Certain Substituted Am des, Method of Making, and
Met hod of Use Thereof [0001] This application clains
w@riogp3ssy7 under 35 U.S.C.  119(e), United StatBGI/TUS2008/077054
Provi si onal Application Nunber 60/973,995 filed
Sept enber 20, 2007, and United States Provisional
- Application Nunber 61/050,777 filed May 6, 2008, which
ar e i QeaaipSaisechtod ahidenyMethiodrof Making 0ifiP)ietleod ofed
herein are certain subshi:;t ed am des and rel ated
conpounds, conpositions‘“E&Apff ¥ ng such conpounds, and
met hods of their use. [0003]Protein | dnases, the
| argest famly of human enzynes, enconpass wel |l over
[06@1] pr ot elmsapphiceti @nclsimByrasitnenddr 3adeS (BkD)19{e, Enited

menher . of the Tec faml rasi.ne ki nases IS
Stitgg Proxissmabfplgarigh Aviter Bl ARS ik SerlER oadft?, End
UnBldWiSePrRisiord S WppBation Nubhtetd 81,050,772 fledSMaY 62008, which

[0004] B-cel |l signaling through the B-cell receptor

ar¢ BCRyporrder haseid bygefgremcele range of bi ol ogi cal out put s,

j,ch ingur. end on the deuel opnental stage of th
o " e R Serl G PGP s S BE) Dol
cobopitiefis SahprisigostichlcehpotiRl irihetBoR: oféiatad
sql);%nal [ n%%rcan cause disregul ated B-cell activation
[080:3 or t HEOrEY Haasesthe targsst Roybridunamnsnannes segasypass well

i : Il it Oy / 0g| FeY o
ol 388 0000, YL 1Sy I B e ATy o
typésinie ikedesa gadivage gliator nfelyi Brc¢lKidelophidng adivel as mahse B-
ssqQciated with the inpaired maturati on of B-cells,
Ceﬁiaﬁ?lYﬁt’Qﬁeﬁgli‘Wn%@l ¥HY#n production, conpronised
[odo4e!l | i n?i%@l‘i‘%*i%ﬁ&liﬂg%ﬁﬁ%h HESRQER ?&eﬁﬂ&? (BeRKE lead to a wide
att'enuation of "the "sustai ned cal ci um sign upon BCR
rasgd ofillialbgioal. outPOQ 5{Hich wenmedepond o dherdsivelopfeBakstage of the

o 3L 54 L 8RR 0 me SRR S B

ABkmEBURC ek tedRUSMAlADER] Gusddikre@XarBIBcell fctivh@fitl@idor the
murine preclinical nodels of system c |upus

foapsttnerfietivgenic spteyantiBpdicsilepdiap éhevltiple al ey aroIN/ o

. ) : . . £ di _

i3 Halork BsE TR G B B BEARR SRR Anked ) o6 e

agaesiaplabnliniconiad X EAPTHIgdBedsk dganedimediodt the inaiteds and
can be | ess susceptible to S | ococcus-i nduced

maREtion of ?.—ceﬂlédfmlﬁsheéﬂa@waﬁﬁﬂg BiRyee comppirsed Trell-

inﬂgdeﬁdé}i‘t iRl b paids M mAHER LAk BN BE (Y856 Med Balbfifh sign
pat hogenesi s of “aut ol nmune and/ or 1 nflanmatory

umindHals esmulaBpwt ei n- based t herapeutics (such as

i t.uxan) devel oped.to .deplete B-cells, represent an
b s oo, Batece it il AP Bt & ebis aRowr SERRT g RBmune
dighdé afa/bmnhiiAoRRiRY Misedse 2as Bsen BRGARE iR BiBUK Gl Ghust N

B-cell activation, inhibitors of Btk can be useful as

mpgs. bFergremple, B dedardmagling pchaict ogedslcotzystewia Jipus
h. as [ V. nrod i 10 Btk ] | so
er&%%%%tsog%sd& ﬁﬁ?@é‘é@gg arslé)ys}?asﬁ% &c%e'f‘} Jéj rg%gt] lfﬁngl %%:I%?(gs and
athélorRRRrof st froglessiolTMbtaantr, Bok défligerf uticd tamiaf be
these cells. For_exanple, Btk deficiency in mce.is

regisi@pciogiereioning gollagsaiindired grhuidtang cag hedess sueptible to

| Welg kﬂﬁﬂ' L mnution of TNF-al pha and ot her
S’?ﬁ‘ﬂ%@ﬁ%@%@@t oKl ﬁge rel ease), and Btk deficiency in
[0606fans | sAdsgebody eftkwddnbe guppatth yherrehufeRicdlNrandltihlumoral

. production by activated nocyt es. 008] Thus, .
1H§HW?%Y§H¢6HH(§%/3 RHROSSEETS P 35}“%15%‘/{“‘8’& %&‘&F&F ogpatopediseases.
treatment of allergic disorders and/or autoi mmune
and/ or inflammatory di seases such as: SLE, rheunatoid
arthritis, nmultiple vasculitides, idiopathic
t hr onbocyt openi ¢ purpura (IEP), nmyast heni a gravis,
allergic rhinitis, and asthna. In addition, Btk has
been reported to play a role in apoptosis; thus,
inhibition of Btk activity can be useful for cancer,



(Formula I') and pharnaceutically acceptable salts,
sol vates, and m xtures thereof, wherein X is chosen

wd dﬁmﬂ\iﬁf‘d CR2; Y is chosen from N and CR3' Fct/Bs2008/077054
%osen fromN and CR3; provided that only one odf. §( Y
and Zis Nat atinme; Wis chosen fromNand CH, Vis
chosen from CH and N; provided that one of Wand V

R

analp;ircﬁaisto ﬂla?reamanhoismmbe:rmf lz:hmhﬂmlﬁne Ei&:l/manﬂhmaﬁmrjz rom
H CH3, CF3, F, d, CNa R3'_is chosen fromH
digepges. IBCC@ISG Oéﬁﬂcaw@lmr%celhact}@tw inhipiters R@F@—%ﬂrb%s?@ as

RS B AR ol SRR Bty o

[OOOEr ei n datkds aibdxgotprésecb'm d;midsgs mhsblls aitdadomectytes ané has

bep SRS B RO A G T o8 O 1o GEISREOR AR
de\jﬁﬁfch&nﬂl thite § 84St %tﬁq gﬂréﬂgﬁbfﬁe(ﬁh{eﬂ QRO LV ATon

they are attached to forma 4- to 6-nenbered
(magkeeidi dimiriutign [9& Nﬁgalgha&ardduhetru mﬂahmmorsscmluet; ral¢ase)eand Btk
t i.onal addltl it al |
el PR SRS ith g S AN PR B roh oy
acﬁpgtb(pﬁﬁhb%;t@ubst ituted wt h C]—| R7 is chosen from H,
Cl-C6 al k and C3-C6 cycl oal kyl, wherein said alltyl
[09@B]opt i o uSymbﬂimqn af Rtk actiiptcasrbe usefubnr ghe treatment of

allg ! :Blldgﬁtalcﬁdﬁ)? gﬁt% 1];1[1 %ﬁﬂﬁa 0 is Ll)Ch a3y SL%
B Bitmgnie FResh

en toge

rhéi(rﬂﬁbﬁ(a@h@ﬁﬁﬁﬁlh@ﬁ(ﬁ@c)dﬂhﬂ% idigpathie thﬂmtrﬂiwj?topchﬂc purpura
respectjive nitrogen atons to which they are directly

(THty BRI 5C hlams!ér @ ifiony. lnlon i hes bodn
re J}%ﬁqg f Aol 12?1& [53:31 ibitiOh 6F Ehyac?ﬁitg c&ﬂ B bsefd for

ptlon sub ed W th one or nore substituents
caodvosasrwdly asrth&ﬂ;:atﬁ;enta@f&-@lﬂ-l&;mpimnﬁ?andﬂdﬂd@ﬁnar Floreover, given

opt.i onal I, takntoe t he |troenatmt
e A Bl osPSan aRon e HoPuiba o5 BUS {28 et B et for
th@i&@éthﬁnféﬂb@m@@iébﬂﬁrsosu%h aggétéémls N, S or 0, wherein

the optional additional ring nitrogen is optionally

[06@Ast i t utRravided ks Gong®uadl kff Fommdadai d cyclic ring is
optional | subst’# uted with OH, R9 is chosen fromH
and CH3; osen fromOH, H and G -C3 al kyl
optional | tituted with N(R9:2;, Rll is chosen
fromH, and, CF3; and R12 |s/C1 C3 al kyl .

[0010] PI’FbVI ded%ax har ma Ncal conposition,

conprising a c ound, of of Formul ae I-DC,

together with | ea
vehi cl e chosen m/qarrl e juvants, and
exci pi ents. [OOlZl Prvi ded§s
phar maceuti cal conposg#ion, congy
phar maceuti cal conposition described
instructions for using the conpositio treat a
patient suffering froma di sease responsive to
i nhibition of Btk a(:t|V|(taF 2]Provided is a nethod
for treating a patient Vi ng a d| sease responsive to
andiphithdceoticatlly aBteptabbs dalts,tsp]vacenprd rmixogeathereof, stlexrding
to _the patient an, effectlve anount of a conpound of
X dshossielrem a%ﬁ Rae 1 -

Y is chosen from N and CR®;

Z.is chosen from N and CR3; provided that only one of X, Y and Z is N at a time;



[0013] Provided is a nethod for treating a patient
havi ng a di sease chosen from cancer, bone di sorders,
WwW@ea0siosashe di seases, inflammtory di seases, aRUT/ES2008/077054
inflammatory reactions, and allergic disorders
conprising admnistering to the patient an effective
anount of a conpound of any one of Fornul ae |-DC
Wi Ok Pfiowi NeddiCH;a nmet hod for increasing sensitivity
of cancer cells to che er apy 0 isin
V arhosrsirem; Napwematmewﬁﬁ% CRESTBE Aty and V
Wit hya gnﬁﬂpgperapeut|c agent an anount of a conpound
of any one of Forrmulae FI X sufficient to increase the
Rsisoboseniany of cancer cells to the chenotherapeutic
agent. [0015] Provi ded,i s a nmet hod pf reducing
nmedi cation error and -nhanC|ng thrrapeutlc coeriance
[ “-atedfor

descrlbed
i ncl ude contralndlcatlon and ‘adverse reaction

i 2 ackaged pharnaceutica
/method for -~|b|t|ng
' O-cont ag

-1 X n an anmount® sufficient to detectagbly decreafe
the level of ATP hydrolysis in vitro. [0017]Pro,|ded

detectlng a
in the s I and t herefrom

t hat pern1t detectlon of Btk act|V|ty,
| evel of Btk activity

anount sufflcneht to detectably decreasé B-cel
activity in vitro. [0019]f

t hey are used |nd|cates ot her'wi se. The follomnng

abbre 0Ns an ter 5 have the in ated neani ngs
throuho L 302 rel\g ar i gaghe
occu D han ﬁne ih a che i C fsor pa w

defini™tion on eadh occurrence Fs i ndependent of :

definition at every ot her o S ence. In accordance
wi th the 7 he" in patents,
refe —e anp ~o e or conpound or

"t he" k n or> conpound i s |ncl%5|ve of one or nore
3 . The broken bond "2( |nd|cates t he
2 g ein, "alkyl™
5-—hydrocarbon
of-sCar bgggat ons. For
enconpasses both straight and
: of from1l to 6 carbon atons.
Exanpl e groups include nethyl, ethyl,
propyl, isopropyl, mn-butyl, sec-butyl, tert-butyl,
Rbﬁ&%&kmiﬁn@ﬁpt}L;F'@PE&DKM&H%Mﬁ@EﬁﬂCFﬁ hexyl ,
2- hexyl, 3-hexyl, 3- nethyl pentyl, and t he Ilke When
an aIkyI resi due havi ng a-specific nunber of carbons
is nanmed, all geonetric isonmers having that nunber of
carbons are intended to be enconpassed; thus, for
exanple, "butyl"” is neant tg, i nclude n-butyl,
sec-butyl, isobutyl and t-budtyl; "propyl" includes
n- propyl and isopropyl. [0022] As used herein,
"modul ation"” refers to a change in | dnase activity as

br an¢he



[0027] As noted above, prodrugs also fall within the

scope of the present invetion, for exanple ester or
W@mo%ﬂ;gﬁlvatlves of the corrpounds of any onep&EPigod677054

DC. The term "prodrugs” includes any conpounds that

becorre conmpounds of any one of Fornul ae |-DC when

adm nistered to a patient, e.g., upon netabolic

2p [ prodr ug. Exarrpl es of prodrugs
Rl%(?cﬁs%%fp%ﬁ?i%ﬂr{pnot limted to, acetate, formate, and
R*tie nbaranb éroant, CHseCBe i @ht@Nesd@Cngnctl onal groups

3(su h as. al e in the corrpounds of
%8?1%1 %?m%g:zﬁ%% Eec’- ‘?é&%ﬁ} The term "sol vate"
R‘*rgferstothe chem cal entltyformed by the

i nteraction of a solvent and a conpound. Suitable
sol vat es are Rhar rraceutl cally acceptabl e sol vat es,

such as hydrat udi ng m)nohydrat es and

hem - at es. [0029 Nhe term "chel ate" refers to the
cheni e{? JERTTAY forrre -byRet he coordination of a
conpound t oga i/on at two (or nore) points. Such
a nmetal ion incl ude - and Mg++. [0030] The term

"non-coval ent conplex™ refers to the chemcal entity
for nmed gg the interaction of a conpound and anot her
m ggithosen BOREING 13 a coval ent bond is not formed between
H&Qﬁo&gwgqﬂqu the nol ecul e. For exanple,
conp exat1 on can occur through van der \Wals
Riinthosan tioomH, Ch-ﬁdmﬂgéranﬂ@adﬂmploalkdl ethectin exd atkiytis

tor PRV ARORENC BB iR ST oL S g g, and

bet v@en;.an el ectronegative atom (al so known as a
6hydrogen bond acceptor) and,a hydrogen atom attached
R%ip chosea diomH and|GatGovalkyl; of BT efaptienadly dakepdpgother with
kno roge Uit abl ro
bon gir%%) eﬁ‘X% accglb?%ﬂl%yare W Or%%mstﬁogoydéJI pigibered
medigchating harhg 041yadd{Gional NPS 6B efhe@ﬂ‘dﬂléophonal additional
McC el l an, The Hédrogen Bond Freeman, San Franci sco,
1960‘ngntr%F91 ig opHeRALLY subgitvsd with (iytdr Bldrandsaid cyclic ring is
To¥alt @g%@d al s", Accounts of Chem cal
Rese rlc 2 3Psu q?@g)%% (1984)) [0032] The term
R"jachosee fla)gth CHG;; aﬂg&chntl@y(ﬁ;:bycmaﬂcyh vwiteedin gaitl abuyt ist y

whi ch h I t t t d
A AL T AN MR L o g

util G)é(_‘ypcfé!k lzﬁ'ﬁﬂaﬁdw a?@%‘itib%a%%ﬁ&n @Mth@ﬁwﬁﬂ the —
ant i - c%ncer t her apeuti c 033 e term

L he¥ @HOME(IR ¥ &H: %Cﬁtf)li\é(tﬁ ifegranm)tmwgltﬁle acsm:nm@ mittbgef atoms
R S i P S

Rk @HbRE fidni Heernartelttt:g akﬁea@éﬂetn ééitpzhkﬁﬁs ap@dﬂagp ghbsBfutef with
synpt onms, slow ng of disease g__resm on,

pr e 8¥tar mprgﬁuhﬁlg@aggh@@ from Ql-h Q%QQHB aPI B‘ and R® are
ff t
Se C ?02%13 }éﬁ 3%'312 nﬁgﬁ&‘ ‘gﬁ]f‘ At "g %églsaéﬁsl'}r{ eés gvglnczl% e}; %8 attached to

i nhifoiriacin t®6- nE’dereﬁted Eyefit Ying haviag 0] md@@@amnssm (8 wherein
t her apeuti cal lc{ effective anpunt is_an _anou
1)

suf e PRIRNAE addidonpd Eing RHEQEEN &5 QRYOBARY sqha@mge;dﬁfp%ﬁgcoﬁlkyl

bon IS i ¢ disorder,

Che S R R Pl OFF Dot o1y
Rdllsshma,frcmﬂtdmel@yﬁptorrs of an acute infl amTatory

RO G ORI 1d Gt R PG e PEREer § VRS o

t he nunber of detectable cancerous cells in an
organi sm detectably slow, or stop the growh of a
cancerous tunor. In sonme enbodi nents, a
therapeutically effective anbunt is an anount
sufficient to shrink a cancdrous tunor. In certain

ci rcunstances a patient suffering from cancer may not
present synptons of being affected. In sone



[0040] In addition, B cell activity also is intended to
include a series of events leading to B cell clona
wepsnsizegn (proliferation) from precursor B | yPgiiosap0ser7054
and differentiation into antibody-synthesizing plasna
cells which takes place in conjunction with
anti gen-bi nding and with cytokine signals from ot her
R'¢ & difosen MENIDAHPIRAAOFHEAd US2008/ 077054
£0041] "I nhibition of B-cell proliferation" refers to
Ri s ols el of proliferation of abnormal B-cells, such

cancer A -Ss
[OBRICo'E et B i i EOMBO R cS pliSing d¥omfibund of
an'jriolnla obFéinnacol DE-togrther prith 4t lesadrieqibrmandintieyaiceeptable
rease Qr any eII_Fﬁ%ajflcant decrease in the nunber of

Veﬁl hogen fgppypafr upRys,FdiexCipieds: Thus an
i biti I dsitich, WobMsif
[ODEHY 21 e S A e RELRR LM, KO hifg
an mpharma@usaaipbmpoﬂnomdtsedbw kerein; awhrpound of any
ae .1-1.X as conpared to a.. tc d s | e
ot BCBRRbT AFIRR e RS gD e CouAoT B E PR or
difa§EtekpdisRleith aihatition oPB&Oacki¢ftgr s to observabl e
|nh|b|¥|on of B-cell proliferation in a standard
[00Rini di neProwided sor method fergtraiing apatng Bpying a disease responsive

o blioR s R R B Dol B RS 25 s et Sh St Pe”
adloanoh@Sorﬁpbdrﬁ&Q aipbheof RamuldedsIXor equal to 10

cronolar. In_sone enbhadi nents, a, conpound of any one
[0813]Fo r rrul 2revideq 36 1ymsthad fordepgtipg p patiqns §§VIP& alisspsesosan
frbf CL!I?C%iCPOH? BisoRferd #0g; ﬁﬁe dishs &L TR14 §Ha§es chte
compound of any one of Formulae 1-TX IC50 val ue
1nﬂemmatdm reaotioresgerad alteogid ﬂ1snai¢nsrmalnmnsn{g_(mmﬁ]1mmg td thegpptient

"al |l er i sorder fers t acquir
arri s R Bet of ¢ foround ey ne el FAMERUEHS. Al er gi
[oeeqdi ti onsol el WLmeHe8 T mé&lehs%%ée@sﬂhbitﬂ bt Efhce cells to

coryza, hay fever, bronchial ast , urticaria %hlves)
chgmytifesand, mmmsgm%innam@brmgﬁ@ﬂ patieniuedergeias chepetherapy with a

cHeRitherehls Tns b §RGE o7 aRop B S arSlonb WP ELERRAL BHOTY

sulfidiv@Ms irtichse ﬂférseaéi@ﬂty efaahdarictls mfthet ﬁ&:nmﬂﬁemmut: @gent.

i nhal ed agents. Asthnma is frequently, although not
[08%3) usi vePrpvised v medad i raduging predicssion prey fqu&nhancmg
B s D h e (AR ol S PR v (o phibiion
ofB tktaaridiay, dlepaethn@tmmpnmeg proofdisd apa&hgaﬂthaﬂhgrﬂuﬁtai ance

such as_ Student's T-test ere < 0.05...[10046] A
Pwa%rg%%%eswiﬁfﬁgwm Fhegsin ﬂlﬁ.%ﬁt&%‘ﬁn%ﬂd&é{% m%%
ctdIRIRaB6n b MVeRR rézi&ﬂb@ &ﬁfbﬁﬂmﬁhl@eﬁmﬁﬁfg&o Fﬂﬁé)p/dcﬁ@g%da

t herapeutic benefit such as an anelioration of
pleymptantrsal cdappation i n di sease progression, prevention

ofief'vi 7y BvidedFET elBRio pRbet T bbyPRLRls, BLHIAT
c&ﬁﬁm@ cﬂﬁﬁa%un BBl dxpressTBS BERith 9.compoliad 6f £81dn8.of Formulae

basophi | s, macrophages, neutrophils, and dendritic

I-Bein ay) amoyny @wffl]menm%bﬂy dicrqase feilongl ofAARIydra)ysis in
sibheat ment of a disease in a patient, including: a)

|nh|b|t|ng the disease; b) slowing or arresting the
[0daYE! opmeRfovifed 64 4 fiethdd foydataliBing @rdfresency of Biki iavisagple,

the di sease, that is, causing the regression of
CQPHIREFONEAFFPE Hifssamplrowsl o ppapeRd eranpf 08 @ﬁ??ﬁﬁtaﬂaeal-m

di sease neans causing the clinical synptons of the

di sease not to develop. [0049]"Patient” refers to an

animal , such as a mammal, that has been or will be the

obj ect of treatnent, observation or experinment. The

net hods of the invention can be useful in both human

therapy and veterinary applications. In sone

enbodi ments, the patient is a manmal; in sone




111/- HN--( (Formula I') and pharnmaceutically
acceptabl e salts, solvates, and m xtures thereof,

W%ﬁﬁ’@%@@ is chosen fromN and CR2; Y is chos&lﬁ%@%ﬁ)\}mﬁ

Z is chosen fromN and CR3; provide
only one of X, Yand Zis Nat atim; Wis chosen
fromNand CH, V is chosen fromCH and N, provided

t,hat £ 0 and St N_an nd. V are.n bot.h.
P gr SRl b Pt B W A RS At P b Rty
in e, safdle, GhdttherdBdna BetefiidingBe pieSereh 08 SkchdedT Hik &l thel;

R3 is chosen fromH CH3, CF3, F, d, CN and OCH3; R3'

sappleehosen from H CH3, F, Cl, CNand OCH3; R4 is mis

OB AR ARAN ol ERRTAR AR e

conhaetigd cells @k preadiky Btk with pbmpahnd/ofunl hé bfiF@thuld NEOMEn

or nore 'SUngi:# uents chosen fromQH, F, and OCH3; R6
amount HEEEignE o slgtertablyfleerpasssBel petiviyin Riraand R6 ar e

. N o .
(008 1" s SREGH e AR Bl e oS 08 b AHOHR Shrases
are galerallyrintegddibtoibage the Inaitigs aopettforith bSowr exdeptvih elicedxtent

o PR R L IR SR, | SRl Y,

abBRY1aB8AY bt RHAShIVEUREHdWatD hdnif3e thisught@sen from H
Cl-C6 al kyl, and C3-05 cycl oal kyl, wherein said al kyl

[0020]opt i ondd tsgd dateit, ivtheh edy wiridbloeeusrmengrtkan one time in a

HERIRRPAE B TR o BoRbatePaget iepoheprento s odfinifion a
evByREEH(00B)SRoR.) TiGceObk BV ith EHeQidRal idaBLBbItHeand “the” in

respective nitrogen atoms to which they ‘are directly
paggintsp Eafergnéce farex pnples torarétasel orgaeppaung op (the’Rginpss or

. f. - - ! , rejn,sai L i
cofiBARRIn AT B e o sbte Rnlor WS Fnl bR oshd
hosen fromOH, F, and OCH3; or R7 and R8 are
<&ptiopally taken together with the nitrogen atomto
whi Elﬁir;?aﬁeéil}h%?%mfé‘i’éaé%ﬁrgae%. forma 4- to g menber ed
[06xQ! i ¢ riAguPaviens, @mkfﬁcéﬁbsmpmés haight Haif andiah&ied

the optional additional ring nitrogen is optionally
hydigsetbion ghaig having tiglindRast pmbenef wsion atgos. | KorreixagplesC-Cs

sy oh &t ha s BBttt 854 Pahchad dnaiang of BB 1ol ¢ bSh

§.i Bnahplys SUHISH iokdtine GhoMidem @Rl ,  h-B @Il
oI, DEEh SR et ipS inchdd i IRy, Blobyl Bcpips - buigm
seg-Optyhitert b FeRwh2spenty. isepantyd. neppentids hexiyh 2-hexyl, 3-hexyl, 3-

.

o TOREATE ey, el SRFLD 95058 oD 05,

cafdn5 8| ameciesll acomeito odheeytiaingdhhtsnaMiten df darbens@rrt intended
%Forrmlal-a wherein | t2 . ]

to be encompassed; thus, for example, r'butyl" 1s meant to include n-butyl, sec-butyl,

isobutyl and t-butyl; "propyl" includes n-propyl and isopropyl.

[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



R2', Ra, 10, KX, Y and Z are as defined in Formula
). (Formula I-a)

WO 20343897 cert ai n enbodi nents, Wis CH and V i BCMUS2008/077054
(Formula I-b, wherein RI, R, Ra, KX, Y and Z are as
defrmed in Formula I'). (Formula I-b) [0055]1n certain
enbodi nents, X is CR2. [0056]1In certain enbodi nents,

th¢ bempandanng Somﬁ:aﬂnble preesendr dacward kinaseaactviof by-direntllya

wher ei n and Z a e .as def.i ned
blp%ngg}%mape ’by cal(aq-li&ﬁ gﬁqegﬂﬂ?r Fgggﬂyp An qrtfgqtﬂr to increase or
deFOOgyt}il n cier?tmg{llv;}t§ J}lbgofl rrenw t he g%ﬁp%—ljgndsé %ﬁie?%%gﬁgthe

anprtmseﬁhnase\meﬂent]mthaelbcﬁrd?gmnma 1l wherein R, R,
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present invention are of Fornula |V wherein R, RT,
sitRationRAthe Ringle exantiemars ar diagisradatern 6., PPy aotive formg Tan be

ob%ned by asymmetric synthesis or by resolution of the racemates. Resolution of the
racemates can be accomplished, for example, by conventional methods such as
crystallization in the presence of a resolving agent, or chromatography, using, for
example a chiral high-pressure liquid chromatography (HPLC) column. In addition,
compounds include Z- and E- forms (or cis- and trans- forms) of compounds with
carbon-carbon double bonds. Where compounds exist in various tautomeric forms,
chemical entities of the present invention include all tautomeric forms of the
compound. Compounds also include crystal forms including polymorphs and
clathrates.

[0024] The present invention includes, but is not limited to, compounds of
Formulae [-IX and all pharmaceutically acceptable forms thereof. Pharmaceutically
acceptable forms of the compounds recited herein include pharmaceutically
acceptable salts, solvates, prodrugs, and mixtures thereof. In certain embodiments,
the compounds described herein are in the form of pharmaceutically acceptable salts.
The compounds of this invention remain part of this invention even when they are in
the form of chemical association with other chemical entities in the manner of a
chelate or a non-covalent complex. The terms “compound” and “chemical entity” are
used interchangeably herein.

[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, acetaté, lactate,
methanesulfonate, p-toluenesulfonate, 2-hydroxyethylsulfonate, benzoate, salicylate,
stearate, and alkanoate such as acetate, HOOC-(CH;),-COOH where n is (-4, and like

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



(Formula I'V) [0061]1n certain enbodinents, Y is N
[0062] I n certain enbodi nents, the conpounds of the
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(Formula V) WD 2009/ 039397PCT1US20081077054 [0063]In
certain enbodi nent s, Z is CR3. [0064]In certain
nts he_c f the resent i nvention
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certain enbodiments, Zis N [0066]In certain
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sofent angdreaping thepglutign gvithy angcid. s acgerdeneriwith C%Wiﬂp%ﬁlr
S GEREYI 18 R SERPRERSTL SURRR BT 6 s
thean wall rece pinieel ivanents syntR2ic methbdologies that may be used to prepare
non-toxic pharmaceutically acceptable addition salts.

[0027] As noted above, prodrugs also fall within the scope of the present
invetion, for example ester or amide derivatives of the compounds of any one
Formulae I-IX. The term “prodrugs” includes any compounds that become
compounds of any one of Formulae I-IX when administered to a patient, €.g., upon
metabolic processing of the prodrug. Examples of prodrugs include, but are not
limited to, acetate, formate, and benzoate and like derivatives of functional groups
(such as alcohel or amine groups) in the compounds of any one of Formulae I-IX.
(0028} The term “solvate” refers to the chemical entity formed by the
interaction of a solvent and a compound. Suitable solvates are pharmaceutically
acceptable solvates, such as hydrates, including monohydrates and hemi-hydrates.
[0029] The term “chelate™ refers to the chemical entity formed by the
coordination of a compound to a metal ion at two (or more) points. Such a metal ion
include Ca™ and Mg"™.

[0030] The term “non-covalent complex” refers to the chemical entity formed
by the interaction of a compound and another molecule wherein a covalent bond is not
formed between the compound and the molecule. 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,



[0070] I n certain enbodi nents, the conpounds of the
present invention are of Fornula I X wherein:
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chosen fromO and 1; n is chosen fromO and 1; R5 is
Frehiass$ah ﬁdﬁctdca,nwéolRCﬁathiO KRG, thakegen Bad H
and C1-05 alk or R5 and ar e opt| onal | y taken
t%@eoﬁé n&atlﬁ%‘trh% ﬁ.,eﬁsgéﬁset%tﬁrmsa IAkriseasch, Hdy PRy 3g0-326
(19 ?ched to forma 6-nenbered cyclic ring having 0-1
dc? tional N, S or 0, wherein the optional additional
[00821g ni t r Digeterm Saapeiagaa! ksynssd bsindicateecchaitidal €btit¢C3vhich has

alkyl: Ri7 h from H and, Cl- 06 alkyl wherein .
biglosipaladRyy; I GBI DEHs ST e Y b RUMBo g ging
PB4 M IR @RI Gt AL )y by bdcor RO

and | e are optionally taken toget her with t
thegp®REC( R9) (CH2) . C(. 0) N( R8) - group through the

[()Q??Jggﬁteidv y t he na@%%tgcgﬁ% Fﬁa&&ef‘ @Frfo&.lnf’ grc%ﬁg)lo{ng &l this

in¢&@RAMmdang Gh htn@ﬁﬂlt Bofte, 3Hel lhdm@fistt:@d @8 hifhaR benon-human
optionally taken together W th the nitrogen atomto

pafient ko preEide artherapausic heuefit sushvasamelipration & spptoarsetiowing of

dlg%lgé gl%lgFésag hog‘é)a{l%ngor} cﬂgéatsé 8 ala tlll\éra uﬂEal&efY@aﬁfe‘[eérﬂount

I 'ona tTonal rrng n fro
msyrbetut ambet suffidientio dedraukkihe; syﬁi@tdnss cﬁhaﬁ&rasé regponsivana
and Rl i.s chosen fromH and Cl1-C3 al % e[0071]In .

m@é’l“t% ¥ BikpsdyiRe ip sompepbogimants, a dharapepti YR agnoypt is
ﬂ[éncgl ¢ kQRilreht & ﬁ&%&ﬁ?ggce?m @ﬁ?gﬂ Hﬁn&l%’syﬁhtoh% SHOREBisbIRIT the

0073]I'n certain osen from
sy} bharcatergic rilserd@o,ctha!rsmmﬂpmﬁam s awthingennd anoliorCH3,

.E, d, and H [0075]1n certain

inflgSatony R B o EpORR g AR AR R B RIS e

erffodiMeftd @Qﬁd}aﬁdhﬁﬁélgﬁfeoﬁve anSurelis ad An&&t le@ffiRdient to decrease
enbodi nents, R2 i s "CH3. [|0076] In certai n enbodi nents,
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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
ihﬂammatory response. In certain methods described herein for treating allergic

disorders and/or autoimmune and/or inflammatory diseases and/or acute inflammatory
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whigh g Bk GRS ONGHt A [ PR GoMBHG: Sic6 45 Bb R giton of
syhlitptgiﬁés d%%ﬁé 15@[’5\5!136%0 sfﬁc{rph ﬁe]venﬁ/olq) &r(d%lag%@ R¢Nse onset, or

hyl ) (et hyl ) car ba phenyl)
mhmztmm) ofzhbnmmmuﬁt;oo{@enaﬁ ot Hyphs dmpnacites; @stgat]as; Betelly,

mp R OETY Bvaioal kel Bisamtilt, Mdfobfa g t?%P%IS[ an dyripfic cells).

