C-\N~ 3 EEQRC NCHH"OO3 N
COREt CH3 ONH CH3 3 CPr Pd (I\E%]—?é—flét—(ll,\?—%%éthyl
1,4- dloxane ) .
NH piperazin- 1-yl)-2-oxoethyl)
i:ﬁ \// N phenylamino)-4-methyl-5-oxo-
N=2=O 4,5-dihydropyrazin-2-yl)-2- 736.39 | 7374
AN /N methylphenyl)-4,5,6,7-
N s~ 9y
NI tetrahydrobenzo[b]thiophene-
2-carboxamide
N-(3-(6-(4-(1,2-bis(4-ethyl
RN , — piperazin-1-yl)-2-oxoethyl)
s C;_(/’N N phenylamino)-4-methyl-5-oxo-
g N=2= OC <N_—) 4,5-dihydropyrazin-2-yl)-2- 750.40 | 751.4
HN
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Br(NNH reflux, 16 h NNH NONO CH3 CH3 45 0 S NH
| / CH3 LiOH, EtOH THF, water H55 C, 18 h \ NN\

WOBMB039%97 N O 1 CH3 CORH 46
HOBt, EDCHCL NHEt2 N I 1D CD
CH3 0 NEt2 Ethyl

0O S Cl NH \ CHBCEIUS2008/077054

CH3 THF, rt, 3 d N O 47

2-(4-Ethyl pi perazin-1-yl)-2-(4-(4-nethyl -6-(2-nethyl -3

-(5,6,7, 8-tetrahydro-

4,5-dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

4H cycl ohept a[ b] t hi ophene- 2- gar boxam do) phenyl ) - 3- oxo-
3, 4-dilhydr opyrazi n-2- yl am ng) phenyl )acetate (45). D
s NH /} H3 H N-(3-(6-(4-(1-ethyl-4-methyl-
m h 3-oxopiperazin-2-yl)phenyl
. HN amino)-4-methyl-5-ox0-4,5-
ﬁN*:N dihydropyrazin-2-yl)-2- 610.27 | 611.5
- methylphenyl)-4,5,6,7-tetra
\):Q B hydrobenzo[b]thiophene-2-
o T s carboxamide
N
mw\ 4-tert-butyl-N-(3-(6-(4-(1-
N ° ethyl-4-methyl-3-oxo
Oﬁ/Ok“ piperazin-2-yl)phenylamino)- | 06.33 | 607.3
_N 4-methyl-5-ox0-4,5-dihydro
\):© pyrazin-2-yl)-2-methylphenyl)
HN benzamide
(0]
(S)-N-(3-(6-(4-(3-(dimethyl
— amino)-2-(isopropyl
\N_2= © (methyl)amino)-3-oxopropyl)
— = NH phenylamino)-4-methyl-5-0xo- | 640.32 | 641.6
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~ON NCH3 N, , J

45 N O CH3 COREt [00205] Using the

sane procedure as described for the preparation of 10,

w0 b@9/0ssacti on of et hyl

2- (4- (6-Brono- 4- net hyl - 3- oxo-

PCT/US20
3, 4-di hydr opyr azi n- 2-

08/077054

yl am no) phenyl ) - 2- (4- et hyl pi perazi n-1-yl)acetate (1.33

g) with N-(2-nmethyl-3-

(4,4,5,5-tetranet hyl -

1, 3-di oxol an- 2-yl ) phenyl ) -5, 6,

cycl ohept a[ b] t hi ophene- 2- car I
73%vyield (1.39 g) of 45 as
PCT/ US2008/ 077054 tan foam

Q)

7,8-tetrahydro-4H
oxam de (1 26 g) gave

AR

I\/Hz—NCDC13 6 8. 34 (s 1H) 7. 'lsi%mp ,
7 800 7.54 %Yé’én - A J
8.7 7.2 hyl Sreko-4.5-dibydro | 640.32 | 641.6
7.18 (dd, m 8\ 2 Hz)pyra@m;'ztyt)s2 methyl 4. 14 m
2H), 3.91 (s’ s, 3Hhenyd)-8.7.4,1-tetRhydrg = 5| 7
Hz), 2.76 (t, 2H J =" 5.7 Hz)| beRzgt]thippliens;2-8H) , 2. 32
(s, 3H, 1.88 (m 2H), 1.7 (|marbdkdmide. 17 (t, 3H, J| =
7.2 Hz), 1.05 (t, 3H, J = 7.2 Hz); M5 (ESI+) mz 6B3
(MtH) . _ _
2_( A E+Lu.|n.nnvn 1 1\ 2 _(A_( A et bl (D et Iy 2
Z \H‘ Llllylpl [JC ClLIII L _yl} Z \H‘ \H‘ IICLII_yI \9) \L IIClll_y J
-(5,6,7,8-tetrahydro-4H cyclioheptalb
] t hi ophene- 2- car boxam do) phenyl ) - 3- oxo- 3, 4- di hydr opyra
Z|n 2- yl am no) phenyl )acetic |Acid (46). 0 s CNH CH3 H
\ N | NCH3 NN NO1 CH3 COzZH 46 [00206] Us|ng
t he iz%@imacedure as described for the preparation| of
O
29, ] N-(3-(6-(4~(1-amino-2- 608.31 | 609.25
N morpholino-2-
NHZ oxoethyl)phenylamino)-4-
methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4-tert-
butylbenzamide
N-(3-(6-(4-(1,4-dimethyl-3- 596.26 | 597.2

NH /
o s
o
N=2=4©_\§7
HN

O

oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-tetra
hydrobenzo[b]thiophene-2-

carboxamide
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saponification of 45 (1.29 g) gave a 97%yield (1.20

g) of 46 as an off-white solid: np 168-170 C, i H NWR

W@ 209/084327 DVSO-d6) 8 9.79 (s, 1H), 9.25 (s, IMT/US2088077054
(d, 2H, J =7.5 Hz), 7.70 (s, 1H), 7.29 (m 6H), 3.86
(m 1H), 3.71 (s, 3H), 3.37 (q, 2H J = 7.2 Hz), 2.81
(m 2H), 2.69 (m 2H), 2.42 (br s, 8H), 2.19 (s, 3
1.83 (br s, 2H), 1.61 (br s,/ 4H), 0.95 (t, 3H J =
7.2 Hz); M5 (ESI+) nmfz 655 (M+H)

N-(3-(6-(4-(1-(4-Ethyl pi peraz
yI)(nethyI)anino) 2-

oxoet hyk)ph ny 9n1no) 4- et hy
n-2-yl

met hy Litrahy
] t hi ene 2- cawb@ébﬁ%ﬁ* (47
rNCH3 N 1 47 N

PCT/ US2008/ 077054 [00207] Us
descri bed for the preparatior
46 (307 ng) with 2-(nmethyl am
37% vyield 5ng) of 47 as c
_%H_NP\/Iﬁ W, f‘l’\f“l ’)\ Iad

i n-1-yl) - 2- ((2- hydr oxy
| - 5- 0x0- 4, 5- di hydr opyr

dr o- 4H cycl oheptal b
). 0 CNHCH3 H N N

OH | 49trt\WatR 00 93-039B0I74-
idigethiie3-SR6FpaaAGaETUr €

E ABarhin6)- 4f 1150n
" Qf@ 10
%}1 5, S

Azi

592.32

as
of
Ve a
165

593.3

(12
8.0 Hz), 7.80 (d. 2H|
748 m 1H), 7.41 (s,
, 7.27 (t, 1H J = 8.0 Hz)

@74(5 1H),
NHs 61 (5. 3H) 350(

O {1 =05. 5
3 =£F sN—'3FD

1. 65 (n1 F%t ¢
mZ'MZ(MH) amml 10 [0d

compounds were prepared usi ng Pt

Ve
{
0
(

HZ)

287

W

4.15 (s, 1H

?Lp% 3’1
7. 62 (s

90Hz)
1H) 7.35 (d, 2H, J
, 7.17 (d, 1H, J

, 3.72 (m 2H),
m%15 Hz)

m 2H), 3.02 (s,
rr%:J];n@léz(m

7.5
3.62

§ )
iy N (n

%g th
eﬁd%% Sfigdid, (o
pyrazin-2-yl)-2-methylphenyl)

-4,5,6,7-tetrahydrobenzo
[b]thiophene-2-carboxamide

.5

598.27
+)

599.3

Q,
NH /
i
N_HN N—S
NH
e}

N-(2-methyl-3-(4-methyl-6-(4-
(1-methyl-3-oxopiperazin-2-
yDphenylamino)-5-o0x0-4,5-
dihydropyrazin-2-yl)phenyl)-
4,5,6,7-tetrahydrobenzo[b]

582.24

thiophene-2-carboxamide

583.3
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those described in Exanples 1-9. M+ Structure Nane

calc Mz obs o N(3-(6-(4-(1,4-dinethyl-3 NHF ~
wWo@@plopssazi n- 2-yl ) phenyl s V - / N am no) - 4- n_€T1Y52008/077054

5-0x0-4,5 Nc N di hydropyrazin-2-yl)-2- 600.23 601.3

HN fl uorophenyl)-4,5,6,7 0 N

t et rahydr obenzo[ b] t hi ophene- 2-carboxanm de 92 WD

2009/ 039397 PCT/ US2008/ 077054
N-(3-(6-(4-(1-(ethyl (isopropyl) o

am no) - 2- ((2- met hoxyethyl) NH i

(nethyl)an1no) 2-oxoethyl) ~~\ /Y NNo _J o_

et hyI 5- ox0- |684.35 685.0 HN, ~--i
[)-2 O|N nethyl phenyl)-4,5,6, -
tY)Lophene-N-B-(afdbxahimddylamino) | 626.3 | 627.1
et hyl |NH(isopropyl(methyl)amino)-
pi perazi n-1-yl ) - 2-oxe€thyl ) |2-dkddthyl)phenylamino)-4-
phenyl am no) - 4- met hyl - 5- oxo | Methyl30ex384, 630 hgro N~ - | N
4, 5-di hydropyrazin-2-yl) - 2 HN sy-478L bylphaRWybnéhyd- 6} 7
0 tetrahydrobenzo[b]thiopheneqy,6qqg@gﬁaﬂhgﬁhﬂb]

N-(3 (6 (4- (1 2 bi's(4- et hyl thiophene-2-carboxamide

aoveaat

'JI [JCI ClLIII 1 _yl} 2 UI\UCLIIyI}

phenyl am no) - 4- met hyl - 5- oxo 750.40 751.4

§ d_( f —( _ 4-tert-butyl-N-(3-(6-(4-(2- 622.36 | 62321

(dimethylamino)-1-
o ™ (isopropyl(methyl)amino)-2-
oxoethyl)phenylamino)-4-
methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)benzamide

NH F /
S N
S Wfo N N-(3-(6-(4-(1,4-dimethyl-3- 618.22 | 619.4
F HN@—Q oxopiperazin-2-yl)phenyl
TN amino)-4-methyl-5-oxo0-4,5-

dihydropyrazin-2-yl)-2,5-
difluorophenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide
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WO Roojsssae- 2- car boxam de
PCT/ US2008/ 077054 N) N-(3-(6-(4-(1-ethyl
OU- 1yo 3- oxopi perazi n-2-yl ) phenyl
-0Xx0-4,5 H N N 610.27 611.5 di hydropyrazin-2-vyl)-2

N N 4, 5-di hydr opyrazi n-2-yl) -
nethylphenyl) 5,6,7, 8-

2 HN v

t et rahydro- 4H cycl o hept a[ b]

93 WO 2009/ 039397 PCT/US2008/077054
- 4- et hyl
am no) -4-nmethyl- 5

N I nethyl phenyl)-4,5,6, 7-tet
hydr obenzol[ b] t hi ophene-2- HN

ra
car boxam de

0 ~N) N

4-tert-buty| -N-(3-(6-(4-(1- jlo,,,Ly HN
et hyl - 4- net hyl - 3-oxo 0 pi perazi n-2-yl ) phenyl am no) -
606. 33° -NO 4- net hyl - 5- oxo- 4, 5-di hydro
pyr azj &qi\?} nmet hyl phenyl ) HN benzam de O
(S)- di hyl |-N am no)-2- (i sopropy]| 592.32 | 593.3
(methyl ) am no) opyl) NH
phenyl am no) - 4- net M OXO0- |G8043t-6dil1-61-(30(6,(4-
4, 5-di hydropyr azi n- y| ) - 2 i N(H¥ Emethyl-3-oxopiperazin-
met hyl phenyl )-4,5,6,7 0 tetr d@ygm{ggﬂglgﬁlg])mﬁh@@ppne-
2- carboxam de 5-0x0-4,5-dihydropyrazin-2-
yl)-2-methylphenyl)benzamide
Q
NH /
W}O \ 592.32 | 593.3
N N : :
HN@3}

TN (R)-4-tert-butyl-N-(3-(6-(4-
(1,4-dimethyl-3-oxopiperazin-
2-yl)phenylamino)-4-methyl-
5-0x0-4,5-dihydropyrazin-2-
yl)-2-methylphenyl)benzamide

(
Nt 9 579.30 | 580.2
Q_JS—@NH " N-(3-(6-(4-(1,4-dimethyl-3-
N\ o }_@ ° oxopiperazin-2-yl)phenyl

amino)-5-0x0-4,5-dihydro
pyrazin-2-yl)-2-methylphenyl)
-4-(ethyl(methyl)amino)
benzamide
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94 WD 2009/ 039397 PCT/ US2008/
- (dinmethylamno ) -1 -(isopr

\NO&mBmmmﬁpropyl)pheny[anino)-4 met hyl

640. 32 641.6 i N/ \ s pyr
phenyl)-4,5,6,7-tetrahydro
carboxamide 0 ~ NH NHLJ N

077054 N-(3- (6- (4- (
opyl (nmet hyl )am no)- -N
azin-2-yl)-2-nmethyl HN
benzo[ b] t hi ophene- 2-
(3-(6-(4-(1-am no- 2-

3
0

5 oxo 4, BCHU00s/a77054

608.31 609.25 | | | N norphg
oxoet hyl ) phenyl am no) - 4- neth
di hydr opyrazi n-2-yl)-2- nethy
butyl benzam de 0 N-(3-(6-(4-
H N N oxopi per azi
4, 5- dyhydrog
5 6. 7-

lino-2 0 NHZ
yl - 5- ox0- 4, 5-
| phenyl)-4-tert-
(1, 4-di net hyl -3- 596. 26

n- 2- %z henyl 0 ami no
ng@f{ - &_— i 6\’/2: (dimethyl
de@bbﬁz@pr{)ml(methyl)
amino)-2-oxoethyl)phenyl
amino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

626.30

627.5

N-(3-(6-(4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4-(1-ethyl
cyclopropyl)benzamide

604.32

605.3

4-tert-butyl-N-(3-(6-(4-(1-(4-
ethylpiperazin-1-yl)-2-
morpholino-2-oxoethyl)
phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-
methylphenyl)benzamide

705.40

706.3
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WD 2009/ 039397 PCT/ US2008/ 077054 0 NH N N N~ 592. 32
593.3 HN 0 4-tert-butyl-N-(3-(6-(4-(1,4-

WQ@Iwensesh7 3- oxopi per azi n- 2- yl ) phenyl am no) - 4- PEL/by10085077054

0Xx0- 4, 5-di hydr opyr azi n-2-yl ) -

O NH\ / N~ N(3-(6-(4-(2-am no-
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methylphenyl)-4-tert-
butylbenzamide

100




t hi ophene- 2- car boxam de
PCT/ US2008/ 077054 0 NH N

96 WD 2009/ 039397

-1- (i sopropyl (nmet hyl)am no) 0 Nv

2- oxoet hyl ) phenyl am no) - 4- net hyl

pyrazi n-2-yl)-2-net hyphenyl) -

- 5- 0x0- 4, 5-di hydro

WOR{30§B9T 4- (2- (di net hyl am no) 626.3 627.1 HNPET/US2008/077054

yl)-2-oxoethyl)phenylamino)-

4,5, 6, 7-t et rahydr obenzo[ b] t/hi ophene- 2-carboxani de| O
NH/ N NO 4-tert-butyll-N(3-(6-(4-(2- 622.36
623.21 HN / (dimethylamino)-1- 0 Nv
(i sopr opyl (met hyl ) am no) - 2- axoet hyl ) phenyl am no) - 4+
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met hy, wlz_){'bnzam?ew O NHIF N -
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phenyl)-4,5,6,7-tetrahydro
benzo[b]thiophene-2-
carboxamide

711.36

712.3

N-(3-(6-(4-(1-(4-ethyl
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thiophene-2-carboxamide
N-(3-(6-(4-(1,4-dimethyl-3- 614.25 | 614.9

Q
NH /
o @J .
X _ \
ON\

oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-5-fluoro-
2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
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oxoethyl]phenyl }amino)-4-
methyl-5-ox0-4,5-dihydro
pyrazin-2-yl]-2-methylphenyl }
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2-qethyl phenyl }-4-tert- butyl

[(4-1 azetidin-1-yl[(2 NH hyd

NH

phenyl
i hydropyrazin-2-yl]-
benzam de 606. 33 607.6

Ir baroyl ) met hyl] = pheny
“diettytoit0py+{ 361 {L- y| |
I edistiyl6arbhmoyl)(4-

R b (IR di)car b
ox0-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }benzamide

/077054 0 NH N-{ 3-[6¢}

eﬁ%iﬁ&aﬁﬁﬂ—ﬁ)mﬂh§@ - 16¢

({

3

691.42

692.4

§ee2

—~—

L~

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-N-methyl-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

596.26

597.0

I O
g@%@&@

4-tert-butyl-N-(2-methyl-3-{4-
methyl-6-[(4-{ 1-[methyl
(propan-2-yl)amino]-2-
(morpholin-4-yl)-2-oxoethyl }
phenyl)amino]-5-o0x0-4,5-
dihydropyrazin-2-

yl}phenyl)benzamide

664.37

665.1
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yl'l] methyl }phenyl)am no]
N di hydropyrazi n-2-yl }
WO 2400089301 0- |
641.6 N { 2-nethyl-3-
({4-[ 4- net hyl - 3- oxo- 1-

vl 1 phenyl }am no) -5-o0x0-4,5 N

-4- N nethyl-5-0x0-4,5 NH

-2- nmet hyl phenyl)-4,5,6,7- 0

- benzot hi ophene 2-car boxani de GBOI/BE82008/077054
[4-methyl -6 NH

(propan-2-yl)pi perazin-2- "N

di hydr opyr azi n- 2-yl ] phenyl } - |4H, 5H, 6H, 7H, 8H
cycl ohept a[ b] thi ophene-2 carlboxam de 638.3 639.7 [109
WD 2009/ 039397 PCT/ US2008/ 077054 N-{
3-[6-(14-[(4-ethyl NH piperazin-|l-yl)[(2-hydroxy
et hyl) (nethyl)carbanoyl] nmeth N yl]phenyl }an no)
-4-metdhy - 5 -7 0x0-4, 5-di hydropyrazin-2-yl]- N N
2- mpey | ny4H, 5H/BH, 7H8 B9 { b pratidn-1-yD)-
t hi e - ;%Wam’ 711. 36-[M2hy(propa-ByEnindH-
[(grethyl  NH canp = et hy)-@iceeiyéiphéryl Fabhino)-4-
1-yM) net hyl | phenyl nQ) ¥4- | TetRyl-5-oxo-4,5-
met hyl - 5- oxo- 4, 5-di hydr6 N pyr@gidoRiadid-23102t hyl
phenyl } - 4H, 5H, 6H, 7H, 8H cycl c%&ﬁﬁémnﬂ}hﬁ_@&pene- 2
butylbenzamide 634.36 | 635.1
N-{3-[6-({4-[1-(azetidin-1-y])-
1 == 2-(morpholin-4-yl)-2-
ONijQ oxoethyl]phenyl Jamino)-4-
A FN\, N methyl-5-ox0-4,5-
& / dihydropyrazin-2-yl]-2-
methylphenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 652.28 | 653.7
N-(3-{6-[(4-{azetidin-1-yl[(2-
\ . hydroxyethyl)(methyl)carbamo
Cg_(/ yl]Jmethyl } phenyl)amino]-4-
N %‘ ) | methyl-5-0x0-4.5-
\ /_/° dihydropyrazin-2-yl}-2-
\ methylphenyl)-4H,5H,6H,7H,
° 8H-cyclohepta[b]thiophene-2-
carboxamide 654.3 | 655.3
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carboxam de 709.38 710.4 4-tert-butyl-N(3-{ 6-[(4 {
[ et hyl (et hyl ) carbanoyl] (4- N ~

w@ehylpisper azi n- 1-yl ) met hyl } PCT/US2008/077054

phenyl ) am no] - 4- net hyl - 5-
} - 2-nmethyl phenyl ) benzam de

677.41 678.4 110 WO

2009/ 039397 PCT/ US2008/ 077054 J / \ NH

0X0- 4, 5- di hydr opyr azi n- 2-yl

4-tert-butyl-N { 3- [6-({ 4- [(diethylcarbanoyl) (4t ~
et hyl pi perazin- | -yl)nmethyl]] O phenyl }
am no) - 4- net hyl - 5- oxo-4, 5 -/di hydropyrazin-2-yl] -
2- net hyl phenyl } benzam de 691./42 692. 4 N NH N-[3-(p-{
[ -(},4-dinethy|-3- oxopi perazi n-2-yl)phenyl] amnp
}%?woxy 4.5 s o di hydropyyaziin-2-yl)-2- nethyl pheny| ]
T ,@ Agtertbaitg ONH2-opstiene- 2
carbpxam de _| nidithyl-6-[(4-{1-[methyl
4-t @b uty H-(propan-2-yl)amino]-2-(4-
\ methylpiperazin-1-yl)-2-
oxoethyl }phenyl)amino]-5-
ox0-4,5-dihydropyrazin-2-
yl}phenyl)benzamide 677.41 | 678.2
\N e}
C H : N-(3-(6-(4-(1,4-dimethyl-3-
\ @Zj_é oxopiperazin-2-yl)phenyl
/ amino)-4-methyl-5-oxo0-4,5-
/ dihydropyrazin-2-yl)-2-
methylphenyl)-4-(1-
methylcyclopropyl)benzamide 590.30 1 591.2
N
o™
N-(3-(6-(4-(1-ethyl-4-methyl-
°\[J\N 3-oxopiperazin-2-yl)phenyl
/N\)\éj/i l S\ amino)-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-5,6,7,8-
tetrahydro-4H-cyclohepta[b]
thiophene-2-carboxamide 624.29 16257
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0 met hyl

-6-[(4-{ 1-[methyl (

(norpholin 4 yl) 2 oxoethyl}
W@l aswpyr azi n- 2- yl } phenyl ) benzam de 664. 37 BGBEUS2008/077054
111 WD 2009/ 039397 PCT/ US2008/ 077054 N-{ 3-[6-({ 4-

[2- (azetidin-
2- oxoet hyl 1 phenyl

I -yl)
lan no)

1-[ et hyl (propan-2-yl)am no] -

- 4-

propan-2-yl)amno]-2- /N
phenyl ) am no] - 5- oxo- 4, 5-

H
nmet hyl - 5- o0xo-4, 5-

di hydr opyr azi n- 2-

1- (azeti din-
oxoet hyl ] p

di hydr opyrazih
tetrahyd

[ -yl

yl']

yl] -2

benzothlophene
azetidi

- 2-
but yl benzam de 634.36 635.1

) 2-(norphg
} am no)-4- N nethyl

met

met

yl phenyl }-4-tert-
N-{ 3-[6-(14- [
lin-4-yl)-2-

- 5- 0x0- 4, 5-
yl phenyl }-4,5,6, 7-

2- car boxam de 652. 28
n-1-yl[(2 H
4-tert-butyl-N-(3-(6-(4-(1-
tlmplrolﬁdﬂ)ﬁﬁctﬂyﬁ?) H/-

ipbamnl)-yH g&eﬁg 6H, 7
Qjﬁ{l x@-fﬁe@f‘yl §55.
dihydropyrazin-2-yl)-2-
methylphenyl)benzamide

W T

620.35

621.7

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-N-methyl-
4,5,6,7-tetrahydro-1-benzothio

phene-2-carboxamide 610

611.1

N-(3-{6-[(4-{1-[ethyl(methyl])
amino]-2-(4-ethylpiperazin-1-
yl)-2-oxoethyl } phenyl)amino]-
4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl }-2-
methylphenyl)-4H,5H,6H,7H,
8H-cyclohepta[b]thiophene-2-
carboxamide

695

696.4
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112 WO 2009/ 039397 PCT/ US2008/ 077054

4-tert-butyl
wa 2(oses43y1
met hyl pi perazin-1-yl)-2-
0x0-4, 5 -dihydropyrazin-2 yl
678. 2

-N-(2-nethyl -3- {

(propan-2-yl)am no] - 2- (4-
\ oxoet hyl } phenyl ) am no] - 5-

4- methyl -6-[(4-{

PCT/US2008/077054

} phenyl ) benzam de 677. 41

\ N-(3-(6-(4-(1,4-dinethyl-3- \

oxopi per azi n- 2-yl ) phenyl am no) -4-nmnethyl -5-o0xo0-4, 5¢
di hydr opyrazi n-2-yl)-2- et hyl phenyl )-4-(1
met hyl cycl opr opyl ) benzam de 590. 30 591. 2
N-(3-(6-(4-(1-ethyl-4-nethyl -
3- oxopi per azi n-2-yl ) phenyl ~" , N s\ arri no)
- 4- met hyl - 5- oxo0- 4, 5- di hydr opyrazi n-2-yl) - 2-
met hyl phenyl )-5,6,7,8- tet rarN{b(éﬂrHéle@cA dineyth A {3b]
t hi ophene- 2- car boxam de 624. 29x6Riperazini2tgl)piOnyl]
2009/ 039397 PCT/ US2008/ 077054 anfihd}-INmethyl-5-ox0-4,5-
4- teri= | but yI N-(3-(6- (4 (11 " iy dr SRR Y yid2-met hyl - 3-
I "/N OQIN - met hy D«:M smethylphenyl]-6-[ethyl
(methyl)amino]pyridine-3-
carboxamide 5941 595.1
\ O
.
\ /0 N-[3-(6-{[4-(1,4-dimethy]-3-
oxopiperazin-2-yl)phenyl]
Oi}—z\l O amino }-4-methyl-5-o0x0-4,5-
/ dihydropyrazin-2-yl)-2-fluoro-
© “™__N | 5-methylphenyl]-4,5.,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 614 | 6153
\ 4{: . 1
N N-{3-[6-({4-[2-(azetidin-1-y])-
N/ H 1-[methyl(propan-2-yl)amino]-
G 2-oxoethyl]phenyl }amino)-4-
S, H N methyl-5-oxo0-4,5-
) dihydropyrazin-2-yl]-2-
© >‘“\ © | methylphenyl}-4H,5H,6H,7H,
8H-cyclohepta[b]thiophene-2-
carboxamide 652 653
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di hydr opyrazi n-2-yl)-2 et hyl phenyl ) benzam de 620. 35
621.7 O N N[3-(6-{[4-(1,4-dinmethyl-3- H

W@2@phpssazi n- 2-yl ) phenyl] N am no PCT/US2008/077054
}-4-methyl -5-0x0-4,5 N - O di hydropyrazin-2-yl)-2- 4
met hyl phenyl ] -N-net hyl - 0O
4.5 6,7-tetrahydro-1-benzothi o phene-2-carboxam de
610 611.1 N (3-{6-[(4-{ 1-[ethyl(nethyl) O N am np]
-2-(4-ethyl pi perazin-1- /Y H
yl)-2-oxoet hyl } phenyl )am no] -/ N 4-net hyl -5-0x0-4,5 5 H

N di hydropyrazin-2-yl}-2- net

[4-(1, 4- di et hy

- 4- et hyl - L4, 5

0O\ 0 8H cycl ohept@[ b] t hi ophe
696.4 114 WO 20 039397 PCT '
-3- i 1 2¥-03-26-Y 14y e diydthyl i n

hyl phenyl ) - 4H, 5H, 6H, 7H
ne-2 car boxam de 695
/ US2008/ 077054 N-[ 3-(

cxopipe@azind2-ghghenyl- " |
lanindy-ModcyTest dwd-3, 5ani
HilyApoplrazbh-2/y1)phentyl)-

- | ppREEAZUR-2- Y1 ) phen
benzothiophene-2-
carboxamide

582

583

N-[3-(6-{[4-(4-ethyl-1-methyl-
3-oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-o0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

610

611.5

N-[3-(6-{[4-(4-ethyl-1-methyl-
3-oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-o0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-4H,5H,6H,
7H,8H-cyclohepta[b]

thiophene-2-carboxamide

624

625.3
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HN am no }-4-nethyl-5-0x0-4,5 /

di hydropyrazin-2-yl)-2-fluoro- 0 _
wWG20000898bphenyl ] -4, 5, 6, 7- tetrahydro- | -benzok¢ii/opteesier7054
2-carboxam de 614 615.3 N N 13- [6- (14-
[2-(azetidin- |-yl) H 1-[nethyl (propan-2-yl)amno]- N
2- oxoet hyl | phenyl }am no)-4- s H N net hyl - 5- oxo-4, 5-
di hydropyrazin-2-yl]-2 _N ngthyl phenyl }-4H, 5H, 6H, 7H,
8H cycl ohept a[ b] t hi ophene- 2- |car boxam de 652 653 1[15
WD 2009/ 039397 PCT/ US2008/ 077054 O ~/- N H
N-[3-(6-{[4-(1,4-d¥nmet hyl -3 axopi perazi n-2-yl ) pheny] ]
HN O ami no }-4- ‘% -5-0x0-4,5- /
di hydr opyrazin- -y ) nyl]- (0 _N
4,5,6,7-tetr ro-| nzot hiNophémel2c] .4 dimtetixdi- de
582883 06N N[ 4-| (ckopipbakint 2-gippleplyH /
3- pxopi pergzi =R-yl ) phenyl] | GEHndN-meBhydsi-drw-4,5-
} - 4>frethyl ©5- 0x0-4, 5 TNo_ N ashiyayshyenyi-aziye 8-yl ) - R-
net hyl phenyl]-4,5,6, 7- dimethylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 610 611.2
\ O
N
N-[5-chloro-3-(6-{[4-(1,4-
| S, HN dimethyl-3-oxopiperazin-2-
/ yDphenyl]amino }-4-methyl-5-

° c —™N__" | oxo-4,5-dihydropyrazin-2-yl)-
2-methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 630 | 6314

\ O
N
\_§—NH N-{3-[6-({4-[(dimethyl]
N carbamoyl)(morpholin-4-
H o) yD)methyl]phenyl }amino)-4-
| ) methyl-5-ox0-4,5-
<_ N /7 | dihydropyrazin-2-yl]-2-
o) methylphenyl }-4.5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 640 | 640.9
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tetrahydro- |
O N/ HNJ[3-(6-{[4-(4-ethyl-
WG@2@0p93pEr azi n- 2-yl ) phenyl ]

- benzot hi ophene 2-carboxam de 610 611.5

| - met hyl -
S HN - 0 ami no PCT/US2008/077054

}-4- et hyl -5-o0xo0-4,5 di hydropyrazin-2-yl)-2- 0

nmet hyl phenyl | - 4H, 5H, 6H,

t hi ophene- 2- car boxani de 624 625. 3

7H, 8H- cycl ohept a[ b]

116 WD 2009/ 039397

PCT/ US2008/ 077054 N H N N-[ 3
HN oxopi perazin 2 yl)phenyl]

}-4-nmet hyl -5-0x0-4,5 o -Ndi hy
di met hyl phenyl \-405,6,7- tetr
2- car boxam de 11.2 \ O
N-[ 5- chl or o- 3- d

di met hyl - 3- oxop per
}- yH
2- y

0-4

-(6-{ [4-(1, 4-di met hyl  3-
am no
dropyrazin-2-yl)-2,5-
ahydro- | -benzot hi ophgene
N~ / HN
AN {3-[6-({4-[(diethyl
)epttamplyl) Gnénpholin-4-
ybetithyy bhemy f azino)-2- y1 ) -
ahythlylB-oto-4senzot hi ophene
dihydropyrazin-2-yl]-2-
methylphenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxamide 668

668.9

N-(3-{6-[(4-{[ethyl(methyl])
carbamoyl](morpholin-4-
yDmethyl } phenyl)amino]-4-
methyl-5-oxo0-4,5-
dihydropyrazin-2-yl }-2-
methylphenyl)-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxamide 654

654.9

N-(3-{6-[(4-{[(2-hydroxy
ethyl)(methyl)carbamoyl](mor
pholin-4-yl)methyl } phenyl)
amino]-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl }-2-
methylphenyl)-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

670

670.9
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2-car boxan de 630 631.
N-{3-[6-({4-[ (dinmethyl

W@ kgoaws43yt | phenyl } am no

di hydr opyrazi n-2-yl]-2
tetrahydro- | -benzoth

4 \ 0O NNH

\ N car banoyl ) (norpholin-4- H
) -4- Nj
- ~met hyl phenyl }-4,5,6, 7-
I ophene 2-car boxam de 640 640.9

117 WD 2009/039397 PCT/ US2008/ 077054 0O N\ NH

nmet hyl - 5- 0x0- BCHUS2008/077054

N-{3-[6-({4-[(diethyl

yl) met hyl ] phenyl } am no
di hydr opyrazi n-2-yl]-2
tetrahydro- | \ zoth

O N~ HN(3-{ lq{[ethyl(rreth%/‘lé) CC~- H- o
car banoyl ] ol jac 4 N~ | | AdeHhiA-Thhehydrdxian np]
-4- et hyl - X0- 4, azetidin-1-yl)-1-(morpholin-4-

2 yl)-2-oxoethyl]phenyl }amino)-

O

\ carbanoyl) (norpholin-4- H ¢t
)-4 | methyl-5-0x0-4,5- N\
- o net/hyl phenyl }-4,5,6, 7-

i ophene 2-carboxam de 668 668| 9

4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl]-2-
methylphenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

OH

668

669

N-{3-[6-({4-[(dimethy]
carbamoyl)(morpholin-4-
yD)methyl]phenyl }amino)-4-
methyl-5-oxo0-4,5-
dihydropyrazin-2-yl]-2-
methylphenyl }-4H,5H,6H,
7H,8H-cyclohepta[b]thio
phene-2-carboxamide

654

654.9

N-{3-[6-({4-[(diethyl
carbamoyl)(morpholin-4-

o yD)methyl]phenyl }amino)-4-
methyl-5-ox0-4,5-dihydro
pyrazin-2-yl]-2-methyl
phenyl }-4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide

682

683
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di hydr opyrazi n-2-yl } -2- nethyl phenyl)-4,5,6, 7-

tetrahydro- | -benzothi ophene 2-carboxam de 654 654.9
WOR(03/039367 [ (4-{ [ (2-hydroxy (0) PCT/US2008/077054

et hyl ) (net hyl ) carbanmoyl] (nmor \N -~

phol i n-4-yl) et hyl }phenyl) N---*"OH am no]

-4-nethyl -5-0x0-4,5- s NN C o di hydropyrazin-2-yl}l-2

" o nethyl phenyl)-4,5,6,7- tetrahydro- |

- benzot hi ophene 2-carboxani de 670 670.9 118 WO
2009/ 039397 PCT/ US2008/ 077054 0 H N |
3-[6-(14-[2-(3- hyoxy azetildin-1-yl)-1-(norpholint4-
M no

Mﬁ% 2{4/[2- (agetidipt 1-yD)-
yidmaerpholinséybet-bx@phen
NHhyNph&ll Brfifid)-4-( di met hyl
o ™ § rﬁkthyl—S—oxot:BélLﬁl:edihydro /
y y eny am in-PBA] X0-4,5
di hydr opyrazi n-2-yl ] @O Ln:Zt I&tﬁhgﬁ,g}ﬂﬁm BAH,
cyclohepta[b]thiophene-2-
carboxamide 666 | 666.9

4%

N-{2-methyl-3-[4-methyl-6-
({4-[(methylcarbamoyl)
(morpholin-4-yl)methyl]
phenyl }amino)-5-oxo0-4,5-
dihydropyrazin-2-yl]phenyl }-
4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide 640 | 640.9

\ O

N‘&NH N-(3-{6-[(4-{[ethyl(methyl)

N carbamoyl](morpholin-4-
yDmethyl } phenyl)amino]-4-
| ) methyl-5-ox0-4,5-dihydro
<_ N\ | pyrazin-2-yl}-2-methyl
o phenyl)-4H,5H,6H,7H,8H-

cyclohepta[b]thiophene-2-
carboxamide 668 669
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7H, 8H cycl ohepta[ b] t hi o
0
W@ 2000486391 ) ( nor phol i n- 4-
am no) -4 net hy
pyrazi n-2-yl ] - 2-net hyl

N

c ) N\

cycl oheptal b] thi ophene-2 carboxani de 682 683 119 WD

phene- 2- car boxam de 654 654.9
N-/ NH N-{3-[6-({4-[(diethyl
s H yl)met hyl ] phenyl }Bei/H820081077054
- 5- 0x0- 4, 5-di hydro
phenyl } - 4H, 5H, 6H, 7H, 8H

\ -

nmet hyl - 5- oxo- 4, 5- di hydro

car boxan de 666 666.
N-{2- et hyl - 3[4nq$?-6 N
0955 " (morphplin-4 )pethyl

I}amno rﬁ nyI}
lep

b] thlophene 2

o

2009/ 039397 PCT/ US2008/ 077054
3 [6-({4-[2-(azetidin-l-yl) N 1-(norpholin-
o et hyl ] phenyl }am no) -4
h | }-4H, 5H, 6H, 7H, 8H- plyr
pheny cycl @
N NH N-G-{

0 N--/-NH N {
4-yl ) - 2-

azin-2-yl]-2-nmethyl
hept a bg t hi ophene- 2
-[(4-{[(2-hydroxy
(efhy2) (et earbane i Kmoy |
]pholin-4-yl)methyl } phenyl)
| dmino]-4-methyl-5-ox0-4,5-
Kth 3l ch T 8- 2-
methylphenyl)-4H,5H,6H,
7H,8H-cyclohepta[b]
thiophene-2-carboxamide