[09&7 bamoy 19 daiilehybhrdafin Zin@ans]an treatment of a d1sease in a patient,
met hyl | phenyl | ami noj - 4- net - 0X0- 4, 5-di hydro

pyra2|n 2-y1]-2-nethyl phenyl

}-4H, 5H, 6H, 7H, 8Hcycl ohept a[ b] t hi ophene- 2- car boxam de;
4-tert-Butyl -N-(3- 6-[(4-1

[ et hyl (et hyl ) car banmoyl ] (4- & hyl pi perazi n-1-yl) net hyl |
phenypam nol - 4- et hyl - 5- oxo- 4, 5- di hydr opyr azi n- 2-y1}

- 2-met hyl phenyl ) benzam de; 4-tert-Butyl-N 1346-0




(R-N(3-(6-(4-(1, 4-D et hy1- 3- oxopi per azi n- 2-yl ) pheny
| am no) 4-net hyl-5-o0xo-

WOL®AINYHr opyr azi n- 2-y1) - 2- net hyl phenyl) - 4, 5, BCT7US2808/877054
hydr obenzo[ b] t hi ophene-2-carbox am de; and
(S)-(+)-N-(3-(6-(4-(2-(Di net hyl am no) - 1- (i sopropyl ( net
hyl ) am no) - 2- oxoet hyl ) phenyl am no)

in&udmghyl 5- oxo0- 4, 5-di hydropyr azi n-2-y1) - 2-

| phe 7-tetrahydrobenzo[ b] t hi ophene- 2-ca
r bo%)gm dem}{“It&l t{‘%g-lsease

[4-61 4y ggl%@%g $h oo R RAPEN R bet o ARANYlABIG Cunli/ox
d| hy)dr opyrelieniing meidis)ea@ fhat isyéaisiagyild reirersiohyl clinigl 6, 7-
t et rahydro- 1- benzothlophene 2-carboxam de; N-(3-{
6- [ ( 4- Symp OIT11S.
[0d4diet hy! (PP r@&&nnﬁ%( 4dREQY |nﬁaﬁ§&£1%iﬂ§'tﬁe Minicad symptoms
oxoet hyl | phenyearni no] met hy1- 5- oxo- 4 di hydr opyr az
ofjthe @sga:sq_ not-to develop. .
OB oAb alef o el Wit &) PRERLAL AL BOENS A
ba} tﬁir dbjﬁﬁfqmrbgﬁn@% Qj}hfgﬂﬁtﬁ:ﬁi dr-eZpdtiich@tie Mhk Inclio 3 @f the invention
- 4- met 0XO0- -
Caﬂlbﬁylé?fﬁb*)ﬂrbﬁh human dherapy gad HeErREY pRRliCtIPRS: HYISPREL hyl ) a

cﬁlﬂ%} tﬂ ?lg lf%g‘%%‘)‘gfé@%g# %ﬁt& &%l§§%g1§§ s]{thfl ﬁg}tfent 1|s human;

and4n sEhé yﬂledm&nts-tHe patient is choscn from cats and dogs.

ydr opyr azj n- 2- 2-flu thylphenyl] 4,5,6, 7-

lpggﬁrahydf%mvﬁm B%%?%WﬁWBﬂﬁgE rTgrb oxami de; N-1

316- (14425 (azetigin-1-y1)-1-[net hyl (propan-2-yeam no]j -

2-
oxoet hyl ] p H{anino)-4-nethy1-5ioxo-4,5-dihydropyraz
in-2-yl1] -
nethylpﬁ%nyll 4
car boxam de; hb 3-(6-

Yicl ohept a[ b] t hi ophene- 2-

-yébhenyl] am no |
phenyl]-4,5
am de;

N43-(6- [4-(4-ethyl- &-nethyl-gx
opi perazi n-2-yl)phenyl] am no |
- 4- met hy1- 5- oxo4, 5- di hydr opyrazi n-2-y - met hyl phenyl
]1-4,5, 6, 7-tetrahydro- 1-Epenzo&piophene-z-carboxanide;
N-[3- (6- {

ar{dAph@aﬁn&‘teﬁﬁéaﬂ -208dpble SQXQOPIRE! A% Mokt IRy lergifi NO

-4-me
Xma@smﬁommmgﬁyrazu n-2-y1) - 2- met hyl pheny1] - 4H, 5H, 6H

Y&EF%Q ﬁ%ﬁi@ ggk@@?]thlophene 2- car boxani de;

Z [dehplerdfreth Moty CR3- ey aippeiaziln ode yf Xpiieny 7 N oo time;
- 4- et hy1- 5- oxo- 4, 5-

Wais iseres ipmadi WdLE1) - 2, 5- di met hyl pheny1] -4, 5, 6, 7-tetra

Vlg'?/g{ogﬁrﬁ%r?%e(gﬁ%éﬁg\p %w&d%h%ng% ALY must be N and W and V
[4 (dre dodbateiNy 1- 3- oxopi per azi n-2-yl ) phenyl I am no

-4- rret

o%& ﬁ“@*é?ﬁydropyra2|n 2-y1) - 2- et hyl pheny1] -4, 5, 6, 7-t
etrahydro- 1 - benzot hi ophene-2-carboxam de; N-{
3164{41(di et hyl car banoy1) (nor phol i n- 4-yl ) met hyl ) pheny
| am no) - 4-net hyl-
5- oxo0- 4, 5- d|hydropyra2|n-2-y1]-2-nethy|pheny11-4,5,6,7
-tetrahydro- 1 - benzot hi ophene-2-carboxam de; 316-({
4- Rdi et hyl car banoyl) (nor phol i n- 4-yl ) net hyl i phenyl
am no) - 4- met hy1- 5-
oxo-4,5-dihydropyrazin-2-y1132-nethylphenyll-4,5,6,7-t
etrahydro- 1 - benzot hi ophene- 2- carboxam de; N (3-{
61(4- {
[ et hyl (net hyl ) car banoyl ] (nor phol i n-4-yl ) nmet hyl | phenyDa



oxoet hyl ] phenyl } am no) - 4- net hy1- 5- oxo- 4, 5- di hydr opyr az
in 2-yl]-2-
nyll-4H, 5H, 6H, 7H, 8H cycl ohept a[ b] t hi gpHe

car o%?gﬂfde 4-tert-butyl -NL3-(6-{ [4-( Shngiorross
1, 4-di met hy1- 3- oxopi per azi n-2-yl ) phenyl] am no }
- 4- et hyl -
5- ox0- 4, 5- dlhydropyraaln 2-yl) - 2- gt hyl pheny%] - 2 net ho

T Jr 0- 3- (6-{

~p|pera2|

4- (¥p, 4- dlnethyl 3- bxopi per azi n- 2Iyl)phenyl]an1no ,

[

}-4-nethyl- 5- oxo- 4, 5-

di >y ylpheny 4 5,6,7
- : . X&f de (6-
1-4- nethyl 5- oxo’4 5- ’

dlhydropyma2|n 2- yl)FZ 6-difl ‘phenyl] 4,5

e tetrahydr
I\F[3(6 { ’
AY*] am no

hy 1Ru

y k
3 ox--'oera2|ﬂ 2-y, henyl]anlno
&-5-\di_hydr ofy rgzlh 2- Dph nI] 7 te
trahy benzothicw S cqrbo a

N [ 6- ¢hl or o- 3- (6%

[4-(1, 4-di et hyl - 3- oxoplper = -yephenyl]an1no)-4-rn
et hyl A5 ”? é-

0X0-4.,~ @. FOp 2 rophenyl]-4,5,6, 7-t
etrahyoro- benzot hi ophene- 2- car Boxani de;

0-5-(6-{
- yligﬁ%iiﬁlﬁ:gizl henyl] ami no
o= hydr opyr az ep 35 6, 4nd et r ahydr o-
I-benzoth|00-- e-2- carboxani de: N12 chl or o- 3- (6-{
3 oxopi per azi n- 2-yl ) phenyf | am no}-4-m

0Xx0- 4, 5- dlhyoropyraZ|n 2-y1l)-6-fluorophenyl]-4,5,6,7-t

R?elk[cgbﬁéﬂlﬁfbnlfsi ?ggzpt@ ORh O ;2 OFPAICRRYY1 de;
cyano- -

RT ix qhpsen fgpmd] #ydiE:3- oxopi per azi n- 2-yl ) phenyl ] ami no} - 4- m

fs%ﬂésegfr&nh}/ldpgl yFa? C& CW)m(}]eny 3] 4,5,6, 7-tetrahydro
R? kMMM@mmﬁermmbma@m N14-(6-{ [4-0

2 4-di net hyl- 3- oxopi perazi n- 2-yl ) phenyl j am no} - 4- net hyl

RYi5. oxo- 4, 5-

di hydr opyr azi n-2-yl) - 6- quoropyrldln 2-y1]-4,5,6,7-tet

rahydr o- | benzot hi ophene- 2- car boxam de;

4-tert-butyl-N-{ 3-[6-({

4-1(S) - (di met hyl car banmoyD[ net hyl ( pr opan- 2-

yDami no] r net hyl ] phenyl am nB) - 4- et hyl -

0X0- 4, 5-di hydropyrazi n-2-yl] -2- methyl phenyl

}benzam de; 4-tert-butyl-N{



N-[5-(6-{[4-(4-ethyl-1-nethyl-3-oxopiperazin-2-yl)phen
yl ] am no} - 4- net hyl - 5- oxo04, 5- di hydropyrazi n-2-y1)-2-flu
wWorophayil] - 4, 5, 6, 7-t et rahydr o- 1- PCT/US2008/077054

benzot hi ophene- 2- car boxam de; 4-tert-butyl-N 16-(6-{

[4- (1, 4-di met hy1- 3- oxopi per azi n- 2-yl ) phenyl ] am no} - 4-m

et hyl 5- oxo- 4, 5 di hydropyrazi n- 2-yppyri di n-2-yl Thenzam

de; MN45-(6-{ R

[4-(1-ethyl- 3\%§_Qgpqra2|n 2-yl ) phenyl | am no} - 4- et hyl

- 5- 0%0- 4, 5-
dihy“"dﬁ?haiz<;§nyl) ﬁwﬁhﬁorophenyl] 4,5, 6, 7-tetrahydr
P

o- 1- benzot hj, e- 2-/ car boxam de;

N-[5- (6-{[4- (1, 4787 eNay1- 3- oxopi perazi n-2-yl ) phenyfi am

i nol - 4- net hyl - 5- oxo- 4,66- -

dlhydrogyra2|n 2-yl)-2- fluorophenyl] 4,5, 6, 7-t et rahydr
mdgs ghogermiremt] #hene- 2- car boxani de; N- 13- (6-{

t hy1- 3- oxopi per azi n- 2-yl ) phenyl ] am no)

% é? Rﬁxéﬁéigﬁ 5-di hydr opyrazi n-2-y1) -2, 6-di fl uor oph
Rigiﬁ yﬁd;seﬁ fﬁ)nﬁHYCﬁ—@s Rdaldy%/) ,chh@ Ck;st cycloalkyl wherem said alkyl is

enzot hi gphene- 2- car hoxani de; N-]

[ 4- (CPHRDAIHBORIEEted YR mBoE ﬁ“‘?ﬂ%‘e}lﬁ@ﬁ%fﬂ fxom (31T 2pd

ahwmﬁom345-

dlhydropyra2|n 2-yl)-2- fluorophenyl] 7,7-difluoro-4,5,
R‘Bl,s Zhdmn tfiziny Hrand T -Geeailrgdt bi Rpirei® @re oamtmahmm together with

4 L (S Bispen oMLY o HEFIEA 19T FplShTSSo
rﬂé’e ? e g{ﬁﬁ OB ORYS 82 Onw%eﬂéiln) thé oplistl adiasyal

ydro- 1- benzot hi ophene- 2- car boxami de;
|\|. [ a:r(@qrogen is optionally substituted with C;-C; alkyl and said cyclic ring is

[4 (glp(sﬁtag 1su%st?t)§9e8vplﬁ1r6ﬁ n- 2-yl ) phenyl ] am no) - 4- net hyl
R7d1|s R 6ke Eyon@di, 0725 % Myl, 3mf IQ4ar o@ Toalkiyi) -wheyelh s4id 511@1 % tet
rahydr o- 1- benzothlqﬁgene 2-carboxam de; N[ cg%ﬁ
[ 4 (th@flﬂ;}aasutsqa%fq@lyu wa‘bférsaliﬁ“ﬁ“@t%h})ﬁfﬁ’eﬁﬁ?ﬁp] b}

r@ yéz{“ %k)gi( %4 RS aq& Ey gleoa}{{oﬂéllﬁ‘faﬁeﬁ toedied fHRBRY T di

benﬂ@(ﬁ?)@(ﬂ%méhxcmwﬂém gteup Nit6ughBh¢ fespéctive nitrogen atoms
1-eth t hyl - 2- |

ot PP il B R i O PR B o 2 TR b R iy o
R&ixleho&n ?ro@l{ﬁ é[natalatbyadkﬁ *hbenzatdiirphe Bﬁn&raﬂ%ﬁl@ﬁﬂ{fédjﬁmh
1 4 @nee:tx mydre wmﬁbpnb@ha&anrfrczn O, ;fhenq/ OCHziprR’ and R® are

d| hy%P Bgﬂyatf}(?{l Tﬁ’getﬁffr Wb FESF BRST EPR 1S WM. Hessarg ataghgg to
r ahyfdeaals thehaahtiraphiene ﬁwamhgnamdﬁuonam 8-of ®, wherein

[4- (1, 4-di et hyl- 3- oxopi perazi n-2-yl) phen lan1no -4-me
t hy jthe opienal adgglitional ring nitrogen is 0pt1ona y subs ed with C-C5 alkyl

di hy = 5 1]1-4,5,6, 7-

et 1 B e R R Y 76
RTﬁchéwﬁﬁhthhmnﬁmml 3 oxoplpera2|n 2- yI)phenyI] am no
Rt hépﬁgﬁéPSQﬁgﬁgm§ Cag 3r g)};/%gza{lﬂ; subg/tltu g _w1thlﬁ{Rq)g;
Rbf}é‘él%&‘l RBHPE@GCI%%&;{H@P xagyde; N-1546- ({

N [ (2R) - 1, 4- di net hy1- 3~ oxopi per azi n- 2- yI]phenyI
énsﬁoﬁédﬂnbthyl 5- ox04, 5-di hydr opyrazi n-2-y1] - 2-fl uoro

nyll- 6,.7-tetrah
[OHE zot hi o@ﬁ&ﬁ@“iﬁg’é’ﬁ%%ﬁ?n%e“ (Ndz- IPée{thEEbOdlments R is H.
[0d5% di et hyl ceﬁa@@gmoaﬁﬁéﬁé R'2if |-haryl. ] am no
}-4- et hyl-5- oxo- 4,
di hydr opyr azi n- 2- yl) 2,6-di fluorophenyl]-4,5,6,7-tetra
hydr o- | benzot hi ophene- 2- car boxam de;
N-{546-({4-[(2S)-1, 4-di et hyl- 3- oxopi per azi n- 2-yl ] phen
yl I am no) - 4- net hyl - 5- ox04, 5 glhydropyra2|n 2-yl1l]-2-flu
orophenyl } -4,5 ,6,7-tetrakydro- 1-
benzot hi ophene- 2- car boxam de; N 6-[6-({
4-[(2S)-1, 4-di met hy1- 3- oxopi per azi n- 2-yf| phenyl }



[ 0088] The present conpounds described herein are

potent inhibitors of Btk. While not being bound by any
wéﬂ@g}fhyg”;ertal n conpounds have inproved pr °pei3$f"i‘/%§2d0§}077054

the formof greater efficacy (as neasured by, for

exanpl e, the inhibition of Btk in whole blood and the

inhibition of B-cell activation in mce).

89] Met ; 1oht al ni RG - I nds pl

058501 pedingran A 10 1 NEaI S i ORRROEe yhercin &'
RSKRY, RY, X, thendaZ tire 5 dicfindal i Formckdyr es bei ng descri bed,

for exanple, in the reaction schenes and exanpl es

bel ow, andS\n the“references cited herein. See, also,

U S. Applicaii No. 11/371, 180 ,US2006/0229337),

filed Marcly’9, 2806, which is Uﬁcorporated herei n by

reference inits Hrety. tion Schene 1 R

[0090] Referringfo Re ' d, Step 1, to a

suspension of a Y | a 201,

bi s( pi nacol at o) di syeh—=qs pot assi um

acetate is added aboui .,0.03 equh @ 1,11' _

bi s(di phenyl phosphi no)- ferrocene]di opal | adi um

(1'l') conplex with dichloromethane (135 The reaction

IS heated at about 85 C for for about 20 h. The

product, a conpound of Berrmulal-£03, is isolated and

i onal | urified.. [0091] Re ri.ng.t eact i .ol
(088K 1. Bt ot oL DR sy SEmatas Elhssein R
R%',%@Rm,ﬁ,w&ﬁa&a%%ﬂﬁémﬂﬂfrmﬁﬁrqy' a 203 in a polar,

protic solvent such as nmethanol. To the mxture is
added hydr@&gen g#&S. The reaction is stirred under

bal | oon pre of hydrogen at ,roomtenperature for
about 13 h The:Broduct, a conpound of Formula 205, is

i sol at ed &nd opt i ed. [0092] Referring to
Reaction Schene/1, St uti on of about an
equi val ent of aﬁi a 206 in an inert
sol vent such as & portionw se
to a solution of a co 5 and a base
such as triethylam ne®n an i néftT s\ veny/su€h as
di chl oronet hane. The m xture is stir at room
tenperature for about 16 h. The product, a conpound of
Formul a 207, is isol at edranailopb) onal |y purifi ed.
Reaction Schene 2 0 Br (1)1-4-Step | WO
[00950/ 03930 7RETLUSANARAGAY 864 ER093] Referring to
Reaction Schene 2, Step 1, a mxture of a conpound of
[0066)ul a 3Bicertam eaxtmdgser(ts Urhcamspainduof the Presentiinainént sije of

of bi eopentyl. ghycel.aba).di bar on; bout 0.3
P OVBRRIGR 1 R B IES S bt i ahin Sladir Hormtaa’s

ferrocenel dpchl or@pal | adium 1.1 conplex with

di chl or onet hne; /and a base such as pot assi um acet at e

in an inert golvant s as digXane is heated at

refl ux for Rabout t, a conpound of

Formula 303, is i itonal ly purified.

[0094] Referring % Re Step 2, a

m xture of a conp 1N

pal | adi um on-car bon i

acetate nethanol is tr&ated wi tHh—=46 vefr ogen for

about 2h at room tenperature. The pf\ , a conpound

of Forrmula 305, is isolated and optionally purified.

[0095] Referring to React¢8§n§3 me 2, Step 3, a

sol ution of a compound o ormula 305 and a base, such
[0087] r i et hid @staimeznbodamentneX s 80l vent such as THF is

treated dropwi se with about an equival ent of an acid

chloride of the Fornmula 306 and the m xture is stirred

at roomtenperature for about 15 m n The product, a

conpound of Formula 307, is isolated and optionally

purified. Reaction Scheme 316 N. --R11Br-R11 501503

uch as et hyl



R [0096] Referring to Reaction Schene 3, Step 1, a
m xture of a conpound of Fornula 501, about an
woezp9eEnt of a conmpound of NH2-R13, and an iPEVUSIH0Re7054
such as 1-nethyl-2-pyrollidinone is heated at about
130C for about 1 hr. The product, a conpound of
Formul a 503, is isolated and optionally purified,
[0088]r ei n R Beitsin eDO8iRjeRed érerdonpotindsReédbd presenbotventtorBare of

Step 2, a mxture of & conpound of Formula 503, an
FOé‘SE‘EESIg WRSGR Rasﬁabfg uf 1 %Qn%& val eeaﬁld§§m‘&4 m‘f"&’%‘ﬂlﬁgu nd

of Formula @07, akeut 0.05 equival ent of

tetral ci s(t Nyphedyl phosphi ne) pal | adi um and a base such

as 1N sodiugrcaronate in an inért solvent such as

1, 2- di et helxyet hape_iys heat ,2? about 100 Cin a

seal ed pressure 16 hr. The product, a

compound of Pt f=ated and optionally

purified. [0098]]I

phar maceuti cal &nposi®¥ on or fH
Accordingly, the invention provi des Yha
formul ati ons conprising a conpound of any one of
Formul ae | -1X and phar iLahl y acceptable salts,
sol vates, and m xtures thereof, together with at | east
[Oggbl-j phar rﬁ%gﬂéih%ﬂ'{bloﬁin%% epftlzg_kahg’ vehi cl e chosen from
arriers, adjuvants, and’excipleéents.
[0061]99] Phan reesit ehbabinyenas dedoaipoandedtithé pesent ivehtonire of
sufficiently njgg purj t y,and sufficientl%_IOM/
ForgmaladiVt yhergine n Ber Rt hBmEs ui X and € ares dedinedinskormmiaoh to
the ani mal deing geeated. The vehicle can be inert or
it can poss&gs plarmaceutical benefits. The anount of
vehi cl e enpl in conjunction/with the conmpound is
sufficientrto proyidg a pr i¢al quantity of materi al
for admi nistrati ¢gh pe [ of the conpound.
[ 00100] Exenph% ceptable carriers
or conponents th such _as | act ose,

gl ucose and sucrose; %starches, \such Qrn starch and
potato starch; cellul o&e and it a;\ vesk' such as
sodi um car boxynet hyl cellul ose, eth e/ | ul ose, and

nmet hyl cel l ul ose; powdered tragacanth; nmalt; gelatin;
talc; solid lubricants, sich stearic acid and
magnesi um st ear at e; calgfun1§ﬁﬁpate; synthetic oils;
[00€1jet abl enakltsin embolirsitp&anN. oi |, cottonseed oil
esane oil, olive oi|, and corn oil; | yol s such .as
0862y eneNGFyRIgIembgifeas, e cmv@wi{o the it pventigfare of
FRuYLY DHRAE RY! NE R, Al 1, RhE REC:E 55 BIRRAARFSmILE f e

solutions; emulsifiérs, such as the TWEENS, wetting
agents, su as §Bﬂiun1lamyl sul fate; coloring agents;
flavoring a§§nt§, tabl gting agents; stabilizers;
anti oxi dant g, praservgtives; pyfogen-free water;

i sotonic sfline; Nbuf fer sol utions.

[ 00101] Opt i onal included in a
phar maceutical c 0 not substantially
interfere with th the cespound of the
present inventiod. [08102] Effective trafions of
a conpound of afy one Bf Fornul8e T a -
pharmaceutical'ly acceptable salts, s®lva#tes, and

m xtures thereof, are mxed with a suitable

phar maceuti cal accept abl@®ox@iladhie. I n instances in
whi ch the conpound exhibits insufficient solubility,
nmet hods for solubilizing conpounds nay be used. Such
met hods are known to those of skill in this art, and
i nclude, but are not limted to, using cosolvents,
such as di net hyl sul foxi de (PMSO), using surfactants,
such as TWEEN, or dissolution in aqueous sodi um

bi car bonate. [00103] Upon m xi ng or addition of the
conmpound of any one of Formulae |- |IX, the resulting




exci pients suitable for the manufacture of aqueous
suspensi ons. Such excipients include suspendi ng
woERMhSaz0f Or exanpl e sodi um car boxynet hyl cel | Ub@FBs2008/077054
nmet hyl cel | ul ose, hydropropyl nmet hyl cel | ul ose, sodi um
al gi nate, polyvinylpyrrolidone, gumtragacanth and gum
acaci a; dispersing or metting agents;
ural | A for exanpl e,
[ﬂﬁﬂﬂlthanhggﬁ%gn satloﬁ prggﬁcts of an al kyl ene
[0@6d]de wi tTh cbaﬁih)enﬁ)odlﬂmms‘ dre coxapophds cpffcthq meye&it imseatien are of

ste r ondensatyd Qg pr o ts of |de
B VbEEreH miar Rotet e & BUn0FE, Srsinelarasie
heptadecaebhylene@uycetanol, or condensati on products
of ethylené\oxidé with partial esters derived from
fatty acids Na hexitol such @s pol yoxyet hyl ene
sorbitol glbstitite,, or condqugtion products of
' [ esth\ers derived fromfatty
anpl e pol yet hyl ene

et hyl ene oxi de
aci ds and hexit

contain one or gr—exanpl e et hyl

or n- propyl p-dydroxypenzoat e. ;[ 00 R

suspensions nmay be formul ated by su\ g the active

ingredients in a vegetable oil, for exarple peanut

oil, olive oil, sesane oil or coconut oil, or in a

mneral oil such as |iq(Famplr¥bfin. The oily

pensi t. keni ng agent, for

[Oﬁééjrrpl e gielégﬂv\%é %%g&gﬁe%és?gfpw or cetyl al cohol.

[0@@et eni rig cagﬁﬁfeﬁlb%ﬂﬁlﬁhn&ﬁ ﬂiﬁhﬁ&ﬁ)o&ﬂds dfahé Presdmd VidvenfibWare of
flavaoring agents jrmay be agdg rovi de_pal at abl e

Fogpgla YH atheredn RorR> RThBseRo &p@@ﬁ@o BREs ﬁ%ﬁneéén Epeaia deqd

by the addbtlon gfo an anti - oxi dant such as ascorbic

aci d. [00133! haf maceuti cal conpositions of the

invention Nso be #n the foym of oil-in-water

e a vegetable oil, for
exanple ol i ve oi or a mneral oil, for
exanpl e |i que of these. Suitable
ermul si fyi ng agen be Yat ural | y- occurrlng guns,

for exanple gum &acha or dtm
N 61 SOY
partix er s derived

natural |l y-occurring p
bean, lecithin, and esters or

fron1fatty acids and hexitol, anhydrid for exanple
sor bitan nonol eate, and condensatlon products of the
sai d partial esters wi t foanpla e oxi de, for exanple

[086)} yoxyetﬂ g I%:m[ Q‘IHEB%? elnc%ln}ep%ﬁlg pr etqg g'élg’eL%lﬁ vfengon aré of

ers and ST Y

Fomueoum ﬁhﬁrﬁ&lffsll an, By, RHe artidni @i’ ok am&emednﬁ@ohﬁela L
the active |ngred|ent in adm xture with a dispersing
or wettingRagent suspendlng agent and one or nore
preservativ ﬁﬂltabhﬁ di spersi,ng or wetting agents
and suspen@f ng agents/are exenpflfled by those al ready
nment i oned "above. ¢ typically conprise
conventi onal_, 3 abl e adjuvants as
i nert dlluents ‘ A \ car bonat e, sodi um
car bonat e, nannlﬁ- | act ose==d ceII- bi nders
such as starch, ' tegrants
such as starch,Ral gi nife acid ant O
| ubri cants such as magnesi um st ear at & earic acid
and talc. Gidants such as silicon dioxide can be used
to inprove flow charactepingilh §59f the powder m xture.
Col oring agents, such as the 1-D&C dyes, can be added
for appearance. Sweeteners and flavoring agents, such
as aspartane, saccharin, nenthol, peppermnt, and
fruit flavors, can be useful adjuvants for chewabl e
tablets. Capsules (includingtinme rel ease and
sustai ned rel ease formul ations) typically conprise one
or nore solid diluents disclosed above. The sel ection




di oxi de, sodi um pol yacryl ate, tetra al kyl ammoni um
snmectites, trialkyl aryl anmmonium snectites,

W@ Regi038bTy nodi fi ed magnesi um al um ni um si | i CBEBUS2008/077054
organically nodified nmontnorillonite clay, hydrated
alumniumsilicate, funmed silica, carboxyvinyl
pol ymer, sodi um carboxynethyl cellul ose, and ethyl ene

[0868jcol nUhamﬂMaanﬁbdumﬁﬁ@IéS&Gbnpounds of any one of

mul ae J-1X ma so be topically adm nistered in
[ form FEFW% §3W@qﬁ9§ r?kgystens such as smal |

[09*7?]' arel | ﬁrceﬂﬁﬁ'eﬁ{b%ﬁlmér@sr %R M ANE ditthe pesdd In?v%ntlé’ﬁ]g'e of
tilamellar vesicles. Liposonmes can be forned from a
Forguilel¥; vdferqpirosphol i pi ds, such as chol esterol,
stearyl am pe and phosphati dyl cholines. [00126] Ot her
conpositio usgyul for attaining system c delivery of
t he conpouE?LLn&Iude sabl i ngual ,, buccal and nasa
dosage fo% it typically conprise one
or nore o pst\ances such as sucrose,
sorbi tol angsnm ANg such as acaci a,
m crocrystalline carboxynet hyl cel | ul ose,

and hydr oxypr opyl—fret . Grgant s, '
| ubricants, 3 \ dant,s and
flavoring agent% dlsclosed abov'@l A be 1 ncl uded.

[ 00127] Conpositions for inhalation typically can be
provided in the formof a solution, suspension or
enul sion that can be adFdghail£rgd as a dry powder or
1n the form of an aerosol using a conventiona
Rpisghesendram:(e. g. di chl orodi f | uor onet hane or
trichl orofluoro 5 . [00128] The conpositions of

[ R 36 ptlonally onprise an

penetration ancer s \and Qr it i N
[00129§4: o . : | @ &
may al $6 contai ddiy a9 i can be

chosen froma wide variety of nnlecules whi ch can
R%mnboﬁmthmFHCFheFﬂmﬂ(ﬂays to enhance the t her apeutic

cts f any one of Formnulae |-DC
8“%69¥%Egﬁﬁgpﬁ égtlve agents, when present, are
R* y5p¢}ﬁ,§éﬂ fro@ml @Y E£d dnd dlthe conpositions of the
Anventlon at a level ranging fromO0.01%to 15% Sone
Reitbodi nents contain fromO0.1%to 10% by wei ght of the

conposition. g her enbodi nents contain fromO0.5%to 5%
by wei ght of tYe conposition. WO

2009/ 039397PCTNISZ0081077054 [00130] The i nventi on
inclage@mn39§§§ed pha ﬁacgutical formul ati ons. Such
packaged for ations/i nclude a pharnaceutica
conp05|t|onﬂcodﬁ#%srﬁé a conpound of any one of
Formul ae |-1X and phalRpaceutical ly acceptable salts,
sol vates, and m xtures thereof, and instructions for
mUS cheh ROACORMRDSI tion to treat a manmal (typically a

human patient). In some enbodi nents, the instructions
n grehosarfrers iOrigdtlhe phar maceutical conposition to treat

2, g Fn a disease responsive to
RisH ééegﬁ%orﬁgg@td% a?:%ﬂ( |ty and/ or inhibition of

B-ceII and/ or nyeloid-cell activity. The invention can
i ncl ude providing prescribing information; for

exanple, to a patient or health care provider, or as a
| abel in a packaged pharnmaceutical fornulation.

Prescri bing i nformati on naylénclude for exanple

ef fi cacy, dosage and adm ni stration, contraindication
and adverse reaction information pertaining to the
phar maceutical fornulation. [00131]In all of the



cancer, including but not limted to hematol ogi ca
mal i gnanci es, such as B-cell |ynphoma, andacute
Wd% gypasRbAsti c | eukem a, acute nyel ogenous | euk@fiz®oos/o77054
roni ¢ nyel ogenous | eukem a, chronic and acute
| ynmphocytic | eukem a, hairy cell |eukem a, Hodgkin's
di sease, Non-Hodgkin |ynphone, nultiple nyeloma, and

RGQF Qﬁ%sef? lﬁ%ﬁ?ﬁ%ﬁxd‘é‘ gk AL GIRT A t%* dré gug%llg@&%ﬁ tog2thdr Bt
ati'c sys én1 and ‘bone di sorders
i nclthelhing gbm htonoto whioh theyl atecattasheeicp doms b 6~m@rﬁﬂ&&8 ¢yefik ring

S kno i nhibitor of apoptaosis in ly IIs
Def deringd- hadptigaldN, SO BRI theontioailk %ltrogen

and ;dpH8 1205 ks G qgnﬂkﬁukenlas and Iynphonas.
Thusl§| ?@?ﬁﬁgf prov?%e a nmet hod of pronoting or
undhmwn@mapﬂpmdéhssddkﬂeﬂksmaxpdeﬂgﬂngnﬁ@kﬂbanbﬂﬂswdgnm

I e

sol vad Sﬁtion%[lg tdkex kdleftier %ﬁﬁrtﬁ@iN(ﬂs‘?@él@zdcgﬂg éz(nmm@nswgmup

provi des nethods of treatnent in wh ound of
any threaghthefospegtiveenifropid) atamd tpwhichdbesiare dfortb' attached to
acc tabl salts | vates, and m xtures thereof, or a

P ﬁw%‘ﬂﬁdcy “HWE?naceutlcal conposi tion

Rst 1@ eh&eh ¥rom B dnle; QD) kA bit REarigeire @pﬁmuwa@nnagdtmtwnh
and al so i ncludes nethods of treatnent in which

conpdeAtrogen ateyn oriehish they ara atiehqd todormyad- to 6- merbered
phar ﬁce H{i% BQJIL %’ 0 %&ﬁ& 0?191 R § %{' bs wh%l%knvﬁg %gtio&@ gdditional

n1xt

pharmragc:ﬁtrbgazﬂls OPQWNEIshbmmtbdhﬁﬂthdfl}Cg alRylgi ven to-a
patlent onmbi nation with one or nore additional
Rgis chossn 41 éé’ fﬂ§3éﬂﬁltlonal active agent(s) can be

R@hyﬁﬂm&PﬂémH@Eh@ﬁﬂ(%%ﬂﬁ@nt'a'|y or consecutively with

a conpound or conpositi'on of the present invention.
[0pT0140] Thia cerisie reimbodimentsy; indis0. netchidzis eofbotmeatsyvns 0.of

b ol o @&?éﬁlgiehiﬂoém%i‘@é"é ﬁ}é”t?ﬁsw? £ a conpound

of any one of For

sol vat
in conb|~.
agenLSJ/[OO:

provi des a net hod of treatlng cancer, a bone di sorder,
[09ﬁ3]a| | er gnceargsmhodimemy.& 1arhosen BPMune and/ or

i nfl gmrt ory di seas and/ or an acute |nflannatory
react AR - es admi ni st éri aspati ent
in ne /ectlv- a ' sound of
any X3 al l'y

acceptabl e salts, éolvates and m xtures thereof,
(0084t her Im deltain mﬁﬁﬂnﬂemstﬁz\wc}agem fromifiHg,IF, Carand .

t t dj
O3F5L i RS i eesP e Had. ol and €N, In
cdriafd ARPRLREY:s oh%gaﬁ@sen@ O, Al e Egﬂaﬁ{%&ﬁﬁﬁents R?

reaction. For exanple the second agent may be an
isdril4.- i nfl ammat ory agent. Treatnent with the second

L P e T SR e Tt

Formul ae |-1X and pharnmaceutically acceptabl e salts,
sol vates, and m xtures thereof. In certain
enbodi nents, a conpound of any one of Formulae |-1X

and pharnmaceutically acceptable salts, solvates, and
m xtures thereof, is conbined with another active
agent in a single dosage form Suitable antitunor



[ 00151] Ot her enbodi nents of the invention pertain to
conbi nations in which at | east one anti-inflamatory
waeooupesmser i s an anti-05 nonocl onal anti body ( SRECHUSH08/077054
ecul i zumab or pexelizumab), a TNF antagoni st, such as
ent anercept, infliximb, and adalinumab (Hum ra(r))
whi ch are anti-TNF al pha nonocl onal anti bodi es.
celteR ] oBirhddts, R*HeH. dnbediimembsdiafentshR’ Isrhesdni fasm F and CL.
pertain to conbipations in which at | east one active

Inggugin e@omqwqﬁn&wm@@%g&ﬂm%ﬁa such as
e s G

cepthinambedinelitsTRTt 5 chbseh oo Hy €t BrClpard @Nn It certain

com natiqns W th R tuxan@ (R tuxisnab) or ot her agent
el mGRss, b?%eﬂb‘@%@@éﬁ?@%ﬁgﬂ é)E‘)?SG‘Q fromg g{q@ﬂg F n
c %o%iﬁﬁagf, §3§i§%h§seﬁffr&ﬁ e gidlen, for exanple, of

fromO. ng per kilogram of body wei ght per
[0078] can e cagsifgmbodimdnts, R éathoeert froh H hed Ci-Cs atkyl

above-indLcated .c i.tions (0,5, 0,7. er patient
oy iR Sareart T rotte PobSHBpbaR i bR Rt B O
CEARAL e eerthit BmbHBEmEARI RT B choseRfRmt FRand S 0041RyIA S ag@ain

formw |l vary depending upon the host treated and the
embdimenis.df” i epfrogubh medwl gthybsnd GeHag@Hu in centdr ns

e I ' [ 500 nmg of an

e@%&?ﬁ%§ﬁ?§§ﬁéa¥%ﬁ?E%FB31%%?@¥éﬁ%g%-§ of dosage may al so
[0079]y dependingin@mbobEnaey RS inchosaetiomrid atd€ ;I3 atkyt ulnar

di sease treated. |n some enbodiments. for exanple, for

cefipin qmbosimens, Rofis ahpsgn fropgh cmethgl el naprgpy and -propyl. In
Margal) ' Pgﬁpﬁ i a dosage

ce?tgﬁgl?érren gfl er%p’?{ G?régﬁd&% y or qﬁlétélgj %@qﬁ@éd In sgrre

[068@0di nerihs:ertaindodmdmmantgRiand 8f ate tekeropétheswittatheyitregen
used. .1 i 1| be uynderstood, hagweve hat. t he :

186 ieich ibkare POothed fo oraiy s A HIPES SAticGHE having O-1

AaddERAAAN U 8P OR whadelrPthY opfiorfada8dfisndl bk Wetkdden i @htionally
activity of the specific conpound enployed, the age,

subsfdtytedeyight-Cg alal dn cadaih embodimentsdReand Ry age tafen together
I ni.stration, rou of adnini.strati t .
B B R a0 bR oK S ABBLT I BBl Fpl rine
hapatd 0-¢ ubaitiofhl M6 B& O Nwhdreinpied bivhalidatogal Mg hiepapiy.
[ 00156] A | abel ed form of a conpound of the isnventki on
oRtighalbeSubsdtedsvith Hi-bgabot-i B EBRIN ERREIMSAIh K aRd Foare taken
1 . " g _
o8 2P RSEBRINSn BLH G LB HEEY) O,
mbthykpiperaziing, N ethytpipetsziofl drineorphalinght ingertamyembodiments, R’

i tionall for validating, .optim zing,
ary R 15 AP g T HLE e S hop B eyt Bey B st rgied
NIR&RYpipRALi 8 N@@Iﬂ@ﬁ?ﬁa?ﬁ?@i ther directly or

inditectly abel ed "w Label mhichzgrovides a
[0881ect abl kv csitgimaimbodingents, Rads diosen Hpe, Hihetbyle sbeht

e NZ Lodj es articles h_as _nmagnet..c
o TRt iR raREit RS 4 Aotk B Rt
(B0, esd -(E1H5),OBBC ith tértdth BabAUn¥RlseRUMEBRT Aeltakda together

pairs, . such as biotin and streptavidin, digoxin and
witht-NER g iR (@0 CEPN{Re- spupithropgtbihg dpspgctiveriEpsen atoqas to

[ d : I with a
Wﬁ%ﬂ@%ﬁﬂggéﬁ%%wgggggﬂéégﬂ%b%gg%te§%¥% ,h%ﬁﬁggggfdance
wi th known procedures, as outlined above. The | abel
can directly or indirectly provide a detectable
signal. [00158] The invention is further illustrated by
the following non-limting exanpl es. Exanple 1 Schene
la 02N H3C,, Schene |IDb Met hyl
2-(4-N trophenyl)acetate (1) 02N 1 [00159]A 1-L
si ngl e-neck round-bottoned ask equi pped with a
magnetic stirrer and reflux“condenser was charged with
4-ni trophenyl acetic acid (14.1 g, 77.5 mol),
anhydrous nethanol (130 nL) and concentrated sulfuric



Met hyl 2- Brono- 2- (4-nitrophenyfl acetate (2).
[00160]A 1-L single-neck round-bottoned flask equi pped
' gnetic stirrer and reflux condenser
(gggeaganth 1 (10.6 g, 54.1 mmol), carbon PETrUs2008/077054
tetrachlorlde (120 nmL), N-bronosuccinimde (10.7 g, 59
9 mol) and azobisisobutylonitrile (275 nmg, 1 67
nggl),oand the reaction m xture was heated at refl ux
f 1¥ h. After this time the reaction was cooled to
ro m tenper at ur e and poured into heptane (120 nL). The
uIt ng iuspen5|on was filtered and the filter cake
heptane (40 nmL). The filtrate was
centr 8 I 20
?%Ji due %Eﬁgﬁﬁ%tf’E‘S“?%ﬁ%f?‘ﬁ R BoR I by SR B
cegtiih@mbodiments, Foiy ch{isdn froth H, @)‘:thg{]sarml dﬂh)éaln airtain 114 NWVR

211 7. 74 , . 2H,
ggn@ﬂtﬁﬁ%]fi“@r? @k ﬁ%eﬂlsr ‘gﬁh(dge mtgp;e R0 e c?l they dre
attgglﬁad(thé'ﬂn a Refory- ﬁié%ereﬁ%%r&l@@ RRViKdO4, adéﬁlonQ:ICN- 1§or 0,

4-Di met hy1- 3- 54 ni trophenyl ) pi perazi n- 2- one
threan ther\ﬂpt@ml qrgbrivd hitrogemisraptionailyl substiuted w1th C1-C3

b IOl QPSRRI G RORE el B TP ARG RS bl Sbum o

wiiéh ey didmtdoydEiolTone a hr 3r gindihbged dychid riflg hdng ommidinonal
ethanol (5 n) and 2 (500 ng, 1.82 nmol), and t

N peQe Wheteiidig optippal addifionsl sogniteegsednerticnally subftlwted with
mé%gl re hggﬁn&k : Jlf&%nr qg‘Sﬁﬂéﬁ‘{ﬁHg’séﬁsﬁ YQin HEPR AHES
er r uce resu |ng resi aue was
enmwuﬁemfideyanﬂllﬁ&iﬂe taﬁbm mgethhf wtthtl&gml | ﬁpgrlyl dtemasd frdich taey are
89% 404 11-1 NMR (500
y@%@'@*ﬁl e(@msdw- ?y eP@g%vaYE;? | mprheliny, Olzﬁ(etl inyl
op%oﬁallilzs)ubsém% Vcl%l Ol 3184 efdbddinddies, &7 ad®R® éal%n"t%éether
3706 (ddd, 1H, 9= 12.0 400 2.5 ) 3202 (ddd 114
widh ﬂm:mtmogem abym 2o Hhidh)they2arg dttqched B:ifb)’m rorBHol{ttyll pr dzelfidiiy!l.

[0@%{1 %aﬁﬁ%wyfw%fdﬁﬂwﬁ iy Fpilp st FmbodimenieR. is
N., CH3 (4) [00162] A 50-nL S|ngle neck
round bottoned flask equipped with a netic stirrer

0B pur gda ogrtain embodivemas, &ldlscﬁhaﬂ?e@efﬂ) andLH 20D cprjain

rr?})ﬂgﬁ)}n G Iﬁm lllhgpgflrta H erﬁ‘ip'%dl%?_ﬁts 11??&% ?4 ﬁ?ﬁ{%ﬂ\,\ﬂaggfmn

enmﬂdgﬁéhtlemmﬁrogen gas and the reaction mxture
stirred under | loon pressure of hydrogen for h.

[00%3]er thilg R rﬁ»e a%(hB § WRsle %&@%ﬂ%%’éﬁmﬂﬁeﬂﬁ fnf %@@He ring is

tal |
B e SRR 1L e
anfy FDatohy). . nMeRf bhd REY &1 cvmsincaniomiinersts ey:i:lmmilgs ateesdticated.
B P e P 5. .7
or%"fnen]l?el%d Pin Sh(ﬁﬂlflﬂel'élﬁ Igtlertzsin eﬁb@dﬂﬂ@lts ﬂ}_l)gcﬁltzﬁﬁs a2H),
phedylend o1 Beznzo nzg 05 s}mwn lmym j3 eez*ta(lmcmqufments, RL RS, Y Bargl/or

RY BB i At totivmei R °) R 5 Apdlor e Gl ioh-cyciic,

. ashyewaaeridrom de salt (5). N O (5 CH, 11Br [00163]A
500-nL three-neck round bottoned fl ask GQUIP ped with a
[0f8Thani caln csrtpinreatbodiments thasorepswad o€ Eprids | psiphgeea from
with nitrogen and charged with 2-
(met hyl am no) acetonitrile (23.4 g, 220 mol ) and
net hyl ene chloride (200 nL). The suspensi on was
treated with oxalyl brom de (50.0 g, 231 nmol) and the
reaction heated to reflux. After 2.5 days the
resulting mxture was cooled to 0 C and filtered. The
filter cake was washed with nethylene chloride (2 x 30
m.) and dried to a constant2iwei ght under vacuumto
afford a 79% vyield of 5 (49.4 g) as an orange solid:
mp 161-162C dec; 111 NWR (500 MHz, DMSO-d6) 5 12.00

c-r—




of hydrogen at roomtenperature for 13 h. After this
time, the flask was tw ce evacuated and back-filled
wowdaonozasgon, then filtered through a pad of CebCX/ESHRF077054
and the filtrate concentrated in vacuo. The resulting
resi due was dried under high vacuumfor 1 d to afford
a quantitative yield (8.16 g) of
NZ23®{(4y1L4 Difrbihd]-3.dxop@eraaime?- WbﬁehyBarﬂindb-dxﬂhhyloﬁ axe-2;5y
(1)ES|phe)|(’1 :)Iggmazglgg M«E})uoropvl\{grll;l) 4.5, 6|7 getraﬂydrobenzoeb}ﬂuophgge-}
4,5, by E@hydro benzo[ b] t hi ophene- 2- car bonyl
chlorléé

N{(B\Qd%]éﬂ(%ﬂlieMPyth2H@waF%WW1Eﬂuam)bbxy|

| C acCl e 1_S | (0] AY)

U crivor oy De iR e S R SRR 3 Y Bps of
N, N%@@%?Méﬁyqbtmmvd@ufaw&)béﬁe n@ﬁmmphémm@sﬂarﬁﬂel ed

to OC 1ori de OM sol ution in
NE-(4-¢1 e eﬂnéplsmmgmmdowmmmm@nmmﬂmﬂm -5-0%0-

ot o<t i SDEE ety o YD A 2 iEan B Blpet oo
t0|u@ﬁ%h@ﬁgzcﬁﬁoﬂkmdﬁo renove residual oxaIyI
ori

chl The residue is then dissolved in eth

NA3«€6-44-61.3rRisdheethd @ipgrazin- éa@b%—as@%hﬁwﬁwﬁwr@éﬂuaﬁtawei

et oS IR aR e M SRR S s R
Th e selohtptafd] idopheas-2fdaioxarddegnd concentrated under
duced_ngssure to

Nz£3é664*f1 W4rethy- %QI?SQR}PWPH%WBYIM)WTWI 5-0x0-4,5-
hl og;] z ]
5 R e e s My ezl hiophene
[ 2- rmt:mabxasnicld; 4 5, 5-

e
di Oxmatmsnf %@&4 -2difi¥dro @P&wbé}m}m@e@@pmg@wm@dw

UIV) and pyridine (0.42n, 2 ) are
(Sd1Ns€o[Gr@d(31 imeMyl aDinoaL2) (swprapel(methei)aming 3 eearopy))

b onoa i fing i@ mendt SRR Hlitronyrazin 2 42 mehylphenyly
ol 4,5 j6s7-tehelydastatadobithjophénech saduedmide;m and al | ovved
to react warnmng to RT.over 60 mm_ Al l solvent is th

Nr(@réads Riesihy Bennovd- (propEepyHanethyhigminga-3 QXURRIIEDER
- BUSFLAS SLe SR iR Qi 2 ATt
ac et ttrehyalnel beves frd thiaphthe- Qadrhmaﬂnyhts oxide (1IN, 1 x 100

N St R B e e L
t hengih{drbgyresina0¢l)-0oRaBNbhalyEd4-irdBiityIbeR4kGaEe;Pr essur e

Ive

N43E{gﬁ4 F1 ﬂé@mﬁ;&ﬂ-@dﬂ@lﬁﬁfﬂ?}ﬁ ﬁ1Y(1h))@h@bé apinogrdoogiyl-8-oxeiddd-
2 0.
LT TSt Pan SV RRIEIEY Sl Bug kb AR AR fene-

Sodi %hrboxanude

4- et h 62 nethg 4,5,6,7-tetrah drobenzo;b]thlo
4-'§€ﬁ'éﬁét N (3-(6-(4-(1,4 1rnethy -3-oxopiperazin-2-yljphenylamino}-4-methyl-5-

carb n-2-ol ate
(o) KPR P A R O 2t ek
equi pped with a nechanical stirrer, reflux condenser
and nitrogen inlet was charged with 1, 4-di oxane (100
nm.) and aqueous 2.0 M sodi um carbonate (15 nlL, 29.5
nmol ) After bubbling nitrogen through the resulting
solution for 15 mnutes, 5 (8.44 g, 29.5 mol), 9
(12.9 g, 32.5 nmmol ) and
tetralds(trlphenylphosphlneigalladlun1(2 38 g, 2 06
nmol ) were added and the redaction mxture then heated
at reflux for 20 h. After this time the reaction was
cooled to roomtenperature and filtered through a pad




CH3 13 (J. Heterocycl. Chem 1983, 20, 919) [00171]A
250-nL three-neck round-bottoned flask equi pped with a
woBH9Rkdse7 stirrer and reflux condenser was chaf,@f,?, YWob/Hr7054
1, 2-di chl orobenzene (100nL) and oxalyl brom de % 6/

g; 281mml). To the solution was added
nmet hyl am noacetonitrile (7.01 g; 65.8mmol) and the

NI(§3614- 95 b ad 1%&@@1@%@1{ B %mé)‘h §:9 %th@@%hgﬁgtléln%ng) Yhe

resul ti'ng m xtu
evapuoethylesioxodes- dmqu@mmf @%mmeﬂndbhehﬁl)ﬂemm ing

575 ClipRihsnas tigpiens SpyRERRone. (13) (2. 87 g,
N%%%@%ﬁ }-_ﬁ—fﬂ—ﬁfe@h L la&1 SR th{l: 3-8Ro pRkraie-251) piBh i arin®)-51Bx6-

5- Brédulil8adepytazint 2 gihpbety)id, 3,66k mpaineirolxinne [Blthiophérer3H a
m no) -.1- met hyl pyrazi n2(1H)-one (14). CHI 3 N CH3 14N
[ 001F2]A 2nl t hree-neck round-bottomed fl ask
NQMGQM(M&%%W%&?}OP?I(M&?[ aﬁ;ﬁkﬂ))rze&démyl)phenyl
mol ), 13

condenser was char ged

( 998AR#YO)- %Hmh%m)o 4 Sedihydro PWT&Mﬂ%ﬂé %me@ﬁplgenylz 4256,

e e

4-¥RABPON- (3-B62- (@ (Bl aiTiRh )1 - @d@ropyl(methyl)amino)-2-
tris(di benzg@&deneacet one) di pal I adi um( 0) (.15 g, .165

rmrol 9XOFEBPBRRYEwINGHd Mt Setior 4. Srilibdkenirazing 9y Dheat ed
at rﬁé&y‘g’hgﬁﬂ)b&? EBud@fter this time the reaction was
cool ed om

enperature and concentrated under
N+(Bd6cédl, p;[hﬁmﬂrl y-3- dﬁdm@l;reez;ui (2;4yggh¢r@$ aﬁimr)]maﬁethpls@bbﬁd S
ont o ica ge rifie sh chro y
to a#lﬁis#ramga%fr% ﬁy gﬁg&‘ﬂéﬁfé’l’ 54" fggala@%ﬁfg@f
soli tglopﬁé&(gggrbgggmﬁch\/R (500 I\/Hz CDC13) 88.27 (bs,
1H),

2.0, 8.5 Hz), 7.36 (dd, 2H,
(8- ‘—AthGG-BIBﬂEI\T%ﬁ)(ﬁ (&(73- d@msﬁh&]}—l}—ox@p@'ﬂr&(uﬁZ iphenglading)si-

(&) md3ts e e iy GBibiflo i mSngngesanide

mﬂﬁteﬁmﬁ'ﬂM—N (3-(6-(4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-
3- Ami no- 2- et h (I phenyly 3- p 1, 4-di ?ngg F 3- ox)opl
e r azingithyl- 5%9&%?\%@1@%;11112- 2I131¢tbylpb@¢}ﬁ)b2(lmd@n e

e T
mag n;e;tmzm-@tdyl{mﬁtea:iqet}iy;}ﬁlﬁénw m@ﬂwﬁmﬁylﬁﬁﬁ?cﬁbbéﬁzagﬁdib i nl et
%ﬂ@&? ? U%lnzteﬂwi%m@ﬁ&1((lﬁepweyl(lalﬁ@yaa@moar@rste@wgphenyl

Z? e e D R L
f or tBGahpdmbened]bithioplhtner pbehytaptidgphi ne) pal | ad| um (711

NTEe 04 T8 B T B S P2 5,81
r eactﬂlhﬁﬁoﬁ\ﬁﬁmﬁ%lﬁd rB ?Réﬁy!)eéffﬁ)leétﬁ légfﬁoﬁ%? yI8nzamide;

hydrochl oric acid (70 fol'l oned by~ et acetate
4-(teIGBn1Y) NA@S(Ga(ddéd‘i-e”ﬂnéplm:mmmley]x)cf@smsmhphmu?.foapethyﬁ h

or gath B MBS AP S B it Ay pheny)

ext rp@ﬁzgﬁlwth 2N hydrochloric acid (2 x 30 nL). The
acidic extracts were conbi ned and washed with et hyl

Na(éé@a{t’fé1(&Eﬁl)émip‘P@;inﬂhﬁ)-&qn@@hglil%l’lwp@ihymnﬂhmm@ -4-

stir t 1 whi | e
sol i‘é’g%ﬂ %g?glﬁg%ly oz gl)gggj gsyp%}{efl?%grﬁl\?nﬁi: ’g unti |
a pHeﬁﬁhjﬂﬂZob&’azo[b]Eﬁﬁcﬂﬁﬂne Ih‘ﬁrb@ﬂhtﬁlﬂ@ | ayer was
separated and extracted with ethyl acetate (2 x 100
nm.). The conbi ned organic | ayers were washed with
brine (70 nmL) and dried over magnesium sul fate. The
dryi ng agent was renoved by filtration, and the
filtrate was concentrated ufHer reduced pressure and
dried in a 49 C vacuumoven for 24 h to afford 15 in
86% yield (2.32 g) as an anmber foam np 133-134 C NMR



over sodiumsulfate, filtered and the sol vent renoved

under reduced pressure to afford 16 in 72%yvyield (2.35
w@looae3sa9yel | ow solid: nmp 174-175 C, NVR (500 RME®S2008/077054

DVS0-45) 8 13.60 (bs, 1H), 7.68 (s, 1H), 2.86 (t, 2H,

J =6.0 H), 2.59 (t, 2H, J = 6.0 Hz), 2.08 (quintet,

2H, J = 6.0 Hz).

NJNH(@(A( bt- (MGﬁlilPﬁﬁeaﬂﬂiﬁﬂ*Y!ﬂE&mnDa—maﬂn@pymbﬁm n

di h;{%%tbg%g %Ef%?ﬁ Szg‘ziz-f;ggqﬁ@flﬁy)g;}ggﬁz@yl p,hegxla, (‘5¢1§77)58@e:§(1;ydm_
tetr oxam de
%‘ E{}@?@H % ng 184,

S|ng e- neck round- bott oned

NA(B-&644- ehm-llilﬂéebﬂvyl pipesazira yd 2-oxeethyly phenmsuwrzgmthm-sh
t ch d 1. 27 16
D e

4-{%13‘{&?“ ;(fzxgﬂls) 45(QQdﬁﬁ'iHﬁB{yq e@l@zﬁbémzm 1- yl)-2 oxoethyl)

Benz trls(dlnethy am no) phosphoni um

hex afheuyﬂmp‘mglpmmel @J@@pul HdibyduypyhzRR-ire-nethskphenyl)

addqg %'the reaction was stirred for 4 h. After

this P? “*he reaction was diluted with water (10
NIB-X6- (@(Ei(lbiﬁ@etlliﬁ%idobilq4%ﬂ%ﬂﬁp§ﬂa@1ﬁ May-2f b degyBheniienino)-

filter cake was dissolved in_nethylene chloride (20

mL) ,4-asEvl-Aexedh rditydrapysnzia3 b 2-Methylphenyladved is

o1 carEuRE et o Tibon B SROERARTY S00a 0r i ed over

N6 B-ibindtieylarhive)-d F(wdﬂlgrlplgaﬁkan\Bgl)Qeﬁm&ﬂrl)blyenylamino)—
filtration, and the sol vent 5 ‘?tgra ed_un

VY TR T Hehey-6d & i e

by f yield of 17
(370 tlemdédszﬂg WEloRgaR 1dp9e1?éﬁemcl>g%é%@ 1H NVR (500

4- tflEBlll_tgiﬁQBZ(ﬁ (85{% Q;c-zeﬂwlplﬁﬂ)ﬂzm?l ﬂ% 2(( @ methdxydthy )(Inetinyl)
(m LobSemiiEp st mfaPsio g binydioBSradingZyn-2-
57métﬁ 1 ﬁéi')yl)bénz@%uﬂ@ 3H) 3 14 (dt 1H, J= 11. 5 3.5
%g 2. 88- (m 2.62-2.57 (m

N:(ﬁ?gé? 1‘2(1364 %@YIIBPSMZIQ 11y)- @r{{Z-E}q}hOXZe ﬂ)((l@eth)élﬂ}mnq’s)@
(gl Blipfebiib iyl s.ox0-d.s ditydropygazin 2310 2 methud

30%} p('jheﬁﬁl)-h}d 6 B-tﬂi@ﬂryéroﬁenzo[b]thlophene |2 carboxarénde
I ro azin-2-y1l) en ro 6,7
iy AR B ML N LA R R e

icgg@, QR15A, C
roun boty )%Hneélgﬁﬁﬁg@kieqw)gpeﬁw ?’tr?ﬂz’}d%g g?ilﬁclksl irrer
was mpethglptienyl} 43,67,8 tetgenydantH eliclobgdabithivphehe( 260 bogymide;

N3O ke Eéﬂ%‘%ﬁﬁﬁg’p b Peat- 2o e SRy ety 3,

MY, SoBA9-digakdp gqqx}eg.meﬁ{)n en§bigrgbng the reaction

at roomterrperature f or h, e solvent was

evapt@irdtyéephﬁnadb]th@éhm@cﬁ pmb@wnée The resul ting

NI SRl S e I R IBLEP AR 8l B

(1:H %@@ﬁ&ﬂ&%@glﬁgﬂﬁﬁ%ﬂ%y@ -86. 3& (e&ah)ﬂzlh'l) 4H7cﬁnah(epka[b]

1H) , thiopheres2- carh?xamsian 27 (m 4H) 6 80 (s 1H) '4.94

N‘fﬁ&(? WhigitfelihotBipersm ypned)t Gylifha-fpiin-Soyp.5-
. d@hddrogyrfin2-A2 5{fnor@)metBylpBer(y) 4,3)d)7-teRaRRir&eh3o[b]

H) 2 , 1.83 (m 2H); MS (ESI+)nmz
595 ‘gm@mg Cm%oxamlde Exanpl es 3A and

N—(3 (6-(44(2R) -1, 4- D met hy1- 3- oxopi per azi n- 2- 34) pheny
Ianino)-4-nethy|-5-

oxo-4,5-dihydropyrazin-2-y1 2- net hyl phenyl)-4,5, 6, 7-

t et rahydr obenzo[ b] t hi ophene- % car boxam de (19).
N-(3-(6-(44(2S)-1, 4-D et hyl- 3- oxopi perazi n-2-yl ) pheny
| am no) - 4- net hyl - 5- oxo- 4, 5-di hydr opyr azi n-2-y1)-2-meth



of 1, 4-di nethyl-3-(4-am nophenyfl pi perazi n-2-one using
the sane procedure. Exanple 4 NHBocNHBoc NHBoc

I
wd4 _S({o%fli)%éb'y PCTIU§26)P%'%77054

2S) - 2, 3-di hydr oxy- 1-i sopr opyl (et hyl ) am no
yl)- phenyl carbamate (21). [00181] A 50-nL
si ngl e-neck round-bottoned flask equi pped with a

NEEGHRE E htaeltap p i Ml EL F REDISS
N, N-oxetd)§ldityapspypazindiyidphény)195 6,7-G3hydisbehzafdithiophene-2-

4- (tertbutoxycarbonyl am no) - phenyl boroni c acid (3.85
g, 1GOXHEMAS  The flask was sealed with a teflon

N33 BPE() 4 BUheHRR 3L GREHoERBIAD Xb G AR byl Loxcias-

T RS AR Faitinticaiehil it s A ot
N N PR b e h Oe b e mino)-4-
met %&t\}/\lgleﬁbQHM _-diﬁ&&k%rpg‘a%iﬁiz%@oz-ﬁie}hy&rﬁnﬁﬂyl‘)ﬁ%,@ﬁl—UeoUS

| ayer s basiftied” by "addi ng "pot assi carbonate (2.76
g, 2etrghydmblenzo[Phdiophanp2eaibonamide; extracted with

r Myt nd t rgani.c extra wer e
N%%‘Rﬁi(%gﬁ(%tﬂ%ﬁlaf’P)SBﬁ ng&‘l?'ﬁ%y&bmr%léil'%?ér renovi ng
t he ﬁoﬁ&@ﬂpﬁ@@[ﬁhﬁﬁ&)-i—i{ﬂeﬂ[ﬁlﬂ%4,5%3@1%;?&52@[12%52—methy1
evapor at ed under reduced pressure to afford a 69%

yi el Rhepg)-#d.4y-tesrahydrohenze[hithieghesei2rearboxgmide; 80C;, 1H

N 00 PR ) BRI i o

5. 3 4methyd52%of4]5-diydrebyfazih-Pig)), 2- BB {@ui e 6,7111,
J= 5.4 Hz), 3.49 (d, 1H _J= 6.2 Hz), 3.30 (m 1H),
3. 15¢e{rpydighenzel bishiophensrisarbaygmides’ 6. 5 Hz) | 2. 06 (s,
N%@[Q—J&ﬁlé?—éﬁ%ﬁt&&ﬁﬁ_ ?1)?@@2@%@%%%2(0%3%@%ﬂahuﬂrl YathihS)-4-
I( (S) -ﬁe@ﬁkﬁbgo{%mgw%TM%gg]?i-mm@} i%?’é??g%’”
ne M no) aceti1.c Cl . 1 -Pr

2 [%B%’Eg???&o%é‘? Ca%“?‘ﬁ@ ~neck round-bottoned flask
N A e bRy WMo RO S et igheny!)
t et rainbbpiode-4Hdiyiropyraeiar2-ydpkenyl tah 8,6 litehrekydaerit H)

hl orid h 3 , 0.17 1); and th
?esat?e{nfﬁtaﬂ)or%ﬂ%%?%%?(@%??ed for %mm) n. a[I]'he r Zacti on

NVBS[6Q I [24AL€idi 1 Gl)- aNeth§lostopdn- Do) aRdl] 2-4xdeB§l]gheny B} O
mol ) was added. The nixture was, slowmy warnmed to 0 C
ov er aming)-frmethyd-X-eieth4 Stdibydse Pakazi-yH r%)'/mﬂiﬂlbllpaﬁwl} -4,5,6,7-

e o 04T Bt B R BB s il ut el w1

N@ei6t ({ +idDimwetiyé carb2foyilethyKpeopanded)asnihalyreithyliphenyl }amino)-

e L L TR AC N T SAR
Wi t h8M@g&&_}%lﬂbmlﬁbgﬁé}fé-i@zﬁb&%ﬂh&i ng suspensi on was

~filtere e filter cake was washed with water (2 x 1
Nrfi3)y [6aliid-[ iraduyitlint byD)-Zoidtsthylpipeswein yR-Soxdethylphehyd }aneido)-

o oAty S 45 NG pERER T UT 2 rfe By St s
D'VSCSHQ&ci%ﬂegﬂ&S{bLtEi;apﬁéT%,z-Zmﬂéxa&ﬁde;2H, J=8.8 Hz), 7.36

(d, 2H "J= 8 4.19 (s, 1H), 3.27 (septet, 1H, J=
Nd3g6H14-(1,4-Dimethyl-33Hppiperazin-2-g)plogyl] aming}-f-exodkd-dihydro

(6Ml6_I_ﬁ)'}'fzrgzin—]zﬁ)cz}(rgéthﬁﬂﬁen‘gfl]~£5,g,7t%zréhylyi§o—(i—Ft)%{lgc}thi%ﬁen?é?ff

(S) - Zartskaitisiophenyl) - 2- (i sopropyl (met hyBam no) - N, N-di
nmet hyl acet am de (23). [00183] A 25-nL singl e-neck
round- bottoned fl ask equi pped with a magnetic stirrer
was purged with nitrogen and charged with 22 (116 ny,
0.36 mmol ), 1- hydroxy-7-azabenzotriazole (50 ng, 0.37
mmol ), N-(3-dinet hyl am nopr2pyl)-N - ethyl carbodii m de
hydrochl ori de (208 ng, 1.08 nmol) and DMF (2 nL), and
the m xture was cooled to 0 C. A 2M sol ution of



stirrer, nitrogen inlet and reflux condenser was

charged with 23(53 ng, 0.212 mmol), 11 (98 ng, 0.212
wOoreobP393¢esi um car bonate (152 ng, 0.468 mmol ) BREIAUS2008/077054

1, 4-di oxane (3 nL) After bubbling nitrogen through the

resulting solution for 30 m nutes, Xantphos (10.4 ng,

0.018 mmol ) and

NI{B"r[5((Mﬁmﬂn—m@ﬂdﬂﬂﬁhﬁnﬁbmpﬂbmﬂﬂﬂﬂ@ﬁeﬁﬂ}éﬁmwmmthylﬁ-

gegtlé)@ng?d?}@ ‘{Pgrqggfgﬁllyd thg%h ﬂ?t Iffglﬁg&'{fhg actlon

il t‘g’eﬁhgﬁafbﬁ)ﬁh ogﬂ%\etfgg%ggdﬁfdg filtered and the

e was w th nethylene chloride (2 x 25
N2 Methyle3-(4-inethat-6-oxas-{ Med . 2ob hivecthylal-exonipatazin2edipbeuyl]

d d I
Chr SHHPSlAaFaP R b BB A T8 B el 1 ow
sol |g§nz(5mm§§gﬁelg’iém§mga1maeNNR (500 MHz, DMbBO-c/6) 69.79
(br s, br s, ,793d2HJ—85Hz

N- ISQHQrg—B fﬂ-g[4-(‘k m(eﬂwléi-q)xompemm( yl)nhgnyllams@}(%mezhyl 5-

3. 4'_5§ éﬁl_g,g (P@.azﬂg yg) é gugr%}éginyﬁ g ,g(metrciﬂgﬁf %2782

(S B’dd):othib EéhetDrarBblami@ed91 (m 6H); M5 (ESI+) /viz
627.5 ér H}J al 256D +24.0 (c 0.25, chlorafor
Nﬁ%dﬁﬁr{ [ézmwl@lmﬁa@eabal}lsyl)%tm'My @%—mﬂhyﬁ-
0 refll
s ST ka2 Do e 4, BB aiige
NgBJ 64 44 Bzetidin-1-yl(dimethylcarbamoyl)methyl Jphenyl }amino)-4-methyl-5-

e P TSIl £ gy (™

50- Ndenshht ge&e@_gm{)%ﬁdpottoned flask equi pped with a
magnetic stirrer was charged with glyoxylic acid (618

N+(@,{ 66 (47 2Anetislin)- 1 - 3{1[(ﬁﬂ-mm@xy@bylirfmahyl)carbamoyl]methyl}phenyl)

w (1 ape R R SRS R Il b R 45 6

g &eﬁﬁly@mh)benidmopmtz &ftbovasideal ed with a plastic
under a ni tr%gen at nosphere and stirred at rogm

Nt{érM@ﬂIat Sl d&-raeghylp-d 4-[Amaethylyhpgo- 1 (REopaR Ky IPERSEIZIHA- was

oA LS A S e

af f orydlchbptafblhitihynel dabbxddidg) as a Ilght br own

NG Toxig Tl o Figerapingt ML Byekony pihy Bl i soppp vy neghsy
Hz), - -di hZin ; -
() oy chelfy 500 Gl bisg it S s Ry
(d, SHSHGH.eHESHycloMptilBEhiyphene2-@ARxamide1) . Et hyl

N BB S BB R S

methyl-5-0x0-4,5-dihydro pyrazin-2-yl]-2-methyl phenyl}-4H,5H,6H,7H,8H-

cyclohepta[b]thiophene-2-carboxamide;
4-tert-Butyl-N-(3-{6-[(4-{[ethyl(methyl)carbamoyl](4-ethylpiperazin-1- yl)methyl}
phenyl)amino]-4-methyl-5-oxo0-4,5-dihydropyrazin-2-yl}-2-methylphenyl)
benzamide;
4-tert-Butyl-N-{ 3-[6-({ 4-[(diethylcarbamoyl}(4-ethylpiperazin-1-yl)methyl] phenyl}
amino)-4-methyl-5-oxo0-4,5-dihydropyrazin-2-yl]-2-methylphenyl } benzamide;

27



[ 00186] A 250-nL si ngl e-neck round-bottonmed fl ask
equi pped with a nagnetic stirrer was purged with
bdob p; and charged with 25 (1.50 g, 466 rn
W(?%(@ ﬁ'%% 1- hydr oxy- 7- azabenzotri azol e (1.27 g?biflggdﬁﬁmmstt
mol ) and 1-ethyl - 3[ 3-di net hyl
am no) pr opyl Lcar bodi i m de hydrochl oride (1. 79 g, 9.32

N R P SR 3 B Gt A o Sl Eon Gt o
pyr i dihyogybaziifd,y1H2AiethylphonyjeN enabid ells,6 Fndtritiyero-1-

reaction mxture was stirred at roomtenperature for a
f ur tis8rotwpheneZ-capoxasnigey | nme, the reaction was

AL e A e (40 T

aqu QMM%yMOWMﬁFPMyMomtmLQMM@Wm £2
x 30 EHG The organic extracts were conbi ned and dried
overY RIGNYIREEIPEee. The drying agent was renoved by

frigl ; d
N (B A DAz A LD, B Pl P SN BRRERISE "Or e to
a consttyt]phvnybiaminmdbmethyt ﬁtqnotéb&dﬂfydrqpy%m-h-yﬂ%

| d t lid 87-88 C; NWMR (500
yle %S&%]ﬁgﬁ‘é? 430 “Wig %lifc’“%e; 40m(3d oH, J. 7.5 I(-|z)
N 1348 (gﬂ{l-@&ﬂetldilr 154 J)52 g%}érphéhﬁﬁf 2)(15&2 og{ééﬁlgl’!?\egﬁl}@ﬂﬁnogw

2.80 (septet
9H) mathyl15-ox0-4@-flihgdrpprrasin)Z yldrzenetbﬁlphw 4;5,67-%etrhydro-1-

Et hy ngoﬂu%%jﬁene-Z-carngann)de M5 (ESI+) nfz 351 (MrH).