0XO0

684

685

N-{3-[6-({4-[2-(3-hydroxy
azetidin-1-yl)-1-(morpholin-4-
yl)-2-oxoethyl]phenyl }amino)-
4-methyl-5-ox0-4,5-dihydro
pyrazin-2-yl]-2-methyl

phenyl }-4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide

682

682.9

4-tert-butyl-N-[3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yl)phenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-
2-methylphenyl]-2-
methoxybenzamide

622

623
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car boxam de 640 640.9 o N N
N-(3-{6-[(4-{[ethyl (methyl) N carbanoyl ]
W@ pwpobebT n-4- -4 s " yl)nmethyl } phenyl) am no]PCT/US2008/077054
met hyl - 5- oxo- 4, 5-di hydro N / N\
pyrazin-2-yl}-2-nmethyl o phenyl)-4H, 5H, 6H, 7H, 8H
cycl oheptal b] thi ophene-2 carboxani de 668 669 120 WD

2009/ 039397 PCT/ US2008/ 077054 N-(3-{ 6-[(4-{

[ (2- hydroxy ethyl)(nethyl)carbanoyl] (nor CND
phol i n-4-yl)methyl }phenyl) 0 N . OH am no]

- 4- et hyl -5-\0)@, 5 s N N N di hydropyrazin-2-yl}-2-|o0

7H, 8H cycl ohept a[ b]
ani de 684 685 ~N " N-{ 3-[6-(14-
i di n-1 -yl )N-I2-¢cimorqebréb-{ (H-dl-4-> N p
: i N0) -| dmethyl-3-oxopiperazin-2-
: ydr o pyry@phényaytigo }-Lnisgiypl
0 phenyl } - 4H, 5H, 6F\7HM8H  cyaxeheptalyblopyhipphene-
car boxanm de 682 682.9 rN- 1- %—methylphenyl]—4,5,6,7—

tetrahydro-1-benzothiophene-
2-carboxamide 630

N O

631.5

\ O
N‘§7 N-[3-(6-{[4-(1,4-dimethyl-3-
VAR oxopiperazin-2-yl)phenyl]
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2-carboxamide 634

635.2

Cl

N-[2-chloro-5-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yl)phenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-
yl)phenyl]-4,5,6,7-tetrahydro-
1-benzothiophene-2-
carboxamide

616

617.2

124




di hydr opyrazin-2-yl)-6-fluoro- OF

2- et hyl phenyl ] -4, 5,6, 7- tetrahydro- | -benzothi ophene
wQ2@ankssan de 614 615.3 123 WD 2009/ 039397 PCT/US2008/077054

PCT/ US2008/ 077054 \ O Nci NH

N-[ 2, 6-dichloro-3-(6-{[4-(1, 4-

di nmet hyl - 3- oxopi perazin-2- H N yl)phenyl] anm no }
-4-nmet hyl -5 oxo-4, 5-di hydropyrazin-2- o ci N N
yl ) phenyl]-4,5,6,7-tetrahydro- 1-benzothi ophene- 2-
car boxam de 650 651.4 N H N{[6-chloro-3-(6-{[4-(1, 4-
F N di net hyl - 3- oxopi perazin-2- HN - o yl)phenyl]am po
} - 4- met hyl - 5, cipoxo- 4, 5-di hydr opyrazi n-2-yl) -
2-f1 uorophen -4.5,6,7- tetrlahydro- | -benzothi ophgne
2- car boxapi o:: X ci  4H0[2-chlnge-3-(6-{[4-(1,4-
N- [ 2- chl ora-5- (6- (1, 4- O | dimethyl-3-oxopiperazin-2-
hyIN- - 0) opi p i - 2- N |glphgr3ianyhd ja4rinteshyl-5-
" 0xo- 4, di hydr eryrezdikydrdpyrazin-2-yl)-
p en?IT 4,5, 6, 7—b\e_ty\'ahydrc-6 fadspiNiophgne- 2-
tetrahydro-1-benzothiophene-
2-carboxamide 634 | 635.2
\
S HN
<,
/ % H N-[2-cyano-5-(6-{[4-(1,4-
N \ ?;%_{ dimethyl-3-oxopiperazin-2-
0 yl)phenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-
N yl)phenyl]-4,5,6,7-tetrahydro-
1-benzothiophene-2-
carboxamide 607 | 608.2
\ O
N
\_Ng— H N-[4-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-
HN o) yDphenyl]amino }-4-methyl-5-
OE}—Q N oxo0-4,5-dihydropyrazin-2-yl)-
© F “N_ /| 6-fluoropyridin-2-yl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 601 | 602.2

125




car boxam de 616 617.2 124 WO 2009/ 039397

PCT/ US2008/ 077054 0O N ci

WOR(02/0843bDr o- 3- (6-{[ 4- (1,
di met hyl - 3- oxopi per azi n-
-4-methyl -5 _ oxo-4, 5-di
6-fl uorophenyl]1-4,5,6, 7-

N H
4- |/
2- H NO yl)phenyl] am no }
hydr opyrazin-2-yl)- F

t etrahydro- |

PCT/US2008/077054

- benzot hi ophene

2-car boxam de 634 635.2

\\ ¢CN ONH

N-[ 2-cyano-5-(6-{[4-(1,4- O dinethyl-3-oxopi perazint 2-
0 yl)phenyl] amno } -4-nmethyl-5 -N
yl ) phenyl]-4,5,6, 7-tet rahydro- 1-benzot hi ophene- 2-
car boxani de 607 082 I\ _N N H
N-[4-(6-{[4-(1,4-dymEfhyW-3- |/ \ oxopiperazin-2 HN -
yl )phenyl] amino }' -4xgethyl-5- / N
0Xx0- 4, 5-di hydropyr a# 2-yl) -| dotefE-bul-N—{ 3-[6-({4-[(S)-
6-fl uoropfyri 2-yI I7 -4, 5, 6,| {dingdtiyadnybttreeyl ) methyl(p
- ben j W@\t Moxam de r@&ll_ﬁggarﬁlnoj{ﬂ&hyl]
H N phenyl }amino)-4-methyl-5-
| 0x0-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }benzamide 622 | 623.4
| o
T
|
4-tert-butyl-N-{3-[6-({4-[(R)-
Q (dimethylcarbamoyl)[methyl(p
N N M ropan-2-yl)amino]methyl]
H NIO phenyl }amino)-4-methyl-5-
| 0x0-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }benzamide 622 | 623.4
o
NSNS
| 4-tert-butyl-N-[3-(6-{[4-(1,4-
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/ N dihydropyrazin-2-yl)pyridin-3-
© NN | y11-4,5,6,7-tetrahydro-1-
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tetrahydro- 1| - benzot hi ophene- 2-carboxam de 615 616. 3
WA 2BINME32009/ 039397 PCT/ US2008/ 077054 VF 0~ HPEI/0S2008/077054
N-[6-(6-j[4-(I-ethyl-4-nmethyl- NH 3-oxopi perazin-2- N
o/ \ yl)phenyl]am no }-4-nmethyl-5- 0
0X0- 4, 5-di hydropyrazi n-2-yl) -

3-fluoropyridin-2-yl]-4,56,7 j tetrahydro- |

- benzot hi ophene 2-carboxani de 615 616.3 F CO 4HO N
[6-(6-1 [4 (1,4-diethyl-3- NH
oxopi pera&i n-2-yl)phenyl] j |/ \ amno

} - 4- met hy)=%x- oxo-4,5 o di hydrlopyrazin-2-yl)-3- /
0 \di/n-2-yl]-4,5,6,7- NN\ /

enzot hi ophene 2N-&-toXkdnilash@20medgl-3) 0
=NHL, 4- di et hy| -|3-oxXdplperazin-2-

oxopi perazi pf &y enyl]  CCyl)phenyllamimg -4-methyl-5-

}- 4- net hyl - 5- oXo di hydr opykazi, sidiryitopyz il 2191)0-
3-fluoropyridin-2-yl]-4,5,6,7-
VN tetrahydro-1-benzothiophene-
2-carboxamide 615 | 6163

H
Cﬂ:>_€ N-[6-(6-{[4-(1,4-diethyl-3-

=" oxopiperazin-2-yl)phenyl]
/N S amino }-4-methyl-5-o0x0-4,5-
o) dihydropyrazin-2-yl)-3-
/ fluoropyridin-2-yl]-4,5,6,7-
/NN tetrahydro-1-benzothiophene-
2-carboxamide 629 | 630.3

\ O
s{f ‘ N-[3-(6-{[4-(1,4-diethyl-3-
N oxopiperazin-2-yl)phenyl]
HN amino }-4-methyl-5-ox0-4,5-
%O ) e Y, dihydropyrazin-2-yl)-6-fluoro-

2-methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 642 | 643.3
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o F 2-net hyl phenyl]-4,5,6,7- tetrahydro- |

- benzot hi ophene 2-carboxam de 642 643.3 134 WO
wWQe®9N839897 PCT/ US2008/ 077054 0 N PCT/US2008/077054

N-[3-(6-1[4-(4-ethyl- 1-nethyl- \ H 3-oxopiperazin-2 /

\ yl)phenyl]am no}- 4- net hyl

-5- oxo 4,5 di hydropyrazin

2 vyl) CCHN- 0/ 6-fluoro-2-nethyl phenyl]- 0 F
4,5, 6, 7-tetrahydro-1- benzot hi ophene-2- carboxamn de
628 629.4 F OCZS H O N{5-[6-({4-[(2R)-1,4- NH
di met hyl - 3- oxopi perazin-2- /N o yl]phenyl }am no)
-4-methyl -5 -~~ o0 oxo-4, 5-di hydropyrazin-2-yl]-
2- quorophenyIk;4 5,6,7- \-/N
t et r ahydr o- 1nb€nzot hi ophene 2-N&-Hokdnidrthgolomethyl-2| O
NF\ / HN{3/(8{[ 4- (1, 4- di| St omdpiBrazin-2-
oxopi per axi n- 2- - yl) phenyl)phamiljamigo }-4Hegtyinpl - 5
HN o) ox0-4,5-dihydropyrazin-2-yl)-
% / 6-fluoro-2-methylphenyl]-
°F N 4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide 628 | 6294
w \ N-{5-[6-({4-[(2R)-1,4-
‘?’NH dimethyl-3-oxopiperazin-2-
Q yllphenyl }amino)-4-methyl-3-
ox0-4,5-dihydropyrazin-2-yl]-
2-fluorophenyl }-4.5,6,7-
AN A tetrahydro-1-benzothiophene-
2-carboxamide 600 | 601.2
\ O
N
\<§* H N-[3-(6-{[4-(1,4-diethyl-3-
N oxopiperazin-2-
HN yDphenyl]amino }-4-methyl-5-
O[}—( W ox0-4,5-dihydropyrazin-2-yl)-
©F /N 2,6-difluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 646 | 647.3
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0Xx0- 4, 5-di hydr opyr azi n-2-yl ) -
2,6-di fl uorophenyl]-4,5,6, 7-

WO b@aasashi ophene 2- car boxam de 646 647.3 135 REX/US2008/077054

0O F
tetrahydro- |

2009/ 039397 PCT/ US2008/ 077054 F HON o N-{

5-16-({4-[(2S)-1, 4 NH di net hyl

- 3- oxopi per azi n- 2-

/' N N

O/ \ vl]phenyllam no) -4-nethyl-5- 0

0x0- 4, 5-di hydr opyrazi n-2-yl]- 2-fluorophenyl}-4,5,6,7
-N\-/ N tetrahydro-I|-benzot hijophene- 2-carboxam de p00
601.5 F 4HO N N-{6-[6-({4-[(25)-1,4- NH

xopi perazi n-2- %|o yl]phenyl }am no)

X0- 4, 5- dlhydropyrazin 2-yl] -
in-2-yl}-4,5,6,7- -N-j
nzot hi ophene- 2%&5{@&%&&?&&1391 602.8 F
4HO N N-{6- [ H (2R) - 1, 4- |Niethyl-3-oxopiperazin-2-
di met hyl - 3- oXopi p i n-2- %|a/llphépipiiihgadrniztyl-5-
-4-met hyl -5 oxo- 4, - @ hydr opybag3-Bigdplrazin=2-yii-
3-fluoropyridin-2-yl , 5,6, 1 Nrobhenyl} 4,5,6.7-
tetrahydro I-benzotﬂ{gphene- %aﬁﬂ&@&%?ﬂhﬁ%ﬂﬁ&&wﬁgz P
2-carboxamide 600 | 601.5
E
QGO
N
7% N-{6-[6-({4-[(28)-1,4-
N‘é”\‘“ dimethyl-3-oxopiperazin-2-

A Q_{ yl]phenyl }amino)-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl]-
3-fluoropyridin-2-yl}-4,5,6,7-

)N tetrahydro-1-benzothiophene-
2-carboxamide 601 | 602.3
E
GO
2% N-{6-[6-({4-[(2R)-1,4-
jé"\“" dimethyl-3-oxopiperazin-2-
AR yllphenyl }amino)-4-methyl-5-
A ox0-4,5-dihydropyrazin-2-yl]-
/ 3-fluoropyridin-2-y1}-4,5,6,7-
BN tetrahydro-1-benzothiophene-
2-carboxamide 601 | 602.2

136




136 WD 2009/ 039397 PCT/ US2008/ 077054 F 4HO
N-[2-fluoro-5-(4-nmethyl-6-{[4- NH

W@ 20000893971 - 3- oxopi perazin-2- / \ yl)phenyl ] am PCI/US2008/077054
}-5-0x0-4,5 0 o di hydropyrazin-2-yl)phenyl]-
4,5,6,7-tetrahydro-1- H N N U benzot hi ophene-2

carboxam de 586 587.2 \N N-[3-(6-{[4-(1,4-di net hyl - 3-
| 440 oxopi perazin-2 N yl)phenyl]am no }-4-nethyl -
HN oxo- 4, 5-di hydropyrazin-2-yl)- /
2-fluoro-6-nethyl phenyl]- 0 4,5,6,7-tetrahydro-1-
benzot hi odphene-2- carboxam de 614 615.3 0 ~N
N-[3-(6-J A\(l-ethyl-4-methyll- / / H 3-oxopi perazint2
anm no }-4-nethyl-5- HON
4. dropyr azi n- 2- yi ) -{ N-[2-fluoro-5-(4-methyl-6-{[4-
6-f 1 uor o- 2- 4 wWHohenyl ] - F 4 (& nethiylt3etxaplipedazds-R-
benzot hi ophé¢h ar boxam de ybpBer2@m3no }-5-oxo0-4,5-
o dihydropyrazin-2-yl)phenyl]-
4,5,6,7-tetrahydro-1-
NN benzothiophene-2-
carboxamide 586 | 587.2
\ 4{1 :
N N-[3-(6-{[4-(1,4-dimethyl-3-
\ N/ H oxopiperazin-2-
yDphenyl]amino }-4-methyl-5-
HN o) ox0-4,5-dihydropyrazin-2-yl)-
% 2-fluoro-6-methylphenyl]-
© N 4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide 614 | 6153
\ O
N—éi N-[3-(6-{[4-(1-ethyl-4-methyl-
\ ./ H 3-oxopiperazin-2-
yDphenyl]amino }-4-methyl-5-
HN o) ox0-4,5-dihydropyrazin-2-yl)-
% 6-fluoro-2-methylphenyl]-
©F VAR 4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide 628 | 629.3
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137 WO 2009/ 039397 PCT/ US2008/ 077054 F 4HO f

N-[5-(6-{[4-(2, 4-di net hyl - 3-
wQ@kdoplazasyt | amino } -4-nethyl -

~- NH
N O oxopi perazin-2
5-

PCT/US2008/077054

0Xx0- 4, 5-di hydropyrazin-2-yl)- HN N v
2-fluorophenyl ]-4,5,6,7- tetrahydro- | -benzothi ophene
2-carboxani de 600 601.6 F H N-{
5-[6-({4-[2-(azetidin-1-yl)-|o N 1- (dinethylam no)t2-
oxoet hyl ] phenyl } am no)-4 O|net hyl - 5- oxo- 4, 5-
di hydropyxazi n-2-yl] -2- fluarophenyl}-4,56,7- -N\|0
tetr ahx - benzot hi ophene 2-carboxam de 614 615. 2P
[E K%Z-ﬁl 0-5-[6-({4-[1-(2-
xyet hy )«~4- met hyl - 3- H axopi perazin-2 /N
yl ] phenyl } afi nbyN4- et hyl - 5- |N-[5-(6-{[4-(2,4-dimethyl-3-
0X0- 4, 5- di hydrgp i n-2- oxopiperazin-2-
yl ] phenyl } -4, 576\t et,r ahydr 0 yHphenylfamino }-4-methyl-5-
1- benzot hi ophene- boxanm dex6305-833ddpyhath-2-yl)-
SNV 2-fluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 600 | 601.6
F
® ) N-{5-[6-({4-[2-(azetidin-1-yl)-
o) N 1-(dimethylamino)-2-
_2_'“ H oxoethyl]phenyl }amino)-4-

VAR . methyl-5-0x0-4,5-
dihydropyrazin-2-yl]-2-
fluorophenyl }-4,5,6,7-

™ ° tetrahydro-1-benzothiophene-
2-carboxamide 614 615.22
K
@}j{ N-{2-fluoro-5-[6-({4-[1-(2-
. hydrquethyl)—4—methyl—3—
( H oxopiperazin-2-
M yllphenyl }amino)-4-methyl-5-
0 ox0-4,5-dihydropyrazin-2-
. yl]lphenyl}-4,5,6,7-tetrahydro-
HO—/_ U 1-benzothiophene-2-
carboxamide 630 | 631.3

138




WD 2009/ 039397 PCT/ US2008/ 077054 F

[ 4- (1, 4- di net hyl

W@ kgoplazasyt | am no } - 4- net hyl

-3- 0 oxopi perazi n-

2-
-5iN /0

H N
F

[5
F

(6-{

PCT/US2008/077054

0X0- 4, 5- di hydr opyr azi n- 2-yl)

2-f 1 uorophenyl ]

0

0 NH N-T3-(

-4,4-difluoro- 4,5,6,7-tetrahydro-1|- |
benzot hi ophene-2 car boxani de 636 637.3

6- {

[4- (1, 4-di net hyl
am no } -4-nethyl

car boxam de/
A general i zed Pr
Bt k Ki nase

-3- N 0.0 oxgdg

-/ N- 2-met hyl phenyl ] - 4- hydr ox
4,5, 6, 7-tret r ahydr o- |

-5- H oxo-4,

benzot hi

~

ret r ahydro-1 -
11 Bioch
duge for d

pi perazi n-2 yl) phenyl ]

5-di hydropyrazin-2-yl )+

y- oH

ophene 2- carboxam de

i perazin-2r /

th X0
N tayic e bsbingy
@xopipirazing@t hyl phenyl |

yDphenyblemuot jr-optiehe- 2+

&b eld -dBlyropsain-1-9020

rmeflsdrapttayd-4d-arherd-ca

4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

636

637.3

OH

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-
yDphenyl]amino }-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl)-
2-methylphenyl]-4-hydroxy-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

612

613.3

N-[3-(5-{[5-(1,4-dimethyl-
3-oxopiperazin-2-
yD)pyridin-2-ylJamino}-1-
methyl-6-ox0-1,6-
dihydropyridin-3-yl)-2-
methylphenyl]-4,5,6,7-
tetrahydro-1-
benzothiophene-2-
carboxamide

596

597

[00209]

Example 11

Biochemical Btk Assay

A generalized procedure for one standard biochemical Btk Kinase

Assay that can be used to test compounds disclosed in this application is as follows.

[00210]

A master mix minus Btk enzyme is prepared containing 1X Cell

Signaling kinase buffer (25 mM Tris-HCI, pH 7.5, 5 mM beta-glycerophosphate, 2
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Assay that can be used to test conpounds disclosed in

this application is as follows. [00210] A master m X
WOorRewas3BPk enzyme is prepared containing 1X CePdT/US2008/077054

Signaling kinase buffer (25 mM Tris-HC1, pH 7.5, 5 nM

bet a- gl ycer ophosphate, 2 139 WD 2009/ 039397

PCT/ US2008/ 077054 nMdithiothreitol, 0.1 nmM Na3VOQ4,
mUDdinvb ies@b2 )0, 1 &V Nk VPOQ e gaMAVIKC1LRi (03 [(NyPaiheda PERL | de

substrate 2, and 0.01% BSA. A _master m x .plus Btk ,
BigHpylated inPUdp?rsé‘B%tFaéf‘d ’(%‘fjrt%éﬁra(f’ ﬁéxfxg EXier Bliy Ry i enzyme is
P ré%dggffoﬁ?ﬁﬁ%g 1% Qefps %&%@ﬁ%&%&%y%@% (0. %gommyj}a\?fe‘% 1)
peBtie artpirate 2, B0k% Bhxyand 109 nyveghOeth mb/wal) Btlkenzyfrod. | Btk

CTRRPROOUBR U 8 EPoHeHa e A0S Y Gerssyonaumber

NSUOed08M e ith Al tephaml B3Gnd WRHi9kaof s sWBKbAG iACpMEacUS
carrying this epi tope-tag%gd Bt K. Ceneration of
t

velstee dvroviling bacslayome cyageg thonepiiope ttaggge Btls Gerargtipstdfons
detailed in its,publi.shed. .protocol . " -t gBac,.
ool ole b B BriiROR o BRI O e TR A5R i

prafddol "BA6ASBAEIBIcul Rass BYPressivih Sterhs' (T Wds01033Da016 258 9
cells to overexpress the  recanbinant Btk protein. The
1080R-Odp bt ieastnges) tifns pigfite indert 8 rdltdgerertgrewshng Ni -
reb A M pecl, RUE B i NGl PRt o BhBeonctty wsing -
NEAreiumn eTigyprray Bithy fsihbproteingpreparatbisi goent@ftha 0T AbASER on
IS prepared jin water nd .adj us .4 with IN
thRE@NUVE SBERR 1B SypIng. Fosqliign %@ﬁ@d@ﬁ d@? 1§ Prepogsden Wager
antdraﬁpﬁfe@rtB BH 710w Ah IR-NRIIL. N Ruadi§rGOsE AT o PRSI ERE
pl ate. Conpounds are tested singly and with an
5%DMALD it traoered ¢s pOHrsielld2 armavstas palystyrage pbate edompouniy

i 0.M 1:2 dilutjon). A tity of 18.75 L of . .
artested ok b hL gk e Pt et tHikte spiceanion i
1078t €0 dilukioR). US q84aEXYTBf 1874 [1BS hRkkeehit MidRRNSRHE fls@

wells in 96-well 1/2 area costar polystyrene plate. 5
neeatgye cppgoNapd mastsr gddels eazynkals trapstrered © apprapigte wells in

96-wel | 1/2 ar star polystyrene.plate f f i nal
e T L el SR

mix@urk ME thedoewé1DY; akedOb¥targiol yso@enet i €sexinal @ TPIdM@centration of
reaction is st oqﬁ)ged with Perkin Elner 1X detection

A0l drheceetian i Rigvsd tmcebstafor Lirpus gt rsamapmperaiie.1 Thiv
re ﬁ-[féﬁ iéo‘go%%éaewi% ?%]&gf %H{CE %t $dcH8n hﬁ&'éoﬁ&%iﬂ?ﬁ% mM EDTA,

uorescence Wt erkin El mer Envision us
20enddi SAatAIRG ahd [l ndf PBRO AbmThemilasisanad dding emeG&blvedy and

B O § POt GO Y R By a0 nm. emission
filkRBb B ARE LEE P IRTR AYorCIRerda 5 WS _dICt5(9VEfﬁM@| a&'@hﬁm&}d&nﬂy calculated.

activity through quantification of its phosphoryl ated

Alpapativity, phredchunchascreereassRETant ivatsed toavabatyelB thesgfivity through
quantification of its phosphorylated peptide product. The FRET that occurs between
the fluorescein on the peptide product and the terbium on the detection antibody
decreases with the addition of inhibitors of Btk that reduce the phosphorylation of the
peptide. In a final reaction volume of 25 uL, Btk (h) (0.1 ng/25 ul reaction) is
incubated with 50 mM Hepes pH 7.5, 10 mM MgCl2, 2 mM MnCl,, 2 mM DTT, 0.2
mM NaVO4, 0.01% BSA, and 0.4 uM fluorescein poly-GAT. The reaction is
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the fluorescein on the peptide product and the terbium
on the detection antibody decreases with the addition
w@poovmba3ki t ors of Btk that reduce the phosphorBCHUB2908/077054
of the peptide. In a final reaction volunme of 25 uL,
Btk (h) (0.1 ng/25 ul reaction) is incubated wth 50
mM Hepes pH 7.5, 10 nM MgCl2, 2 nM WMhCl2, 2 nM DITT,
inBiaked hylth&Naddon 6f ATPaBIAnMa(kn 0f AT Alfteoinesleion for 60
ol y- GAT. The reaction is, 140 WO 2009 97 ,
e BERSTBITRBTe. e TeRclioads BYPRAYEPY, é f?@f g0 g2 fAAgh t o
comcetMtibKBE @BWE#YZN&?JCU&? %ﬁ%ﬁ}r 91{16(5 H{M %Tm&%berﬁmﬁies
roomternperature, the reaction s stop
at @elgn tengperahirea Detevalon icdmeenoedadn oRerin ElrerEﬁb}si%‘rIMth

PR B P b PLlD B 0 et or mined on & Por ki n

El mer Envision with 340nM excitation and em ssion at

495 and 520nm Exanple 12 Ranpbs Cell Btk Assay

[ 00211] Anot her general |F2@mm¢b%edure for a standard

cellular Btk Kinase S, fllf%glt( can be used to test

compounds di scl osed |?1 ??n § IA Htion is as fol |l ows.
[0020312] Ran®berhéialiaideprocedukaved sahdad deingat Btk®inase

0. 5x107 cells/m in the presence of test conpound for
Aspay thaggambe ysed eﬁéwﬁtscoa"rp@ufl%@}“é@ﬁeﬁﬁm greepnbigationcis Bafqlioys.
[O@f%elo %Jﬂlosa&: Faﬁq } g(d %off%%éomenlginﬁsin%c 37

lls are pe ete yse and a protein assay IS

preentosied compbted folr earrad37 yc.aCells g tigdn gpintil@edbyimeuidtihg

of each sanmple are subject to SDS-PAGE and western

wigh b9 ugh@l apfittpmsint g Fah for %WU@W@BW (Fy zligypreantictoddy
I T
lyégge E)nfi zﬂn%ga | n Eﬁ)ggq %9%/% igeg%etdEIg r% 1pro?em amounts

of Baesihis1é h&%ubj@bt&o WPQG}E ztn@ wAESE Bﬁ)ttﬁtgkwuh either anti-
aut ophos hor%/l ation or an anti-Btk anti body (BD

Phpspidtikidr ) paiody #69l SiepplingTechnelogy #8 ot Egitamics. cat.
0o pEpRp R Do dg e Ry BXAMRol £ Rkl o

aske3k Bak sﬁtapidﬁplmbrgzlehbm basn BrticBtd anpibody {BID drdineducti@adays
th { can be used to test fonpounds di sclosed in this
#6&53 Odacoyrrlifar gl pyprhet Bl iesaylysticcel I's are
purified fromspleens of 8-16 week old Balb/c mce
using a B-cell isolation kit (MItenyi Biotech, Cat #
130- 090- 862) . Testing cﬁqanlpid%are diluted in 0.25%

DMSO and i ncubat ed X 105, purified nmouse
splenic B-cel s ltl1 Prollferatlon Agsay
[00213] A generalized procedure for a standard cellular B-cell proliferation

assay that can be used to test compounds disclosed in this application is as follows.
[00214] B-cells are purified from spleens of 8-16 week old Balb/c mice using a
B-cell isolation kit (Miltenyi Biotech, Cat # 130-090-862). Testing compounds are
diluted in 0.25% DMSO and incubated with 2.5 x 10° purified mouse splenic B-cells
for 30 min prior to addition of 10pg/ml of an anti-mouse IgM antibody (Southern
Biotechnology Associates Cat # 1022-01) in a final volume of 100 pl. Following 24
hr incubation, 1 pCi’H-thymidine is added and plates are incubated an additional 36
hr prior to harvest using the manufacturer’s protocol for SPA[*H] thymidine uptake

assay system (Amersham Biosciences # RPNQ 0130). SPA-bead based fluorescence
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for 30 min prior to addition of 10g/m of an
anti-nouse | gM anti body (Southern Biotechnol ogy
Wo®oosBdes Cat # 1022-01) in a final vol une oPCT/082008/077054
Following 24 hr incubation, 1 CG 3Hthymdine is
added and plates are incubated an additional 36 hr
prior to harvest using the manufacturer's protocol for
is SOAJtSHIn 4 oo lebtane@un il aWallacsBapless Y430 RekAnEmsdram
Bi osci ences # RPNQ 0130). SPA-bead based fl uorescence
141 WD 2009/ 039397 PCT/ US2008/ 077054 is counted in a
m crobeta counter (Wall L phex 1450, Perkin
Elner). Exanple 14 T Ce%%ggﬁg%wéeration Assay [00215]
A general i zed procdieléPfdiferatmmakssayd T cel |

f t hat

02 ounaat Pl bed hricidt s S D ARbET ol B rion prsppspa

cah®R24& to ket @bmPoRiR dieldséd ﬁﬂhfsra@ml&ﬁﬂoﬁem ©floRs.16 week
old Balb/c mce using a Pan T cell isolation kit

[0p2Ad]t enyi T Bilbstese purii@st fram splgemod- SBBiWeekr@létBaﬂgc mice using a
Panofﬁéiglsglgtlorigg (19['11 e%%,/le gl(?teﬂc(})lgcs%é#s/? chﬁlﬂ n§ compounds

aré aded wol. Q5% ]DMS@zﬁlcﬂ 1nd:1fbafdda)t11tlct gar ldﬁ@hhﬁ% ﬁioﬁteﬁ@lemc T
recoated for 90 mn at 37Cwith 10 g/m each of
cedin a g veBm s od 7y ﬂafrfdeaéﬂi’PFtO]@IPifﬁes( BEroatesEfap §O ynin at

¥
SERRO BPmi SRy ST &@%#ai%é%. S pL s pr # 553209
analﬁddlba; O]F(ﬂlovﬁﬁg P4 hpimicabation, ha€y&$thynsiding it fdled and plates
nuf act ur.er s otocol for SP m di ne upta
fgf’]é%“'(‘ TPRIQR BIBYTH U Aég“e#n%ﬂﬁ@“ﬁi%?))’mtocoli(?or
SFSJE’[AHF @i% ﬁﬁtafqé HQh$ %%?e%? ?AM@%hzﬁﬁ Wi RELnk&y #ﬁRF‘Ng@l@@?
counter (\Wallace Triplex 0, Perkin Elnmer

S%be@%ed ﬂholbsqenmwwﬂscsmylte[dﬁ@ZIMPrOAe@@nemtat M’elbace Trlplex
1@@0&% e r a standard assay for the inhibition of B
| that can be used to test conpounds
disclosed in this application is as follows. [00218]
Total nouse spl enocytes are purified from spl eens of
8-16 week ol d Bal b/c mEsemple 1&d bl ood cell Iysis (BD

Phar m ngen #555899) e 0 nds are diluted to
noub SR8 HERGRIBRY

0. 5% DVSO and i ncub %106 spl enocytes in

[0e2filnal A QkayTHiAH pz&ﬁdhreifar af &taﬁdaed a1y hethcorhibitainas B
Fal con 353072) for 60 min Cells are then
taﬁﬁmsa@éucwhew%@ tsmpmpewEfdlsféosasi i1 thisporligdiordbas

follows.

[00218] Total mouse splenocytes are purified from spleens of 8-16 week old
Balb/c mice by red blood cell lysis (BD Pharmingen #555899). Testing compounds
are diluted to 0.5% DMSO and incubated with 1.25 x 10° splenocytes in a final
volume of 200 ul in flat clear bottom plates (Falcon 353072) for 60 min at 37°C.
Cells are then stimulated with the addition of 15 pg/ml IgM (Jackson
ImmunoResearch 115-006-020), and incubated for 24 hr at 37°C, 5% CO,. Following
the 24 hr incubation, cells are transferred to conical bottom clear 96-well plates and
pelleted by centrifugation at 1200 x g x 5 min. Cells are preblocked by CD16/CD32
(BD Pharmingen #553142), followed by triple staining with CD19-FITC (BD
Pharmingen #553785), CD86-PE (BD Pharmingen #553692), and 7AAD (BD
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| mmunoResear ch 115-006-020), and incubated for 24 hr

at 37C, 5% C>2. Followng the 24 hr incubation, cells
wae@nsensferred to conical bottom cl ear 96- wePCT/PE2DE677054

and pelleted by centrifugation at 1200 x g x 5 mn.

Cells are prebl ocked by CD 16/ CD32 (BD Pharm ngen

#553142), followed by triple staining with CD19-FI TC
PHaBDingPh &5 MoRYIE) #8BBY BB )sprt€&D86a B FBOSPhhsuriand @nted on the

CB@?@&%@?@# %ﬁ%ﬁﬁg&ﬁ 31 ’gg&}%&w the eafed

poéDfa'ﬁ%ﬁl iOReAuRl \Feﬁ%g%{ &Qﬂr%oﬁﬁ@oﬂ%?rgtlﬁ{] the
[ TAAD- popul ati on  evel s of CD86 surface

expression on the gated population is neasured versus

test conpound concentratjon. nmple 16 B-ALL Cell
Survival Assay [00219] T%’@'?BIFE)&%W ng is a procedure

for a standard B- ABIACE!delISurvivatAsgdyudy using an XTT
readout to neasure the nunber of viable cells. This

[09%159<iy canThsefollewing is & prassdure émmﬁmchB Slllp g@bsqwﬁvglm‘usdy
usu?gp &?’t rea ft(s) t[)lntﬁehaglllljrr tt ue? Ilél,lll’ll’lt 1albﬂ: ceE fu:'s] %sssag rc}{n € used

tohéﬁﬂbdi‘tﬁp(b@ﬁits dclosetk@rthia abpllikettlbﬁl &Br théiﬁﬁiblh@/ to setdbit ﬂleSURnBal
a human Pre-B-cell ALL line that is available from

OftBTéLLA:F@@m s fPnsypng Bel pgutglympphobigstic leykemis ledat
ca}-%e %écf {s @[ﬁ)d_lg% Vﬁg@}%% l:élFALLH Rt 1§ Nadi08) @%}H?Ihf 05

scove a ‘concentration of
ATEéCls/mM. Test conpounds are then added with a final

of | s _are cubated at 37C wi.t h 5%
W@@Qﬁf or u%gUl?él Pa%\?sfgﬂea s arsp indpylfipleogw éfbmﬂ%rotiwé"

plht@ & 100 Jﬁ%@ Is%évé'\@ bleqRl 2068 ARl dhBGithEn bESk 10° cells/ml.
compoun lowed to grow up to an additional 3

Tatagenpaite areethmmdzlm wpdra forhl c&@. af 0.0 BMSOITCsltd are i on

ROt AR HBCarbGHBEoT Bl HUS  aAUet AOER AL it sligkg o
fresfl 96“9&:1[ ?la{eg L:l)l?c‘ﬂnﬂ% tﬁ@[&‘é{ &ﬁﬁﬂuﬁﬁ afid MEBL loWSw uph& an

readi ng taken wth only treated cells
addittomaln3 diye. |Aftee aachr%thg?@rloﬂ ft(hd Oéss T @lGionl(Reyhd)gs added

th t f bl | h
ot 06 iR eniBRhe e pRES SR LRSSl e OBt ad Tied ot Bykitfa 20
hoR $6116 B RISy s BeitihG Tie [Q0iA2 Hkeh RAICAHTDDUBLEDMSO

di scl osed in the exanpl es above were tested in the Btk
orhy etedheadkalwides the liesiciangreef the assan (Q Exabpb ¢henitykearsgd the

pe%cl:elnta Lok Ol%gfé EAMRCHR gngound treated wells are measured versus the

DMSO only treated cells.

Example 17
[00221] The compounds disclosed in the examples above were tested in the Btk
biochemical assay described herein (Example 11) and all of those compounds of
Formula I disclosed in the examples above exhibited an ICs value less than or equal
to 2 micromolar and certain of those compounds exhibited an ICso value less than or
equal to 1 micromolar. Certain of those compounds exhibited an ICso value less than
or equal to 25 nM. Certain of those compounds exhibited an ICs, value less than or

equal to 5 nM.