N23({6 [Mﬁﬁmﬁﬂylﬂ[@ h&ﬁmwtﬂﬂwdﬂﬁﬂhwmﬁﬂomﬂnaﬁ@ﬂ@h@ﬂ)
(27). N27 [00187] A _100-nL si ngl e- neck

r our?amsal—i*ﬁ@ﬁélwlfi %%qhh%wwwﬂ W} Aagetbyivhenst)-r r er
Hgﬁﬁ 4M
m(sjr%gen c ?}gﬂr iglge& gﬁﬁ%’t%%]tgw ﬁ%\n%gz ?@5%2111% Q nmol ),

4-tentdB 6ty Nai2xnedhel - Svd 4-nsdthylre 4 tl - [mmhyl l(pnpm—ﬂiy@a&uﬂcqa aél-
h. After this ti t he ctio
condBROYRIRSEAh ra7-8toRae TR lamia - fisgorhediedmpe oA
resigdyg DBatAakdideoned bet ween 10% aqueous pot assi um
car bonagm%]?OO m.) and methyl ene chloride (75 nL). The
Ni(&ﬁéfs(héﬂbméwbcﬁaﬂ@mpemm £4y6phquémmmoprl4asghy\]a§s 0x0-4,5-

t d t.h
S A RGP ko BTyt
Ng8(6-a4-¢1 -yl uehedylndx sapaeshayl eﬁﬁ%ﬁnéﬁ%@dﬂ-s -0X0-
pressure to afford 27 in 81%yield ng) as _an

or arfye-ditydrapyragin-Z2oD 72 methylphroy 5 §e. etr@m #8) 67.02
211, J= 7.5 Hz), 5.07
(bs "%"ﬁ_&f}f?ﬂ’a@?%g’p?%??m%%?,ﬁ de581 (septet )111 J.

4-(6:;15BH;7) -N-(B- (3%1((3 isaprhpyl-U- Iil&th&lﬁ o3dgiperdzin2- ﬂ)ﬁl&:}lylaﬁu&ﬂ 4-
3H, J 0. 85

5 Hz 11, J. 6.5 Hz); NS
(ESI ]J;ls‘,thﬁ]f% og@-f S(ihLFﬂI’OPEP rZ—yI) -2-methylphenyl)benzamide;
N- t%% )Qlé :(43 _@lg;% gj_léieah_%/[ B-RUpipLRENZ AT HRehy BRSPS dxfa 5B

di hydihphypaaiin-22ylyLamtingpidngtiyd, 5.6 7- feirsiopir cippl¢ [dithivppere- 2-

i noj] a et at e (28). WO 2009/ 039397PCT/ US2008/ 077054

[ 00X BE%L si ngl e- neck round- bot t omed f I ask
(swmoem wid- Duﬁetﬁﬁgﬁ%&b;ﬁpéramhrﬁ_{gl%pﬁéhylaﬂw -A-Rkflyl-8Rdo0-4,5-

ref'ux condenser was charged wi 27 (435 ng, 1°74

ol dihydropyrazin-2-yi)- 2—methy1phenyl) -4,5,6,7-tetrabydrobenzo[b]thiophene-2-

4-tert but(% N-{2-nmethyl-3-(4,4,5,5,-tetranethyl41, 3, 2

]dld?g%gﬁgg nN-2-yl) - phenyl) - benzan1de (717 nmg, 1 58

mmol ), cesium carbonate (1.13 g, 3.48 mml) and 1, 4-

di oxane (15 nlL). After bubbling nitrogen through the

resulting solution for 20 m nutes, Xantphos (78 ng,

0.134 mml ) and tris(di benzyli deneacetone)

di pal l adium(0) (72 ng, 0.079 mmol) were added, and the

reaction mxture was heated2t reflux for 16 h. After

this tinme, the reaction was cooled to room

tenperature, filtered and concentrated under reduced




58.45 (s, 1 H, 8.09 (s, 1 H, 7.95 (s, 1 H, 7.92 (s,

1H, 7285 (m 2 H, 775 (m 1 H, 7.54 (s, 1 H),
wa28%03s897 1 H), 7.40 (m 2 H), 7.19-7.23 (m 2PCHUSHISFHT054

(s, 1 H, 519 (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, 3 H, 1.92 (broad s,2 H, 1.34 (s, 9 H, 1.25-1.31
RON-(B(GH4-0pDiNEh ESloxppiptiazia DBylltheb iitdino) Bxmethlyk 5-@xo-

3-(4-N traopheny|)-5,6-di hydropyrazi n-2(1H) - ope ).

AR R R AR e R

f 1 ask: [.oP | gnetic stirrer was purged with

ni tf%ggg%ﬂegﬁggr%é&mdt@hﬁgt hyl 4-nitrophenyl pyruvate
(S{-223N4 {81 (6-14-0D (Iimxd th yla1Binp) -4 d sspwhbykimethyDhminogi2eves (4- 8

Fesurer D BB ROV e b c b SIS Y bat
and rﬁgtay1pﬁérptyj-4asgw-m&&%zmgm%pﬁélm&omdaﬁded

dropwi se. After addition was conplete the reaction was
N48(6+{ Bt ( lad-diroeshylt npeniparagie-2f W)phenyllamifie e A-madthy-3-praed,5-

ot e R S M R R g
cakepepasthidphetk-2-bardoxaNige; at 50 C overni ght under

vacuumto afford 31 in 89%vyield (196 % as a white
Nd3i{pd (4-hlethul(methylgaminp] -k efiydmipavpen- 150 d6) 68. 63

bs, . 7 . Jy 8.0

o) 5oy EpaRYfing mg Pt bels ginitpb ez

(ESI Igétgmitpfle@a)jﬂg,lw&iﬂ,?E@Ii-ﬁ?d&éh@?ar{]h]ﬂlispwt&mb?xanﬁde;

round- bot t one ask equi Wi ma iC rrer
NYQLOR A Gt ety B BT ey OB AR QI et 0x074.5-

127 _t_ _%Mgﬁ ~GL i in--

an hy%l‘jrq%ﬂl:j\é13 %%;fiﬁ gn%} Q( 40 n{§&%§ irgalﬂbygﬁgegh:o? so%l?ggnd e

cyanoiberxehydi;i de (2.4 g, 38 mmol ) and anhydrous zinc

N eGP TRkt R TR eh s
t enpahplrbp@atifn-)-D-fludkd-8imdthylshdnyied, 5, 5N - REHIBRIG 1 -

sodi um hydroxide (25 nL) was added, and the nethanol
was papisiophert-imarbpxamaidaced pressure. The renai ning

y ' tate (3
NSRS re Y8, G A6k 8 Laihldta- 100 28
wat edeoﬁ:ﬁ@QphﬁL@yl}aandnch_l)}ﬁl—netHy].—GCmeéh,S-dﬁIj/dctrﬁyMimﬂ@i]52—
e. e I n e S _renpve .

(1 trsryheat e b e B RRaar bR e pRAige
B B S P i el Vs S e e e
J= 8dibyddepyra8nQ2yljphenylii4, 6,2 tetrabydidz)-berzodgorbdne2H, J=
8.5 Hz), 4.06 (s, 1H), 3.39 (td, 1H, J= 12.0, 4.0 Hz),
3. 224 Xaﬂ%‘%’ 3.07 (dt, 1H, J= 12.0, 3.0 Hz), 2.50 (m
Ni(lzb'lgw {%@(7—%%1?1;)1%Egzt}}l)g%é%%opgﬁl\%al_zbl@vylﬁh&iylfahun@}':h-nﬁﬁé%xo—
3- ( 44.Ariineprromazin-240e2-matpilpiens 4. 0.7 gpsahydsy - H3CN- Th
NH 12N t%?gﬁﬁjg}g)l_g_% A 25-nl single-neck round-bottoned

pe

enzo boxami ,
fl as]f< equi W ]fnh a reflux condenser and magnetic

NEBL(6F{§4-(AathyP Wngally1vi-btopipdrizg 2 Ayl whenyd hatige)d4 wdtliyl 32ox0-
(210 ng, 0.89 mmol), ethanol (6_nL i ron powder (-325
tos i S Ay ey e aehenN A GHE GHRBL ac! ¢
(0.7 : o m xture was heated at
refl‘%fmfhg?égbéglrlnéﬂhgi% ?e@@ﬁ%@efn& the reaction was
cooled to roomtenperature, and powdered potassi um
carbonate (3.03 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 concentrated
under reduced pressure to afford 33 in 100%yield (185
ng) as a white solid: nap 153-154 C, 1H NMR (300 MHz,
DMSO-d6) 87.74 (d, 1H J = 247 Hz), 6.90 (d, 2H J =
8.4 Hz), 6.47 (d, 2H, J = 8.4 Hz), 4.95 (bs, 2H), 3.45
(m 1H), 3.42 (s, 1H), 3.14 (m 1H), 2.89 (m 1H),
2.44 (m 1H, 2.02 (s, 3H,; M5 (ESI+) mz 206 (M+H).



NH 35 CH3 N CH3 [00195] A 100-nL singl e- neck
round- bottonmed fl ask equi pped with a magnetic stirrer,

wd fbb/ezgpndenser and nitrogen inlet was char gggrwkdobsior7054
1, 4-di oxane (13 nL), water (3 nL) and sodi um carbonat e
(417 ng, 3.93 nmol ). After bubbling nitrogen through
the resulting m xture for 15 mn, 34 (150 ny, 0.370

N-T_%ﬁ%/%—g‘ -’-% gmzéﬂgﬁ- -03?0 1%era21% 2—y1)£)h§n)§]aamg())( }aIJI éirleﬂl'lyl—S oyéé g-
henyﬂl)yd#o@;r&lﬂ—Zt)é]-Z,émmheﬂiyiphenyl] 4,5,6,7-tetrahydro-1-
b b] 1 hi pph d 192 0. 460 I
aﬁgzti%?‘Ité | {J efgﬂémcalrug%gpmhl (reIe) I)al I aIJITI;um( 0) ( 7I3m0rrg

N gse Ql%rdlﬁllh){ [V 8. dﬁq&ﬁgx 3‘@53%% gaﬁmﬁgaﬁsptﬁeggmw 8-hagR-5-

ated at reflux for er th

r eampth#ﬂWdtﬂWramszﬂaﬂ-BEﬂty@hGOthﬁ¢Md@ 1-

fil erechPHH Isl‘uIe Iter ake washed with diethyl ether

(10 DFRFOHFRRISNEAFHPRFTUER d was di ssol ved in net hyl ene
N- qbl[er({ﬂg(/dr@éth?qe%aﬁl&ﬁ)aao I%I]ﬁloﬂj}ﬁﬂleﬁﬁl]?héigﬂ}aﬁﬁn@ﬂ-nﬁﬂﬂr

purified ash chromat ogra to a 35 in 41%

yi eldo{®4, 5rﬁbyycbgpﬁaw2rsdbv2§@¢tﬁﬂph¢ml}ﬂ§,61’8t¢tt@hydm+1N|\/R

50 7.79 (d, 2H, J= 8.5
( ODeII%%B“’%I; ;I%%%?’?%%‘g‘%m 7.22 Is 1H), 7.04
N({B [6 J;gu S[)(ghet&d&hrbﬁl)loylﬁnﬁ&)}(oﬁn ﬂmme&yﬁﬁle(r@l}aﬂahho)&-m&h!ﬁl 5-
S

(m) OKP L) dﬁ“YSIHOPQ’FﬁZH&%YII ézm@véﬂhenylr}rﬁl 5&%3 tetr@lyriwl 2 66

t 211), 2.36 3 2.27

Im 1%%3@1053@%?9%%%3@315 .I)I)n (t. )311, J= (7.80 HzHI; VB
N-l(%igﬁ—;@)-fﬁeﬂ%{l(&ﬂlﬁk@.ﬂﬂhﬂﬂbyl%@ﬁp%lmﬂ-yﬁnw t icpl'flenyl)ahm&‘dﬂ%

ro ne ni u

(3e)metﬁ@gta%ﬂ§p31§sgrf%i@e] GOy R o eahy o1

roungnhahiopn&e-J Laskxeaubpped with a magnetic stirrer,

nitrogen inlet and addition funnel was purged with

N3t pdgfe H(&hddmhmtgﬁﬁnme@bemdmhmhﬂuam nopyr i d| ne

o Tt Er iR e At L bR 4 L PRE R 2

| ce/ra@ByIphéryIDR4, 5,6, Pietahytrd-QbedbotBpBEne-2-carboxamide;
r|quor|de di eth I ethsgirrate (21.1 ﬁip 148 mmol ) in 70

NT{@ [@ﬁm&@m@pﬁw@marﬂ skt ach a rate at
5
< BRoPAS P} s SO P St  LATRREI e S -

t er tmdthyipheryil f-4 )57 {chi2hdrg, 1 ﬂ&ﬁoﬂﬁb}ihbn&-ﬂ-ci&ommb
i ntaini t he

- di hox eth ne added pvvl s n
Nﬁﬁﬁéﬂhﬁ orpigi-HsD B uEpben H@nv@a‘gmew-
was t
: nf%fﬁ‘e”‘%%%ﬁ f&%{é 2 %éf?%ﬂéh%{%h%ﬁ CETHARS s
vvashefdlwwpthibﬂtbwhw—l Barbo¥amidk) and dried at room

NPT} it Bhay liotiholyrd e iy pmedo) st

NI\/R d t-
e N e

(37)CYCIBh¢lBﬂ[b$fhqu®@1692-Pﬂmea_m@chgI e- neck round- bottomed

S L L T
di stmétyit £dxea,3- mﬁycﬂxbpﬁhzmcmﬂqmmaﬂy@hmplmrsmeﬂaﬂ 8H-

bath at roomtenperature. The bath was heated to 80
overcyslohaptalblthipphenengcpdoraridaper at ure was gradual | y
increased to 130 C over 30 mn, until a deconposition
occurred at an oil bath tenperature of 130 C. Once al
of the powder had visibly deconposed (the solid was
transforned to a goo and the evolution of gas
stopped), the reaction was cooled to roomtenperature
and the resulting residue extracted with diethyl ether
(3 x 75 nL) decanting the ether extracts. The organic
extracts were conbi ned, wasHed with saturated agueous
sodi um bi carbonate (200 nL) and dried over sodi um

sul fate. The drying agent was renoved by filtration,



3-(4-(4-Ethyl -1-nethyl - 3- oxopi perazi n-2-yOphenyl ar ni no
)-1-nmet hyl -5-(4, 4,5, 5-

WO eqosasssdhyl - 1, 3, 2- di oxabor ol an- 2- yppyr azi n- 2(BGE/USR088/077054
(39). WD 2009/ 039397PCT/ US2008/ 077054 [00199] A 25 niL
si ngl e-neck round-bottoned fl ask equi pped with a
magnetic stirrer and thernoregul ator was purged with

N¥{Dtma:%ﬁrsfmdledigalﬁqw[mdﬂnylaarbxm@m(&oﬁqmnn-z;-l
4- et - | - et - 3- 0x0pi perazi n- 2- e an.no)-1-m
((a‘t hyylb%#%ﬂﬂnkﬂaxﬁﬂmehé-ogz%i-ﬁéﬂ,ﬁms%@%ﬂghén%}- )
bi | 9)di 170 ny,
i L S e L L e S S
N34 6€(bXBetwyl(@ithybichrbamogl] (reaphain-diyl) megdeh} phasyl passeldd-

P YIS Besh HaFART D1 meviptonl P cH et

and doRnefam]thfiphetd-2taBoRdmidef | ux for 3 h. After this
tinme,” the mXxture was cool ed to anbi ent tenperature,

Nyt 3r{ 6+ [(4-OH2-dybroxygsbyl) (wetheil) cabgmeyll (regiohdithdd  acet at e

(60 filtered.thr a_pl of Celt.e ~ The
or gariel ey ERBERAPRHR > B Pad uBle B it
sul faé@ylphédylp4Ie SH6H, 7EIBH-e fd 6ladpeaib Miiid fliene 2d¢teesk amide;
pressure. The residue was triturated w th diethyl

NdBHér({ $42+63-hydragyazaiédis usyed Smorphpdis-4yDt%er ed. The

to apesiRPnRn S HRART S RE U TR ar R DR " ¢

e o e ol
4-F€55(1¥1H§55N§£§-r£%r{|&'§~?ﬂ%z%%%fﬁ?%%ﬁ?ﬁ}ﬁ?f@ﬁﬁmﬁ5@?&! thot Aoy

opyr & di @-ﬂ,%‘-dﬂ}drﬂ%ﬁ%aﬁn—b'—%) -2-methylphenyl] -Z-methoxy%f;nzamide'

t et rahydr obenzo[ b] t hi ophene- 2-Ttar boxam de (4 N
NNR2 cHBrei34(6f {062 D81dimethyhd-oxbpiperanis ckylrhengldminp brfemiethyl-5-

fl ask [ d with i ti fl

condEHe ARG Ry 2t AP BRI hed Gy dro-1-

1, 4-5{4@5@[@%&-%5@0@@@@“ on of sodi um car bonate

(163 rrg 2.08 Mol ) in water (1nL), 38 (183 rr}gl 0.515
Nrirdfyl [&hbid-ggnethyls3pxoniprrazipredinheny laiant - iaethyle>-oxo-4.5-

Vi el g bt RO baiBlelty RHERy T D819 Reibdiafoepul ting

m xt ur

te:(r;dnizstmdphaﬁtemyhlmbmmhbﬂe) pal I adi un(0) (60 ng, 0.052
N e B S eor R0 bRl EEA S

m Xt &iﬁﬁrﬁ?ﬁaﬁﬁ@—ﬁ?ﬁ Irﬂetﬁ&%ﬂ?—ﬁﬁc’m\?\ggf;ﬂgﬂ &,5,81%de@Mydro-1-

hydr oc c acid (20 n.)" follo y nethyl ené
chl obdndethi@Bemd-3-cavbsoxamided. The aqueous | ayer was

NI PP 40T PSS A el
pot agial Mﬁfi9W§-Q;6-$HQO%EHW4,B,@ertfﬂ?&ir&hen

extracted with nethyl ene loride (3 x 25 nL), and the
or gabfineoiaphaes-3-coibprangidabi ned and dried over sodi um

I 1 The ' . .
NG i S A e RSB RS S e
pr esgitiydrop@razih 20415l 24 ordphaR9il Wi b, 8- tétBdy ) 1 -8snzathiepHenew2-

solid: np 155-156 C; 1H NWR (500 MHz, CDC13) 5 8.27
(bs, carpgxampdeys (dd, 1H, J. 3.5, 8.5 Hz), 7.84 (m 3H),

NI {8201 HheyPP obpjpdbdiy el ihino Ladfed s b b
3. 40digarofihyin2- A8 6(finord-BmeiBypherlyi4,1)6)7-teRaBirgtl; 2H,

J=6,0 H), 2.6 3H), 1.86 (m 4H), 1.16 (t, 311,
J= 7[?%1255‘}9@&/&6%@%@9}“529%16. 3 (MrH). Exanple 8

5- Brono- 1- net hy1-3-nitropyridin-2-one (41). NO2 10 CH3
41 [00201] A 1-L round-bottomed flask equi pped with a
magnetic stirrer was purged with nitrogen and charged
W th 5-brono-3-nitro-2-hydr fypyridine (24.0 g, 0.11
nol ), anhydrous DMF (280 ni) and powdered potassi um
carbonate (-350 nesh, 33.4 g, 0.24 nol), and the
suspension stirred for 15 mn at anbi ent tenperature.




N O CH3l 43 [00203] Usi ng the sane general procedure as
described for the preparation of 10, 42 (3.67 g) gave
Yombel d (2.10 g) of 43 as a yellow solid:
3 g y
W‘g’i%-g’ﬁ/f%bﬁc; 1H NVR (500 ME, DVEG.d6) 89, 78 (bRCHYs008077054
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,

N deTab P g Bl Sty Sy
(s, médhyl-3-0Xd-4(3tihgdipydBin{Z=@hphenyi] 2,537 tétMhiglizo-1-

N-[3-(5-1]5-(1, 4-di met hyl- 3- oxopi perazin-2-yl)pyridin-
2- y|heasthigphanerd4ppxapnide;

. . AN V1) 2- et i | 4

NG S e A B S ol D R RO Ds edst
[ 00266} 45 4ifhyaitopseaime D-yl ubEuempharyled, 56t htcaapiyodt i c
stirring, pba cgarge%vvith 43 (0.20 g, 0.5 mmol),
346-%F%P@§b?‘¥e\g$‘ﬁ@r OFAYCY, 4- di met hyl pi per azi n2- one

G e S e e e
( 0. 080-4>-dihydEopyrazin)-2-yiinter@PEOS, 1-@1r8RGirgr1 - ten@othivphgne-2-
in digxane.(10 nL). After the m xture was degassed for

5 MO %nas heated at 95 t for 16 h. Then, the
2aBloran. i : . . "

e N AW RTINSt B

di cHixerébhelityrmpy(aein-Aiy))-Gildotopbenyllyd b &, Instrehyepdr at ed.
The b%%gtgu h@nl?:@f-% \ﬁ’%%a .>ét racted with dichl oronet hane
HiCpheNe S CankEart

(3 X and b1 ned organi c extracts were
Ny2&hatb-$d(6-[4-204-0Bnethyl- Rt papdriven-0.51 phdnyl idie6l -4-methyl-5-

(I\IaZS(gg%| and concentrated. The crude m xture was

pur | POt hYdERRYRIF It RyDREEEr 4 oy -tetalysirent c benzathiophene-2-

MeOH.,i | ehl oronet hane/ ether (1/1), to afford 0.10 ¢

(34%%‘(%6‘91“%%’% a solid: M5 (ESI+) mz 596 (MH).
N-E4d6q{[ 4 ( 04-8ohethy - Box diparhzin-2-yl)phenyl]amino }-4-methyl-5-oxo0-4,5-

2- (4. Ethyl pi perazin-l-yl)-2-(4-(4-pethyl-6-(2-methyl-3

2 5 e Pelian) bbbl sstiat EF OHESINEE1 2- car box

ami dehph@Rhdne3-8%@oarfigdi hydr opyr azi n- 2-

yl am no) phenyfl acetate (45). [00205] Using the sane
4-pﬁrfeblé_uluNe{3?36-@éd@)i(denbthjdcarbmow[epﬁlyﬁpfmﬂdﬁ 10, the

reacti on t . . .

DS o e e iy mino et Sop iy A st 2 v112-

y| anme@ypheny HenZahide et hyl pi perazin-1-yl)acetate (1.33
g) wWith N (2-nethyl-3-
4‘(349‘]4‘?51,4!’}:{t3e[16r@ﬁéfﬁi&@@?@ﬁ@ﬂbﬁ@PﬂM@MWﬁﬁl) -5,6,7,8

“tet - al b} thi - 24 i
1 SRBAE AR ERA AL R URRANCOG £ SRR AR 2 y1)-2-
g e 10) - 78 (0 ol 3o s 4=
A burfl- N3 @ [ 4 Simesdy v diipe ang YOntEnyllapmiag)-(gmethyl-
) e i tpydzing i Babemiph T =TT 2
(s, @HhethPadind)propglitbeniamiley Hz), 2.76 (t, 2H, J=5.7

2. 61 r s, 32 (s, 3 .88 L 2H), 1,77
NiFactigy 36 14 F -y 3 3R obiBspiin -ty N Ghino b pips-

Hz) ; oS4, 6 B ytko gt %8831 ( Middhylphenyl]-4,5,6,7-tetrahydro-1-
2- (4- Et hyl pi'perazin-|-yl)-2-(4-(4-net hyl -6-(2-nethyl -3
- ( 5, BnzoBiapbencalrgaboxatidyc| ohept a[ b] t hi ophene- 2- car box
am do) phenyl) - 3- oxo- 3, 4- di hydr opyr azi n- 2-
yl am no) phenyl )acetic Acid (46). CNCH3 N) CH3CO2H 46
[ 00206] Usi ng the sane 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: np
168-170 C; I FINVR (300 MHz, DWVb0O-d6) 69.79 (s, 1H),
9.25 (s, 1H), 7.96 (d, 2H, J= 7.5 Hz), 7.70 (s, 1H),
7.29 (m 6H), 3.86 (m 1H),33.71 (s, 3H), 3.37 (q, 2H,
J=7.2 Hz), 2.81 (m 2H), 2.69 (m 211), 2.42 (hr s,
8H), 2.19 (s, 3H), 1.83 (hr s, 2H), 1.61 (br s, 4H),



those described in Exanples 1-9. Structure Name MWV
calc M# nmh obs O\ NH / o\

WORG03039397 4- (1, 4- di met hy1l- 3- oxopi per azi n- 2- y| PEHER30N08/077054
am no) - 4- net hy1- 5- oxo- 4, 5- di hydropyrazin-2-y1) - 2-
fl uorophenyl)-4,5,6, 7-
t et rahydr obenzo[ b] t hi ophene2- car boxam de 600.23 601. 3

NI5-(6-{[4-(1,4-Nirhdthi103-0kdfipdrazin-2-}fPphenyl]amino }-4-methyl-5-oxo-4,5-

2 oogc{ll%;sd?'ggyzg)z?l%% )%)%%?11%1937-;8-544:5 ,8,7-tetrahydro~1-benzothiophenc—2—
carboxamide;

N-[6-(6-{[4-(1 ,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)pyridin-2-yi]-4,5,6,7-tetrahydro- 1-benzothiophene-2-
carboxamide;

N-[2-chloro-3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]Jamino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-6-methylphenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[6-(6-{[4-(1,4-dimethyl-3-0xopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-3-fluoropyridin-2-yl1]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[6-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-5-fluoropyridin-2-yl}-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl Jamino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl}-7-ox0-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[3-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl}phenyl]amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl]-7-hydroxy-4,5,6,7-tetrahydro-1-
benzothiophene-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-yl1)-2-methylphenyl]-2-methylbenzamide;

N-[3-(6-{ [4-(1-ethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-6-fluoro-2-methylphenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[3-(6-{[4-(1-ethyl-3-oxopiperazin-2-yl)phenyljamino } -4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2,6-difluorophenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[3-(6-{[4-(1-ethyl-4-methyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo-
4,5-dihydropyrazin-2-y1)-2,6-difluorophenyl]-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;

33



[ 1t NNHNJ o N-(3-(6-(4-(21-(ethyl (isopropyl)
am no) - 2- ((2- met hoxyet hyl ) (et hyl)am no) - 2- oxoet hyl)

/M no) - 4- met hy1- 5- oxo-
chﬂ}g ldjb% ydr opyrazi n-2-yl)-2- et hyl phenyl)-4, 5‘,)%1:[9§20081077054

tetrahydrobenzo[ b]th| ophene2- car boxam de 684 35 685.0
NH / FIN /- 0 /Th ol\/NM

N- -&é” I{glp éLAtE)(Jl—]ﬂne%lyi 3§°§‘t°§§ﬂh in-2-yl)phenylJamino }-4-methyl-5-oxo-
phen%ﬁ-dﬂiyﬁﬁ)pyﬂ}zﬁﬁl’,-l?lb? -Auersphenytidi, hporeaytiyazs-n- 2- y1) - 2-

nmet hyl phenyl)
t et rEgRgRLR ‘F{‘Eo%ﬁﬂfb%a@b‘ﬁ%nez car boxani de 736.39 737.4

4-tert-butyl-N-[6-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenylJamino }-4-methyl-
5-ox0-4,5-dihydropyrazin-2-yl)pyridin-2-yljbenzamide;

N-[5-(6-{[4-(1-ethyl-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-[5-(6-{[4-(1,4-diethyl-3-0oxopiperazin-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-(4-ethyl-1-methyl-3-oxopiperazin-2-yl)phenylJamino }-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2,6-difluorophenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[5-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-fluorophenyl]-7,7-difluoro-4,5,6,7-tetrahydro- 1-
benzothiophene-2-carboxamide;

N-[5-(6-{[4-(1-ethyl-4-methyl-3-oxopiperazin-2-yl)phenylJamino }-4-methyl-5-oxo-
4,5-dihydropyrazin-2-y1)-2-fluorophenyl}-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[6-(6-{[4-(1-ethyl-3-oxopiperazin-2-yl)phenyl]Jamino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-3-fluoropyridin-2-yl}-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[6-(6-{[4-(4-ethyl-1-methyl-3-0xopiperazin-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;

N-[6-(6-{[4-(1-ethyl-4-methyl-3-oxopiperazin-2-yl)phenyt]amino } -4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-3-fluoropyridin-2-yl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[6-(6-{[4-(1,4-diethyl-3-oxopiperazin-2-yl)phenyl]Jamino }-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl}-3-fluoropyridin-2-yl]-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;
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N-[3-(6-{ [4-(4-ethyl-1-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;

N-{5-[6-({4-[(2R)-1,4-dimethyl-3-oxopiperazin-2-yl]phenyl }Jamino)}-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl]-2-fluorophenyl }-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-{3-(6-{[4-(1,4-diethyl-3-oxopiperazin-2-yl)phenyl]amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2,6-difluorophenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-{5-[6-({4-[(28)-1,4-dimethyl-3-oxopiperazin-2-yl}phenyl }amino)-4-methyl-5-o0xo-
4,5-dihydropyrazin-2-yl]-2-fluorophenyl }-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-{6-[6-({4-[(25)-1,4-dimethyl-3-oxopiperazin-2-yl]phenyl }amino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl]-3-fluoropyridin-2-yl }-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-{6-[6-({4-[(2R)-1,4-dimethyl-3-oxopiperazin-2-yl]phenyl }amino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl]-3-fluoropyridin-2-yl}-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide;

N-[2-fluoro-5-(4-methyl-6-{ [4-(4-methyl-3-oxopiperazin-2-yl)phenyl]amino }-5-oxo-
4,5-dihydropyrazin-2-yl)phenyl]-4,5,6,7-tetrahydro- 1-benzothiophene-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-fluoro-6-methylphenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-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-flaoro-2-methylphenyl]-4,5,6,7-tetrahydro-1-

benzothiophene-2-carboxamide;
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N-{5-[6-({4-[2-(azetidin-1 -yl)-1-(dlmcthylanuno)-Z-oxoethyl]phenyl}amino)-4~
methyl-5-0x0-4,5-dihydropyrazin-2-yl]-2-fluorophenyl }-4,5,6,7-tetralydro-1-
benzothiophene-2-carboxamide;

N-{2-fluoro-5-[6-({4-[1-(2-hydroxyethyl)-4-methyl-3-oxopiperazin-2-
yllphenyl }amino)-4-methyl-5-ox0-4,5-dihydropyrazin-2-yl]phenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-2-carboxamide;

N-[5-(6-{[4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenyl]amino } -4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-fluorophenyl]-4,4-difluoro-4,5,6,7-tetrahydro-1-
benzothiophene-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]-4-hydroxy-4,5,6,7-tetrahydro- 1-
benzothiophene-2-carboxamide;

N-[3-(5-{[5-(1,4-dimethyl-3-oxopiperazin-2-yl)pyridin-2-yljamino}- 1 -methyl-6-oxo-
1,6-dihydropyridin-3-y1)-2-methylphenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide; and

pharmaceutically acceptable salts, solvates, and mixtures thereof.

[0088] The present compounds described herein are potent inhibitors of Btk.

While not being bound by any theory, certain compounds have improved properties in

the form of greater efficacy (as measured by, for example, the inhibition of Btk in

whole blood and the inhibition of B-cell activation in mice).

[0089] Methods for obtaining the novel compounds described herein will be

apparent to those of ordinary skill in the art, suitable procedures being described, for

example, in 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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{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
1solated and optionally purified.

[0091] Referring to Reaction Scheme 1, Step 2, 10% palladium on charceal 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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balloon pressure of hydrogen at room temperature for about 13 h. The product, a
compound of Formula 205, is isolated and optionally purified.

[0092] Referring to Reaction Scheme 1, Step 3, a solution of about an
equivalent of a compound of formula 206 in an inert solvent such as dichloromethane
is added portionwise to a solution of a compound of Formula 205 and a base such as
triethylamine in an inert solvent such as dichloromethane. The mixture is stirred at
room temperature for about 16 h. The product, a compound of Formula 207, is
isolated and optionally purified.

Reaction Scheme 2
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Formula 301; an excess (such as about 1.2 equivalents) of bis(neopentyl
glycolato)diboron; and about 0.3 equivalent of [1,1’-bis(diphenylphosphino)-
ferrocene]dichloropalladium, 1:1 complex with dichloromethane; and a base such as
potassium acetate in an inert solvent such as dioxane is heated at reflux for about 3h.
The product, a compound of Formula 303, is isolated and optionally purified.

[0094] Referring to Reaction Scheme 2, Step 2, a mixture of a compound of
Formula 303 and 10% palladium-on-carbon in an inert solvent such as ethyl acetate
methanol is treated with 40psi of hydrogen for about 2h at room temperature. The
product, a compound of Formula 305, is isolated and optionally purified.

[0095] Referring to Reaction Scheme 2, Step 3, a solution of a compound of
Formula 305 and a base, such as triethylamine in an inert solvent such as THF is
treated dropwise with about an equivalent of an acid chloride of the Formula 306 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
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[0096] Referring to Reaction Scheme 3, Step 1, a mixture of a compound of

Formula 501, about an equivalent of a compound of NHZ—RIS, and an inert base such
as 1-methyl-2-pyrollidinone is heated at about 130°C for about 1 hr. The product, a

compound of Formula 503, is isolated and optionally purified, wherein R" is
V—

n el

[0097] Referring to Reaction Scheme 3, 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 1N 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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sufficient to provide a practical quantity of material for administration per unit dose of
the compound.