143



Formul a | disclosed in the exanpl es above exhi bited an
| C50 value less than or equal to 2 mcronolar and
w@20wasa9nf those conpounds exhi bited an | C50 REI/US2008/077054
| ess than or equal to 1 mcronolar. Certain of those
conpounds exhi bited an 1 C50 value | ess than or equa
to 25 nM Certain of those conpounds exhi bited an | C50
[00222])e | esisornm@t‘rthe bompqmalh disolosedhil thelé;anMﬂD:sZzOﬁQé 0383@sted
PCT/ US20 1077054 022 me_of the_conpo
indhssBregi e 1f aflﬂ%a%%é %clﬂé)sgvb Exyaprie ?é)s&@oe"h%lieﬁ an ICso
vaRiOEL i &lé L%r@tﬂoqﬂlcaﬁﬁ@}yr (@SafeSChb R ouFXARficd an
13) and exh ﬂblted an 1C50 value less than or equal to
ICl@Vaiuazkemm pr eqOal todi0f mMl. Cladsie of drmpe omupowdhickiibaed an

val ue | ess t or.,eqyal to 500 nM Certain of
15% e IEy ﬂbﬂﬁ?légﬁ%g gﬁ 3850 val ue 1 ess than or

[oez2m! to S&taVdiipdudids dREISAHE hdrélR 2RBbit&RI G MNues for
conmpounds di scl osed herein exhibited | C50 val ues for

inhipkia afiloeelloprolitegasion thatovdre afrlaasit érfOldh amd nespaeanstinggs 1 0-

foﬁdé%? L4l V %g(rjfg é{] %rezﬂ%r tharp ?]h %&%0%%81%9 o) hose C?m]e%unds §For inhibition

Mﬂnaﬂppmd&xmﬁm,|nh|b|t|on of B-ceII prollferatlon
[500224] Some of the conpounds di sclosed herein were

0p224leq i e %fs@ayomawndﬁ AHrlosed karciprvase tested iyan psspy {or
inﬁl%ﬁ%bl oftﬂqgelfzﬁ:lﬂ%% L&Eﬁuﬁg%gﬁdﬁ&ﬂs de@c@%ﬂqﬁ)t ar?lgﬂe' lgﬁ‘rlﬁlld

ted an 'ess an or
exmntmredrmllﬁgo vamerlé@it]namdr ejhdge 10 mmmrmh:rfs (E:xtlamboftthmkean
| C50 n o cronol ar

ha r e to 0.5
OB Sne fbit ﬁl&é@ &mf&aﬁﬂﬁarb%ﬁqsﬁlt%@ lqr@@elaoa%réam of

thl)&st%n{ﬂ%ﬁﬁ‘dsoéxhﬁﬂfé@ lan 105,180 Ms it Ple§uA S A0 nM BARZ Ak say.
Some of the conpounds disclosed herein were tested in

[06225]cel | Sdreutdethe aompdunds diseloved hasivayer¢ testtdrin t fecell
ekt ool i MEEE b B R s S5l MR 16), 8
exhfI240IC;>PTRe REs thBe of QRPN MEmibrsabiased herein

exhi bited both bi ochem cal and cell-based activity

ﬂ%% ex anp$<§ne @fdhé C@flp@lh?és é@ﬁ#@émeiﬂiegbibﬁgébothéﬁ@hﬂfnical
ang.e l%lag IVlty Cﬁ ?1&1%%; éc' of tﬂg I%r TS %l o(geciL %ergm

m cr orm em ca SS& ESCF

exihéditd An ([(Egsarmieeeslz ll)anaﬁcéqadﬂ tb @55)1@:/0&&1@1@ ih QlSeSBtkl’tﬁﬁclﬂfmcal
equal to 10 mcronolar in at |east one
aSé@ Jeseythsd derpdns drampdg hbrand Ry rﬁCsoW@lup-l%Séﬁhana%rseayal to 10

mng(ﬁﬁﬂlapﬁdat 'f@lgtedﬂ% a)g W &%ecﬂ'gs’szga]s?(i)%%ﬁthgﬁ th"e@ Celpgsrstlﬁ an

0se conpoun bited 0 value less t
deseriteduateit Exathpidd 20 18.hie dBtl6).bCecdie ot dmke asspyunds exhibited
cri bed

BN NG R T R
herem (Example 11) and an ICs, value less than or equal to 500 nM in at least one of
the cell-based assays (other than the T-cell assay) described herein (Examples 12, 13,
15 or 16). Certain of those compounds exhibited an ICsq value less than or equal to 10
nM and an ICsg value less than or equal to 100 nM in at least one of the cell-based
assays (other than the T-cell assay) described herein (Examples 12, 13, 15 or 16).
[00227] While some embodiments have been shown and described, various

modifications and substitutions may be made thereto without departing from the spirit

and scope of the invention. For example, for claim construction purposes, it is not
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the cell-based assays (other than the T-cell assay)

descri bed herein (Exanples 12, 13, 15 or 16). Certain
w@Roowissse7 conpounds exhi bited an 1 C50 val ue | eBGT/URA8/077054

or equal to 10 nMand an |1 C50 val ue | ess than or

equal to 100 nMin at |east one of the cell-based

assays (other than the T-cell assay) described herein
infehdtadmbbethe tRjmd &t fdrkh legreibbiter be[cOORR1EH iy way oareower than

enbodi nents have_been shown and descri bed, vari ous.
eyt ngupgndcizht 28 B4t | PPHH?nﬁﬁiﬁ‘Bbe’??ﬁH’éaW Ribedigrents
fréﬁ‘i‘ltﬂlﬂio Teci@i@@t?tfntﬂe'}gacf fn@(mhtel?:@aiﬁg' rA!chrdﬁ’iggr, ?tqgfb_eo&jnd%ﬂﬁ)od that

I nvention. For exanple, for claimconstruction
thp prepos esveniion has hereh déstdibDb R 609 b0BBBYtion and not limitations on
thPCT/US 08/ Q77054 intended that the clains set forth

RFBEREAFSETABS construed in any way narrower than the

literal |anguage thereof, and it is thus not intended

that exenplary enbodiments fromthe specification be

read into the clains. Accordingly, it is to be

understood that the present invention has been

descri bed by way of illustration and not limtations

on the scope of the clains. 145 WO 2009/ 039397

PCT/ US2008/ 077054 \What is clainmed is: 1. A conpound

of Fornmula |, or a pharmaceutically acceptable salt or

solvate or mxture thereof, wherein ORROoRL1 Rl X

NYO ZWV 7/RHNR4 (Formula I) X is chosen from

N and CR2; Y is chosen fromN and CR3'; Z is chosen

fromN and CR3; provided that only one of X, Y and Z

is Nat atinme; Wis chosen fromNand CH, Vis

chosen from CH and N, provided that one of Wand V

must be N and Wand V are not both N
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R is chosen from OOHFFS SSC SHICG---- ~ S

HOFFFO HICSSS--CHCE 146 WO 2009/ 039397
weERMPBBOV8/ 077054 COH F F 3 S HO F F OCH3 ReEI/Bs208/077054

R12 R12 s s OO and R2 is chosen fromH CH3, F, O,

CN, OCH3, OH and CF3; R2 is chosen fromHand F;, R3 is

chosen fromH, CH3, CF3, F, C, CN and OCHS3; R3'" is

chosen fromH CH3, F, d, CNand OCH3; R4 is R5 NR6

R7 ,-S?,-( H2)M\NR8 RO (CHz)n mis chosen fromO and
What is glaiged osen from 0 and 1:

1. A compound of Formula I, or a pharmaceutically acceptable salt or solvate or

mixture thereof, wherein

V=

R? HN \ / R*

(Formula I)

X is chosen from N and CRZ;
Y is chosen from N and CRS’;
Z.1is chosen from N and CRS; provided that only one of X, Y and Z is N at a time;

W is chosen from N and CH;
V is chosen from CH and N; provided that one of W and V must be N and W and V

are not both N;

1 -
R’ is chosen from:

%ﬁ,@;,@ﬁ@ﬁ
» [ [ g s
P F A HBC/%L;{

%f %ﬁ&%f [+
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R5 is chosen fromH, Cl-C6 alkyl, and C3-C6
cycl oal kyl, wherein said alkyl is optionally

WG apsH3sat ed with one or nore substituents choBREHUS20081077054
OH, F, and OCH3; 147 WO 2009/039397 PCT/ US2008/ 077054
R6 is chosen fromH and C1-C6 alkyl; or R5 and R6 are
optionally taken together with the nitrogen atomto
whi ch they are attaclkied to f 4- to 6-nenbered

cycli wher ei n
the © fiopally
subs g- 1S
opti ome [ 4 R7 is chesen fromH,

Cl-C6 alkyl, and C3-C6 cycloal kyl, wherein said alkyl
is optionally substituted with one or more

rmea 6- peaper edgeycl i ing; R8is
Banch, @ ,\M@d al KT\
stifute /1 h offe oR e°sup’s S

chosen from OH,’” F, and OCH3; 'or R7 ‘and R8 are
optionally taken together e nitrogen atomto

whi ch\t hey—are a @ rm '\%_4- to 6-nenbered
cycIT/i ‘ di , S or 0, wherein
the optional additional ring nitrogenh is optionally

subs ed with | kyl and said cyclic ring is
optifo SNost i i : 8 chosen fromH
and % chog nd - C3 al kyl

opti ons substi t ut ; SR' i, anchosen from

y (
H, nd CE3;, and R12 is Cl1-C3 al kyl. 2. The
conmpound, al M1 wherein R is CH3. 3. The conpound
of chaiy 2 ein.Wis Nand Vis CH 4. The

conpound of claim3 wherein X is CR2. 5. The conpound
ROk chbsah frodn HhE€He) AL 1, CN, RCH, OFhadd®iipound of clai m 3

Ré\,\(@qec‘él%}‘\f?lf\r(qrh E%FSSF;. 7. The conmpound of claim3 wherein

R? is chosen from H, CH;, CF;, F, C1, CN and OCH;;:
R* is chosen from H, CHs, F, C1, CN and OCHs;
R*is

N

R® R7

—%—(CHz)m N

R®  (CHa

RB

m is chosen from 0 and 1;

n is chosen from 0 and 1;

R’ is chosen from H, C;-Ce alkyl, and C3-Cg cycloalkyl, wherein said alkyl is
optionally substituted with one or more substituents chosen from OH, F, and

OCH3,
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WO 2009/ 039397 PCT/ US2008/ 077054 8. The conpound of
claim3 wherein Zis CR3. 9. The conpound of claim 3,
wob@pes39Z is N. 10. The conpound of cl aim 3, MIBEUS1008/077054
the conpound is: OR NR2/ RL N RBO NR3R2 HN
\' / R4 (Formula VIIl) 11. The conpound of any one of
clains 1-10, wherein R2' is F. 12. The conpound of
R%ms ychoxree frafin Ell amid @y - AlRy1; whiet idrR RRE optortdlly tdkdn tddeeher with
und of claim 12, where

h
and hRDItiogerR RSB Yiihiney a@rﬁtﬁvl-ed REEFTER 3”@36 mengRisden
fr or@éﬂlc %ha\’: ng 8Nl tionaf R, § bﬁocazﬁél%ﬁl the Qgﬁé‘ﬁa%{ﬁ%umﬁl

I's thosen fromH and C1-C6 al k
c hoste‘rg iifroganHs apdorﬁlly@Bbsaultllnycﬂ withrC1R5; @kl aR8 saideyclic ring is

optional | ken together with the nitrogen atomto
whi c‘?Pt]tOH%]i//" sé&ém& efia}’%lﬁbgﬁlr’o forma 6-menbered cyclic
R isREoseh4dnYQ, @9@%@@%@%&& RCT/ &JORARG!, QhéRod saibandyng 0- 1

additi onal N, wherei n'the optional addifional
r | ngomonalbg%wsmtgteép’flﬂbm qrymeyg bgbstltw@d:hwetnrﬁmmiand

R7 and
R8 a(lr) op‘t |Hg¥1lglqr§{e afe Og})e]tOH%I%’ R %g%(%ef i ic?g_en
ato nN@Rf)@\dR%(EHJL@f(—@NRéI—t gﬁﬁ;ﬁdlr&%hftﬁé fﬁspecﬁ*ve hildrogen atoms
6- menbered cyclic ring havin additional ' N, S or

0, viRerlishthenareshierdn aca%tqf%&ﬁ A16-memhgred icydlisgie: i s
RORLhERR o ﬁu;ﬁﬁtd 1t—@6 ﬁgyly\‘lvhaeﬁ]safc?’alﬂrllﬁy lvptlonally substituted with

one or more substituents chosen from OH, F, and OCHs; or R’ and R® are
optionally taken together with the nitrogen atom to which they are attached to
form a 4- to 6-membered cyclic ring having 0-1 additional N, S or O, wherein
the optional additional ring nitrogen is optionally substituted with C;-C5 alkyl
and said cyclic ring is optionally substituted with OH;

R’ is chosen from H and CHa;;

R'% is chosen from OH, H and C,;-C; alkyl optionally substituted with N(Rg)z;

R is chosen from H, CH; and CFs; and

R is C}-Cs alkyl.

2. The compound of claim 1 wherein R'' is CHs.

3. The compound of claim 2 wherein W is N and V is CH.

4. The compound of claim 3 wherein X is CR”.
5. The compound of claim 3 wherein X is N.
6. The compound of claim 3 wherein Y is CR” .
7. The compound of claim 3 wherein Y is N.
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R10 is chosen fromHor C-C3 alkyl; and R' is CH3.
14. The conpound of claim 12, wherein inis 0 and nis
W@20090%39The conmpound of claim 14, wherein Rl PCI/Uh8&077054
from C/ ~Zs-, (DC) /, and \ / . 16. The conpound of
any one of clainms 1-12, wherein R2 is chosen fromH,
CH3, F and d. 17. The conpound of any one of clains
1-15, wherein R2 is chosen fromCH3, F, and O . 18,
The conpound fclalm wherein R2 is CH3. 19. The
8.conp U] §f Gﬁlénéfwlher%l?%gs 815 wherein R3 i
chosen fromH CH3, F and d. 20. The conpound of
claim19, wherein R3 is H 21. The compound of claim
9.19 dfhe2®mpaioed ef ¢laiRB3, wherehhdseMN.from H, CH3, F, O,
CN. 150 WD 2009/039397 PCT/ US2008/ 077054 22. The
conpound of claim 21, wherein R3, is H 23. The

10c oONPPRENbnffouid 8F Eidd 3 0hetdin tMhESBhdunRGs:i s chosen from
H and C1- aI kyI optional Iy substituted with OR 24.

The conpou al m 21 or 22, wherein R5 is chosen
fromH and aI kyd.. 25. The conpound of claim 23
or 24, wherfin R osen fr H and Cl1-C3 al kyl.
26. The cB8npound Yet=¢l ai m 22, wherein R5 and R6
: rogen atomto whi ch

23- 26, wherein 7 is dhosen fr o Rbt hyl,
-(CH2) 20H and nd of claim
23 or 24, V\,hereln R6 and R7 are taken together with -
N(R5) C(R9) (CH2) " C( =Bpnpw8)VIlyr oup t hrough t he

respective nitrogen atons to which o

11. The compound of any one of claims 1-10, wherein R* is F.
12. The compound of any one of claims 1-10, wherein R is H.
13. The compound of claim 12, wherein R' is chosen from:

R? is chosen from H, CH;, F, and CI;
R? is chosen from H, CH;, F, and CI;
R? is chosen from H, CH;, F and CI;
R’ is chosen from H and C,-Ce alkyl;
R® is chosen from H and C;-C alkyl; or R’ and R® are optionally taken together with

the nitrogen atom to which they are attached to form a 6-membered cyclic ring
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5 IN8 RNNR they are directly attached to form
29. The conpound of any one of clainms 1-28, wherein R8
wo g00kdsen fromH and Cl1-C3 al kyl. 30. The coPgDUR2H08/677054
any one of clainms 1-26, wherein R7 and R8 are taken
together with the nitrogen atomto which they are
attached to forma 4- to 6- nenbered cyclic ring
havihaging-G1 adkﬂihbilaj INiIS &Y, 0,Sviareil thedeioanlmddhi®nalptinomabgen
addi ti onal ni tionally substituted
Wi t HS eﬁtl‘z%ﬂlé{ls ‘gﬁl%tuti t%\g 2‘%{)@%839397 PCT/ US2008/ 077054
R chd 38 FANPOHAE, A, AW; GNE7 Bfa 1©9 b BFtiéﬁa?lg tal €S 'tl{ér Rith
and R8 are taken toge er with the nftrogen ato
whi cthe hitegean@natotvelubie they eref atanheal 4 formn a 8- tor{enbmber.éd

cyclic.ri.ng, havi 0-.1. addj tj onal or wher ei n.the
bt 19R HAEBRET e kiR § PO GenbrEingd pBSTF pluificn
substiid Mtr8seniks bt SRl %Lb@Huted tmh cqrcg aﬁk\y}d cycl icring
I, optionally substituted with he conmpound of
R Clin¢hpsaniromid peCnCRAlkyhdn®S ar e t aken together with
mhecygltrogen atomto which they are attached to form
Yyl pi perazinyl, N ethylpiperazinyl, norpholinyl,
or azetidinyl optionally substituted with OR 33. The
conpound of any one of clains 1-32, wherein RO is H.
TigecommnpyadiRbiclam anyisien 1 is) HdisisL. 33, wherein
RlO is chosen fromH and CH3. 35. The conpound of
claim 34, wherein R10 is H 36 The conpound of cl aim
151 c Hﬂﬁ:a]‘a)rrfpoﬁmi of claim 14, wherein R' is chosen from:
yI 3- oxopi perazi n-2-yl ) phenyl

uor ophen 4 gietrahydr
boXkam de;
W .

an1no) 2 ((2 nethoxyethyl)(nethyl)anino)-2-

oxoet hyl ) phenyl am no) - 4- met hyl - 5- oxo- 4, 5- di hydr opyr az
ltn- 2-The)compound of any one of claims 1-12, wherein R™ is chosen from H, CHj,
e | phenyl)-4,5,6, 7-tetrahydrobenzo[ b] t hi ophene- 2-ca
F %%anide;

N—(3 (6-(4-(1, 2-Bi s(4- ethylpiperazin 1-yl)-2-oxoet hyl)

%ﬂan1no) 4- et hyl -
rRPEROEYPE af ah. neyaf )clazmﬁrétlﬁywb%rwlﬁﬁ isghgseg from EHsgF,

n)(grobenzo[b]

18. The compound of claim 17, wherein R?is CHs.

19. The compound of any one of claims 16-18, wherein R? is chosen from H, CH,;,

F and Cl.

20. The compound of claim 19, wherein R* is H.

21. The compound of claim 19 or 20, wherein R? is chosen from H, CH;, F, Cl,
CN.
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t hi ophene- 2- car boxam de; N-(3-(6-(4-(1, 2-Bi s(4-ethyl
pi perazi n-1-yl)-2-oxoet hyl ) phenyl am no) - 4- net hyl -
W@x@94389di hydr opyr azi n- 2-yl ) - 2- met hyl phenyl ) - BCBUS2088/077054
et rahydro-4H cycl ohepta[ b] thi ophene-2-carboxam de;
152 WD 2009/ 039397 PCT/ US2008/ 077054
N-(3-(6-(4-(1-Ethyl-4-nethyl- 3 oxoplpera2|n 2-yl ) pheny
22. ami Tie) cofaporhdyf el3inoR b-wihebein R is H.
di hydr opyr azi n- 2-yl ) - 2- net hyl phenyl )-4,5,6,7-tetra
hydr obenzo[ b] t hi ophene- 2-car boxam de;
234 t efﬂe B na‘lbf gia{n@ﬂ &7 ﬁﬂ- vﬁ{eli]é{h r~H sr@{olgé/ﬂ frc??mq}( Rl eeaz
i n-2-yl ) phenyl am no) - 4- net hyl - 5- oxo- 4, hydr o
ﬂpﬂmmzomﬂﬁwwbynmﬁdnumybﬁhenyI)benzan1de
(S)-N-(3-(6-(4-(3-(Di methyl am no)
-2-(isopropy|(nethyl)anino)-3-oxopropy|)
2éphenM{e%BH%hn&0f@bﬁW bt Br ®XQyHbrein R is chosen from H and C;-Cg
5- di hydr opyrazi n-2-yl ) - 2- nethylphenyl)
allyl5, 6, 7- t et r ahydr obenzo[ b] t hi ophene- 2- car boxami de;
N-(3-(6-(4-(3-(D nmet hyl am no) - 1- (i sopropyl (nmet hyl )am n
0) - 3- oxopr opyl ) phenyl
23m MMe-dbnipiuhy bf Sax 03 4r 54, diteyeln ROYY @misénr ol akt ARCHY
phenyl )-4,5,6,7- tetrahydro
nzo[ b] t hi ophene- 2- car boxam de;
N-(3-(6-(4-(1-Anmi no-2-norphol i no- 2- oxoet hyl ) phenyl am n
0) - 4- net hyl - 5- ox0-4, 5
2(d| hyﬂfeap)yﬁpamnah oPelyin) 22 o2, wHeptie BY lid R tier thkdnubydthengizh

thwtt@g% atom (o whichhihey prRAtaghesig poeraesit iy Nrmefidriperazinyl,
NQm AziARt PYhorpr Q¥R 4, 5-
y%%%p??%z. n- Orgw B ot hyl phenyl) -4,5.6.7 -tetra
hydrobenzo[b]thlophene- 2- car boxam de;
27f‘ry|t ) ks Bm;)!glml% 8§ EIE’(?G{’S§Q%§F*11@S 2g%gewﬁé/rem K2 oserel rfr%%nl ﬁ 2
Shdi, BEJr, Hadd MO, Rogi.hyl phenyl ) benzam de;
InN-?]fi (g ?gy%%%) ano¥ 2% ’
| - (1 sopropyl (net hyl ) am no) - 2- oxoet hyl ) phenyl am no) - 4
t - 6
2450 able SRR B atyhersn 8 and R iy igpstiagdh
N{ﬁ}@dﬂgﬂmﬁﬁﬂe(%wﬂ{ﬁp@ﬁhﬂ&uough the respective nitrogen atoms to which
N—(Z-N@thyl-3-(4-nethy|-@-(4-gl-nethyl-3-oxopiperazin-
2-yl ) phenyl ani no) - 5- oxo X’
4, 5-di hydr opyrazi n- 2-yl ) phenyl )-4,5, 6, 7-tetrahydr obenz
o[ b] t hi ophene- 2- car b&xa¥y de; »—F
théy §18-df16et{ylat(a@h¢dDiorfetnny | a -1- (i sopropyl (et hyl ) ami n
0) - 2- oxoet hyl ) phenyl
ani no) - 4- met hyl - 5- oxo- 4, 5- di hydr o
29y afiecoftpbund &f AR dheRITR Y3 1485 wheréin R® is chosen from H and

Cl-C3 alkyl

30. The compound of any one of claims 1-26, wherein R’ and R® are taken
together with the nitrogen atom to which they are attached to form a 4- to 6-
membered cyclic ring having 0-1 additional N, S or O, wherein the optional additional

ring nitrogen is optionally substituted with C,-Cs alkyl.
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t et rahydrobenzo [b] thi ophene-2-carboxam de;

4-tert-Butyl -N-(3-(6-(4-(2-(di net hyl am no) - 1- (i sopropy
wO ¢ovebssh) am no) - 2- PCT/US2008/077054

oxoet hyl ) phenyl am no) - 4- met hyl - 5- oxo- 4, 5- di hydr opyr azi

n-2-yl)-2- nethyl phenyl)benzam de; 153 WO 2009/ 039397

PCT/ US2008/ 077054

3IN- ( 3FH{eeofupofiiid 4F Blymtemflc}a&m) X6 pherm R adyR b erkygh

toa?nhwl&lbwng%?g&eé a§ﬂn} toZW%lCa ithay 355 Y fo)formg 450561 et 1 o

m@ﬁﬂg&e@gﬂﬂﬁ[ hal i Qphgﬁlﬁflgnaqwm%é;én the optional additional
4-tert- Bl%ty l%— 4- (1, 4-di net hyl - 3- oxopi per az

rmgqm&o gdn)lphpngﬂaﬂmsnbﬁ)t}mted Wlth methyl or ethyl and said cyclic ring is
Oprér.ﬁtgaﬁ @g'st?t)ﬁ%dd{ﬁiﬁ{ 8H'1ydr opyr azi n-2-yl)-2-nmet hyl phenyl )b

(R -4-tert-Butyl - N-(3 (6-(4-(1, 4-di net hyl - 3- oxopi per az
I n-2-yl ) phenyl am no) -
32ret h%e-csmmocndt Oéclalirm?ur\dpy@laﬁ ang Ry laye takeretorstheheithy theb

n
mﬁﬁ%ﬁ‘é‘ a(t%m(‘%wﬁ‘:hthﬁ He Aot R R Py b Reny ! ani
etidpipBra@int, 4 dppleblityl 00 azetidinyl optionally substituted with OH.
pyrazi n-2-yl)-2-net hyl phenyl) - 4-
(et hyl (et hyl ) am no) benzam de;

33R ﬂ; (nidubd ot ﬁ%@e'@tcm&@ﬁ"ﬁ%h&e{d RORppy! (methyl)

xoet
am no) - 4- met hyl - 5- oxo- 4, 5- di hydr opyr azi n-2-yl ) - 2- net hy

L{‘hl oﬁ%/? énpguegpg%ﬁytaqeﬁe c alrilg?ejgz h«[:reJnR is chosen from H and
Ci.(3-(6-(4-(1, 4- D|msthyl 3- oxopi perazi n- 2-yl ) phenyl

am no) - 4- met hyl - 5- oxo- 4, 5-

dlhydropyra2|n 2-yl)-2- nethylphenyl) 4- (1-et hyl cycl opr
35opyI benzam

4- t e HE B un&l—f‘éla]({%%ﬁ}(e{elflﬁ et'¥1 pi perazin-1-y1)-2-m
or phol i no- 2- oxoet hyl ) phenyl am no) - 4- net hyl - 5- oxo- 4,
5-di hydr opyrazi n- 2-yl ) - 2-net hyl phenyl ) benzam de;

36N ( 3iegrompopnd piclgmhy chossatioain- 1- yI ) - 2- m)r phol i no- 2- o

Ng? %é EX r@ %Iﬁﬁé n(fx%])y%ehazm ?51 HI?eélyEgn}mo? 4= gﬁﬁ}%? oxo0-4,5-
t et rcﬁh]ytﬁ‘b}@b@ﬁﬂaﬁﬁ] 2 tfhioegphend)-2506:7 e pdrdBénzo[ b]thiophene-2-

N-(3-(6-(4-(1-(4-ethyl piperazin-1-yl)-2-norpholino-2-0
x 0et IHAE | ani no) - 4-

Nr{ﬁtéﬁig (?g@%%‘%%ér g#lpxﬁ{@?w@z i ttfsb thy BBy amino)-2-
4H- Cgb@lemlybp]hdilbfta}mhd))eﬁphﬁﬂgﬁl 3-oa@rb xdangddeyrazin-2-yl)-2-

pi pgpétgvl%hangg]f/) ‘f % %%&é%ﬁ%@enﬁﬁ@mogh?%% cabgAmr: 5.
NQ?& QG gz;f] gg%ﬂly(q[e@lﬂﬂﬁlﬁéﬂaﬂnzl -Yih 2= BBy DAY Y ho - Ardefiyl 508k o-
Wt ekt dBydydpyNZ{I82 (-3 the(tBlghdnyetHy6, Ané trrbydibbenzogtlhy | p

| pertﬁlopﬂen]é_—y—lczeroxamlaet hyl)
N-(3-(6-(4-(1,2-Bis(4-ethyl piperazin-1-yl)-2-oxoethyl)phenylamino)-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-5,6,7,8-tetrahydro-4H-

cyclohepta[b] thiophene-2-carboxamide;
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phenyl am no) - 4- net hyl - 5- oxo- 4,

5-di hydr opyrazi n-2-yl)-2-net hyl phenyl ) benzam de;
WOR{030§B971 4- (2- (Di net hyl am no) - 1- (4- et hyl pi per BZI/HS208/077054

) - 2- oxoet hyl ) phenyl am no) -

4- et hyl - 5- oxo- 4, 5- di hydr opyr azi n- 2-yl ) - 2- met hyl phenyl

)-4,5,6,7- tetrahydrobenzo [Db]

Ni(Bi(6pdhe hERA-danbbyladrodepipdrazin \A5/ 1 3088y 183839 4-methyl-5-0ox0-4,5-
PCT/éPSZOOS/ 077

{rulrepyrpzing Dﬁh%x%}h}éﬂlil%) 42,04 téirﬁWHPB“éﬂzaEﬂW@hﬁ?e

) - 2 pg&gg{%luhphenyl am no) 4-nethyl -5-o0xo0-4, 5-di hydro
pyrazi n-2-yl)-2-net hyl phenyl)-5, 6, 7, 8-

4-toet- Buatiyl Nr G- (6Hi46(9!fﬁthlhéﬂnatﬂlbl]%{ohompﬁene-ﬂylmbﬁxmm@é

(2 ?é%tm?xéém% S G A L4 IR R A ) -

(S§UN )6-2= @xmhﬁmy) ﬂhﬁﬁyiza(mo %yﬂm@ﬁiybﬂﬂm&jgx&co@ro%y@l hy
dr opyrazin-2 -2- nethy ) benzam d
N- ( phesylamino)- 4(@6@Vh§10ppﬁe$ élilmmmywm éyIO@zmn@Vlem}é) h

yl)
oxoé{ﬁ?ﬁ?%hhﬁ§¥§ﬁ%ﬁﬁyhﬂmﬁﬁ?% %C%b%§%m’65 di hydr opyr azi
NN326 Y43 @ﬂﬁtﬁ&lhmmo) 1-(isopropyl(methyl)amino)-3-oxopropyl)phenyl

phenyl)-4,5, 6, 7-tetrahydrobenzo[ b] t hi ophene- 2- car boxam
| de ammo) 4-methyl-5-oxo-4,5-dihydropyrazin-2-yl)-2-methyl phenyl)-4,5,6,7-

P yl)-2-((2-nmet hoxyeth
yI ) %%Pﬁé? §e]nr%1§ﬁ%@(§2}>}ﬁkﬁ’é PREDk nite?
NQXQét(chy(l )Amﬂnen%mnipﬂ’tobind&mbhh&l—)ﬁ}e@mﬂﬂncﬁ-ébii‘nbm;i't—6—oxo—4,5—
pyra jn-2-yl).- 2- th heny| ) .
5, o iﬂ’%“ﬂ@f‘?%ﬂiyﬂgg'“ﬁi‘ﬁ?@“ﬁhé‘b?&[@}@ﬁ?%ﬂ‘é@%- 2- car box
Nﬁm(é €4 él 4- D1methy1 3- oxoplperazm -2- tyl)phengl amino)-4-methyl-5-0x0-4,5-
I"'sopr opyl - oxopi perazin-2-yl)p
henydlhydrnm)razin@e;tlhgt{meﬁhylphenyl) 4 5,6,7-tetra hydrobenzo[b]thiophene-

0xo0-4, 5: di hydropyrazi n-2-yl) - 2- et hyl phenyl )-4,5,6, 7-
t et raky B?’baﬁ‘éﬁ%’o [b] thiophene-2-carboxan de;

4- N,r@ut@ﬁN( A= ﬁGJ(AA(-I Ql-c[[ﬁiehtyh 3 X0 PRIREL 2Z/1)PhetrymiRBEN Y c@HYil-5-

no) - 5- oxo0

di hyQi‘rOo‘ia? o drppg/r%zpr) 22/1)r|%t11¢$h}’|liﬁl§ﬁyll)‘%f‘nzafﬁld¢; 8-t etrahydr
N {G RS (IR R TR AT SRR pvay

anm na}th¢kFekbvls- &h@@h@ p4rdzin-2-yl)-2-methylphenyl)-4,5,6,7-
di hydr opyr azin 5-f| uor o- 2- nethylphenyl) 4,5,6, 7-
t et righ ﬁBﬁ@ﬂ%b@&%Kmﬁﬁmb%ﬁéﬁ@XQnE%rboxan1de

J}%_(l\get l 9&4%511_%2{)'?}8{(% y(ﬁ ﬂeﬁﬁﬁ'ﬁ&b‘!’ﬂer@hﬁ % ARjpRETREh 025 Yxd-

phenylam

ox 0-45Bildidmypyraapy2-abpheridd)yd, ) plveteyrhl) yddoenbo [Bithephatey2ir o
benzo l€gthl phene-2- car boxam de;

N- ( FBXEAUSCL, 4- Di net hyl - 3- oxopi per azi n- 2-yl ) phenyl

N&B)(5.9) (fa(]ﬁﬁﬁé@b{ﬁarﬁm%m:(fso%fopyl(methyl)amino)-z-oxoethyl)phenyl
amino)-4-methyl-5-oxo-4,5-dihydro pyrazin-2-yl)-2-methyphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide;

4-tert-Butyl-N-(3-(6-(4-(2-(dimethylamino)- 1-(isopropyl(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-oxo0-4,5-dihydropyrazin-2-yl)-2-
methylphenyl)benzamide;
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di hydr opyr azi n- 2-yl ) - 2- met hyl phenyl ) - 4-
(et hyl (et hyl ) am no) benzam de;
WOR{30§B971 4- (1- (Et hyl (i sopropyl ) am no) - 2- nor phRCT/H82088/077054
xoet hyl ) phenyl am no) - 4- net hyl - 5- oxo- 4, 5-di hydro
pyrazi n-2-yl)-2-net hyl phenyl)-4,5,6,7
t et rahydr obenzo[ b] thi ophene-2-carboxam de;

NAB{(84-6}.4 DifnbthyEBRyKlopipeopimepyl) pramiyhanind)-#4nehiiys-pkpersa

2 ol iy e gy difuoraphDsk S5 - atradrehrarUpy  azi

n-2- t)ﬂ héieBEMBbxamide:
phenyl )-4,5 6, 7-tetrahydrobenzo[ b] t hi ophene- 2- car boxam

(Sh-deert 1335}’1%(3{0@94} 0B9897etRPIT3-USAVPBADT208 Pphenylamino)-4-
N S ot S DR am ool - hihphl,TRer ARtk am no

(RY-4RfthiltyONQB Q64451 dl&mgﬂ@pwo@apl@e@zmlz) yiBpHeRt Rirheny!
"4.5,6,7- tetrahydr obenzd [ %
t hi otphté]y]]eﬁ Pxedrhdi gqlfpgy;razm -2-yl)-2- methylphenyl)benzamlde

NG A P T e
pyr wmﬂ’- 25511)] 2indﬂe>ﬂbhénpbancekﬁyi(ﬁ;eaaﬁ)aﬁnﬁ@bmhmeo
benzoth| ophene car boxam de {2 yl - 3-

(R{)LN ﬁ%{ 8Q1{neghylammo) 1- (1sopropy1(methyl)am1no) 2 oxoethyl)phenyl

am n&.@}ﬂ{gfoxnb&xgﬁo §' Wg%@%d@ﬁazﬂgzﬁ B &@h&{%fo 4,5,6,7-
} - 4, tbtréhydrdbehzabjthiophdne- Qbmh@iahndmhene 2- car boxam de;
(Azeti di
N{'?'%ﬁ%iﬁl 6%5 &é}gwthz/ ér%mpﬁ@]zm %@R%%%W NoNéreyl-5-oxo-4.5-
am nQhydto Zﬁ‘jﬁﬁﬂﬂ{ b=y Q)ﬁ‘i’et lﬁhéill'ybyéﬂ(loethylcyclopropyl benzamide;
pyr azin- net hyl phenyl'} tetrahydro- |
4-tepeButol- Nl—(dp(lﬁe(ﬁd-l z4fcaryﬂ1upamlde1 le-Z{IBQI[pBOI(lI{O@-[oQ(D}thﬁI) hyl

Car b% ;rllal)n not) |'21 DAL %l g dl)hag}opy azm eetli% p]henyl{lo

rregelﬁyimﬁeoxo 4,5- d| hydr opyrazi n-2-yl ] - 2 met hyl phenyl
4H, 5H, 6H, 7H

}-
NEBH ey biteBtaimperrtioghdd-momphelitex2mekershyliphenylamino)-4-

13- 1
|y et rin 2 getlenh ey
am rtet)rahy@rcmehm{b} &1@1@911&25?11%}33@1@

Ng%{ azi phenyl } - 4H, 5H, 6H, 7H

%3%1( bﬁfbﬁ%{?ﬁﬁ%ﬂb Wéh%n?fﬁ%l@@x?a%%@ﬂmhf@ﬂ%m{)) -4-
[4 ( Y r ) ARENYLs] ]
L IR R R el A
4 54Hl‘>pYCIbMpnef[hyhibphenb-ﬂgmu@iahud@hene 2- car boxam de;
NGRSt B 1 e e ey A e ey bR o
) - 4- SRty laima 2-yD)-2-methylphenyl)-4-tert-butylb id
oo 05 g ropyrazin b 2 merhylphenyy et buglbenzamide: o
4-fet- BH:]I—N—(3—(6—(4—(2—(dlmethylammo) 1-(4- ethylplperazm 1 -yl)-2-oxoethyl)
phenylamino)-4-methyl-5-o0x0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)
benzamide;
N-(3-(6-(4-(2-(Dimethylamino)-1-(4-ethylpiperazin-1-yl)-2-oxoethyl)phenylamino)-
4-methyl-5-ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-

tetrahydrobenzo[b]thiophene-2-carboxamide;
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cycl ohept a[ b] thi ophene-2-carboxam de; N
[ 2- Met hyl - 3- (4- net hyl - 5- ox0- 6- {
WQ 200003897 - t r i met hyl - 3- oxopi per azi n- 2-yl ) phenyP¢T/US2008$1677054
} -4,5-di hydropyrazi n-2-yl)phenyl ]
-4,5,6, 7-tetrahydro-1- benzot hi ophene- 2- car boxam de;
N- [ 5- Chl oro- 3-(6-
N1p464- xznr(mmmhﬁmﬁaoxamtwlmmn%ylb Pedheathly]) phemiytmiho)-

oxor% Yhaﬂ %Woﬁﬂaﬂzﬁw Pyrgin-Zovi-Ppsth ARy D22 7 87 6, 7- 1
gf { gt_@e(f?mrd _aHREPRAL L @PRRDRe - S AL BOXAIade: N {

4-tert Batgt-Neli3no 14yl {(diethed i p¢rezn Hayhy2H) 2retethoixyethelinyreltadi no

- 4- met hyl - 5- -4, 5-di h in-2-yl] :
) AT bRy PP Bl b PRty pyigyin2-31)-2-
200%&391%98ny%¥ﬁi&§ﬁ@@8/ 077054 N {3- [6-( {

4-[ Azeti di n- (di met hg/l car banoyl ) net hyl ] phenyl }

NARi(r6 m%thwmp@amd Yi)-B-(1-mpthospsthdimet Ry pimfino)-2-

bénrzrg?{oﬁ EH a%nné cht)n)?ghrﬁl egxroazb%/%ﬂ?rgrop[yf%m % yD)-2-methyl
Az etptdniy-4l5,6 YJtétfﬁyﬂmdé@@mtﬁiwﬁenémmdx)l@m@army| ]

N- (3, (ﬁé‘ﬂfﬁ{rl(‘l Eﬂty%apfzrgend. Yy dr(Gpipedwpetbylymetyaging) i heny
d
) eroefy Bond CLLIRY A ety oxo-45-diagrg pyracin 2291 2-

[4- rl’ﬁéthyllphﬁ}y(l){ 54,7,8- tetrahydro -4H- cyclohepta[b]thlophene 2-carboxamide;
4- - 3- 0x | ) pi zin
N&MEZ% 7 ii BREPY f)é r%q(tﬁpg}oﬁ? %%%)ﬁf %pﬁ P?ﬁlwéﬁwm? AR

- 4H, ld- B5lalaRipyr &¥e b 9eRbRIRIph 4
t hi opheng1 2- cgdrﬂgroxam glh) }gl]lp 50 4 5[6(4 Et hyl

pi IOszhyﬂmbem[bltmhww&wmmm@le (met hyl ) car banoyl ]
t | : . _
Ngﬁ#% ts ﬁgﬂ‘%ﬂé “BRBIPE AT HY BPIRIAUD PR B -5-0xo-4.5-