[00100] Exemplary pharmaceutically acceptable carriers or components thereof
are sugars, such as lactose, glucose and sucrose; starches, such as corn starch and
potato starch; cellulose and its derivatives, such as sodium carboxymethyl cellulose,
ethyl cellulose, and methyl celiulose; powdered tragacanth; malt; gelatin; talc; solid
lubricants, such as stearic acid and magnesium stearate; calcium sulfate; synthetic
oils; vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive oil, and corn
oil; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and polyethylene
glycol; alginic acid; phosphate buffer solutions; emulsifiers, such as the TWEENS;
wetting agents, such as sodium lauryl sulfate; coloring agents; flavoring agents;
tableting agents; stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic
saline; and phosphate buffer solutions.

[00101] Optional active agents may be included in a pharmaceutical
composition, which do not substantially interfere with the activity of the compound of
the present invention.

[00102] Effective concentrations of a compound of any one of Formulae I-IX
and pharmaceutié-ally acceptable salts, solvates, and mixtures thereof, are mixed with
a suitable pharmaceutical acceptable vehicle. In instances in which the compound
exhibits insufficient solubility, methods for solubilizing compounds may be used.
Such methods are known to those of skill in this art, and include, but are not limited
to, using cosolvents, such as dimethylsulfoxide (DMSQ), using surfactants, such 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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spray, sublingually, transdermally, via buccal administration, rectaily, as an .

ophthalmic solution, or by other means, in dosage unit formulations.

[00105] Dosage formulations suitable for oral use, include, for example,

tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or

granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions

intended for oral use may be prepared according to any method known to the art for

the manufacture of pharmacentical compositions and such compositions may contain

one or more agents, such as sweetening agents, flavoring agents, coloring agents and

preserving agents, in order to provide pharmaceutically elegant and palatable

preparations. In some embodiments, oral formulations contain from 0.1 to 99% of a

compound of any one of Formulae I-IX. In some embodiments, oral formulations

contain at least 5% (weight %) of a compound of Formula I. Some embodiments

contain from 25% to 50% or from 5% to 75 % of a compound of any one of Formulae

I-IX.

[00106] Orally administered compositions also include liquid solutions,

emulsions, suspensions, powders, granules, elixirs, tinctures, syrups, and the like.

The pharmaceutically acceptable carriers suitable for preparation of such

compositions are well known in the art. Oral fofmulations may contain preservatives, 1
flavoring agents, sweetening agents, such as sucrose or saccharin, taste-masking

agents, and coloring agents, - }
[00107] Typical components of carriers for syrups, elixirs, emulsions and

suspensions include ethanol, glycerol, propylene glycol, polyethylene glycol, liquid

sucrose, 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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suspending agents (e.g., sorbitol syrup, methyl cellulose, glucose/sugar, syrup,

gelatin, hydroxyethyl cellulose, carboxymethyl cellulose, aluminurn stearate gel, and
hydrogenated edible fats), emulsifying agents (e.g., lecithin, sorbitan monsoleate, or
acacia), non-aqueous vehicles, which can include edible oils (e.g., almond oil,
fractionated coconut oil, silyl esters, propylene glycol and ethyl alcohol}, and
preservatives (e.g., methyl or propyl p-hydroxybenzoate and sorbic acid).

[00109] For a suspension, typical suspending agents include methylcellulose,
sodium carboxymethyl cellulose, AVICEL RC-591, tragacanth and sodium alginate;
typical wetting agents include lecithin and polysorbate 80; and typical preservatives
include methyl paraben and sodium benzoate.

[00110] Aqueous suspensions contain the active material(s) in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients
include suspending agents, for example sodium carboxymethylceltulose,
methylcellulose, hydropropylmethylcellulose, sodium alginate, polyvinylpyrrolidone,
gum tragacanth and gum acacia; dispersing or wetting agents; naturally-occurring
phosphatides, for example, lecithin, or condensation products of an alkylene oxide
with fatty acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for éxample
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial
esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
substitute, or condensation products of ethylene oxide with partial esters derived from
fatty acids and hexitol anhydrides, for example polyethylene sorbitan substitute. The
aqueous suspensions may also contain one or more preservatives, for example ethyl,
or n- propyl p-hydroxybenzoate.

[00111] Qily suspensions may be formulated by suspending the active
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 antt-oxidant such as ascorbic acid.

[00112] Pharmaceutical compositions of the invention may also be in the form
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of oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive
oil or peanut oil, or a mineral oil, for example liquid paraffin or mixtures of these.
Suitable emulsifying agents may be naturally-occurring gums, for example gum
acacia or gum tragacanth, naturally-occurring phosphatides, for example soy bean,
lecithin, and esters or partial esters derived from fatty acids and hexitol, anhydrides,
for example sorbitan monoleate, and condensation products of the said partial esters
with ethylene oxide, for example polyoxyethylene sorbitan monoleate.

[00113] Dispersible powders and granules suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are’
exemplified by those already mentioned above.

[00114] Tablets typically comprise conventional pharmaceutically acceptable
adjuvants as inert diluents, such as calcium carbonate, sodium carbonate, mannitol,
lactose and cellulose; binders such as starch, gelatin and sucrose; disintegrants such as
starch, alginic acid and croscarmelose; lubricants such as magnesium stearate, stearic
acid and tale. Glidants such as silicon dioxide can be used to improve flow
characteristics of the powder mixture. Coloring agents, such as the FD&C dyes, can
be added for appearance. Sweeteners and flavoring agents, such as aspartame, -
saccharin, menthol, peppermint, and fruit flavors, can be useful adjuvants for
chewable tablets. Capsules (including time release and sustained release
formulations) typically comprise one or more solid diluents disclosed above. The
selection of carrier components often depends on secondary considerations like taste,
cost, and shelf stability,

[00115] Such compositions may also be 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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example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an o1l medium, for example
peanut oil, liquid paraffin or olive oil.

[00117] Pharmaceutical compositions may be in the form of a sterile injectable
aqueous or oleaginous suspension. This suspension may be formulated according to
the known art using those suitable dispersing or wetting agents and suspending agents
that have been mentioned above. The sterile injectable preparation may also be sterile
injectable solution or suspension in a non-toxic parentally acceptable vehicle, for
example as a solution in 1,3-butanediol. Among the acceptable vehicles that may be
employed are water, Ringer's solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid can be useful in the
preparation of injectables.

[00118] Compounds of any one of Formulae I-IX may be administered
parenterally in a sterile medium. Parenteral administration includes subcutaneous
injections, intravenous, intramuscular, intrathecal injection or infusion techniques.
Compounds of any one of Formulae I-IX, depending on the vehicle and concentration
used, can either be suspended or dissolved in the vehicle. Advantageously, adjuvants
such as local anesthetics, preservatives and buffering agents can be dissolved in the
vehicle. In many compositions for parenteral administration the carrier comprises
at least 90% by weight of the total composition. In some embodiments, the carrier
for parenteral administration is chosen from propylene glycol, ethyl oleate,
pyrrolidone, ethanol, and sesame oil.

{00119] Compounds of any one of Formulae I-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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apglci)ga{ti%n to the eye. Topical compositions may be in any form including, for
example, solutions, creams, ointments, gels, lotions, milks, cleansers, moisturizers,
sprays, skin patches, and the like.

[00121] Such solutions may be formulated as 0.01% -10% isotonic solutions,
pH 5-7, with appropriate salts. Compounds of any one of Formulae I-IX may also be
formulated for transdermal administration as a transdermal patch.

[00122] Topical compositions comprising a compound of any one of Formulae
I-IX can be admixed with a variety of carrier materials well known in the art, such as,
for example, water, alcohols, aloe vera gel, allantoin, glycerine, vitamin A and E oils,
mineral oil, propylene glycol, PPG-2 myristyl propionate, and the like.

[00123] Other materials suitable for use in topical carriers include, for example,
emollients, solvents, humectants, thickeners and powders. Examples of each of these
types of materials, which can be used singly or as mixtures of one or more materials,
are as follows:

[00124] Representative emollients include stearyl alcohol, glyceryl
monoricinoleate, glyceryl monostearate, propane-1,2-diol, butane-1,3-diol, mink oil,
cetyl alcohol, iso-propy! isostearate, stearic acid, iso-butyl palmitate, isocetyl stearate,
oleyl alcohol, isopropyl laurate, hexyl laurate, decyl oleate, octadecan-2-ol, isocetyl
alcohol, cetyl palmitate, dimethylpolysiloxane, di-n-butyl sebacate, iso-propyl
myristate, iso-propyl palmitate, iso-propyl stearate, butyl stearate, polyethylene
glycol, triethylene glycol, lanolin, sesame oil, coconut oil, arachis oil, castor oil,
acetylated lanolin alcohols, petroleum, mineral oil, butyl myristate, isostearic acid,
palmitic acid, isopropyl linoleate, lauryl lactate, myristyl lactate, decyl oleate, and
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 monoethyi 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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[00#2330xam AemgRd3 Bf difone & Formulae I-IX may also be topically
administered in the form of liposome delivery systems, such as small unilamellar
vesicles, large unilamellar vesicles, and multilamellar vesicles. Liposomes can be
formed from a variety of phospholipids, such as cholesterol, stearylamine and
phosphatidyicholines.

[00126] Other compositions useful for attaining systemic delivery of the
compound include é;ublingual, buccal and nasal dosage forms. Such compositions
typically comprise one or more of soluble filler substances such as sucrose, sorbitol
and mannitol, and binders such as acacia, microcrystalline cellulose, carboxymethyl
cellulose, and hydroxypropyl methylcellulose. Glidants, lubricants, sweeteners,
colorants, antioxidants and flavoring agents disclosed above may also be included.
[00127] Compositions for inhalation typically can be provided in the form of a
solution, suspension or emulsion that can be administered as a dry powder or in the
form of an aerosol using a conventional propellant (e.g., dichlorodifluoromethane or
trichlorofluoromethane).

[00128] The compositions of the present invention may also optionally
comprise an activity enhancer. The activity enhancer can be chosen from a wide
variety of molecules that function in different ways to enhance or be independent of
therapeutic effects of the present compounds. 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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ph%g%acdéuncal composition to treat a patient suffering from a disease responsive to
inhibition of Btk activity and/ or inhibition of B-cell and/or myeloid-cell activity. The
invention can include providing prescribing information; for example, to a patient or
health care provider, or as a label in a packaged pharmaceutical formulation.
Prescribing information may include for example efficacy, dosage and administration,
contraindication and adverse reaction information pertaining to the pharmaceutical
formulation.

[00131] In all of the foregoing the compounds of any one of Formulae I-IX can
be administered alone, as mixtures, or in combination with other active agents.
[00132] Accordingly, the invention includes a method of treating a patient, for
example, a mammal, such as a human, having a disease responsive to inhibition of
Btk activity, comprising administrating to the patient having such a disease, an
effective amount of a compound of any one of Formulae I-IX and pharmaceuticaily
acceptable salts, solvates, and mixtures thereof.

[00133] To the extent that Btk is implicated in disease, alleviation of the
disease, disease symptoms, preventative, and prophylactic treatment is within the
scope of this invention. In some embodiments, compounds of any one of Formulae I-
IX may also inhibit other kinases, such that alleviation of disease, disease symptoms,
preventative, and prophylactic treatment of conditions associated with these kinases is
also within the scope of this invention.

[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, iz 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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concentration of the compound, or theoretically, by calculating bioavailability.
[00135] In some embodiments, the condition responsive to inhibition of Btk
activity and/ or B-cell and/or myeloid-cell activity is cancer, a bone disorder, an
allergic disorder and/or an autoimmune and/or inflammatory disease, and/or an acute
inflammatory reaction.

[00136] The invention includes a method of treating a patient having cancer, a
bone disorder, an allergic disorder and/or an autoimmune and/or inflammatory
disease, and/or an acute inflammatory reaction, by administering an effective amount
of a compound of any one of Formulae I-EX and pharmaceutically acceptable salts,
solvates, and mixtures thereof.

[00137] In some embodiments, the conditions and diseases that can be affected
using compounds of any one of Formulae I-IX, include, but are not limited to:

allergic disorders, including but not limited to eczema, allergic rhinitis or coryza, hay

fever, bronchial asthma, urticaria (hives) and food allergies, and other atopic
conditions;

autoimmune and/or inflammatory diseases, including but not limited to psoriasis,
Crohn’s disease, irritable bowel syndrome, Sjogren’s disease, tissue graft rejection,
and hyperacute rejection of transplanted organs, asthma, systemic lupus
erythematosus (and associated glomerulonephritis), dermatomyositis, multiple
sclerosis, scleroderma, vasculitis (ANCA-associated and other vasculitides),
autoimmune hemolytic and thrombocytopenic states, Goodpasture's syndrome (and
associated glomerulonephritis and pulmonary hemorrhage), atherosclerosis,
rheumatoid arthritis, osteoarthritis, chronic Idiopathic thrombocytopenic purpura
(ITP), Addison’s disease, Parkinson’s 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;
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cancer, including but not limited to hematological malignancies, such as B-cell

lymphoma, andacute lymphoblastic leukemia, acute myelogenous lenkemia, chronic
myelogenous leukemia, chronic and acute lymphocytic leukemia, hairy cell lenkemia,
Hodgkin's disease, Non-Hodgkin lymphoma, multiple myeloma, and other diseases
that are characterized by cancer of the blood or lymphatic system; and

bone disorders, including but not limited to osteoporosis.

[00138] Btk is a known inhibitor of apoptosis in lymphoma B-cells. Defective
apoptosis contributes to the pathogenesis and drug resistance of human leukemias and
lymphomas. Thus, further provided is a method of promoting or inducing apoptosis in
cells expressing Btk comprising contacting the cell with a compound of any one of
Formulae I-IX, pharmaceutically acceptable salts, solvates, and mixtures thereof,
[00139] The invention provides methods of treatment in which a compound of
any one of Formulae I-IX, and pharmaceutically acceptable salts, solvates, and
mixtures thereof, or a composition (e.g., a pharmaceutical composition thereof), is the
only active agent given to a patient and also includes methods of treatment in which a
compound of any one of Formulae I-IX, and pharmaceutically acceptable salts,
solvates, and mixtures thereof, or a composition (e.g., a pharmaceutical composition
thereof), is given to a patient in combination with one or more additional active
agents. The additional active agent(s) can be given to a patient sequentially or
consecutively with a compound or composition of the present invention.

[00140] The invention provides methods of treatment of rheumatoid arthritis,
systemic lupus erythematosus, multiple sclerosis and/or asthma in which a compound
of any one of Formulae I-IX, and pharmaceutically acceptable salts, solvates, and
mixtures thereof, is the only active agent given to a patient and also includes methods
of treatment of rthenmatoid arthritis, systemic lupus erythematosus, multiple sclerosis
and/or asthma in which a compound of any one of Formulae I-IX, and
pharmaceutically acceptable salts, solvates, and mixtures thereof, is given to a patient
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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a bone disorder, an allergic disorder and/or an autoimmune and/or inflammatory
disease, and/or an acute inflammatory reaction. For example the second agent may be
an anti-inflammatory agent. Treatment with the second active agent may be prior to,
concomitant with, or following treatment with a compound of any one of Formulae I-
IX and pharmaceutically acceptable salts, solvates, and mixtures thereof. In certain
embodiments, a compound of any one of Formulae I-IX and pharmaceutically
acceptable salts, solvates, and mixtures thereof, is combined with another active agent
in a single dosage form. Suitable antitumor therapeutics that may be used in
combination with a compound of any one of Formulae I-IX include, but are not
limited to, chemotherapeutic agents, for example mitomycin C, carboplatin, taxol,
cisplatin, paclitaxel, etoposide, doxorubicin, or a combination comprising at least one
of the foregoing chemotherapeutic agents. Radiotherapeutic antitumor agents may
also be used, alone or in combination with chemotherapeutic agents.
[00142] Compounds of any one of Formulae I-IX can be useful as
chemosensitizing agents, and, thus, can be useful in combination with other
chemotherapeutic drugs, in particular, drugs that induce apoptosis.
[00143] A method for increasing sensitivity of cancer cells to chemotherapy,
comprising administering to a patient undergoing chemotherapy a chemotherapeutic
agent together with a compound of any one of Formulae I-IX and pharmaceutically
acceptable salts, solvates, and mixtures thereof, in an amount sufficient to increase the
sensitivity of cancer cells to the chemotherapeutic agent is also provided herein.
[00144] Examples of other chemotherapeutic drugs that can be used in
combination with the present compounds include topoisomerase I inhibitors
(camptothesin or topotecan), topoisomerase II inhibitors (e.g. daunomycin and
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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and etoposide), DHAP (dexamethasone, cisplatin, and cytarabine), ESHAP
(etoposide, methylpredinsolone, cytarabine, and cisplatin), gemcitabine, Rituxan®,
Treanda®, chlorambucil, fludarabine, alemtuzumab, and the like.

[00145] Included herein are methods of treatment, for example for treating
autoimmune and/or inflammatory diseases, in which a compound of any one of
Formulae I-IX and pharmaceutically acceptable salts, solvates, and mixtures thereof,
is administered in combination with an anti-inflammatory agent. Anti-inflammatory
agents include but are not limited to NSAIDs, non-specific and COX-2 specific
cyclooxgenase enzyme inhibitors, gold compounds, corticosteroids, methotrexate,
tumor necrosis factor receptor (TNF) receptors antagonists, immunosuppressants and
methotrexate,

[00146] Examples of NSAIDs include, but are not limited to ibuprofen,
flurbiprofen, naproxen and naproxen sodium, diclofenac, combinations of diclofenac
sodium and misoprostol, sulindac, oxaprozin, diflunisal, piroxicam, indomethacin,
etodolac, fenoprofen calcium, ketoprofen, sodium nabumetone, sulfasalazine, tolmetin
sodium, and hydroxychloroquine. Examples of NSAIDs also include COX-2 specific
inhibitors (i.e., a compound that inhibits COX-2 with an ICs, that is at least 50-fold
lower than the ICsp for COX-1) such as celecoxib, valdecoxib, lumiracoxib, etoricoxib
and/or rofecoxib.

[00147] In a further embodiment, the anti-inflammatory agent is a salicylate.
Salicylates include but are not limited to acetylsalicylic acid or aspirin, sodium
salicylate, and choline and magnesium salicylates,

[00148] The anti-inflammatory agent may also be a corticosteroid. For
example, the corticosteroid may be chosen from cortisone, dexamethasone,
methylprednisolone, prednisolone, prednisclone 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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adalimumab (Humira®) which are anti-TNF alpha monoclonal antibodies.

001521 Still other embodiments of the invention pertain to combinations in
which at least one active agent is an immunosuppressant compound such as
methotrexate, leflunomide, cyclosporine, tacrolimus, azathioprine, or mycophenolate
mofetil.

[00153] Siill other embodiments of the invention pertain to cominations with
Rituxan® (Rituximab) or other agents that work by selectively depleting CD20+ B-
cells.

[00154] Dosage levels of the order, for example, of from 0.1 mg to 140 mg per
kilogram of body weight per day can be useful in the treatment of the above-indicated
conditions (0.5 mg to 7 g per patient per day). The amount of active ingredient that
may be combined with the vehicle to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration. Dosage
unit forms will generally contain from 1 mg to 500 mg of an active ingredient.
[00155] Frequency of dosage may also vary depending on the compound used
and the particular disease treated. In some embodiments, for example, for the
treatment of an allergic disorder and/or autoimmune and/or inflarnmatory disease, a
dosage regimen of 4 times daily 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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include pairs, such as biotin and streptavidin, digoxin and antidigoxin etc. For the
specific binding members, the complementary member would normally be labeled
with a molecule which provides for detection, in accordance with known procedures,

as outlined above. The label can directly or indirectly provide a detectable signal.

[00158] The invention is further illustrated by the following non-limiting
examples,
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Methyl 2-(4-Nitrophenylacetate (1).
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
mimnol), 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;) 8 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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[00160] A 1-L single-neck round-bottomed flask equipped with a magnetic
sﬁrrér and reflux condenser was charged with 1 (10.6 g, 54.1 mmol), carbon
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, CDCl3) 68.23 (d,2H, J=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).

H3C\N/ﬁ
N.
O
O,N

2

[00161] A 100-mL single-neck round-bottomed flask equipped with a magnetic
stirrer was purged with nitrogen, charged with Nl,NZ-dimetherthane-l,2-diamjne
(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-dg) 8 8.18 .(d, 2H, J=8.5Hz), 7.60 (d, 2H, J= 8.5 Hz), 3.87
(s, 1H), 3.61 (14, 1H, J=12.0, 4.0 Hz), 3.26 (ddd, 1H, /= 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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[00162] A 50-mL single-neck round-bottomed flask equipped with a magnetic
stirrer was purged with nitrogen and charged with 3 (200 mg, 0.80 mmol), ethanol (5
mL) and 10% palladium on carbon (50% wet, 4 mg dry weight). The reaction flask
was purged with hydrogen gas and the reaction mixture stirred under a balloon
pressure of hydrogen for 2 h. After this time the flask was purged with nitrogen. The
catalyst was removed by filtration through a pad of Celite 521 and the filter cake
washed with ethanol (10 mL). The filtrate was concentrated under reduced pressure
to afford a 94% yield of 4 (166 mg) as a colorless oil: 'H NMR (500 MHz, DMSO-ds)
3 6.89 (d, 2H, J =8.5 Hz), 6.47 (d, 2H, /= 8.5 Hz), 4.94 (s, 2H), 3.53 (td, 1H, J =
12.0, 4.0 Hz), 3.44 (m, 1H), 3.21 (dt, 1H, J=12.0, 4.0 Hz), 2.92 (dt, 1H, J = 12.0, 4.0
Hz), 2.82 (s, 3H), 2.02 (s, 3H); MS (ESI+) m/z 220 (M+H).

5-Bromo-3-hydroxy-1-methyl-1H-pyrazin- 2-one hydrogen bromide salt (5).

ey

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 5 (49.4 g} as an orange solid:
mp 161-162 °C dec; 'H NMR (500 MHz, DMSO-de) & 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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[00164] A 1-L three-neck round-bottomed flask equipped with a mechanical

stirrer and thermoregulator was purged with nitrogen and charged with 2-bromo-6-
nitrotoluene (60.2 g; 278mmol), bis(pinacolato)diboron (85.2 g; 336mmol), potassium
acetate (82.4 g; 840mmol) and DMSO (320mL). A stream of nitrogen was passed
through the resulting suspénsion for 30 min, [1,1’ bis(diphenylphosphino)-
ferrocene]dichloropalladium (II), complex with dichloromethane (1:1) (7.60 g;
9.30mmol) was then added and the reaction heated at 85 °C for 20 h. After this time
the mixture was cooled to ambient temperature, poured into a mixture of water
(1300mL) and M:BE (500mL) and treated with Cellpure P65 (150 cc). The resulting
suspension was filtered through a pad of Cellpure P65 (200 cc) packed onto a fritted
funnel (ID 185 mm). The filter cake was washed with M7BE (3 x 180mL) and the
organic layer of the filtrate separated, washed with water (3 x 1L) and dried over
sodium sulfate. After filtering off sodium suifate, the filtrate was concentrated and
purified by flash chromatography to afford 4,4,5,5-tetramethyl-2-(2-methyl-3-nitro-
phenyl)-f1,3,2]dioxaborolane (6) as a light yellow solid: 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).

9
H2N\©/B~O
)

[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-phenyt)-[ 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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(ESI+) m/z 234 (M+H).

4,5,6,7-Tetrahydro-benzo[blthiophene-2-carbonyl chloride (8).
O

Cl S
W,

8
[00166] 4,5,6,7-Tetrahydro-benzo[b]thiophene-2-carboxylic acid (1.0g, 5.50
mmol) is dissolved in dichloromethane [DCM] (25 mL) that contains 5 drops of N,N-
dimethylformamide [DMF] under nitrogen and cooled to 0°C., Oxalyl chloride (13.7
mL of a 2.0M solution in DCM) is added via syringe and allowed to warm to RT over
1 hour. All solvent is then removed under reduced pressure, and the resultant oil is
reduced from toluene (3 x 20 mL) to remove residual oxalyl chloride. The residue is
then dissolved in ethyl acetate and washed with saturated sodium bicarbonate (1 x
100mL), then washed with saturated sodium chloride {1 x 100mL) and dried over
sodium sulfate. The solution is then filtered and concentrated under reduced pressure
to give 4,5,6,7-tetrahydro-benzo[b]thiophene-2-carbonyl chloride (8) as an oft-white
solid (1.03g).

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 O
(AN B§<
O
9

[00167] 2-Methyl—3-(4,4,5,5—tetramethy1—[1,3,2]dioxaboroian-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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benzofb]thiophene-2-carbonyl chloride (8) (1.03g, 5.16 mmuol) is then added in
portions over 5 min and allowed to react warming to RT over 60 min. All solvent is
then removed under reduced pressure, and the resultant oil is reduced from teluene (3
x 20 mL) to remove residual pyridine. The residue is then dissolved in ethyl acetate
and washed with sodium hydroxide (1N, 1 x 100 mL), then washed with saturated
sodium chloride (1 x 100mL) and dried over sodium suifate. The solution is then
filtered and concentrated under reduced pressure to give 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) as an off-white solid (1.87g).

Sodium 4-methyl-6-(2-methyl-3-(4,5,6,7-tetrahydrobenzo[f]thiophene-2-
carboxamido)phenyl)-3-oxo-3,4-dihydropyrazin-2-olate (10).

o
~ N N_-ONa
H
\ 4 CH;, |
N0
CH,

ao
[00168] A 250-mL three-neck round-bottomed flask equipped with a
mechanical stitrer, reflux condenser and nitrogen inlet was charged with 1,4-dioxane
(100 mL) and aqueous 2.0 M sodium carbonate (15 mL, 29.5 mmol). After bubbling
" nitrogen through the resulting solution for 15 minutes, 5 (8.44 g, 29.5 mmol), 9 (12.9
g, 32.5 mmol) and tetrakis(triphenylphosphine)palladium (2.38 g, 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—de) § 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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N-(3-(6-Brome-4-methyl-5-ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-
4,5,6,7-tetrahydrobenzo[b]thicphene-2-carboxamide (11).

0 [ j
s N N\ Br
<:§?S,)LH s | NIO
H

(11) le 3
[00169] A 250-mL single-neck round-bottomed flask equipped with a magnetic
stirrer and reflux condenser was purged with nitrogen and charged with 10 (6.55 g,
15.7 mmol) and anhydrous methylene chloride (60 mL). To the resulting suspension
phosphorous oxybromide (9.95 g, 34.3 mmol) and N, N-dimethylformamide (190 mg,
2.60 mmol) were added and the reaction was then heated at reflux for 4 h. After this
time the reaction mixture was poured into a 10% aqueous potassium carbonate
solution (100 mL) and methylene chloride (75 mlL) was added. The resulting
suspension was filtered through Celite 521 and the layers separated. The aqueous
layer was extracted with methylene chloride (2 x 100 mL) and the combined organic
layers were dried over sodium sulfate, filtered and concentrated under reduced
pressure. The resulting residue was triturated with a 2:1 solution of ethyl
acetate/hexanes (10 mL) and filtered. The filter cake was washed with the 2:1 ethyl
acetate/hexanes solution (20 mL) and dried to a constant weight under vacuum to
afford a 50% yield (3.59 g) of 11 as a light yellow solid: mp 240-241 °C, "H NMR
(500 MHz, DMSO-dg) 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, J = 5.5 Hz), 2.61 (t, 2H, J = 5.5 Hz), 2.18 (s, 3H), 1.76 (m, 411);
MS (ESH+) m/z 458(M+H).

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-methylphenyl}-4,5,6,7-tetrahydrobenzo[b]thiophene-2-
carboxamide (12).

O
N
R N | }\KI Q
\ 0
S CH ) CH,
3 BII O N/ 3
CH N\)
3 H3 C/
(12) ‘CF3C02H
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[ﬂp%ﬂggé?/)e ;%&%g@in@r%%&%grf_ ! 6)(%{0&}6@&@% Ic:quippcd with a magnetic
stigehyolt eflyk @zhdenenwitds chaegedraiithyd (1656 mygl 0-73,1hm61)7/11 (30d0ng,
0.66 mmol), cesium carbonate (475 mg, 1.46 mmol) and 1,4-dioxane (10 mL). After
bubbling nitrogen through the resulting solution for 30 minutes, Xantphos (32 mg,
0.056 mmol) and tris(dibenzylideneacetone)dipatladium(0) (30 mg, 0.033 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 give a residue, which was further purified by preparative reverse
phase HPLC to afford a 30% yield (143 mg) of 12 as a yellow solid: mp 155-156 °C;
'H NMR (500 MHz, DMSO-ds) § 9.82 (s, 1H), 9.43 (s, 1H), 8.08 (d, 2H, J = 7.5 Hz),
7.68 (s, 1H), 7.32 (d, 2H, J = 7.5 Hz), 7.27-7.32 (m, 3H), 7.24 (s, 1H), 4.88 (bs, 1H),
3.42-3.75 (m, 4H), 3.59 (s, 3H), 2.95 (s, 3H), 2.76 (m, 2H), 2.61 (m, 5H), 2.28 (s,
3H), 1.78 (m, 4H); MS (ESI+) m/z 597 (M+H).
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H ~O
Br N. 1 N N
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3,5-dibromo-1-methyl-2(1)pyrazinone (13).
Br
NP
N
Br*\/ ~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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[00172] A 100-mL three-neck round-bottomed flask equipped with a

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(Q) (.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, CDCls) 8 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-
yhphenylamino)-1-methylpyrazin-2(1H)-one (15).
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[00173] A 250-mL three-neck round-bottomed flask equipped with a magnetic
stirrer, reflux condenser and nitrogen inlet was charged with 14 (2.50 g, 6.16 mmol),
7 (1.79 g, 7.70 mmol), 1,4-dioxane (70 mL) and a solution of sodium carbonate (1.96
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 86% 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=8.5Hz),7.05 (t, 1H, 7=8.0 Hz), 6.79 (d, 1H,J=7.5Hz), 6.73 (d,
1H, /=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).

~ CO,H

}s

O 16
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. 4-tert-butyl-N-(2-nmethyl-3- { 4-
nmet hyl - 6-[ (4-{1-[ et hyl (propan-2-yDam no] - 2-

bofbt n-4-yl) - 2-oxoethyl 1 phenypami no] - 5- 088/077054
W(fjfﬂt?ydropyram n-2- yll phenyl)benzam de 664. 37 66 g é1Lz f

WO 2009/ 039397PCT/ US2008/ 077054 NH
N-{346-(1412- (azeti din-1-yl)-

eyt PRy PEIARR T bty Aascapigped with 2 magneti

stiehelhwds pinged siith-n2trygeh-adld charged with 4,5,6,7- tetrahydrobenzo[b]
nmet hyl i)hen y1ll-4-tertbut yI henzami de 634. 36 635
th1ophene -carboxylic ac1q\[_3{QQ q (S{r,gg}fl)( acetie ia?}Fi rq4q_m}ijmd water (40

ragn%t(zﬂgiilﬂﬁeﬁ i arﬂn%ﬁ}uégﬁergfrﬁg%g Wlltrlaf%rtgélx ]% @g@ %oﬁ in acetic acid

5-o0xo0-4, 5- razin
(4®(Bﬂl:)qushdd9tﬂ.§1r{>pwis,eﬁarﬁ-the reaction was stlrred at room temperature for 1

h. E%terat% me, ]thebr%%tlootnhr}u% ggv%% pgl%[eg %g rxgage? (90%2 mﬁ?ar?d's e?’x'trZa.cted
with methylene chloride (3 x 200 mL.). The organic extracts were combined, dried
over sodium. sulfate, filtered and the solvent removed under reduced pressure to afford
16 in 72% yield (2.35 g) as a yellow solid: mp 174-175 °C; 'H NMR (500 MHz, -
DMSO-ds) 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-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-7-0x0-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide {17).

CH.
|/\N/ 3
N.

Q

H;C”

O .
= N [ NoNH
H
\ 4 CH,
1}1 (s}
CH
o 17 i

[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 mmotl), N,N-diisopropylethylamine (600 mg, 4.64 mmol) and anhydrous
DMF (5 mL). Benzotriazol-1-yl-oxy-tris(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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N-(3-{ 6-[(4-{ azetidin-1-y1[(2-
hydr oxyet hyl ) (et hyl ) car bano
wtdoovezoagd | phenyf | am no] - 4- net hyl - 5- oxo- 4, 5- PCT/US2008/077054
di hydr opyrazi n-2-y11- 2- nmet hyl phenyl) - 4H, 5H, 6H, 7H,
8H cycl ohept a[ b] t hi ophene-2- carboxanm de 654.3 655. 3
WO 2009/ 039397PCT/ US2008/ 077054

chiorhbgraplist tp R 25D%tya1d 0817 B70mRE) sl Ghifd bhifllmpristhlds
. (prgfan- 2- yDam no] - 2-%4- mst{glgi per azin- 1¥§) - 2-

o SR FRlR, S i 31 o tEe T8 iy ¥ ] 4180, 7.76-
7.'(5 HRGRYY 5BENARE 7183 6 58 AL 4Bi % A (s, 15D, 3.64 (1d, 1H, =18 5, 4.5
Hz), 3.57 (s, 1H), 3.55 (s, 3H), 3.14 (dt, 1H, J= 11.5, 3.5 Fz), 2.93 (rn, 1H), 2.88-2.86
(m, SH), 2.62-2.57 (mn, 3H), 2.36 (s, 3H), 2.17 (m, 2H), 2.09 (s, 3H); MS (ES+) m/z
611.2 (M+H).

N-(3-(6-{4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-7-hydroxy-4,5,6,7-
tetrahydrobenzo[blthiophene-2-carboxamide (18).