- 2- r@h{itbPpReaN-1)-2-ridth Abh ikt -6 S e ldeheat ktheptalb
t hi ogh?rﬁeﬁg cgr b%iam de ﬁbh ?3 [6- ({4- %}%JD' etﬁ;cl% hepta[b]

car b mb?l)e(%ﬂélbh%@ﬁﬁer azi n-1-yl ) net hyI ] phenyl }am no) -

N—g%—éﬁ;ﬁ I}? ?’,ﬁ}_fl’? gﬁ’ﬁg}_ﬁgﬂz/‘og a%{/ng%&pg eingF%ITnnY) J4 etﬁel §1 Xxo 4,5-

t hi Qﬁhﬁﬁf@pﬁaﬁmbﬂ)@afﬂwbm 24ndteylphdByt)yd, 5, BE7(t3trally@rdteftzo[ D]
[eth | (et hyl ) car banoyl ]
e‘%lﬂf?\y’hﬁi FHPPFAMIAG] ) et hyl }  phenyl) ani no]

N- (%@HP&EH' X (21 (104§<8mgeﬂ}f? 3 &@Y&E&Wﬁ%bﬂe@yla}{hm})) “4-methyl-5-
4-t MO-‘Bﬂ{dSMYdMPB&ZﬁIﬁQM)@h@(}m‘ESJ\M eanhbahotyen} §[$]tatopliénzt2-

perazin-1- met hyl ] phenyl}
am rféy2 Odgaf?é“{% - 5- ox0- 4, 5- di hydr opyr azi n- 2-yl ]

a enyl amino)-4-met oxo-4
é’qm%& }/hnjlﬁﬁmyl BRERBBIGE:2-y)phenyl -4-methyl-2-

4- (1, 4- D et hyl - 3- 6xopi per azi n- 2-yl ) phenyl ]
am rpbhjrdrgpyymn@ 8)-2- methylphenyl) -4- (ethyl(methyl)ammo)benzamlde
N-(3-(6-(4-(1-(Ethyl(isopropyl)amino)-2-morpholino-2-oxoethyl)phenylamino)-4-

methyl-5-ox0-4,5-dihydro pyrazin-2-yl)-2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b] thiophene-2-carboxamide;
N-(3-(6-(4-(1-(Ethyl(isopropyl)amino)-2-(4-ethylpiperazin- 1-yl)-2-
oxoethyl)phenylamino)-4-methyl-5-oxo0-4,5-dihydropyrazin-2-yl)-2-methyl
phenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide;
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di hydr opyr azi n- 2-yl ) - 2- net hyl phenyl ] -N-net hyl -4, 5, 6, 7-
tetrahydro- 1- benzot hi ophene- 2- car boxam de;

W@ 2400/08938Ut yI| - N- ( 2- met hyl - 3- {4- net hyl - 6- [ (4- 1 BCT/b#1008/077054
(propan-2-yl)am no] -2- (norpholin-4-yl)-2-oxoethyl}
phenyl ) am no] - 5- oxo- 4, 5- di hydr opyr azi n-2- yl }
phenyl )benz am de; N { 3- [6-({

N43{(@-4-A2-eDintithyldmitlo) LethlylBbpipb ¢ ixmipan2 2xpéthgliphreay] mito)-

o P 4.5 dibwgropyerzin Ry g AR 56T
Emt h¥d: B8R binibphdie DUt X HeRgam de; N- {3- [6-(14-

N—]{-3([A_1é41’[2!—54§26!'}d§’ﬁ‘) ~y2)- (-mpypholin-H-yh)-JHoke 2thyKobtryy ) ahpherd|
e TP S, S0 iy A BB 222 Beypiehs 3 F Brieyso-

4, 5, Bbdirotli6pHRNED Qalbox B@EOt hi ophene- 2- car boxam de;
157 WD 2009/ 039397 PCT/ US2008/ 077054 N-(3-16- [(4-

{
NAZe¥lpdiyh3-[4- meyhﬂ@({H;{ﬁn@hylé@ﬂbym)vylo(nmrhlth)nc%wb@ﬁﬁvllphenyl}

mst h )

%flﬁ fg] écg))élos gﬁqurg%) W"‘élr Op%]%hze‘”lnﬁl-}Z-’y’P} -tftrﬁlg‘( yI pheny
| ) th’iz&lﬁoﬁhbﬂel-‘ﬂ carboxamide;

ycl ohept a b] t hi thene - car boxam d

NG B S it 3 why Grp PRy HyNIng - eagosthylphsyhy |
ot T Pt ey} B e Py A s By -4..67-

- 5- oxwalddbo- di4bhmd:ttmpph®z+2ncarﬁe;gakn@q:; henyl ) benzam de;
Ngl;}] [%d;g 4 Q}‘E’Fﬁ]}'ll ¢ %@%B&‘ﬁe@gl(grxo%grll eyrl)%ﬁnrrl]o]me%/l{y}]%ﬂeenrgf)ﬂ amino)-
di hydrReyi %x@ 25 YiknydfspYRl b Reneltyfste Ay 1R ¥l GYCTI9P

ropyl ) benzam de;
N- ( fﬁP@GyC(ldhE(pla[Elthyphanefi‘ewﬂwXaEn@Exopl perazi n-2-yl ) pheny

I ' - 4- et hyl = 5- - : :
NSO R T ot - r Tt imerenyr bR et B ey
hydronst dex@tkﬁﬁﬁdﬂ{ to ﬁﬁhﬁ@ne}npzzn&aﬁ%ém der, 5H 6H,7H,
4-tert - But (4-(1-isopropyl -4-nmethyl -3-oxopi p
er az3Hrcycl ﬁqppq{b]’qulpghﬁnﬁ@)cmboxamlde

Ng? ég?ﬁ gl »: )ﬁ)methyl 9l X&p&%%m%z Pphen¥i )ahl%ﬁor’}eg ¥O-Bfr5ed% 4R
N- ( Fpyb&rif-4- ;ﬂﬂz%dﬂn;npltdnyl] -435,0 8 apirgIBdAZ i MeRzofhip pieapypl ani

no) - 4- met hyl - 5- oxo- 4,
di hyQFRP§ReEs: n- 2-yl ) - 2 net hyl phenyl ) -4, 5, 6, 7-t et r ahydr

S T e
| am m}4,§—dﬂg{tdt‘qﬁyre&im2ql]42 i'nethylphenyl} -4H,5H,6H, 7H, 8H
O RSB Spiyigreny )45 0 T tetrabor
N-[2-Methyl-3-(4-methyl-5-0x0-6-{[4-(1,2,4-trimethyl-3-oxopiperazin-2-yl)phenyl]
amino }-4,5-dihydropyrazin-2-yl)phenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;
N-[5-Chloro-3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-2-fluorophenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;
N-{3-[6-({4-[Azetidin-1-yl(dimethylcarbamoyl)methyl]phenyl } amino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl]-2-methylphenyl }-4-tert-butylbenzamide;

156



(R-N(3-(6-(4-(1, 4- D net hyl - 3- oxopi per azi n- 2-yl ) pheny
| am no) - 4- net hyl - 5- oxo-

W@ 2@963439Ur opyr azi n- 2-yl ) - 2- net hyl phenyl ) - 4, 5, BCTIUS9D$/677054
hydr obenzo[ b] t hi ophene- 2- car boxam de; and
(S)-(+)-N-(3-(6-(4-(2-(Di net hyl am no) - 1- (i sopropyl ( net
hyl ) am no) - 2-

N d3dét(hyg[ Apdreiinyl ayiidivag thlc abhing )y ihe thyidplbn$t dmivnod rdopythaiz 5 -

b SrisiropyEnzin 3t sty RS BEA 2] 67 RREBHENE: 2- ca

r bo%&’tﬁlo h%ne[-zg c&@oxe{mlde ) )
[4-(1, 4-di IBB - 3-oxopi perazi n-2-yl ) phenyl] amino }
N-(3~{ ﬁ'e[(éh{/Azﬁyd(m(—é -W[(B-hydroxyethyl)(methyl)carbamoyl]methyl } phenyl)

Oy SRS A M) 4 - L ) oot b et i S

N‘ ( &et{rﬁ‘[y[df(fl'lﬁaenzothlophene 2-carboxamide;
1- [ et hyl’(met hyl ) ami no] - 2- (4- et hyl pi per azi n- 1- yl)-2-
Nd)Zchtlhyl §Tﬁﬁ-gm)t:h§)l 6a(rh41{6]methy1 3-oxo0-1- (propan 2-yl)piperazin-2-

rret hy Pglﬁ%gﬁlﬁl)ﬁﬁ)ﬁ §|>_<|0 %$ %ﬁ]yg%%%fn STty A4, 5H,6H,7H,8H-

H- cyyelonbspibathbphBhcoplaeibexdnicar boxam de 158 WD
009/ 039397 PCT/ US2008/ 077054 iﬂ
N{{é (o1 4L %VWP@@ZIBxloﬁD[é%hﬁrpﬁy chy %fﬁbﬂ arbagiayHgethyl]

dl h;@%ﬁ );zrnglznl%z gfzr?ltg;/tﬁad 52055% t4h5y p%drog)(rfzm -2-yl]-2-methylphenyl } -
- 6- [4H 6Kl dfﬁ@tfh&]ﬂ)cadbhqjtqiﬂa] thdophen82-cadohexalet de; N-
OXO0pi per.azi L

N 6{31 [%d {ff {[(_éﬂetilﬁéﬂml])a e@yélperazm yl)metﬂyl%phenyll?ammog
di hy&l&ﬁgﬂ 3%bA: #dlﬁ&aro%yfdz}ipﬁ Q112-ARY bﬂaﬁﬂyhﬂ{ 5H,6H,7H,8H-

t et rahydr o- benzot hi ophene- 2- ¢ar boxam de
N {cy8lohgBa[b] thibphad: %fzelfopmmldei yl)-1-

ey R b AR P ea R BB Y B et

et RGN inb]- 4%&1@1%;{m Skkikykbshent aly] bhharfighary?-

car boxam de;
[ 4- (bEnzargidgret hyl - 3- oxopi per azi n- 2-yl ) phenyl] am no }

4 (t]cr%ﬁetlyopyp‘s&é’gﬁz[?‘dlf?%%arbaﬁoyg(4 etipylpiperazin: |yhmethyl] phen )
t hi (mimﬁﬁ}%éfinetlﬁi}aﬁb@%aﬂrﬁdﬁhydﬁ*bﬂﬁaz(uﬁﬂy[l]%(n{’eﬂe}ﬂﬁ)ﬁnyl}benzamlde;

3- 0X0 Per azin-2-y Ig henyIJ amn
N- [3r (%{%ﬂ 4@_1@5?@1y 3-oxopiperazin-2-yl)phenyl] ammo} 5-0x0-4,5-

S ML
N- DehBothjophénb- 2 xamide;
: eqlt{o#f( t;l[ﬂrpam 2-I) am no
4- teﬁtnﬁlétﬁ/ﬁb[ré Bfﬁgl ? ?4 metﬂyl 6- E/(4 {q ¥h)JI (propan-2- yl)ammo] -2-
4, 5- G dnyitipRy. ?922 SR p}?engﬁﬁrﬁﬂﬂoﬂlhed%u 5 4thyakbpdtlz b8

H cycl ohepta[ b] thi ophene car boxam de;
yl}phenyl)benzamide;

N-{3-[6-({4-[2-(Azetidin-1-y])-1-[methyl(propan-2-yl)amino]-2-
oxoethyl]phenyl }amino)-4-methyl-5-ox0-4,5-dihydropyrazin-2-yl]-2-
methylphenyl }-4-tert-butylbenzamide;
N-{3-[6-({4-[1-(Azetidin-1-yl)-2-(morpholin-4-yl)-2-oxoethyl]phenyl }amino)-4-
methyl-5-ox0-4,5-dihydropyrazin-2-yl]-2-methylphenyl }-4,5,6,7-tetrahydro- 1-

benzothiophene-2-carboxamide;

157



N [3-(6- {
[4- (1, 4-di net hyl - 3- oxopi perazi n-2-yl ) phenyl] am no }

WO 2000084391 - 5- ox0- 4, 5- PCT/US2008/077054
di hydr opyr azi n-2-yl ) -2, 5-di net hyl phenyl ]-4,5,6,7-tetra
hydro-1- benzot hi ophene- 2- car boxam de; N

[5-chloro-3-(6- {
N{(ir-{ 64[t(44{Amﬁhrhy’ryiEEWMKmhﬁZ(mﬂ@i)sthr)oamemﬂn]%thmphﬁlyl)
me

0x0- animéoh“ﬁ%%p@?’&oz“ﬁ Ghydrgnysazisengl-grusHhytphenyl-
-4, {54}‘135ﬁ éyfbﬁ%%%@ﬁ{%ﬂ Pﬁé&pi]@aeozmﬁasboxam de;

bano

4- (em'BBwar@mﬂW)hcéﬂhwwfﬁeﬁw{ 1}[rrmmyh (rogamiyhyinino]-2-(4-

D) aP PO bty M BR LS SR A B ogyrazin-
N {ﬁzl}FﬁeI{yl){)eIﬂzahﬁ&jﬂ et hyl car bamDyl )
in-4 msthyl]phen Eamno 4mathﬁ
Nd&é6 4451 éjﬂy@ﬂtybﬁr@@pm@zm ¥ y ph@tyhgfmméﬁyn? - 53060 #.5¢t

2000 BB R BT R UR O o N3 By Barobyoeloamice:

N{(@I(GI-YJL( HEEHW—M)Iﬁ@th?IaJIBXd)ﬂlperazm 2- yl)phenyl ammo) 4-methyl-5-oxo-
hoI|n 4-yl) et hyl } phenyl) %
P-dihydiepymze- %Yﬁy%jﬁ@ﬁv}ﬁlfpﬂ)’é Gy1.$- t?f%@ll‘?;/}%henyl ) -

h 2- b d
33"1‘%)11&?%[5?%{0%?‘&4 AR RREIT) (et hyi ) car banoyi
4- (emaBp)tlbel-(r?o - (4 (1-isopropyl-4-methyl-3-oxopiperazin-2-yl)phenylamino)-4-
I t hyl } ph 5- di h
AN R R I R A e
N/ 2{3 Q@Mgi hirphanes %X%ﬁfp@l%’éﬁ‘m 991)3héﬂ‘yla{m§o) 4. ﬁle(l{yl 5-0%0-4.5-

hydr oxyazeti d (nor phol 1 n-4-yl) - 2-
oxoectlhxdrq)memy-ﬁ}yl) -2- methylphenyl) -4,5,6,7-tetrahydrobenzo[b]thiophene-2-

am n@ﬂ)r net hyl - 5- oxo- 4, 5- di hydr opyr azi n-2-yl] -2-
net H tﬁ)r’féﬂ\}#e} 4,5, 6, 7-tetrahydro-| - benzot hi ophene- 2- ca

(Sl)ilmzcam deg1,4- Nunétﬁyl 3- 6x&plﬁerémh(zdylmhylhﬁlﬁ{obmwh}l 5-0x0-4,3-
( hoI|n4yI)methI

am no
hyﬂrgpmm@r)db%mz ﬁplzaryl)]iﬁz,6ﬁetﬁﬁ§hyslr®ﬁqu[b]4moah¢r@ 2-
H 7I—éa I Iohept a[ b] thiophene-2-carboxam de; N {3-
[ 6- (“%° 4 F‘{d" et hyl car banoyl )

(R()rm(;nr@ t4-t- ADnIn):mgt Blsobcbpibeﬂamhq}z ﬁlﬂpﬁbﬁ)f}aﬂnm@téhmleth@} 5 oxo
0x0- 4, 5- di hydr opyrazi n | phenyl }-4H, 5
7H, 84»5 d&vérqméa& af])-3 meawméﬂﬂéag BstErRydiebengo [t{]

3-
| - 5%‘0%11%"&%%&%@?%& E;}P)d 2- oxoet hyl ] phenyl } am no) - 4-
(Shre )Ry (35604 024D bacdhyiyd inopyt F(wbpfbp&}(mleih‘ylaammh% phenyl } -

4H Souiogﬁllyf)gilesnl;}ian% g)l h ¥ ty?[Sb(lxot 4{1 % di y%?oepyram aE %Xf m de;
methylphenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide;
N-[3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl]-N-methyl-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;
N-(3-{6-[(4-{1-[ethyl(methyl)amino]-2-(4-ethylpiperazin-1-yl)-2-
oxoethyl }phenyl)amino]-4-methyl-5-ox0-4,5-dihydropyrazin-2-yl }-2-
methylphenyl)-4H,5H,6H,7H,8H-cyclohepta[b]thiophene-2-carboxamide;

158



N { 2-nethyl-3-[4-nmethyl-6-({ 4-[(nethyl carbanoyl)
(nmor phol i n-4- yl) et hyl ] phenyl}

W@ 400039337 0x0- 4, 5- di hydr opyr azi n- 2-yl ] phenyl }PET/US2008/077054
4H, 5H, 6H, 7H, 8H cycl ohept a[ b] t hi ophene- 2- car boxam de;
N-(3-16-[(4-1 [ethyl (nmet hyl) carbanoyl ]

(nor phol i n-4-yl ) nmet hyl } phenyl ) am no] - 4-

N4TB(6rf [4 Bk, odimeth - ﬁbhg';ﬂp@wnézylrphﬂnylla}mﬁe yréthathylHeoyd-3.5-
4H, 5 7H, 8 | ohe hi o carpboxam de;
N ( hx eps[rmn 2&{%@%@@%&@@ égﬂﬂ}y ﬂi*DQ %B‘Phﬁéﬁﬂ%ﬁ%‘
(0T Qb |
yl ) met hyl }phenyl ) am no] - 4- net hyl - 5- oxo- 4, 5- di hydr opyr a

N4 B146- Z{Ay‘-[l} 4- Z}mqrthylhgfbmmmrhz)m&wlﬁjhgﬁﬂ] anHipo }-4-methyl-5-ox0-4,5-

| A RO B R TRRRT S RSk R ar Fhredh iy 2!
0 X 0 ey b thRPEENE 3-carboxamide;
am no) - 4- net hyl - 5- oxo- 4, 5- di hy dro]){razm 2-yl] -2-

N8ty piheazeyidin-1-yl)-1- [methyl(propan 2-yl)amino]-2-
44{_'er5xt%b§1}_l[]§ﬁ|1_én$ F‘ér(l:ol()oi] n{% hy g]otxro]lép 8. H% ceiropyraz{nb )3(/ I'Q de;
[ 4- (rhethylgherll hyH;31,6M L, Pia+cacloneRa¥l thivpRene 1-catbamnile;

Néf?{s@b%é dimshylobgrenipaiezio gt yLrberdianinghdmyathyls-sea-fo-
xybeq og,gaz(l% &63@&9&99%/@%9&&@8% 552008/ ALi054 N

[ 2- c
[ 4- (chﬂ#bxdmnrw;hyl 3- oxopi perazi n-2-yl ) phenyl] amno }

NG| ‘Eaﬂ%’tﬁ%]’ BB RO raZins 2P AYHREIRA T4 mediyh S oxe-

t 3-(6-
o gl TS SRR R 6

- 4- nenhythiophenco2-darboxamide;

NS P OLERE s it s bR B hing e ol oxo-

N [B54dbrydfopyrazin-2-yl)-2-methylphenyl]-4H,5H,6H,7H,8H-
[ 4- (1 4@3 mé)tyﬂ | - 3yoxop| peyrpa2|}r,1 2- yI)phenyI] am no }