K\N/CHa
N
HyC” 0

o)
Sy N N\NH
EOE G ]
3
r|~ro
OH CHy
18

[00176] A 50-mL single-neck round-bottomed flask equipped with a magnetic
stirrer was purged with nitrogen and charged with 17 (250 mg, 0.409 mimol) and
methanol (10 mL). The resulting solution was cooled to 0 °C, and sodium
borohydride (31 mg, 0.819 mmol) was added. After stirring the reaction at room
temperature for 2 h, the solvent was evaporated under reduced pressure. The resulting
residue was purified by flash chromatography to afford 18 in 88% yield (220 mg) as a
white solid: mp 165166 °C; 'H NMR (500 MHz, CD,Cl,) § 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-
ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (19).
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I . N-(3-(6-

( 4- di et hyl - 3-
oxopi per azi n- 2-

n-

0

yl ) phenyl am no) - 4- nethy1-5-oxo-4,5-
razin-2-yl)-2- nethyl phenyl)-4-(1-
W“’ﬁ"“%’“fc% opr opyl ) benzani de 590. 30 591. 2
40 Ot N-(3-(6-(4-(1-ethyl-4-nethyl-
3 oxopi perazi n-2-yl) phenyl an1no) 4- met hy1l- 5- oxo- 4, 5-
di hydr opyrazi n-2-y1)-2- et hyl enyl) 5,6,7, 8-
t et rahydr o- 4H cycl ohept a[ b] % phene 2- car boxam de

624.29 625.7 E

19

4-(1
1)

N-(3-(6-(4-((25)-1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-

2-carboxamide (20).
\ O
N_gn
NH
N

s HN o)
L/
O 20 —U—
[00177] 'The racemic mixture (12) was subjected to chiral separation on

Chiralcel-AD-H (60% isopropanol in heptane, with 0.1% trifluoroacetic acid) to give
individual enantiomers at 4.6 minutes (20) ({-) isomer) ([()(,]D25 =-37.8° (c=3.75,
CHCLy), mp = 181-183°C) and at 9.2 minutes (19) ((+) isomer) ([&]p> = +38.8°
(c=3.57, CHCl;3), mp = 180-182°C). Alternatively, the racernic mixture (12) was
subjected to chiral separation on Chiralpak AD (75% isopropanol in heptane, at
1ml./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(1 H)-one ((S)-14).
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4-tert-butyl -N-(3-(6-(4-(1- isopropyl-4-nethyl-3-
w@xopdpasnazi n- 2-yl ) phenyl 4-net hyl-5- oxo-4, 5- BCA/H008/077054

620. 35 621.7 di hydr opyr azi n-2-y1) - 2-

met hyl phenyl ) benzam de N-[3-(6-{

[4-(1, 4-di nmet hyl- 3- oxopi perazin-2-yl)phenyl ]

am nol- 4- met hyl - 5.0%Xe5.4; 5- di hydropyrazi n-2-y1) - 2-

nmet hyl phenyl] - N- net hyl|4, 5, 6, 7-t et r ahydr o- 1- benzot hi o

phene- 2- car boxapr 19 It ory(s O
T
E N Br

(S)-14
[00179] To a single-necked 250 mL round-bottomed flask equipped with a

magnetic stirrer and reflux condenser was charged (-)-1,4-dimethyl-3-(4-
aminophenyl)piperazin-2-one (8.2 g, 37.3 mmol), 3,5-dibromo-1-methylpyrazin-
2(1H)-one (10.0 g, 37.3 mmol), and i-PrOH (100 mL}). Triethylamine (5.72 mL, 41
mmol, 1.1eq) was then added and the resulting suspension was heated at 80 °C for 16
hrs. A thick slurry was observed the following day. The reaction was cooled to room
temperature then concentrated in vacuo to ~20 mL total volume, At that point 20 mL
of 2M NayCOs; solution was added followed by 100 mL of water. The mixture was
then allowed to slurry for 2 hrs at room temperature. The off-white solid was then
collected on a fritted funnel and allowed to air dry for ~1 hr. The solids were returned
to the reaction flask and 100 mL of diethyl ether/hexanes (1:1) was added and the
suspension was triturated at room temperature for 1 hr. The white solid was then
collected on a fritted funnel, dried on the filter with vacuum for 1 hr, then transferred
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).
e

Raebet

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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r \ io HN(3-{6-[(4-{1-[ethyl (methyl)
am noj - 2- (4- et hyl pi perazi n- 1-
s¥Pet hyl ) phenypami no] - 4- et hyl- 5- oxo- AIH'SI‘FFF
Wd%?//gro%f;ram n-2-yl11-2- net hyl phenyl)-4H, 5H, 6 2008/077054
8H cycl ohept a[ bl t hi ophene-2- carboxam de 695 696. 4
13

Example 4
Scheme 4
0 OH
i i-PtMeN., _CO,H
BOH,  S@~qy iPiMeN,, f:’ . e
OH , HNMei-Pr @ NalOy, RuCl, (cat)
EtOH, rt,3d CH,CN/CCly/H,0
21 910 (°C 22
NHBoc _ NEBoc
NHBoc
i-PrMeN., ” CONMe, i-PrMeN., ” CONMe,
(8} (5}
HNMe,, EDC, HOAt 4M HCl in 1,4-dioxane
DMF, 0°Ctort, 18h i, 1h
MHBoc 3 NH,

i-PrMeN.,, _CONMe,
6]
Xantphos, Pdy{dba)s, Cs,CO;, NH
1,4-dioxane, reflux, 3h
CH3

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 rerf-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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WD 2009/ 039397PCPUS2008/ 077054 0 | Nv- N o N-[3-(6-{
[4-(1, 4-di net hyl- 3- oxopi perazin-2-yl)phenyl] am no
WQ 2009/0893R% 1- 5- ox0- 4, 5- di hydr opyr azi n- 2-y1) - 2-PCT/US2008/077054
met hyl pheny1] - 6-[ et hyl (et hyl)am no] pyri di ne- 3-
carboxam de 594 595.1 o0 N 43-(6-{
[4-(1, 4-di nmet hyl- 3- exopi perazi n-2-yephenyl] am no
suppehsivatwaglex racxdwith Bther (2 x 50 ml.), and the organic extracts were

O
filtration, tHe sbilition was evaporated under reduced pressure to afford a 69% yield
(3.79 g) of 21 as a white solid: mp 61-80 °C; "H NMR (300 MHz, DMSO-ds) § 9.23
(brs, 1H), 7.33 (d, 2H, J=8.4 Hz), 7.16 (d, 2H, J= 8.5 Hz), 4.58 (t, 1H, J = 5.3 Hz),
4.22 (d, 1H, J= 4.7 Hz), 3.96 (quintet, 1H, /= 5.4 Hz), 3.49 (d, 1H, J=6.2 Hz), 3.30
(m, 1H), 3.15 (m, 1H), 2.83 (septet, 1H, J = 6.5 Hz), 2.06 (s, 3H), 1.47 (s, 9H), 0.85
(d, 3H, J= 6.6 Hz), 0.79 (d, 3H, J = 6.5 Hz); MS (ESI+) m/z 339 (M+H).

(5)-2-(4-(tert-Butoxycarbonylamino)phenyl)-2-(isopropyl{methyl)amino)acetic
Acid (22).

NMei-Pr
BocHN SQ
{5)
(22) Co,H
[00182} A 100-mL single-neck round-bottomed flask equipped with a magnetic

stirrer was charged with 21 (1.01 g, 3.00 mmol), acetonitrile (6 mL), carbon
tetrachloride (6 mL), water (9 mL) and ruthenium(Ill) 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 0 °C over 1.5 h, and then stirred at O °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 rerr-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: "H NMR (300 MHz, DMSO-ds) 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, /= 6.6 Hz), 2.21 (s, 3H), 1.47 (s,
SH), 1.13 ({d, 3H, J= 6.6 Hz), 1.09 (d, 3H, J = 6.6 Hz); MS (ESI+) m/z 323 (M+H).

(5)-2-(4-Aminophenyl)-2-(isopropyl(methyl)amino)-N,N-dimethylacetamide (23).
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w@z@@ﬁsbﬁ' ] phenyl
di hydr opyrazi n-2-y1] - 2- et hyl phenyl} - 4H, 5H, 6H

8H cycl ohept a[ b] t hi ephene-2- carboxam de 652 653

sH
NMei-Pr
HzN—< >——\(S‘;*‘
' (23) CONMe,
[00183] A 25-mL single-neck round-bottomed flask equipped 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 M/BE (10 mL). The
extract was evaporated and the residue was purified by flash ehromatography on silica
gel to afford a 58% yield (53 mg) of 23 as a light yellow oﬂ: TH NMR (300 MHz,
CDCl;/CD;0D) 8 7.20 (d, 2H, J=8.5 Hz), 6.69 (4, 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= 6.6 Hz).

(8)-{+)-N-(3-(6-(4-(2-(Dimethylamino)-1-(isopropyl(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-

methylphenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide (24).
i-PrMeN.,, " CONMe,
%

!
CH,
[00184] A 15-mL. three-neck round-bottomed flask equipped with a magnetic
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N-[3-(6-{ [4-(1, 4-dinethyl-3-

WQpI0pASPazI n- 2-yl ) phenyl ] am no} - 4- net hyl - 5- ORGLE/MFHO8/077054
di hydr opyr azi n- 2- yephenyl k
4,5, 6, 7-t et rahydr o- 1benzot hi ophene-2- carboxam de 582
583

stirrer, nitrogen inlet and reflux condenser was charged with 23(53 mg, 0.212 mmol},

11 (98 mg, 0.212 mmol), cesium carbonate (152 mg, 0.468 mmol) and 1,4-dioxane (3
mL). After bubbling nitrogen through the resulting solution for 30 minutes, Xantphos
(10.4 mg, 0.018 mmol) and tris(dibenzylideneacetone)dipalladium(Q) (9.70 mg, 0.010
mmol) were added and the reaction mixture was heated at reflux for 3 h. After this
time the reaction was cooled to room temperature, filtered and the filter cake washed
with methylene chloride (2 x 25 mL). The filtrate was then concentrated under
reduced pressure and the residue was purified by column chromatography to afford 24
(68 mg, 52%) as a yellow solid: mp 133-134 °C; "H NMR (500 MHz, DMSO—ds)

0 9.79 (br s, 1H), 9.19 (br s, 1H), 7.93 (d, 2H, J = 8.5 Hz), 7.68 (s, 1H), 7.30 (m, 5H),
7.20 (s, 1H), 4.56 (s, 1H), 3.55 (s, 3H), 3.01 (s, 3H), 2.84 (m, 1H), 2.76 {m, 5H), 2.63
(t,2H, J=5.5 Hz), 2.28 (s, 3H), 2.02 (s, 3H), 1.79 (m, 4H), 0.91 (m, 6H); MS (ESI+)
miz 627.5 (M+H); [0}’ +24.0° (¢ 0.25, chloroform).

Example 5

Scheme 5
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[ 444- et hyl -1 -nmet hyl 3- oxopi per azi n-2- yephenyl] am no

wa 2080/%aly 1- 5- oxo- 4, 5- di hydropyr azi n- 2- y1) - 2- per/ys2008/077054
met hyl pheny1] -4, 5, 6, 7-
t et rahydr o- 1- benzot hi ophene2- car boxam de 610 611.5

CH3 CH3
H,C )\ H.C
3y N~ CH,

CH
EtOH, HOAL, EDC, DMAP
> CO,Et
CO,H CH,Cl, 1, 16 h z
BocHN BocHN 26

CH,

HiC CH
3

HCI 4-dioxane CO,Et
,4h
H,N 27
o .
N\ Br

N

H I

CH;
-Bu III (]

CH;

Pd,(dba),, Xantphos, Cs,CO5
1 4-dioxane, reflux, 16 h

O
H
N\ N,
N
H l
CH; CO,Et
t-Bu ITT (8]
CH. H-C

N.
3 3 \r \CH3
28
CH;
O
H
LiOH N.
D)Lﬁ Y
THFEOHMH,0, 60 °C
’ : CH. CO,H
481 B 3 N o 2
29 CH; H3CYN\CH
3
CH,
HN NCH,
N/
[0}
. H
BOP Hunig's Base N, N.
L UL X
DMF, RT CH.
’ +Bu : N o N/\\N\
30 CH3 H3C N
Y \Cﬂs
CH,

2-{4-(tert-Butoxycarbonylamino)phenyl]-2-[isopropyl(methyl)amino]acetic Acid
(25).
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met hyl pheny1] - 4H, 5H, 6H, 7H, 8H cycl ohept a[ b]
t hi ophene- 2- car boxam de 624 625. 3

N(i-Pr)Me
CO,H
BocHN
25
[00185] A 50-mL single-neck round-bottomed flask equipped with a magnetic

stirrer was charged with glyoxylic acid (618 mg, 6.72 mmol), toluene (20 mL}, N,N-
isopropylmethylamine (486 mg, 6.60 mmol) and 4-(tert-butoxycarbonylamino)
phenylboronic acid (1.58 g, 6.66 mmol). The reaction was sealed with a plastic cap
under a nitrogen atmosphere and stirred at room temperature for 7 d. After this time,
the reaction was concentrated under reduced pressure. The resulting residue was
subjected to flash chromatography to afford 25 in 62% yield (1.34 g) as a light brown
solid: mp 320 °C dec, 'H NMR (300 MHz, DMSO-ds) 8 9.42 (s, 1H), 7.42 (d, 2H, J =
8.7 Hz) 7.37 (d, 2H, J=8.7 Hz), 4.23 (s, 1H), 3.28 (m, 1H), 3.17 (s, 1H), 2.23 (s,
3H), 1.47 (s, 9H), 1.15 {d, 3H, J=6.6 Hz), 1.11 (d, 3H, J = 6.6 Hz); MS (ESI4+) m/z
323 (M+H).

Ethyl 2-[4-{tert-Butoxycarbonylamino)phenyl]-2-[isopropyl(methyl)amino]
acetate (26).

CH,
HyC
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 mmotl), 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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resulting 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) & 9.35
(s, 1H), 7.40 (d, 2H, J = 7.5 Hz), 7.28 (d, 2H, /= 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=6.5 Hz), 0.88 (d, 3H, J = 6.5 Hz); MS (ESIT+) m/z 351 (M+H).

Ethyl 2-(4-Aminophenyl)-2-[isopropyl{methyl)aminolacetate (27).
CH,

H,C
TSN CH,

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) 8 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-3-0x0-3,4-
dihydropyrazin-2-ylamino }phenyl)-2-[isopropyl(methyl)amino]acetate (28).

: o)
_ H
N\ N.
N
H l
CH, CO,Et
t+-Bu ) (6]
CH HyCol N
3 2 “CH,
28
CH,
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benzamide (717 mg, 1.58 mmol), cesium carbonate (1.13 g, 3.48 mmol) and 1,4-
dioxane (15 mL). After bubbling nitrogen through the resulting solution for 20
minutes, Xantphos (78 mg, 0.134 mmol) and tris(dibenzylideneacetone)
dipalladium(0) (72 mg, 0.079 mmol) were added, and the reaction mixture was heated
at reflux for 16 h. After this time, the reaction was cooled to room temperature,
filtered and concentrated under reduced pressure. The resulting residue was purified
by flash chromatography to afford a 43% yield (430 mg) of 28 as a yellow solid: mp
119-120°C; "H NMR (500 MHz, DMSO-ds) & 9.88 (s, 1H), 9.24 (s, 1H), 7.97 (d, 2H,
J=8.5Hz),7.95(d,2H, J=85Hz),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,
9H), 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-o0x0-3,4-
dihydropyrazin-2-ylamino}phenyl)-2-{isopropyl(methyl)aminolacetic Acid (29).

O
N
N N\
H |
CH, CO,H
-By I]\T 0

CH, H,Co_ N
29 \f s
CH,
[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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white solid: mp 197-198 °C; 'H NMR (500 MHz, DMSO-dg) § 9.91 (s, 1H), 9.29 (s,
1H), 7.99 (d, 2H, J = 8.5 Hz), 7.95 (d, 25, J = 8.5 Hz), 7.55 (d, 2H, J = 8.5 Hz), 7.39
(d, 2H, J = 8.5 Hz), 7.35 (dd, 1H, J = 7.0, 1.5 Hz), 7.32-7.28 (m, 2H), 7.24 (s, 1H),
423 (s, 1H), 3.56 (s, 3H), 3.30 (m, 1H), 2.30 (s, 3H), 2.23 (s, 3H), 1.33 (s, 9H), 1.13
d, 3H, J = 6.5 Hz), 1.10 (d, 3H, J = 6.5 Hz); MS (ESI+) m/z 596 (M+H).

4-tert-Butyl-N-(3-(6-(4-(1-(isopropyl(methyl)amino)-2-(4-methylpiperazin-1-yl)-
2-oxoethyl)phenylamino)-4-methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-
methylphenyl)benzamide (30).

|

fos et

o]
N, NH
H

[00190] To a sealed tube equipped with a magnetic stirrer, were charged 29
(’100 mg, 0.168 mmol), I-methylpiperazine (14.6 mg, 0.168 mmol), DMFE (3 mL),
Hunig’s base (65.1 mg, 0.503 mmol), and BOP (74.3 mg, 0.168 mmol). The reaction
mixture was stirred at room temperature for 26 hrs. Most solvent was removed by
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 MgSQy, 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, CDCl5)
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, 3 H), 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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31
[00191] A 50-mL single-neck round-bottomed flask equipped with a magnetic

stirrer was purged with nitrogen, charged with ethyl 4-nitrophenylpyruvate (223 mg,
1.00 mmotl), 3 pieces of molecular sieves (4-8 mesh, 3A) and anhydrous methanol (10
mL). The resulting solution was cooled to 0 °C with an ice bath and 1,2-
ethylenediamine (63 mg, 1.05 mmol) was added dropwise. After addition was
complete the reaction was stirred at room temperature for 1 h. After this time the
resulting suspension was filtered and the filter cake washed with cold methanol (2 x 5
ml). The filter cake was dried in an oven at 50 °C overnight under vacuum to afford
31 in 89% yield (196 mg) as a white solid: mp 191-192 °C; '"H NMR (500 MHz,
DMSO-dg) 6 8.63 (bs, 1H), 8.26 (d, 2H, J=8.0 Hz), 8.09 (d, 2H, J=8.0 Hz), 3.88 (t,
2H, J=6.5 Hz), 3.37 (m, 2H); MS (ESI+) m/z 220 (M+H).

4-Ethyl—3-(4-nitrophenyl)piperazin-z-(ﬁli (32).
H,;C N/\lNH

O © 32
[00192] A 10-mL single-neck round-bottomed flask equipped with a2 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-ds) 8 8.18 (d, 2H, J = 8.5 Hz), 8.02 (4, 1H, J = 4.0
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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); MS (ESk) m/z 250 (M-+H).

3-(4-Aminophenyl)-4-ethylpiperazin-2-one (33).
N
HCT N
/EH

H;N 0
33

100193] A 25-mL single-neck round-bottomed flask equipped with a reflux
condenser and magnetic stirrer was purged with nitrogen and charged with 32 (210
mg, 0.89 mmol), ethanol (6 mL), iron powder (-325 mesh, 491 mg, 8.93 mmol) and
2N hydrochloric acid (0.70 mL, 1.40 mmol), and the mixture was heated at reflux for
30 min. After this time, the reaction was cooled to room temperature, and powdered
potassium carbonate (3.03 g, 22.0 mmol) was added. The resulting suspension was
filtered and the filter cake washed with ethanol (4 x 10 mL). The filtrate was
concentrated under reduced pressure to afford 33 in 100% yield (185 mg) as a white
solid: mp 153-154 °C; 1H NMR (300 MHz, DMS0-d6) § 7.74 (d, 1H, ] = 2.7 Hz),
6.90 (d, 2H, J = 8.4 Hz), 6.47 {(d, 2H, J = 8.4 Hz), 4.95 (bs, 2H), 3.45 (m, 1H), 3.42 (s,
1H), 3.14 (m, 1H), 2.89 (m, 1H), 2.44 (m, 1H), 2.02 (s, 3H); MS (EST+) m/z 206
(M+H).

5-Bromo-3-(4-(1-ethyl-3-oxopiperazin-2-yl)phenylamino}-1-methylpyrazin-

2(1H)-one (34).
H
Bro_ NN HBCW
\{Nj;o Nj
&u,
) N
[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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chromatography to afford 34 in 79% yield (654 mg) as an orange solid: mp 152-153

°C; "H NMR (500 MHz, CDCl5) 88.28 (bs, 1H7.73 (d, 2H, J= 8.5 Hz), 7.43 (d, 24, J

= 8.5 Hz), 6.74 (s, LH), 5.90 (d, 1H, J=3.5 Hz), 4.12 (s, 1H), 3.60 (m, 1H), 3.52 (s,

3H), 3.36 (m, 1H), 3.12 (m, 1H), 2.60 (m, 2H), 2.28 (m, 1H), 1.00 (t, 3H, J = 7.0 Hz);

MS (ESI+) m/z 406.0 (M+H).

N-(3-(6-(4-(1-Ethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-6-fluoro-2-methylphenyl)-4,5,6,7-
tetrahydrobenzofb]thiophene-2-carboxamide (35).

HN/ﬁ
N\/

. 0
~ | Ny AH
g
\ CH, 35
N o
CH

3

[00195] A 100-mL single-neck round-bottomed flask equipped with a magnetic

CH,

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, IH), 7.04 {t, 1H, J = 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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(m, 1H), 3.11 (m, 1H), 2.82 {t, 2H, J = 6.0 Hz), 2.66 (t, 2H, J = 6.0 Hz), 2.59 (m,
2H), 2.36 (s, 3H), 2.27 (m, 1H), 1.85 (m, 4H), 0.99 {t, 3H, J = 7.0 Hz); MS (ESI+) m/z
615.3 (M+H).

Example 7
Scheme 7

o
N

) B
CH, 3
\[ ]; : °\B N
N ) /
| j © (E:H
CH, 3

07 N7 Pd(dpphCleCIHLCly, KOAc

34 14-dioxane, reflux, 3 h
CH, (:H3
F
' 7\
1)
NH S =N \ I
y< 1) —~
O H,C—N N
38 3
4 40
PA(PPhs)y, Na,COs, 1, 4-dioxane
reflux, 4 h O NH
0
/N N—CH,

2,6-Dibromopyridine-3-diazonium Tetrafluoroborate (36).

2B
X

Br N Br

36
[00196] A 500-mL three-neck round-bottomed flask equipped with a magnetic

stirrer, nifrogen 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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After the addition was complete, a solution of zerr—butyl nitrite (12.2 g, 118 mmol) in
70 mL of 1,2-dimethoxyethane was added dropwise maintaining the internal reaction
temperature below -5 °C. The reaction was stirred for a further 1 h at —10 °C. After
this time the reaction was filtered and the filter cake was washed with hexanes (3 x 75
ml.} and dried at room temperature on air for 24 h, to afford a 98% yield (34.1 g) of
36 as a white solid: mp 130-131 °C; "H NMR (300 MHz, DMSO-dg) §7.72 (d, 1H, J
=9.6 Hz), 5.66 (d, 1H, J = 9.6 Hz).

2,6-Dibromo-3-fluoropyridine (37).

Y
&
Br N Br
37
[00197] A 1-L single-neck round-bottomed flask equipped with a reflux

condenser open to air was charged with 36 (4.00 g, 11.4 mmol) which was equally
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
ternperature 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, CDCl5) 8 7.44 (dd, 1H,J=3.3,8.4
Hz), 7.31 (m, 1H).

N-(6-Bromo-3-fluoropyridin-2-yh)-4,5,6,7-tetrahydrobenzo[/ Jthiophene-2-
carboxamide (38).
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[00198] A 1-L three-neck round-bottomed flask equipped with a mechanical
stirrer, reflux condenser and nitrogen inlet was charged with 1,4-dioxane (56 mL), 37
(3.00 g, 11.7 mmol},4,5,6,7-tetrahydrobenzofb]thiophene-2-carboxamide (1.29 g, 7.12
mmol) and cesium carbonate (5.09 g, 15.6 mmol). After bubbling nitrogen through
the resulting solution for 30 min, Xantphos (350 mg, 0.605 mmol) and
tris(dibenzylideneacetone)- dipalladium(0) (326 mg, 0.365 mmol) were added and the
reaction mixture was heated at reflux for 2 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 methylene chloride (50 mL). The filtrate was concentrated under
reduced pressure and the resuiting residue was purified by column chromatography
using 500 cc of silica and 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,
CDCly) §7.80 (bs, 1H), 7.38 (m, 1H), 7.37 (s, 1H), 7.32 (dd, 1H, 7=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-y1)-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, CDCls) § 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).

39 CH,
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[00199] A 25 mL single-neck round-bottomed flask equipped with a magnetic
stirrer and thermoregulator was purged with nitrogen and charged with 5-bromo-3-(4-
(4-ethyl-1-methyl-3-oxopiperazin-2-yl)phenylamino)- 1-methylpyrazin-2(1H)-one
(225 mg, 0.536 mmol) , bis(4,4,5,5-tetramethylpinacolato)diboron (170 mg, 0.671
mmol) potassium acetate (210 mg, 2.06 mmol) and 1,4-dioxane (10 mL). A stream
of nitrogen was passed through the resulting suspension for 30 min.
Pd(dppf)Cl,»CH,Cl, (15 mg, 0.016 mmol) was then added and the reaction stirred at
reflux for 3 h. After this time, the mixture was cooled to ambient temperature,
partitioned between water (40 mL) and ethyl acetate (60 mL) and filtered through a
plug of Celite 521. The organic phase was separated, dried over sodium sulfate,
filtered and concentrated under reduced pressure. The residue was triturated with
diethyl ether (5 mL) and the suspension was filtered. The filter cake was dried under
vacuum at room temperature to afford) crude 39, which was used in the following

reaction directly: MS (ESH) 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

= <)
N

2 /<

A

H.3C_

SN N—CH,
Wl

[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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aqueous layer was separated, washed with methylene chloride (2 x 25 mL) and then
basified to pH 9 with saturated aqueous potassium carbonate. The aqueous layer was
then extracted with methylene chloride (3 x 25 mL), and the organic extracts were
combined and dried over sodium sulfate. The drying agent was removed by vacuum
filtration and the filtrate concentrated under reduced pressure to afford 40 in 30%
yield (83 mg) as a yellow solid: mp 155-156 °C; "TH NMR (500 MHz, CDCl3) 5 8.27
(bs, 1H), 7.95 (dd, 1H, J=3.5, 8.5 Hz), 7.84 (m, 3H), 7.72 (s, 1H), 7.55 {t, 1H, J =

9.0 Hz), 7.46 (m, 3H), 4.01 (s, 1H), 3.72 {m, 2H), 3.64 (s, 3H), 3.49 (m, 1H), 3.40 (m,

1H), 3.38 (m, 1H), 3.24 (m, 1H), 2.83 (t, 2H, J = 6.0 Hz), 2.67 (m, 3H), 1.86 (m, 4H),
1.16 (t, 3H, /= 7.5 Hz); MS (ESI+) m/z 616.3 (M+H).

Example 8

Scheme 8
CO,H

1. (COCI),, DMF, CH,Cl,
7 0°Ctort, 2.5 h
2. NE{}, CHzclz, 0°Cto It, i6h
H,N ~O
CH, ©
I o NO- CHa;l, K,CO;5 BT\(INOZ Fe powder, HCI cat. BrHNHl‘
D ——————————————— R
N o DMELISh N FOH, Hy0,60°C, 2h

] ) > N O
I I

CH, CHj,
41

et

Br

= N =
Pd(Ph;P),, Na,CO, g H cH
III o - 1 A-dioxane, water 43 3 N 0
CH, reflux, 20 h |
42 o CH,
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phenyl} - 4H, 5H, 6H, 7H, 8Hcycl ohept a[ b] t hi ophene- 2-
car boxam de 666 666.9 0

WORM0HBIhy 1- 3- [ 4- net hyl - 6- ({ PCT/US2008/077054
4- Ret hyl car banoyl )

Cl
Y j
= 0O
_.N ___
Pd,(dba)y oS
Xantphos N.__#
C52CO3
Dioxane
HN
N\ 44

S-Bromo-1-methyl-3-nitropyridin-2-one (41).

BTHNO 2
qu 0

41
[00201] A 1-L round-bottomed flask equipped with a magnetic stirrer was

purged with nitrogen and charged with 5-bromo-3-nitro-2-hydroxypyridine (24.0 g,
0.11 mol), anhydrous DMF (280 mL) and powdered potassium carbonate (-350 mesh,
33.4 g, 0.24 mol), and the suspension stirred for 15 min at ambient temperature. 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 122-123 °C; '"H NMR (300 MHz, CDCl5) &
8.37 (d, 1H, J=2.7 Hz), 7.26 (s, 1H), 3.68 (s, 3H); MS (ESI+) m/z 234 (M+H).

3-Amine-5-bromo-1-methylpyridin-2-one (42).



HN- (norpholin-4-yl)methyl] phenyl} am no)-5-o0xo-4, 5-
~di hydropyrazi n-2-yl | pheny11- N
wdHbo9kbdabh 7H, 8Hcycl ohept a[ b] t hi ophene- 2- PCT/US2008/077054

CC
|

N" 0
CH,

42
[00202] A 1-L three-neck round-bottomed flask equipped with a mechanical

stirrer and reflux condenser was purged with nitrogen and charged with 41 (21.7 g,
93.3 mmo]l), ethanol (305 mL), iron powder (-325 mesh, 52.1 g, 933 mmol) and 2N
hydrochloric acid (50 mL, 100 mmol), and the mixture was heated for 2 h at 60 °C.
After this time, the reaction was cooled to room temperature, and potassium carbonate
was added to pH 8 as determined by a pH paper. The resulting suspension was
filtered and the filter cake washed with ethanol (4 x 100 mL). The filtrate was
concentrated under reduced pressure to yield a brown solid. This solid was purified
by column chromatography on silica gel to afford 42 in 77% yield (14.5 g) as an off-
white powder: mp 104--105 °C; ' NMR (500 MHz, DMSO-ds) 87.15(d, 1H, J=2.5
Hz), 6.46 (d, 1H, J=2.5 Hz), 5.45 (bs, 2H), 3.40 (s, 3H); MS (ESI+) m/z 203 (M+H).

N-(3-(5-Amino-1-methyl-6-o0x0-1,6-dihydropyridin-3-yl)-2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide (43).

O
= Sy
\ s H CH, |
N O
ol
[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-de) 6 9.78 (bs, 1H), 7.65 (s, 1H), 7.25 (dd, 1H, J=1.5, 8.0
Hz), 7.21 (t, 1H, J=7.5Hz), 7.09 (dd, 1H, /= 1.0, 7.0 Hz), 6.8% (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-yDpyridin-2-ylJamino}-1-methyl-6-
ox0-1,6-dihydropyridin-3-yl)-2-methylphenyl]-4,5,6,7-tetrahydro-1-
benzothiophene-2-carboxamide (44).
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N
/Y 44
(00204} A 48-mL sealed tube equipped with a magnetic stirring bar was

charged with 43 (0.20 g, 0.5 mmol), 3-(6-chloropyridin-3-yl)-1,4-dimethylpiperazin-
2-one (0.185 g, 0.8 mmol), Pd,(dba); (0.032 g, 0.035 mmol), 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (0.030 g, 0.05 mmol), and Cs;CO3 (0.326 g, 1.0
mmol) in dioxane (10 mL). After the mixture was degassed for 15 min., it was heated
at 95 °C for 16 h. Then, the reaction mixture was cooled to room temperature and
poured into H,O (10 mL). To this was added dichloromethane (10 mL) and the layers
were separated. The aqueouns phase was extracted with dichloromethane (3 x 10 mL),
and the combined organic extracts were washed with H,O (5 mL) and brine (5 mL),
dried (Na,SQOy), and concentrated. The crude mixture was purified by column
chromatography, gradient 0-10 %, MeOH in dichloromethane/ether (1/1), to afford
0.10 g (34 %) of 44 as a solid; MS (ESI+) m/z 596 (M+LH).

Example 9

Scheme 9
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phenyl) - 4H, 5H, 6H, 7H, 8Hcycl ohept ar bi t hi ophene- 2-
car boxani de 668 669 WD 2009/ 039397PCT/ US2008/ 077054

wd ddoozoss? " | Nk7.9% 0H N-(3-{ 61(44 [(2- hydrom‘rlmszoos/077054

et hyl') (et hyl) carbamoyl] (ror pholin-4-yl)nethy
}phenyl) am no] - 4- et hyl - 5- oxo- 4, 5-

di hydropyrazi n-2-y1} -2- nethyl phenyl)-4H, 5H, 6H,

7H, 8H cycl ohept a[ b] 0 t hi ophene 2-car boxam de

684 685 CH, He N
EiO,C O)/JL N CO,EL

. Pd(PPhg),, N32C03 14 dioxane
reflux.

B N\ NH
X L
CH,

CHs
45
S
\
LiOH, EtOIH, THF, water
N
55°C, 18h BN (\N/\CHS
N\)
CH3 COH
HOBt, EDC+HC] NHEt, :
(\N CH,
THF, rt, 3d
O NEL,

Ethyl 2-(4-Ethylpiperazin-1-y1)-2-(4-{4-methyl-6-(2-methyl-3-(5,6,7,8-tetrahydro-
4H-cyclohepta[blthiophene-2-carboxamido)phenyl)-3-0x0-3,4-dihydropyrazin-2-
ylamino)phenyl)acetate (45).

S ! NH
O\ ] .
NN
I
l Sy
CH,

CO,Et

N CH,

[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-
cycloheptab]thiophene-2-carboxamide (1.26 g) gave a 73% yield (1.39 g) of 45 as a
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0 H N {346-04[ 2- ( 3- hydr oxy

azetidin-1-yl)-1-(norpholin-4- Cr) [/
WQI()OQmStSR’bet hy1] phenyl } am no) - PCT/US2008/077054
- met hyl - 5- oxo0- 4, 5-di hydro pyrazi n-2-yl]-2-net hyl

tan foam: mp 168-170 °C; 'H NMR (300 MHz, CDCls) & 8.34 (s, 1H), 7.92 (d, 1H, J
=7.8 Hz), 7.80 (d, 2H, J = 8.7 Hz), 7.54 (s, 1H), 7.39 (d, 2H, J = 8.7 Hz), 7.39 (s,
1H), 7.27 (t, 1H, J=8.1 Hz), 7.18 (dd, 1H, 7 =7.8, 1.2 Hz), 6.74 (s, 1H), 4.14 (m,
2H), 3.91 (s, 16D, 3.60 (s, 3H), 2.87 (t, 2H, J = 5.7 Hz), 2.76 (t, 2H, J = 5.7 Hz), 2.61
(br s, 8H), 2.32 (s, 3H), 1.88 (m, 2H), 1.77 (m, 4H), 1.17 (t, 3H, J=7.2 Hz), 1.05 (1,
3H, J = 7.2 Hz); MS (ESI+) m/z 683 (M+H).

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)acetic Acid (46).

ofé&

[00206] Using the same procedme as described for the preparation of 29,

(\N/\CH3

c02H

saponification of 45 (1.29 g) gave a 97% yield (1.20 g) of 46 as an off-white solid: mp
168170 °C; "H NMR (300 MHz, DMSO-ds) 8 9.79 (s, 1H), 9.25 (s, 1H), 7.96 (d, 2H,
J=17.5Hz), 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 (brs, 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).

NH

\ cH,
H
I*IN ‘/\N/\CHJ
N7 o N
a7 CIIH3 CH,

OH
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[00207] Using the same procedure as described for the preparation of 30, the
reaction of 46 (307 mg) with 2-(methylamino)ethanol (71 mg) gave a 37% yield
(125mg) of 47 as a white solid: mp 163-165 °C; 'HNMR (500 MHz, CDCl5) 3 8.33
(s, 1H), 7.90 (d, 1H, J = 8.0 Hz), 7.80 (d, 2H, J = 9.0 Hz), 7.62 (s, 1H), 7.48 (m, 1H),
7.41 (s, 1H), 7.35(d, 2H, J=8.5Hz), 7.27 (t, 1H, J= 8.0 Hz), 7.17 (d, 1H, J=7.5
Hz), 6.74 (s, 1H), 4.15 (s, 1H), 3.72 (i, 2H), 3.62 (m, 1H), 3.61 (s, 3H), 3.50 (m, 2H),
3.02 (s, 3H), 2.87 (t, 2H, J = 5.5 Hz), 2.75 (t, 2H, J =5.5 Hz), 2.56 (m, 8H), 2.40 (s,
3H), 1.88 (m, 2H), 1.74 (m, 2H), 1.65 (m, 2H), 1.09 {t, 3H, J=7.0 Hz); MS (ESI+)
m/z 712 (M+H).

Example 10
[00208] The following compounds were prepared using procedures similar to

those described in Examples 1-9.

MH+
m/z
| obs

MW

Structure Name
calc

N-(3-(6-(4-(1,4-dimethyl-3-

NH / oxopiperazin-2-yl)phenyl
<‘ §_</ N amino)-4-methyl-5-0x0-4,5-
N=2=O Y dihydropyrazin-2-y1)-2- 600.23 [601.3

g fluorophenyl)-4,5,6,7-
AN tetrahydrobenzo[b}thiophene-
2-carboxamide
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2- met hyl pheny1] - 2-

nmet hoxybenzam de 622 623

WO 2009/ 039397PCT/ US2008/ 077054 a

WOR$02/08939Dr 0- 3- (6-{ [4-0, 4- di net hyl- 3- oxopi pePGRUR2088/077054
yl ) phenyl ] amVb1l- 4- et hy1- 5-
0Xx0- 4, 5-di hydr opyr azi n-2-y1) -

5- met hyl pheny1]-4,5,6, 7-

t et rahydr o- 1- benzot hi ophene2- car boxam de 630 631.5 H

§ lvdes Ly

N-(3-(6-(4-(1-(ethyl(isopropyl)
amino)-2-((2-methoxyethyl)
(methyl)amino)-2-oxoethyl)
phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-
methylphenyt)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

684.35

685.0

N-(3-(6-(4-(1,2-bis(4-ethyl
piperazin-1-yl)-2-oxoethyl)
phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

736.39

737.4

N-(3-(6-(4-(1,2-bis(4-ethyl
piperazin-1-yl)-2-oxoethyl)
phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl}-2-
methylphenyl)-5,6,7,8-
tetrahydro-4H-cyclo hepta[b]
thiophene-2-carboxamide

750.40

751.4
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5?&{352008/077054

N-(3-(6-(4-(1-ethyl-4-methyl-
3-oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-tetra
hydrobenzo[b]thiophene-2-
carboxamide

610.27

611.5

4-tert-butyl-N-(3-(6-(4-(1-
ethyl-4-methyl-3-oxo
piperazin-2-yl)phenylamino)-
4-methyl-5-ox0-4,5-dihydro
pyrazin-2-yl)-2-methylphenyl)
benzamide

606.33

607.3

(S)-N-(3-(6-(4-(3-(dimethyl
amino)-2-(isopropyl
(methyl)amino)-3-oxopropyl)
phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

640.32

641.6
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- NLr \' 7 NJ[3-
oxopi perazin-2-yl)p

WQlRMYdssgyr azi n- 2-y
4,5,6, 7-tetrahydro-
626 627.3

(6-{
henyl
1) - 5-
1

0,
an n

[
]
b

4-di met hy1- 3-
0

1 -4-nmethyl-5-o0xo0-4,5-
me thoxy- 2- net hyl phenpal/Us2008/077054

enzot hi ophene-2- car boxam de

/
—N

Raesey.

N-(3-(6-(4-(3-(dimethylamino)
-1-(isopropyl(methyl)amino)-
3-oxopropyl)phenylamino)-4-
methyl-5-oxo-4,5-dithydro
pyrazin-2-yl)-2-methyl
phenyl)-4,5,6,7-tetrahydro
benzo[b]thiophene-2-
carboxamide

640.32

641.6

N-(3-(6-(4-(1-amino-2-
morpholino-2-
oxoethyl)phenylamino)-4-
methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4-tert-
butylbenzamide

608.31

609.25

N-(3-(6-(4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-tetra
hydrobenzo[b]thiophene-2-
carboxamide

596.26

597.2
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0,
NH /7
N
N= N
-0
N
O \

4-tert-butyl-N-(3-(6-(4-(1,4-
dimethyl-3-oxopiperazin-2-
yhphenylamino)-4-methy!-5-
ox0-4,5-dihydropyrazin-2-yl)-
2-methylphenyl)benzamide

592.32

5933

\ ) N
ST«

©

2

N-(3-(6-(4-(Z-amino-1-
(isopropyl(methyl}amino)-2-
oxoethyl)phenylamino)-4-
methyl-3-o0x0-4,5-dihydro
pyrazin-2-yl)-2-methylphenyl)
-4,5,6,7-tetrahydrobenzo
[blthiophene-2-carboxamide

598.27

599.3

Q,
NH 7/
s _ \
C? o0
NH
o]

N-(2-methyl-3-(4-methyl-6-(4-
(1-methyl-3-oxopiperazin-2-
yDphenylamino)-5-oxo-4,5-
dihydropyrazin-2-yl)phenyl)-
4,5,6,7-tetrahydrobenzo{b]
thiophene-2-carboxamide

582.24

583.3
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WD 2009/ 039397PCT/ US2008/ 077054 /H N [3-(6-{
[4-(1, 4-di net hyl- 3- oxopi perazin-2-yl)phenyl] am no

WQ 2000/68930% 1- 5- oxo- 4, 5- di hydropyrazi n-2-y1) - 2, BET/US2008/077054
di fl uorophenyl1]-4,5,6, 7-
t et rahydr o- 1- benzot hi ophene2- car boxam de 618 619. 2 -
HCl)-(6 F

_(_ N-(3-(6-(4-(2-(dimethylamino) | 626.3 | 627.1
/ -1-(isopropyl(methyl)amino)-
0 ™\ 2-oxoethyl)phenylamine)-4-

methyl-5-0x0-4,5-dihydro
pyrazin-2-yl)-2-methyphenyl)-
4,5,6,7-tetrahydrobenzofb]
thiophene-2-carboxamide

(dimethylamino)-1-
O N (isopropyl(methyl)amino)-2-
oxoethyl)phenylamino)-4-
methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)benzamide

é Cﬁ—( _}= —( _ 4-tert-butyl-N-(3-(6-(4-(2- 62236 | 623.21

s N
S @-@% \ N-(3-(6-(4-(1,4-dimethyl-3- | 618.22 | 619.4
F HNW oxopiperazin-2-yl)phenyl
I amino)-4-methyl-5-ox0-4,5-

dihydropyrazin-2-yl})-2,5-
difluorophenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide
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N-[5-(6-{ [4-(1, 4-di net hyl- 3-
oxopi per azi n-2-yl ) phenyl] am no}- 4-net hyl - 5- oxo- 4, 5-

wdlhddydsRpyr azi n- 2-y1) - 2- fluorophenyl] - 4,5, 6, 7pcy/ms2008/077054
tetrahydro- 1 -benzot hi ophene2-carboxam de 600 601. 3

coi l H N /

-N

o

o

(S)-4-tert-butyl-N-(3-(6-(4-
(1,4-dimethyl-3-oxopiperazin-
2-yl)phenylamino)}-4-methyl-
5-ox0-4,5-dihydropyrazin-2-
yl)-2-methylphenyl)benzamide

592.32

593.3

(R)-4-tert-butyl-N-(3-(6-(4-
(1,4-dimethyl-3-oxopiperazin-
2-yhphenylamino)-4-methyl-
5-0x0-4,5-dihydropyrazin-2-
yl)-2-methylphenyl)benzamide

592.32

593.3

N-(3-(6-(4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl
amino)-5-oxo-4,5-dihydro
pyrazin-2-yl)-2-methylphenyl)
-4-(ethyl(methyl)amino)
benzamide

579.30

580.2
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t et rahydr o- 1- benzot hi ophene2- car boxam de 614 615. 3

HCl)-( oF

-NLI T -

3 N /
HN‘@-&_/

N
o N

(R)-N-(3-(6-(4-(2-(dimethyl
amino)-1-(isopropyl(methy!)
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-o0xo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4-(1-ethyl
cyclopropyl)benzamide

604.32

605.3

—

(2
Ea

o

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/ 039397PCT/ US2008/ 077054 \ o ci
N 2, 6-dichloro-3-(6-{ [4-0 , 4-

wPtddBhigdy 3- oxopi perazi n-2- yflphenyl] am no }p

; . CT/US2008/077054
- 4- met hyl - Soxo- 4, 5- di hydr opyr azi n- 2- (IS!JAl
N / r
Y
N W}o {:} N-(3-(6-(4-(1-(4-ethyl 709.34 | 710.3
HN =\ piperazin-1-yl)-2-morpholino-

A 2-oxoethyl)phenylamino)-4-
methyl-5-oxo-4,5-dihydro
pyrazin-2-yl)-2-methylphenyl)
-4,5,6,7-tetrahydrobenzo[b]
thiophene-2-carboxamide

N@” . 8 N-(3-(6-(4-(1-(4-ethyt
§ ﬁ:l}! ° {_I} piperazin-1-yl)-2-morpholino- | 732.36 | 724.3
HN TS 2-oxoethyl)phenylamino)-4-

o methyl-5-0x0-4,5-dihydro
pyrazin-2-yl)-2-methyl
phenyl)-5,6,7,8-tetrahydro-4H-
cyclobepta[b]thiophene-2-
carboxamide

Q,
NH / 2
N,
i;g @"{Q‘O () 732.45 | 733.5

O

8]

N-(3-(6-(4-(1,2-bis(4-ethyl
piperazin- 1-yl)-2-oxoethyl)
phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-
methyiphenyl)-4-tert-
butylbenzamide

100




yfl phenyl] -4,5, 6, 7-tetrahydro-
1- benzot hi ophene- 2- carboxam de 650 651.4 \
wW012009/039397 PCT/US2008/077054

§ -8 } o % dtertbutyl N-(-(6-(4-(2- | 66339 | 664.4

(dimethylamino)-1-(4-
o ethylpiperazin-1-yl)-2-
oxoethyl)phenylamino)-4-
methyl-5-oxo-4,5-
dihydropyrazin-2-yi)-2-

methylphenyl)benzamide
NH / I .
N N N-(3-(6-(4-(2-(dimethyl
d_{:z:" (_ _) amino)-1-(4-ethylpiperazin-1- | 667.33 | 668.4
HN / y1)-2-oxoethyl)phenylamino)-
N 4-methyl-5-ox0-4,5-

dibydropyrazin-2-y1)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

Ej_( ! 4 N-(3-(6-(4-(2-(dimethyl
g=>‘° (_} amino)-1-(4-ethylpiperazin-1- | 681.35 | 682.4
HN ! y1)-2-oxoethyl)phenylamino)-
& A 4-methyl-5-0x0-4,5-dihydro
pyrazin-2-yl)-2-methyl
phenyl)-5,6,7,8-tetrahydro-4H-
cyclohepta[b]thiophene-2-
carboxamide
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N16-chl oro-3- (6- { [441, 4- dinethyl- 3-oxopi perazin-2-
yl)phenyl] amno 1 -4-nethyl-5-

2 41 hydropyrazi n-2-y1) -
W(g?&%ﬁ%g? 2-fluorophenyl]-4,5,6, 7- PCI/US2008/077054

NH / S
/ N,
53 G—Qﬁ () 4-tert-butyl- N-(3-(6-(4-(1-4- | 707.42 | 708.4

HN r~ ethylpiperazin-1-y1)-2-((2-

o methoxyethyl)(methyl)amino)-
2-oxoethyl)phenylamino)-4-
methyl-5-oxo-4,5-dihydro
pyrazin-2-yl)-2-methylphenyl)
benzamide

N-(3-(6-(4-(1-(4-ethyl
Vo piperazin-1-y1)-2-((2-
s N N methoxyethyl)
§ d‘@f‘) ) . (methyl)amino)-2- 711.36 | 712.3
HNO&_JJ oxoethyl)phenylamino)-4-

o N methyl-5-ox0-4,5-dihydro
pyrazin-2-yl)-2-methyl
phenyl)-4,5,6,7-tetrahydro
benzof[b]thiophene-2-
carboxamide

q N-(3-(6-(4-(1-(4-cthyl

- Ej_(f“/ 4 piperazin-1-y})-2-((2-methoxy

N N4=° ( J _ ethyl)(methyl)amino)-2- 725.37 | 726.3

HN—W r"o oxoethyl)phenylamino)-4-
dN methyl-5-ox0-4,5-dihydro

pyrazin-2-yl)-2-methylphenyl)
-5,6,7,8-tetrahydro-4H-
cyclohepta[bjthiophene-2-
carboxamide

102



t et rahydro- 1- benzot hi ophene-

635.2 a

WO 200083997 di net hy1- 3- oxopi perazin-2- yl) phenyl]‘C’HﬁSMSI977054

-4- et hy1- 5-

c :04

2-car boxan de 634
OH o N 2-chloro-5- (6- {

0Xx0- 4, 5- di hydr opyr azi n- 2-

N-(3-(6-(4-(1-isopropyl-4-
methyl-3-oxopiperazin-2-
yl)phenylamino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-
2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

625.5

N-(3-(6-(4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyla
mine)-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-5,6,7,8-
tetrahydro-4H-cyclohepta[b]
thiophene-2-carboxamide

610.9

N-(3-(6-(4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-5-fluoro-
2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

614.9
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yl ) phenyl] -4,5, 6, 7-t et r ahydr o-
car boxam de 616 617.2 WO
W(;Q)ggl()gggsWPCT/ US2008/ 077054 aytH

1- benzot hi ophene- 2-

NI - -

PCT/US2008/077054

Q,
NH O /
S
Cj{d_(@:" )
HNW
N
AY

o]

N-(2-chloro-3-(6-(4-(1,4-
dimethyl-3-oxopiperazin-2-
yl)phenylamino)-4-methyl-5-
0x0-4,5-dthydropyrazin-2-
ylphenyl)-4,5,6,7-
tetrahydrobenzofb]thiophene-
2-carboxamide

616.20

616.9

-
03,56

N-(3-(6-(4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-4-(ethyl
(methyl)amino)benzamide

593.31

594.0

N-(3-(6-(4-(1-(ethyl(isopropyl)
amino)-2-morpholino-2-
oxoethyl)phenylamino)-4-
methyl-5-o0x0-4,5-dihydro
pyrazin-2-yl)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

682.33

683.3
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H N42-chloro-3-(6-{ [441, 4-

di nmet hyl- 3- oxopi perazi n-2- yl)phenyl] amno 1

WO 200010343971 - 5-
6-fl uorophenyl1]-4,5,6, 7-

G /

0x0- 4, 5-di hydr opyrazi n- 2-y1) -
t etrahydro- 1- benzot hi ophene-

PCT/US2008/077054

}>

O JJ@ éQ

N-(3-(6-(4-(1-(ethyl(isopropyl)
amino)-2-(4-ethylpiperazin-1-
y1)-2-oxoethyl)phenylamino)-
4-methyl-5-ox0-4,5-dihydro
pyrazin-2-yl)-2-methyl
phenyl)-4,5,6,7-tetrahydro
benzo[b]thiophene-2-
carboxamide

709.38

711.5

I NH N/
O

N-(3-(6-(4-(2-(dimethyl
amino)-1-(ethyl(isopropyl)
amino)-2-oxoethyl)phenyl
mino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-y1)-2-
methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-
2-carboxamide

640.32

641.3

A

N-{3-[6-({4-[2-(azetidin-1-y])-
1-(morpholin-4-yl)-2-oxo
ethyljphenyl }amino)-4-
methyl-5-0x0-4,5-dihydro
pyrazin-2-yl]-2-methyl
phenyl}-4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

652.28

653.2




2- ear boxan de 634 635.2

\

HN I/ 0

H N 2-cyano-5- (6- { [4-(1 ,4-

j 3- oxopi perazi n-2- yl)phenyl] am no
wé’h@ﬁ@%&tﬁ%@ > PCT/US2008/077054

0Xx0- 4, 5- di hydr opyr azi n- 2-

N-{2-methyl-3-[4-methyl-6-
({4-[(methylcarbamoyl)
(morpholin-4-yl)methyl]
phenyl}amino)-5-oxo-4,5-
dihydropyrazin-2-yl]phenyl}-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

626.27

627.2

N-{3-[6-({4-[2-(azetidin-1-y])-
1-[ethyl(propan-2-yl)amino]-2-
oxoethyl]phenyl }amino)-4-
methyl-5-oxo-4,5-dihydro
pyrazin-2-yl]-2-methylphenyl }
-4.5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

652.32

653.2

N

N-{3-[6-({4-[(dimethyl
carbamoyl)[ethyl(propan-2-
yDaminojmethyljphenyl }amin
0)-4-methyl-5-ox0-4,35-
dihydropyrazin-2-yl]-2-
methylphenyl }-4H,5H,6H,7H,
8H-cyclohepta[b]thiophene-2-
carboxamide

654.86

655.6




7 yl)phenyl]-4,5, 6, 7-tetrahydro-

1- benzot hi ophene- 2-
WO 2009/039397

PCT/US2008/077054

MH

(a

N-{3-[6-({4-[1-(azetidin-1-yl)-
2-(4-ethylpiperazin-1-yl)-2-
oxoethyl]phenyl jamino)-4-
methyl-5-0x0-4,5-dihydro
pyrazin-2-yl]-2-methyl
phenyl}-4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide

693.35

694.3

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-ylyphenyl]
amino }-5-oxo-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

582.24

583.0

FB%op

N-{3-[6-(f4-[azetidin-1-
yl(dimethylcarbamoylmethyl]
phenyl}amino)-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }-4H,5H,6H,
7H,8H-cyclohepta[b]
thiophene-2-carboxamide

624.29

625.4
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car boxan de 607 608. 2
(1, 4-di net hyl- 3-

wo hooBlisay4 1 ani nol- 4- et hy1- 5-
oxo- 4, 5-di hydr opyr azi n- 2-y1) -

H 41

N-[4-(6-{ [4-

oxopi per azi n- 2-

/

PCT/U S2|_(|]08/077054

%

N-[2-methyl-3-(4-methyl-5-
0x0-6-{[4-(1,2,4-trimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4,5-dihydropyrazin-2-
yDphenyl]-4,5,6,7-tetrahydro-
1-benzothiophene-2-
carboxamide

610.27

611.3

N-[5-chloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yDphenyljamino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
2-fluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxamide 634.19

635.6

SN

N-{3-[6-({4-[azetidin-1-
yl{dimethylcarbamoyl)methyl]
phenyl}amino)-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }-4-tert-
butylbenzamide

606.33

607.6
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6-fl uoropyridin-2-y1]-4,5,6, 7- - -
t et rahydr o- 1- benzot hi ophene-
WO 2009/039397 PCT/US2008/077054

phenyl}amino)-4-methyl-5-

»< oxo-4,5-dihydropyrazin-2-yl}-
2-methylphenyl}-4,5,6,7-

tetrahydro-1-benzothiophene-

2-carboxamide 610.27 | 611.5

== / N-{3-[6-({4-[azetidin-1-
g ﬂ yl(dimethylcarbamoyl)methyl]

N-(3-{6-[(4-{azetidin-1-yl[(2-
hydroxyethyl)(methyl)carbamo

yl]methyl } phenyl)amino}-4-
° methyl-5-0x0-4,5-
/_f dihydropyrazin-2-yl}-2-
7\ methylphenyl)-4,5,6,7-

tetrahydro-1-benzothiophene-
2-carboxamide 640.28 [ 641.6

y N-{2-methyl-3-[4-methyl-6-
/ ({4-[4-methyl-3-0x0-1-

_2-0 / (propan-2-yl)piperazin-2-

. \ yllphenyl }amino)-5-oxo-4,5-
dihydropyrazin-2-yi]phenyl }-
4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide 638.3 | 639.7
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2- ear boxam de 601 602.2 WO

2009/ 039397PCT/ US2008/ 077054 M 1. NH

WO“ZOB%&%PMY' N-{346-04-[(S)-
|nethylcarbannyl)[nethyl(p

phenyl | am no) - 4- net hyl -
0X0- 4, 5- dlhydropyra2|n 2 y1] -

PCTfU82008/077054
ropan- 2- ypani no] net hyl |

Z-1Tel nyl pnenyl Foenzam de 622

S8

62374 0]

N-{3-[6-({4-[(4-ethyl
piperazin-1-yl)[(2-hydroxy
ethyl)(methyl)carbamoyl]meth
yllphenyl}amino)-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }-4H,5H,6H,
7H,8H-cyclohepta[b]

thiophene-2-carboxamide 711.36

7124

N-{3-[6-({4-[(diethyl
carbamoyl){(4-ethylpiperazin-
1-yDmethyllphenyl }amino)-4-
methyl-3-0x0-4,5-dihydro
pyrazin-2-yl]-2-methyl

phenyl }-4H,5H,6H,7H,8H-
cycloheptalb]thiophene-2-

carboxamide 709.38

710.4

4-tert-butyl-N-(3-{6-[(4-
{[ethyl(methyl)carbamoyl](4-
ethylpiperazin-1-yl)methyl }
phenylyamino]-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl }-
2-methylphenyl)benzamide

677.41

678.4
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N . 4-tert-butyl-N-{ 3-[6-({4-[(R-

(di met hyl car banoyl) [ met hyl (p

WO 2qpan3839y Dani no] net hyl ]

H

N N NH

PCT/US2008/077054

4-tert-butyl-N-{3-[6-({4-
[(diethylcarbamoyl)(4-
ethylpiperazin-1-yl)methyl]
phenyl}amino)-4-methyl-5-
oxo0-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }benzamide

691.42

6924

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-5-oxo-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-N-methyl-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

596.26

597.0

4-tert-butyl-N-(2-methyl-3-{4-
methyl-6-[(4-{ I-[methyl
(propan-2-yl)amino]-2-
{morpholin-4-yl)-2-oxoethyl }
phenyl)amino]-5-oxo-4,5-
dihydropyrazin-2-
yl}phenyl)benzamide

664.37

665.1
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phenyl | am no) - 4- net hy1- 5-
0Xx0- 4, 5-di hydr opyr azi n- 2-y1] -

woe N-[3-(6-{ [4-,4-
dlnethyl 3- oxopi perazin-2-0
yI)phenyI]an1no} 4- nethyl 5-

%%% phenyl | benzam de 622 623.4 0 |
utyl -

T Fb%@zoosm'r 1054

oxo=—4,S5=dihydropyrazin—2=yi)=

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

634.36

635.1

o0 -

N-{3-[6-({4-[1-(azetidin-1-y})-
2-(morpholin-4-yl)-2-
oxoethyl]phenyl }amino)-4-
methyl-5-0x0-4,5-
dihydropyrazin-2-ylj-2-
methylphenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

652.28

653.7

N-(3-{6-[(4-{azetidin-1-yI[(2-
hydroxyethyl){methyljcarbamo
ylJmethyl } phenyl)amino]-4-
methyl-5-0x0-4,5-
dihydropyrazin-2-yl}-2-
methylphenyl)-4H,5H,6H,7H,
8H-cyclohepta[b]thiophene-2-
carboxamide

654.3

655.3




2- met hyl pheny1] - N- 13-

(di met hyl am no) propyl ] benza m de 677 678.4 WO
wR09IH3T397PCl M52008/ 077054 \ N-[ 6- chl or o- 3- (IBHU$240e8/(77054

, 4- di met hy1- 3- oxopi per azi n- 2-

yl) phenyl ] am no} - 4- net hyl - 5-

0Xx0- 4, 5-di hydropyrazi n-2-yl1)- 2-nethyl phenyl]-4,5,6, 7-

t et rahydr o- 1- benzot hi ophene2{car boxam de 630 631. 3
a)2(01 ci-I\ i\l----

4-tert-butyl-N-(2-methyl-3-{4-
methyl-6-[(4-{1-[methyl
(propan-2-yl)amino]-2-(4~
methylpiperazin-1-yl)-2-
oxoethyl }phenyl)amino]-5-
0x0-4,5-dihydropyrazin-2-
yl}phenyl)benzamide 67741 | 6782

z_ y N-(3-(6-(4-(1,4-dimethyl-3-
@2}@ oxopiperazin-2-ylyphenyl
Vs arnino)-4-methyl-5-oxo0-4,5-
/ dihydropyrazin-2-y1)-2-
methylphenyl)-4-(1-

methyleyclopropyDbenzamide | >0 | 2912

N-(3-(6-(4-(1-ethyl-4-methyl-
3-oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)-5,6,7,8-
tetrahydro-4H-cyclohepta[b]
thiophene-2-carboxamide

624.29 1 625.7

113



N-[5-(6-{ [4-(1,4-d
oxopi perazin-2-yl)p

7-tetrahydro- 1-
car boxam de 583 584.2 HN
[4-(1,4-dinethy1-3-

i met hyl1- 3-
henyl] am no }

W(ﬂiifﬁﬁiylgis\gwraz' n-2-y1) pyri di n- 3-

benzot hi ophene- 2-
Il / -NI- N16- ( 6- {

- 4- met hy1- 5- oxo- 4, 5-
PCT/US2008/077054

oxoplpera2|n 2- yI)phenyI] am no }

—=methyt=5-oxo=4;5=
yl]-4,5,6,7-tetrahydro- 1-
car boxam de, 583 584. 2

PN

dihycdroy

benzot hi ophene- 2-
In

4-tert-butyl-N-(3-(6-(4-(1-
isopropyl-4-methyl-3-
oxopiperazin-2-yl)phenyl
amino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl)benzamide

pyraztn=2=-ytypyridrm2-

620.35

621.7

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyi]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yi)-2-
methylphenyi]-N-methyl-
4,5,6,7-tetrahydro-1-benzothio
phene-2-carboxamide

610

611.1

N-(3-{6-[(4-{1-[ethyl(methy])
amino]-2-(4-ethylpiperazin-1-

4-methyl-5-ox0-4,5-
dihydropyrazin-2-yt}-2-
methylphenyl)-4H,5H,6H,7H,
8H-cyclohepta[b]thiophene-2-

yI)-2-oxoethyl } phenyl)amino]-

695

696.4

carboxamide
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-1 \7

WD 2009/ 039397PCT/ US2008/ 077054 ci

HN |

N-[2-chloro-3-(6-{ [441, 4- di met hyl- 3-oxopi perazi n- 2-

W L200pMaza3yl | am nol- 4- met hyl- 5-

0Xx0- 4, 5-di hydr opyr azi n- 2-y1) -

PCT/US2008/077054
6- net hyl pheny1]-4,5,6, 7-

t et rahydr o- 1- benzot hi ophene2- car boxam de 630 631. 3

-1\ 7- 0

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-6-[ethyl
(methyl)amine]pyridine-3-

carboxamide 594

595.1

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-fluoro-
5-methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxarmide 614

615.3

N-{3-[6-({4-[2-(azetidin-1-y])-
1-[methyl(propan-2-yl)amino]-
2-oxoethyljphenyl }amino)-4-
methyl-5-ox0-4,5-
dihydropyrazin-2-yl]-2-
methylphenyl }-4H,5H,6H,7H,
8H-cyclohepta[b]thiophene-2-
carboxamide

652

653
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Er coil HNIJ[6-(6-{ [4-(1, 4-

LgY/HePy r azi n-2-y1) - 3- fluor
W(fliet r/g%ygyo 1- benzot hi ophene2-
NH 111 N46-(6-{ [4-(1, 4-di net
OXOpI perazin- 2- 34) phenyl] am

di met hy1- 3-

(6
oxopi per azi n-2-yl ) phenyl] am no }-4-nethyl-5-o0xo0-4,5-

opyridin-2-yl]- 4Pc51?£§szﬁmyo77054

car boxam de 601 60
hy1l- 3-
no} - 4- net hyI

5-o0xo0-4, 5-

dirhydropyrazin=2=yi)j=5ftuor
t et rahydro- 1- benzot hi ophene2-
CoOfilik

d
o n

opyridim=2=yi{=24,5,6,7
car boxam de 601 602. 2

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl}
amino }-4-methyl-5-o0xo0-4,5-
dihydropyrazin-2-yl)phenyl]-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

582

583

Sl

N-{3-(6-{[4-(4-ethyl-1-methyl-
3-oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

610

611.5

\ )
N
Y H

R

HN

N-[3-(6-{[4-(4-ethyl-1-methyl-
3-oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl}-44,5H,6H,
7H,8H-cyclohepta[b}
thiophene-2-carboxamide

624

625.3
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o] WO
2009/ 039397PCT/ US2008/ 077054
WO 2009/039397

PCT/US2008/077054

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2,5-
dimethylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxamide 610

611.2

/ O Cl

N-[5-chloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
ylphenyl]Jamino}-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl)-
2-methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxamide 630

6314

N-{3-[6-({4-[(dimethy]
carbamoyl)(morpholin-4-
yDmethyl}phenyl }amino)-4-
methyl-5-oxo-4,5-
dihydropyrazin-2-yl]-2-
methylphenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

640

640.9
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N-[3-(6-{ [4-(1,4-dinethyl-3-

oxopi perazi n-2-yl)phenyl ] am nol-4-nethyl-5-oxo-4,5-
W(Piﬁ}ﬁ%(/%ﬁwr azin-2-yl)-2- nethyl phenyl] - 7- oxo- 4pSr8s2608/077054
| -

t etrahydro- 1- benzot hi ophene-

N-{3-[6-({4-[(diethy!
carbamoyl)(morpholin-4-
yl)methyllphenyl }amino)-4-
methyl-5-0x0-4,5-
dihydropyrazin-2-yl]-2-
methylphenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

668

668.9

N-(3-{6-[(4-{[ethyl(methy])
carbamoyl](morpholin-4-
yDmethyl } phenyl)amino]-4-
methyl-5-0x0-4,5-
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-ylymethy! } phenyl)
amino]-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl}-2-
methylphenyl)-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

670

670.9
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2- car boxam de 610 611.2
[4-(1, 4-di net hyl- 3-
WO 200899893971 - 5- ox0- 4, 5-

| met hyl phenyl] - 7- hydr oxy-

N13- (6-{

oxopi perazi n-2-yl ) phenyl] am no }
di hydr opyr azi n- 2-y1) - 2- PCT/U52008/077054

N-{3-[6-({4-[2-(3-hydroxy
azetidin-1-yl)-1-{morpholin-4-
yl)-2-oxoethyl]phenyl Jamino)-
4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl]-2-

b | methylphenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

668

669

‘N-{3-[6-({4-[(dimethy!
carbamoyl)(morpholin-4-
yhmethyl]phenyl }amino)-4-
methyl-5-0x0-4,5-
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-
yl)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

119




-NLr 4,5,6,7-tetrahydro-

car boxam de 612 613.3 o

- a7 di met hy1l- 3- oxopi per azi n-2- yfl phenyl
W(él?iqo%léﬁﬁ% nmet hyl-5- oxo-4

2- met hyl pheny1] - 2-

1- benzot hi ophene- 2-
0 4-tert-butyl-NJ[3-(6-{

, 5 -di hydropyrazi n- 2-
met hyl benzam de 606

ﬂ;/(ﬁfpszoosm77os4

N-{3-[6-({4-[2-(azetidin-1-yl)-
1-(morpholin-4-yl)-2-oxo
ethyljphenyl }amino)-4-
methyl-5-ox0-4,5-dihydro
pyrazin-2-yl]-2-methyl

phenyl }-4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide

666

666.9

N-{2-methyl-3-[4-methyl-6-
({4-[(methylcarbamoyl)
(morpholin-4-yl)methyl]
phenyl }amino)-5-oxo0-4,53-
dihydropyrazin-2-yl]phenyl }-
4H,5H,6H,7H,8H-
cyclohepta[bjthiophene-2-
carboxamide

640

640.9

N-(3-{6-[(4-{ [ethyl(methyl)
carbamoyl}{morpholin-4-
yl)methyl } phenyl)amino]-4-
methyl-5-oxo-4,5-dihydro
A\ | pyrazin-2-yl}-2-methyl
phenyl)-4H,5H,6H,7H,8H-
cyclohepta[b]thiophene-2-
carboxamide

668

669
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re\LPH N-[3-(6-{ [4-(1-ethyl-
wWmxophpPasazi n- 2-yl ) phenyl ] am nol- 4- net hyl - 5- ORCEF/E$2908/077054
di hydr opyr azi n- 2-y1) - 6-f | uor o2- net hyl pheny1] -4,5, 6, 7-
t et rahydro- 1- benzot hi ophene-

00A F

3-

o]
S:¥Iecesan

N-(3-{6-[(4-{[(Z-hydroxy
ethyl)(methyl)carbamoyl](mor
pholin-4-yl)methyl } phenyl)
amino]-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl}-2-
methylphenyl)-4H,5H,6H,
7H,8H-cyclohepta[b]
thiophene-2-carboxamide

684

685

OH

N-{3-[6-({4-[2-(3-hydroxy
azetidin-1-yl)-1-(morpholin-4-
yD)-2-oxoethyl]phenyl }amino)-
4-methyl-5-oxo0-4,5-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-
ox0-4,5-dihydropyrazin-2-yl)-
2-methylphenyl]-2-
methoxybenzamide

622

623
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2-car boxanm de 614 615. 3
N-{3-(6- 1[4 (1-ethyl- 3-

WO SERjoBSHAZi N- 2- yl)phenyI] ani no} - 4- met hy| -
-yl1l)-2,6- difluorophenyl]- 4 5

di hydr opyrazi n-2
ocA-i . 0O FN

N

i‘gl‘/glsz':cms/oms;;

N-[2-chloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yl)phenyljamino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-
5-methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

630

631.5

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yi)-2,6-
dimethylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

610

611.4

HN

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-5-
methoxy-2-methylphenyl]-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

626

627.3
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rillH t et rahydro- 1- benzot hi ophene-

2-car boxam de 618 619. 3

WONAB9/ 08341 4- (1- et hyl- 4- et hyl -

di fl uor ophenyl1]-4,5, 6, 7-

H 01}-CD F  PCT/US2008/077054
3- oxopi perazi n-2-y1) phenyl] am no
} - 4- et hyl - 5- oxo- 4, 5- di hydropyrazin-2-y1)-2, 6-

o7
oed 3

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2,6-
difluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxarnide

618

619.2

F
H
Co<
Y—NH
N
A

N-[5-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
fluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

600

601.3

Srae -

N-{3-(6-{{4-(1,4-dimethyl-3-
oxopiperazin-2-yi)phenyl]
amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-6-fluoro-
2-methylphenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

614

015.3




/- t et rahydr o- 1- benzot hi ophene-

2-car boxam de 632 633.3 WO
ng&%&é? 97PCT/ US2008/ 077054 1001 H o

yl -

1 -nmethyl -

Petesddisnrross

Cl.