-4- @p]@}apptgﬂa&tﬂ@@phelga 2-carboxamide;

B L e e e

{ [Adlﬁ%drlépﬁhmhﬂ} -2 3-dimepiyieadi-a;5%, yhdtphedpl - am no }
- 4- et hyl - 5- oxo
di hyREDEPICRRF - QZQ%b?XaZmé@dl fl uor ophenyl ]-4,5,6, 7-tetra

Wid-3-BP£01 Bl £39 'E;?l?p 1nl'%(>41{1 1-5-
NI[T%: {]1, 43&??}& ﬁy’l -c%?o gp‘? pé?@ in- g y r;ﬁg?u]/ naﬁ‘i noeet1y >
- 4- netobd; b -dthyydxapyfazhr-2-yl)-2-methylphenyl]-4,5,6,7-tetrahydro- 1 -
di hydr opyr a fl uorophenyl ]
-4, ?eﬁz‘gtxiogﬁ?%i&go’iarﬁéﬁzot hi ophene- 2- car boxani de;
NJ\{B [%3{‘{4(l (]?(‘d.u{leth lcarbamoyl)(morpholin-4- ylgmethyl]ﬁhenylﬁammo) -4-methyl-
4-(1, 4-di et F,]yl - 3- oXopi perazi n-2-yl Yphen amno }
-4- rﬁapk@#lé&iibxcboﬁyr@zin@—yl]—2—methylpheny1}—4,5,6,7 tetrahydro-1-
benzothiophene-2-carboxamide;
N-{3-[6-({4-[(diethylcarbamoyl)(morpholin-4-yl)methyl]phenyl } amino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl]-2-methylphenyl }-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;

159



di hydr opyr azi n- 2-yl ) - 6-f 1l uor o- 2- net hyl phenyl ]1-4,5, 6, 7-
tetrahydro- 1- benzot hi ophene- 2- car boxam de;

WORWY/OB3T chl oro- 3- (6- { PCT/US2008/077054
[ 4- (1, 4-di met hyl - 3- oxopi perazi n-2-yl ) phenyl] am no }
-4-

nmet hyl - 5- oxo- 4, 5- di hydr opyr azi n- 2-yl ) phenyl]-4,5,6, 7-t
Neté Jr{élrhtlyzm{ E@tl%d(?g@lqﬂﬁhfbiampbk}ﬁmrﬁh@i%b@b&r&@} phbhyl)amino]-4-
c -3-(6-4 .. .
[ 4- (et ﬁyla? ﬁﬁ?ﬁyﬁ{ dibydRByrpErad i B IRBRRAY P i Frojehydrgy -

et hyﬂenéoth%ﬁetﬂ: Dedbbydhiapyrazi n-2-yl ) - 2-f1 uor ophenyl |

t rahydro-1- benzot hi ophene- 2- car boxami de;
NKB {pdi4& Ihﬂ(b—ﬂl@d@xycﬁhyl{(methyl)carbamoyl] (morpholin-4-

L g Eegag R Eerad b g 2
4 Qn@chIF)h&{yll)aJDS @mte&abmaqtﬁane&h%ﬁel%z cabbriakde;

or o-
N]{P£[6((i4 4263+ hﬁdmyyazsumdpylﬁrér(amrph@mﬁ Yptienyl] amino }
oxo- RORGTIRGEAV g I Rmstyl5-sgort Tiatugiomnein 212
4 5m6th71 hétyl A, melrahp@ﬁaobénzomMene’z2Q:aftb@xrameple

1 WD 2009/ 039397 PCT/ US2008/ 077054
N[{Q [éy(éﬁ é(_dgmi:t@ylc%rbamoyl) (morpholin-4-yl)methyl] phenyl }amino)-4-methyl-

L Spf HsfmhiubyduARONIReAahIpRe)) BRSNS 7RO
-4, &yﬁloﬁepte[tbﬂtampﬂeml-chxémzmidepphene - car boxamnm de;
N6 e bemo By BsrRStaA-Hme Gy eV M ingh eyl 5-

- 4- Ly b Py X GrythzRi-2-y1]-2-methylphenyl }-4H, SH, 6 H, 7H,8H-
di hydropyrazm fal g] lrjngrgp%/reln}c,il}n 2-yi] 7

- 4, B:yGI,OYiepte[tbﬂiamPhcmrrZwalbemmtdhl ophene- 2- car boxani de;

Nﬁﬁv_té[gkgf_‘ E‘g:(%zlﬁﬂal: R bR Re S Bﬁ@lmﬁﬁnyl PR L4
ot Eﬁ?mﬁeﬂ?ﬁi&‘?‘?%@%ﬁmﬁﬂ T A ko ¥ ke

[(R)CYG tphpRd¢RPPREY] (propan-2 yl) am noj
t h
NTR b P RERE M e e Ry | o
met rm}maﬁwhehﬁemam gajxods, 56[Hydhipty19‘dzrri\12 yl1hdi}-{

4- 4-di et h | ) ph |
[ fﬁﬂ ﬁ% I ne 8\{{ cyclohepg[‘t?](tehrlgpzﬂe?le 2- %rlgor))(ar?lrll e; I amno

N??g (zﬁ féﬂﬂj}l@e‘ﬁ;ﬁ):&g{bgﬁlﬁo%@né@pﬂolﬁl i)&é‘t}%ﬁiﬁ¥h§15a'}h1h§r4

am de;
ahéthyle5-8x¢-8;5-dihydropyrazin-2-yl }-2-methylphenyl)-4H,5H,6H,7H,8H-

L_‘t4 h&%cg)hgﬁtgﬁ)t]tm/ophene grbggz{n%zdlen 2-yl)phenyl ] ami no} - 4-m

N-(3-{6-[(4-{[(2-hydroxyethyl)(methyl)carbamoyl](morpholin-4-
yl)methyl}phenyl)amino]-4-methyl-5-oxo-4,5-dihydropyrazin-2-yl }-2-
methylphenyl)-4H,5H,6H,7H,8H-cyclohepta[b]thiophene-2-carboxamide;

N-{3-[6-({4-[2-(3-hydroxyazetidin-1-yl)-1-(morpholin-4-yl)-2-
oxoethyl]phenyl }amino)-4-methyl-5-ox0-4,5-dihydropyrazin-2-yl]-2-
methylphenyl }-4H,5H,6H,7H,8H-cyclohepta[b]thiophene-2-carboxamide;

4-tert-butyl-N-[3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-
5-0x0-4,5-dihydropyrazin-2-yl)-2-methylphenyl]-2-methoxybenzamide;

160



0X0- 4, 5-di hydropyr azi n-2-yl ) - 2-met hyl phenyl]-4,5, 6, 7-t
et rahydr o- 1- benzot hi ophene- 2-carboxam de; N [5-(6- {

WO 2000/03989di et hyl - 3- oxopi per azi n- 2-yl ) phenyl ] BEA/O820p8/077054
- 4- et hyl - 5- oxo0- 4, 5- di hydr opyrazi n-2-yl ) pyridin-3-yl]
-4,5,6, 7-tetrahydr o- 1- benzot hi ophene- 2- car boxam de;

N [6-(6- {

N{[ﬁ—-c(ﬂb,rcél—3€{6¥($4-l(]}/H-dﬁimethp]gji-pemapd:mmﬂ-zjj/l)pﬁ&ﬁyﬂ}’dn]ﬁna}n4Ftﬁet}1y1 5-

- 4- met oxo- 4, 5- di hydr opyrazi n-2- yridin-2-yl]
4 506 By B Do PR e de

N- [rnghh Her?é i @arb{)xamlde
[4-(1, 4-di hyl - 3- oxopi pera2| n-2-yl ) phenyl] am no }

N-[B,-(ﬁ{{[%yll 4-51methy1 3-oxopiperazin-2- yl)phenyl]ammo} -4-methyl-5-0x0-4,5-

ot aiyarob b any b kil talE ARG 0 %6

{ [4be€1%otlﬂr héﬁétil}éitrggxé?%l@@' perazin-2-yl)phenyl] amno }
0XO-

Ndiﬁﬁ@d ifbblyﬁlézmﬁhﬁ %rp§or8p¢raum2oxﬂmhﬁwlmn9} -f-methyl-5-ox0-4,5-
/-1et 1- b b d
162 B EH0GHO8a 50 S LB BENT 43 PR B
[ 4- (Bendotiophérdey- cﬁdoommuaer azin-2-yl)phenyl] amno }
-4-met hyl -5-o0x0-4,5 ) )
NG G d b ST PyemipaainRophe s uming] frmethyl-5-ox0-4.5-
I\fﬁ ch_ﬁgédé(}ﬁ)?ﬁiiﬁﬁyﬁﬁ9;61diﬂQ&%§R&1|§i]9495‘,%[“7‘-3&35}%@1?(9??(am de;
[ 4- (Bendotiophtdey2-c@boxapidger azi n- 2-yl ) phenyl ] am no }
NG SR PycrsperatingryibRgyjamino)-4-methyl-5-oxo-4.5-
benzoﬁ%l o}g}ﬁgzﬁlg 2 iﬁz g?%ﬁg%ﬁgﬁne%yq—4&6,E—§fitr(ag¥dr{o—1—benzothiophene—2—
[ 4- (chrbbxdmmdet hyl - 3- oxopi per azi n-2-yl ) phenyl] am no }
- 4- | - 5:0xp-4, 5- . . .
NG E AR Ponieshp RIS i pl st -85

- t etdinyep@azin- 2%&%%1&@91%@1@5/1311&@1]&05 817 @&ahydro-1-
4-tert- but yI 1{

[ 4- (tPHZlOthloﬁb@hﬂ Cgb@%tlj@lﬁper azi n-2-yl )phenyl] amino }

N TR s P - ropies i R BRIy
I berliaﬁyldi!—oxo-ml-ﬁ[ Sh§dropyrézil2-yl)phenyl]-4,5,6,7-tetrahydro-1-
- et hyl - OXOpI perazi n-2-yl)phenyll anm no }
- 4- mlﬁ«;ﬁ iophepienl-gargoxamide;

Y, | thofruys -5-
R S R o R S e R
N- [ 3ox(064, 1{d«ilh3(dkopyedzhy2-y3)—2}ﬂupnophﬂ@i]l 415 B; Wteyrphyeing1}
t hyl - 5- oxo- 4, 5-
di hDﬁP%WPQEE <3} )’Xazméem f1 uor ophenyl]-4,5,6, 7-tetra
NPy LRR1d-5-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]Jamino } -4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)phenyl]-4,5,6,7-tetrahydro-1-benzothiophene-2-
carboxamide;
N-[2-chloro-3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-6-fluorophenyl]-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;

161



benzot hi ophene- 2- car boxam de; N-[3-(6-1[4-(!
- et hyl - 4- nmet hyl - 3- oxopi per azi n-2-yl ) phenyl] am no }

WO 2000084391 - 5- ox0- PCT/US2008/077054
4, 5-di hydr opyrazi n-2-yl ) -2, 6-di fl uorophenyl]-4,5,6,7-t
etrahydr o-1- benzot hi ophene- 2- car boxam de;
N-[5-(6-1[4-(4-ethyl- |

N-{Peyimd-5 36 <{)E@Ieﬁi,@éfmhﬁ-QeWp)mhﬁﬁyB]yI@héM]a}nino}-4-methy1—5-

-4-met h - OX0- . ,
4, 5-r %}a iadreprarin 2yDphanylr s Copistalydro- 1-benzothiophene-2-
4 Rabbokakdd: ahydro 1- benzot hi ophene- 2- car boxam de;
4-tert-butyl - [ 6-(6-

N{[i-(@ x| [4#lfjwanﬁyyl-sommrmn@zyl)phgny]a)xphehmn]lethyﬁﬁaoxcH,S-
5 o;%fl%y%%?m Aropterepysdinr 3 3t uP - YR bz ani de:

N- [ Soehbothlophéde-2-8iBYkandd@xopi per azi n- 2-yl) phenyl |
am no 4math|50xo45

4- mrwny Pl 43S irmethyisbasprdigie]hyl propan-2-
)ggzﬁgno]etetchayh]\f)ﬂenyl ?‘an%%g)zg tng]eltl(l)ﬁ I%eoxo 42 5- ayrdkf)gpxy%gm S yl]-2-
[4 (rﬁetﬁyl@h@hmydenzarm&@,pl perazin-2-yl)phenyl] amino }
- 4- met hyl - 5- 0x0- 4, 5-
4-Eﬁr'h%ﬂo%y{r3a[§r(ﬁ4i®>r(Flfzﬁthﬂa%fb@Bﬁﬂﬁmefhyl(mopan@-
- 4, R 7- - i - > i LT
165 VBB CEBNB AP R S 7GR o AR ALy 2
N- [ 3métylpheiny( ]%eﬁtdilmﬂe |
4- ‘Eegtelitif,g%hv?[?)éé dE%F(J %rlngth%l ; gpqgfprgilL 2- ﬁl)phenyl]ammo} 4-methyl-

4, 5- I I nyl]-4,5,6,7-t
et raﬁggar/g Sgﬂﬂ%enf%%?zﬁ%ﬁp lé%e&etg%lgiﬁégfgyg&qge N- [5 (6- {

[ 4- (@jrdetbylnmitoyproBylfbenpirpeleazi n- 2- yl ) phenyl ] amni no }

-4- et hyl - 5- - 4. 5- ) ) .
NP RS PRI LS s g3 e BpRE RS LPherYlpingligathy-S-
6. [756;42%%4 gilmgﬁ@opyrazhﬁgzygtilh&ﬂn@p}ﬁnamaj@ox@cPthi@ro -
nglnzqthm@hm2 garbxAiger azi n- 2- yl ) phenyl ] amino }

N 4{§ éggH::Yl dé} gbrﬁéﬁ 1-3- oyéopli)eirazin?”zl—}dg)r erlc%llaamlp?}—4—methy1—5—oxo—4 -
-4, alﬁyd}opﬁmmyﬂypynam benzns bi7apheidre Genhakiaphehe;2-
N-[ 6- (6- 1[4 (I -ethyl -3-oxopi perazin-2-yl)phenyl |
am rf@thoxamigeat hyl - 5- oxo- 4, 5-

NG oA R kbR g ettt s 0 4.

N[ &il(lﬁird}ﬁyﬂraz(lﬂ-ZQtlwhdlnIQ -yl]-4.,5,6,7-tetrahydro-1-benzothiophene-2-

- et opi per azi n- 2-yl ) phenyl] am no }
n‘é%!tiﬂ*?m@(oxo

N‘f?. %hﬁirmttmwf(ﬁaldﬂn&hyi 3- 0§0§1F%£1ﬁ@§15ﬂeﬂy1?arﬂ1|n])} -4- methyl 5-
tetrahydro- 1 benzot hi ophene- 2-car boxami de
oxo 4 - dlhydropyrazm 2-yl)-6- methylphenyl] -4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;
N-[6-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-3-fluoropyridin-2-yl]-4,5,6,7-tetrahydro-1-
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dihydropyrazin-2-yl)-2-fluorophenyl]-4,5,6,7-tetrahydro-1-benzothiophene-2-

carboxamide;
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39. A packaged pharmaceutical conposition, conprising
a pharmaceutical conposition of claim37 or 38; and
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51. The nethod of claim50 wherein the patient is a
human. 52. The nethod of claim50 wherein the patient
W0 2000k from cats and dogs. 167 WO 2009/ 03@GPVS2008/077054
PCT/ US2008/ 077054 53. The net hod of any one of clains
50 to 52 wherein an effective anmount of said conpound
is adm ni stered by a nethod chosen fromintravenously,
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168 WO 2009/ 039397 PCT/ US2008/ 077054 that permit
39det ekt 8(” Qci Plﬁz;[rglageu"tl Vlcto}éirgag’?h Ccto:n{]p%sﬁlél evel of Btk
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40. The packaged pharmaceutical composition of claim 39 wherein the disease

responsive to inhibition of Btk activity is cancer.

41. The packaged pharmaceutical composition of claim 39 wherein the disease
responsive to inhibition of Btk activity is chosen from bone disorders, allergic
disorders, autoimmune diseases, inflammatory diseases, and acute inflammatory

reactions.
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detectably decrease B-cell activity in vitro. 63. The
nmet hod of any one of clains 50 to 54 further

w@opsshPhg adm nistering to the patient an ePEBUSINE077054
amount of a second active agent. 169

42. The pharmaceutical composition of any one of claims 37-41 further

comprising a second active agent.

43. A method for treating a patient having a disease responsive to inhibition of
Btk activity, comprising administering to the patient an effective amount of a

compound of any one of claims 1 to 36.

44. The method of claim 43 wherein the patient is a human.
45. The method of claim 43 wherein the patient is chosen from cats and dogs.
46. The method of any one of claims 43 to 45 wherein the disease responsive to

inhibition of Btk activity is cancer.

47. The method of claim 43 wherein the disease responsive to inhibition of Btk

activity is B-cell lymphoma or leukemia.
48. The method of any one of claims 43 to 47 wherein an effective amount of said
compound is administered by a method chosen from intravenously, intramuscularly,

and parenterally.

49. The method of any of claims 43 to 47 wherein an effective amount of said

compound is administered orally.

50. A method for treating a patient having a disease chosen from cancer, bone
disorders, autoimmune diseases, inflammatory diseases, acute inflammatory reactions,
and allergic disorders comprising administering to the patient an effective amount of a
compound of any one of claims 1 to 36.

51. The method of claim 50 wherein the patient is a human.

52. The method of claim 50 wherein the patient is chosen from cats and dogs.
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53. The method of any one of claims 50 to 52 wherein an effective amount of said
compound is administered by a method chosen from intravenously, intramuscularly,

and parenterally.

54. The method of any of claims 50 to 52 wherein an effective amount of said

compound is administered orally.

55. A method for increasing sensitivity of cancer cells to chemotherapy,
comprising administering to a patient undergoing chemotherapy with a
chemotherapeutic agent an amount of a compound of any one of claims 1 to 36

sufficient to increase the sensitivity of cancer cells to the chemotherapeutic agent.

56. A method of reducing medication error and enhancing therapeutic compliance
of a patient being treated for a disease responsive to inhibition of Btk activity, the
method comprising providing a packaged pharmaceutical preparation of claim 39
wherein the instructions additionally include contraindication and adverse reaction

information pertaining to the packaged pharmaceutical composition.

57. A method for inhibiting ATP hydrolysis, the method comprising contacting
cells expressing Btk with a compound of any one of claims 1 to 36 in an amount

sufficient to detectably decrease the level of ATP hydrolysis in vitro.

38. The method of claim 57 wherein the cells are present in a mammal.

59. The method of claim 58 wherein the mammal is a human.

60. The method of claim 58 wherein the mammal is chosen from cats and dogs.
61. A method for determining the presence of Btk in a sample, comprising

contacting the sample with a compound of any one of claims 1 to 36 under conditions
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that permit detection of Btk activity, detecting a level of Btk activity in the sample,

and therefrom determining the presence or absence of Btk in the sample.
62. A method for inhibiting B-cell activity comprising contacting cells expressing
Btk with a compound of any one of claims 1 to 36, in an amount sufficient to

detectably decrease B-cell activity in vitro.

63. The method of any one of claims 50 to 54 further comprising administering to

the patient an effective amount of a second active agent.

169