H
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N-[2,6-dichloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yD)phenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-
yhphenyl}-4,5,6,7-tetrahydro-
1-benzothiophene-2-
carboxamide

650

6514

N-[6-chloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yDphenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
2-fluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

634

635.2

N-[2-chloro-5-(6-{[4-(1.4-
dimethyl-3-oxopiperazin-2-
ylphenyl]amino }-4-methyl-5-
oxo0-4,5-dihydropyrazin-2-
yhphenyt]-4,5,6,7-tetrahydro-
1-benzothiophene-2-
carboxamide

616

617.2




N H

3- oxopi perazi n-2-yl ) phenyl] am no

}-4-met hyl-5-oxo-4,5- dihydropyrazin-2-yl)-2-

wo kosonwzaspreny1] - 4, 5, 6, 7-

PCT/US2008/077054

N-[2-chloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yDphenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-
6-fluorophenyt]-4,5,6,7-
tetrahydro-1-benzothiophene-

2-carboxamide 634

635.2

N-{2-cyano-5-(6-{[4-(1.4-
dimethyl-3-oxopiperazin-2-
yl)phenyi]amino }-4-methyi-5-
oxo0-4,5-dihydropyrazin-2-
ylyphenyl]-4,5,6,7-tetrahydro-
{-benzothiophene-2-

carboxamide 607

608.2

s
o %

N-[4-(6-{[4-(1,4-dimethy]l-3-
oxopiperazin-2-
yl)phenyljamino }-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl)-
6-fluoropyridin-2-yl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

601

602.2

125




Lj tetrahydro-1-benzot hi ophene-

2-car boxam de 614 615.2

wd 200d0doder- O

H 4-tert-butyl-N[6-(6-
PCT/US2008/077054

4-tert-butyl-N-{3-[6-({4-[(S)-
(dimethylcarbamoyl)[methyl(p
ropan-2-yl)amino]methyl]
phenyl }Jamino)-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl}-
2-methylphenyl }benzamide 622

6234

4-tert-butyl-N-{3-[6-({4-[(R)-
(dimethylcarbamoy!){methyl(p
ropan-2-yl)amino]methyl]
phenyl }amino)-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl]-
2-methylphenyl }benzamide 622

623.4

4-tert-butyl-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-[3-
(dimethylamino)propyijbenza
mide 677

678.4
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di met hy1- 3- oxopi per azi n- 2-
yfl phenyl | am no} - 4- net hyl - 5- oxo-4, 5-di hydr opyr azi n- 2-
WG 20088493801 n- 2-yl i benzam de 579 580.3 401 S H\ KT/GS2008/077054
o NH NJ[5-(6-{ [4- (1l-ethyl-3-
oxopi perazi n-2-yl)phenyl] amno } -4-nethyl-5-o0xo0-4,5-
di hydr opyrazin-2-yl1)-2- fluorophenyl]-4,5,6,7-

\ N/ H N-[6-chloro-3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
m yhphenyl]amino }-4-methyi-5-
/ ox0-4,5-dihydropyrazin-2-yl)-
cf "N | 2-methylphenyl]-4,5,6,7-

tetrahydro-1-benzothiophene-
2-carboxamide 630

631.3

H N-[5-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenylj
@_&{ amino }-4-methyl-5-0x0-4,5-
/ N dihydropyrazin-2-yl)pyridin-3-
NN | 911-4,5.6, 7-tetrahydro-1-

benzothiophene-2-
carboxamide 583

584.2

/ H N-[6-(6-{[4-(1,4-dimethy-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)pyridin-2-
NN | y1144,5.6, 7-tetrahydro-1-
benzothiophene-2-
carboxamide 583

584.2
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NH t et r ahydr o- 1- benzot hi ophene-

WO 2009/039397

PCT/US52008/077054

N-[2-chloro-3-(6-{[4-(1.4-
dimethyl-3-oxopiperazin-2-
yhphenyl]amino}-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
6-methylphenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 630

631.3

N-[6-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl})-3-
fluoropyridin-2-y1j-4,5,6,7-

2-carboxamide 601

RN A tetrahydro-1-benzothiophene-
2-carboxamide 601 | 6022
| H \_ Y, F
/
O N " N-[6-(6-{[4-(1,4-dimethyl-3-
N—g_ oxopiperazin-2-yl)phenyl}
VAR S amino }-4-methyl-5-0x0-4,5-
O dihydropyrazin-2-y1)-5-
N e fluoropyridin-2-yl1]-4,5,6,7-
_/ tetrahydro-1-benzothiophene-

602.2

128



2-car boxanm de 600 601.3 WO

2009/ 039397PCT/ US2008/ 077054 H
WO 2008089300/ 1- 3 oxopi perazi n-2-yl ) phenyl] am no PCT/US2008/077054

- 4- met hy1- 5- oxo- 4, 5- di hydr opyrazi n-2-y1) - 2-

f1 uoropheny1] -4, 5,6, 7-

o

HNI[5-(6- { [4-(1

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl}
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl}-7-0x0-4,5,6,7-
tetrahydro-1-benzothiophene
2-carboxamide

610

611.2

N-[3-(6-{[4-(1,4-dimethy]l-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-
methylphenyl}-7-hydroxy-
4.5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

612

613.3

4-tert-butyl-N-[3-(6-{[4-(1,4-
dimethyl-3-oxopiperazin-2-
yhphenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
2-methylphenyl]-2-
methylbenzamide

606

607.3
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/ t et rahydr o- 1- benzot hi ophene-

2-car boxam de 628 629. 3
WO 2009/039397

NI

PCT/US2008/077654

N-[3-(6-{[4-(1-ethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-o0x0-4,5-
dihydropyrazin-2-yl)-6-fluoro-
2-methylphenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

614

615.3

N-[3-(6-{[4-(1-ethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2,6-
difluorophenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

613

619.3

N-[3-(6-{[4-(1-ethyl-4-methyl-
3-oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-o0x0-4,5-
dihydropyrazin-2-y1)-2,6-
diffuorophenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

632

633.3
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N13-(6-{ [4-(4-ethyl-1-nethyl- H
3- oxopi perazi n-2-yl) phenyl] am nol-4-nethyl-5-o0xo-4, 5-

WQI2M99M398PY r azi n- 2-y1) - 2, 6-

0 PCT/USTHOF077054

N-[5-(6-{[4-(4-ethyl-1-methyl-
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 614

615.2

4-tert-butyl-N-[6-(6-{[4-(1.4-
dimethyl-3-oxopiperazin-2-
yl)phenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-
yDpyridin-2-yl]benzamide 579

580.3

N-[5-(6-{[4-(1-ethyl-3-
oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-
fluoropheny!]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 600

601.3




di fl uoropheny11-4,5,6, 7-
t et rahydr o- 1- benzot hi ophene- 2- car boxam de 632

w&36d9R30307 H NA5-16- | [4-(1, 4-di met hyl-3- PCT/US2008/077054

oxopi per azi n-2-yl ) phenyl] am nol-4-nethyl-5-o0xo0-4,5-

di hydr opyr azi n-2-y1) - 2-

N-[5-(6-{[4-(1,4-diethyl-3-
oxopiperazin-2-yl)yphenyl]
amino }-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-
fluorophenyl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

628

629.3

N-[3-(6-{[4-(4-ethyl-1-methyl-
3-oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2,6-
difluorophenyl]-4,5,6,7-
tetrahydro- 1-benzothiophene-
2-carboxamide

632

633.3

N-[5-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-yl)phenyl]
amino}-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-2-
fluorophenyl]-7,7-difluoro-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

636

637.3
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fl uorophenyl] -7, 7-di fl uoro-

4,5,6, 7-tetrahydro- 1-
WO 20609/039397

PCT/US2008/077054

F
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N
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/NS

N-15-(6-{[4-(1-ethyl-4-methyl-
3-oxopiperazin-2-
yDphenyl]amino }-4-methyl-3-
oxo0-4,5-dihydropyrazin-2-yl)-
2-fluorophenyl}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

614

615.3

N-[6-(6-{[4-(1-ethyl-3-
oxopiperazin-2-
yl)phenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl})-
3-fluoropyridin-2-yl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

601

602.2

N-[6-(6-{[4-(4-ethyl-1-methyl-
3-oxopiperazin-2-
yDphenyl]amino }-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl)-
3-fluoropyridin-2-yl]-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

615

616.3
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-NN- benzot hi ophene- 2- \ car boxam de

636 637.3 WD 2009/ 039397PCT/ US2008/ 077054 ol ori H .
wobdodusBer { [4- (1-ethyl-4- et hyl 3- oxopi per azi Nper/ys2008/077054

yl ) phenyl] am no }

- 4- met hyl - 50x0- 4, 5- di hydr opyr azi n-2-y1) -

2-fluorophenyl]-4,5,6,7- tetrahydro- 1

—benzot hi ophenez-car pboxam de [o14 615. 3 N

N-[6-(6-{[4-(1-ethyl-4-methyl-
3-oxopiperazin-2-
yhphenyl]amino }-4-methyl-5-
ox0-4,5-dihydropyrazin-2-yl)-
3-fluoropyridin-2-yl]-4,5,6,7-
NN tetrahydro-1-benzothiophene-
2-carboxamide 615

616.3

N-[6-(6-{{4-(1,4-diethyl-3-
4 QWH oxopiperazin-2-yl)phenyl]
amino }-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl)-3-
N_/ fluoropyridin-2-yl1]-4,5,6,7-
Y, tetrahydro-1-benzothiophene-
2-carboxamide 629

630.3

N\
{’ JiH N-{3-(6-{[4-(1,4-diethyl-3-
oxopiperazin-2-yl)yphenyl]
HN_B—N amino }-4-methyl-5-oxo0-4,5-
% 7 dihydropyrazin-2-yl)-6-fluoro-
OF /NN 2-methylphenyl]-4,5,6,7-

tetrahydro-1-benzothiophene-
2-carboxamide 642

6433
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0 i - Nval - Sl Fix H N-[6-(6-
[4-(1-ethyl-3- oxopiperazin-2- yl)phenyl] am no }

WO 20091089397 - 5- ox 0-4, 5-di hydropyrazin-2-yl)- PCT/US2008/077054
3-fluoropyridin-2-y11-4,5,6,7- tetrahydro- 1

- benzot hi ophene2- car boxam de 601 602. 2 0
Y N-[3-(6-{[4-(4-ethyl-1-methyl-
\ /¢ 3-oxopiperazin-2-

ylphenyl]amino }-4-methyl-5-
H 0x0-4,5-dihydropyrazin-2-yl)-

l | H 6-fluoro-2-methylphenyl]-
©F MJ 4,5,6,7-tetrahydro-1-

benzothiophene-2-
carboxamide 628

629.4

N-{5-[6-({4-[(2R)-1,4-
dimethyl-3-oxopiperazin-2-
yi]phenyl }amino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl]-
2-fluorophenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 600

601.2

N-[3-(6-{[4-(1,4-dicthyl-3-
oxopiperazin-2-
yl)phenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
2,6-difluorophenylj-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide 646

647.3

135




N

WO 2009/039397

NH

PCT/US2008/077054

N-{5-[6-({4-[(25)-1,4-
dimethyl-3-oxopiperazin-2-
yllphenyl }amino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl}-
2-fluorophenyl }-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

600

601.5

N-{6-[6-({4-1(25)-1,4-

| dimethyl-3-oxopiperazin-2-

yl]phenyl }amino)-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl]-
3-fluoropyridin-2-yi}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

601

602.3

N-{6-{6-({4-[(2R)-1 4-
dimethyl-3-oxopiperazin-2-
yllphenyl }amino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-yl}-
3-fluoropyridin-2-y1}-4,5,6,7-
tetrahydro-1-benzothiophene-
2-carboxamide

601

602.2
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0 N

3-fluoropyridin-2-yl) -BECBUR0VS/077054

F
H
o<
Y—NH
/b

HN N—

N-f2-fluoro-5-(4-methyl-6-{[4-
(4-methyl-3-oxopiperazin-2-
yl)phenyl]amino}-5-0x0-4,5-
dihydropyrazin-2-yl)phenyl]-
4,5,6,7-tetrahrydro-1-
benzothiophene-2-
carboxamide

586

387.2

<.
o3P

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-
yl)phenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
2-fluoro-6-methylphenyl]-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

614

615.3

N-[3-(6-{[4-(1-ethyl-4-methyl-
3-oxopiperazin-2-
yD)phenyl]amino }-4-methyl-5-
oxo-4,5-dihydropyrazin-2-yl)-
6-fluoro-2-methylphenyl]-
4,5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

628

629.3
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3-fluoropyridin-2-yl11-4,5,6, 7-
t et rahydr o- 1- benzot hi ophene- 2- car boxam de 615 616. 3

R
Qoa
O .
{ > N-[5-(6-{[4-(2,4-dimethyl-3-
/ oxopiperazin-2-

ylyphenyl]amino }-4-methyl-3-
oxo-4,5-dihydropyrazin-2-yl)-
HN\__/N_ 2-fluorophenyl]-4,5,6,7-

tetrahydro-1-benzothiophene-
2-carboxamide 600 601.6

m N-{5-[6-({4-[2-(azetidin-1-y1)-
7% N 1-(dimethylamino)-2-

_Z"NH oxoethyl]phenyl }amino)-4-
)\] b \j methyl-5-0x0-4,5-
dihydropyrazin-2-yl]-2-
fluorophenyl }-4,5,6,7-
™\ tetrahydro-1-benzothiophene-

2-carboxamide 614 | 615.22

N-{2-fluoro-5-[6-({4-[1-(2-
hydroxyethyl}-4-methyl-3-
oxopiperazin-2-

yllphenyl }amino)-4-methyl-5-
0x0-4,5-dihydropyrazin-2-
yl]lphenyl}-4,5,6,7-tetrahydro-
1-benzothiophene-2-
carboxamide 630 6313
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[4- (1, 4-di et hyl - 3oxopi per azi n-2-yl) phenyl ]
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fluoropyridin-2-yl]-4,5,6, 7-

t et rahydr o- 1- benzot hi ophene2- car boxam de 629 630. 3

N

N-[5-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-
yl)phenyl]amino }-4-methyi-5-
0x0-4,5-dihydropyrazin-2-yl)-
2-fluorophenyl]-4,4-difluoro-
4.5,6,7-tetrahydro-1-
benzothiophene-2-
carboxamide

636

637.3

OH

N-[3-(6-{[4-(1,4-dimethyl-3-
oxopiperazin-2-
yl)phenyl]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-
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

596

597

Example 11

Biochemical Btk Assay

[00209]

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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mM dithiothreitol, 0.1 mM Na3zVQ;y, 10 mM MgCl,), 0.5 uM Promega PTK
Biotinylated peptide substrate 2, and 0.01% BSA. A master mix plus Btk enzyme is
prepared containing 1X Cell Signaling kinase buffer, 0.5 uM PTK Biotinylated
peptide substrate 2, 0.01% BSA, and 100 ng/well (0.06 mU/well) Btk enzyme. Btk
enzyme is prepared as follows: full length human wildtype Btk (accession number
NM-000061) with a C-terminal V5 and 6x His tag was subcloned into pFastBac
vector for making baculovirus carrying this epitope-tagged Btk. Generation of
baculovirus is done based on Invitrogen's instructions detailed in its published
protocol "Bac-toBac Baculovirus Expression Systems” (Cat. Nos. 10359-016 and
10608-016). Passage 3 virus is used to infect Sf9 cells to overexpress the
recombinant Btk protein. The Btk protein is then purified to homogeneity using Ni-
NTA column. The purity of the final protein preparation is greater than 95% based on
the sensitive Sypro-Ruby staining. A solution of 200 uM ATP is prepared in water
and adjusted to pH7.4 with IN NaOH. A quantity of 1.25 pL of compounds in
5%DMSQO is transferred to a 96-well V2 area Costar polystyrene plate. Compounds
are tested singly and with an 11-point dose-responsive curve (starting concentration is
10 uM; 1:2 dilution). A quantity of 18.75 L. of master mix minus enzyme (as a
negative control) and master mix plus enzyme is transferred to appropriate wells in
96-well ¥4 area costar polystyrene plate. 5 ul. of 200 uM ATP is added to that
mixture in the 96-well V2 area Costar polystyrene plate for final ATP concentration of
40 uM. The reaction is allowed to incubate for 1 hour at room temperature. The
reaction is stopped with Perkin Elmer 1X detection buffer containing 30 mM EDTA,
20 nM SA-APC, and 1 nM PT66 Ab. The plate is read using time-resolved
fluorescence with a Perkin Elmer Envision using excitation filter 330 nm, emission
filter 665 nm, and 2™ emission filter 615 nm. ICs, values are subsequently calculated.
Alternatively, the Lanthascreen assay can be used to evaluate Btk activity 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 MgCI2, 2 mM MnCls, 2 mM DTT, 0.2
mM NaV04, 0.01% BSA, and 0.4 uM fluorescein poly-GAT. The reaction is
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6-f | uor o- 2- net hyl phenyl | 4,5, 6, 7-tetrahydr o- 1-
benzot hi ophene-2- car boxam de 628 629.4 H
o F
initiated by the addition of ATP to 25 uM (Km of ATP). After incubation for 60

minutes at room termperature, the reaction is stopped by the addition of a final
concentration of 2 nM Th-PY20 detection antibody in 60 mM EDTA for 30 minutes
at room temperature. Detection is determined on a Perkin Elmer Envision with

340nM excitation and emission at 495 and 520nm.

Example 12

Ramos Cell Btk Assay
[00211] Another generalized procedure for a standard cellular Btk Kinase
Assay that can be used to test compounds disclosed in this application is as follows.
[00212] Ramos cells are incubated at a density of 0.5x107 celis/ml in the
presence of test compound for 1 hr at 37 °C. Cells are then stimulated by incubating
with 10 pg/ml anti-human IgM F(ab), for 5 minutes at 37 °C. Cells are pelleted,
lysed, and a protein assay is performed on the cleared lysate. Equal protein amounts
of each sample are subject to SDS-PAGE and western blotting with either anti-
phosphoBtk(Tyr223) antibody (Cell Signaling Technology #3531; Epitomics, cat.
#2207-1) or phosphoBtk(Tyr551) antibody (BD Transduction Labs #558034) to
assess Btk autophosphorylation or an anti-Btk antibody (BD Transduction Labs
#6511116) to control for total amounts of Btk in each lysate.

Example 13

B-Cell Proliferation Assay
[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 uCi 3H—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

141



51 NH N { 546- ({ 4-[(2R) -1, 4-
di net hyl- 3- oxopi per azi n-2- Aphenyl | am no) - 4- net hyl -

W(Piﬁ@9/639'§97d' hydr opyrazin-2-y1] - 2-fl uorophenyl 13CT1U320081077054

4,5,6,7- tetrahydro-1-benzot hi ophene2- carboxam de 600
601.2 H 0

is counted in a microbeta counter (Wallace Triplex 1450, Perkin Elmer).

Example 14

T Cell Proliferation Assay
[00215] A generalized procedure for a standard T cell proliferation assay that
can be used to test compounds disclosed in this application is as follows.
[00216] T cells are purified from spleens of 8-16 week old Balb/c mice using a
Pan T cell isolation kit (Miltenyi Biotech, Cat # 130-090-861). Testing compounds
are diluted in 0.25% DMSO and incubated with 2.5 x 10° purified mouse splenic T
cells in a final volume of 100 ul in flat clear bottom plates precoated for 90 min at
37°C with 10 pg/ml each of anti-CD3 (BD # 553057) and anti-CD28 (BD # 553294)
antibodies. Following 24 hr incubation, 1 uCi *H-thymidine is added and plates
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 was counted in a microbeta counter (Wallace Triplex
1450, Perkin Elmer).

Example 15
CD86 Inhibition Assay
[00217] A generalized procedure for a standard assay for the inhibition of B
cell activity that can be used to test compounds disclosed in this application is as
follows.
[00218] Total mouse splenocytes are purified from spleens of §-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
volumne of 200 pl 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 TAAD (BD
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Pharmingen #51-68981E). Cells are sorted on a BD FACSCalibur and gated on the
CD19*/7AAD" population. The levels of CD86 surface expression on the gated

population is measured versus test compound concentration.

Example 16

B-ALL Cell Survival Assay
[00219] The following is a procedure for a standard B-ALL cell survival study
using an XTT readout to measure the number of viable cells. This assay can be used
to test compounds disclosed in this application for their ability to inhibit the survival
of B-ALL cells in culture. One human B-cell acute tymphoblastic leukemia line that
can be used is SUP-B135, a human Pre-B-cell ALL line that is available from the
ATCC.
[00220] SUP-B15 pre-B-ALL cells are plated in multiple 96-well microtiter
plates in 100 pl of Iscove’s media + 20% FBS at a concentration of 5 x 10° cells/ml.
Test compounds are then added with a final conc. of 0.4% DMSO. Cells are
incubated at 37°C with 5% CO; for up to 3 days. After 3 days cells are split 1:3 into
fresh 96-well plates containing the test compound and allowed to grow up to an
additional 3 days. After each 24h period, 50 ul of an XTT solution (Roche) is added
to one of the replicate 96-well plates and absorbance readings are taken at 2, 4 and 20
hours following manufacturer’s directions. The reading taken with an OD for DMSOQ
only treated cells within the linear range of the assay (0.5- 1.5) is then taken and the
percentage of viable cells in the compound 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 ICsg value less than or
equal to 1 micromolar. Certain of those compounds exhibited an ICsg value less than
or equal to 25 nM. Certain of those compounds exhibited an ICsq value less than or

equal to 5 nM.
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[00222] Some of the compounds disclosed in the examples above were tested
in the B-cell proliferation assay (as described in Example 13) and exhibited an ICso
value less than or equal to 10 micromolar. Certain of those compounds exhibited an
IC5 value less than or equal to 500 nM. Certain of those compounds exhibited an
ICsp value less than or equal to 50 nM in this assay.

[00223] Certain compounds disclosed herein exhibited ICs, values for
inhibition of T-cell proliferation that were at least 3-fold, and in some instances 10- -
fold, or even 100-fold greater than the ICsp values of those compounds for inhibition
of B-cell proliferation.

[00224] Some of the compounds disclosed herein were tested in an assay for
inhibition of B cell activity (under the conditions described in Example 15), and
exhibited an ICsq value less than or equal to 10 micromolar. Certain of those
compounds exhibited an ICs value less than or equal to 0.5 micromolar. Certain of
those compounds exhibited an ICsp value less than or equal to 100 nM in this assay.
[00225] Some of the compounds disclosed herein were tested in a B-cell
leukemia cell survival assay (under the conditions described in Example 16), and
exhibit an ICs, value less than or equal to 10 micromolar.

[00226] Some of the compounds disclosed herein exhibited both biochemical
and cell-based activity. For example, some of the compounds disclosed herein
exhibited an ICsp value less than or equal to 1 micromolar in the Btk biochemical
assay described herein (Example 11) and an ICsq value less than or equal to 10
micromolar in at least one of the celi-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 50 nM in the Btk biochemical assay described
herein (Example 11) and an ICsq 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 ICso value less than or equal to 10
nM and an ICsq 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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N-{546-0 4-[(2S)-1, 4- dinethyl-3-oxopiperazin-2-
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0Xx0- 4, 5-di hydr opyr azi n-2-y1] - 2-fluorophenyl}

-4,5,6,7- tetrahydro-1-benzot hi ophene2-car boxam de 600

601.5

intended that the claims set forth hereinafter be construed in any way narrower than
the literal language thereof, and it is thus not intended that exemplary embodiments
from the specification be read into the claims. Accordingly, it is to be understood that
the present invention has been described by way of illustration and not limitations on

the scope of the claims.
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What is claimed is:

l. A compound of Formula I, or a pharmaceutically acceptable salt thereof or

mixture thereof, wherein

(Formula I)

X is chosen from N and CR?;

Y is chosen from N and CR®’;

Z is chosen from N and CR?; provided that only one of X, Y and Z is N at a time;
WisN;

Vis CH;

R!is chosen from:

%ﬁg%ﬁj%ggx,%&
8 s / 3
%f{ F%sﬁ : s L0,
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H N { 6-{6-({44(2S)-1, 4- dinethyl-3-oxopiperazin-2-
yl ] phenyl 1 am no) - 4-net hyl - 5-

0x0- 4, 5-di hydropyrazi n-2-y11- 3-fluoropyridin-2-yl}
-4,5,6,7- tetrahydro-1-benzot hi ophene2-carboxam de 601
602. 3 00_, COH N

%ﬁ %f %\; %x‘
s s %
@ﬁ,@\{ T 0 O+

OCH,

2 2

>

>

R? is chosen from H, CHs, F, Cl, CN, OCH;, OH and CFs;
R” is chosen from H and F;

R? is chosen from H, CHj, CF3, F, Cl, CN and OCHj;

R*" is chosen from H, CHs, F, Cl, CN and OCHj;

RYis

N—RS RT

_E"_(CHZ)m N——RS8

R?  {(CHay
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yl | phenyl | am no) - 4- net hyl - 5-

0Xx0- 4, 5-di hydr opyr azi n- 2-y1] -
3-fluoropyridin-2-y11-4,5,6, 7-

t et rahydr o- 1- benzot hi ophene2- car boxam de 601 602. 2

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

R® is chosen from H, C;-Cg alkyl, and C3-Cg cycloalkyl, wherein said alkyl is optionally
substituted with one or more substituents chosen from OH, F, and OCHj;

R® is chosen from H and C;-Cg alkyl; 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 Cy-C; alkyl and said cyclic ring is optionally substituted with OH;

R’ is chosen from H, C,-Cs alkyl, and C3-Cs cycloalkyl, wherein said alkyl is optionally
substituted with one or more substituents chosen from OH and O(C;-C alkyl); or R® and
R’ are optionally taken together with the -~N(R*)C(R*)(CHa),C(=O)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 OCHj; 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;-Cs 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(R9)2;
R!" is chosen from H, CH; and CF;; and

R is C1-C5 alkyl.

2. The compound of claim 1 wherein R is CH;.
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10.

1.

12,

13.

The compound of claim 2 wherein W is N and V is CH.

The compound of claim 3 wherein X is CR*.

The compound of claim 3 wherein X is N.

The compound of claim 3 wherein Y is CR”,

The compound of claim 3 wherein Y is N.

The compound of claim 3 wherein Z is CR’.

The compound of claim 3, wherein Z is N.

The compound of claim 3, wherein the compound is:

(Formula VIID).

The compound of claim 1, wherein R* is F.

The compound of claim 1, wherein R* is H.

The compound of claim 12, wherein R’ is chosen from:
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N[ 2-fluoro-5-(4-nmethyl-6- { [4-

(4- et hy1- 3- oxopi perazi n-2- yl)phenyl]

am no} - 5- oxo- 4, 5- di hydropyrazi n-2-yl ) phenyl k

4,5, 6, 7-tetrahydro- 1benzot hi ophene-2- carboxam de 586

587.2 H F-ITNN- \_ / N-[3-(6-{ [4-

(1, 4-di met hy1- 3- oxopi perazi n-2- yl)phenyl] ami no

)-4-meth 0Xx0- 4, 5-di hydr opyr azi n- 2-y1) -
: 4567tetrah dro- 1 - benz

R? is chosen from 1, CHs, F, and Cl;
R? is chosen from H, CHs, F, and CI;
R* is chosen from H, CHa, F and CI;
R’ is chosen from H and C;-Cg alkyl;
R® is chosen from H and C-Cs 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 having 0-1 additional N, S or

O, wherein the optional additional ring nitrogen is optionally substituted with C;-Cs alkyl;

R® is chosen from H and C-Cg alkyl; 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;-Cj alkyl;
R is chosen from H or C;-Cs alkyl; and

Rr!!is CH,.

14.  The compound of claim 12, wherein m is 0 and n is 0.

The compound of claim 14, wherein R' is chosen from:

Q/\x Q}f and 3_.

16. The compound of claim 1, wherein R? is chosen from H, CH;, F and CI.
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N-[3-(6-{ [4-(1-ethyl-4-nethyl- 3-oxopiperazin-2-

yl ) phenyl ] am no} - 4- net hyl - 5-

0x0- 4, 5-di hydr opyrazi n-2-y1)- 6-fluoro-2-nmethyl phenyl k
4,5,6,7-tetrahydro-1- benzot hi ophene-2- carbo x am de
628 629.3 HN. Il / o Fri\_11- WO

2009/ 039397PCT/ US2008/ 077054 00401 H N N [5-(6-{

[4- (2, 4-di met hyl-3- oxopi perazin-2- yl)phenyl] am no
}-4-met hyl-5- oxo-4, 5-di hydropyrazin-2-yl)-
2-fluorophenyl]-4,5,6, 7-

tetrah¥dro-1-benzothiophene2-09rboxan1de 600 601.6
17. he compound of claim 1, wherein R is chosen from CHj, F, and Cl.

18. The compound of claim 17, wherein R* is CH..

19. The compound of claim 16, wherein R? is chosen from H, CHa, F and CL.
20.  The compound of claim 19, wherein R*is H.

21. The compound of claim 19, wherein R is cl;losen from H, CHs, F, CI, CN.
22.  The compound of claim 21, wherein R* is F.

23.  The compound of claim 21, wherein R® is chosen from H and C,-C; alkyl
optionally substituted with OH.

24, The compound of claim 21, wherein R’ is chosen from H and C;-Cs alkyl.
25.  The compound of claim 23, wherein R® is chosen from H and C,-Cs alkyl.

26.  The compound of claim 21, wherein R and R® are taken together with the

nitrogen atom to which they are attached to form azetidinyl, N-methylpiperazinyl, N-
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N- 1546- (1442- (azetidin-1-yl)- 1-(di nmethyl am no) - 2-
oxoet hyl ] phenyl | am no) - 4- met hyl- 5- ox0- 4, 5-

di hydr opyrazi n-2-y1] -2- fluorophenyl} -4,5,6,7-

t et rahydr o- 1- benzot hi ophene2- car boxam de 614 615. 22

ethylpiperazinyl or morpholinyl.

27. The compound of claim 23, wherein R’ is chosen from H, methyl, ethyl, -
(CH,),OH and -(CH;);OCHs.

28.  The compound of claim 23, wherein R® and R” are taken together with —
N(RS)C(Rg)(CHz)nC(=O)N(R8)—— group through the respective nitrogen atoms to which they are
J\\l"‘d Q
RSN N—R®

directly attached to form

29.  The compound of claim 1, wherein R® is chosen from H and C;-C; alkyl.

30.  The compound of claim 1, 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;-C; alkyl.

31.  The compound of claim 1, wherein R’ and R® are taken together with the nitrogen
atom to which they are attached to form a 4- or 6-membered cyclic ring having 0-1 additional N
or O, wherein the optional additional ring nitrogen is optionally substituted with methyl or ethyl

and said cyclic ring is optionally substituted with OH.

32.  The compound of claim 31, wherein R” and R® are taken together with the
nitrogen atom to which they are attached to form N-methylpiperazinyl, N-ethylpiperazinyl,
morpholinyl, or azetidinyl optionally substituted with OH.
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33.  The compound of claim 1, wherein R’ is F.

34, The compound of claim 1, wherein R is chosen from H and CHs.

35. The compound of claim 34, wherein R"isH.

36.  The compound of claim 1 chosen from:

N-(3-(6~(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenyl amino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-y1)-2-fluorophenyl)-4,5,6,7-tetrahydrobenzo[ blthiophene-2-
carboxamide;

N-(3-(6-(4-(1-(Ethyl(isopropyl} amino)-2-((2-methoxyethyl)(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-
4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1,2-Bis(4-ethylpiperazin-1-yl)-2-oxoethyl)phenylamino}-4-methyl-5-0x0-4,5-
dihydropyrazin-Z-yl)-2-methylpheny])-4,5,6,7-tetrahydr0benzo[b} thiophene-2-
carboxamide; |

N-(3-(6-(4-(1,2-Bis(4-ethyl piperazin-1-yl)-2-oxoethyl)phenylamino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-5,6,7,8-tetrahydro-4H-cyclohepta[b] thiophene-2-
carboxamide;

N-(3-(6-(4-(1-Ethyl-4-methyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-tetra hydrobenzo[b]thiophene-2-
carboxamide;

4-tert-Butyl-N-(3-(6-(4-(1-ethyl-4-methyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-
4,5-dihydro pyrazin-2-yl)-2-methylphenyl)benzamide;

(S)-N-(3-(6-(4-(3~(Dimethyl amino)-2-(isopropyl(methyl)amine)-3-oxopropyl) phenylamino)-4-
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methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide;

N-(3~(6-(4-(3~(Dimethylamino)}-1-(isopropyl(methyl)amino)-3-oxopropyl)phenyl amino)-4-
methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-methyl phenyl)-4,5,6,7-tetrahydro
benzo[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1-Amino-2-morpholino-2-oxoethyl)phenylamino)-4-methyl-5-0xo0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-4-tert-butylbenzamide;

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenyl amino)-4-methyl-5-ox0-4,5-
dihydropyrazin-2-yl}-2-methylphenyl)-4,5,6,7-tetra hydrobenzo[b]thiophene-2-
carboxamide;

4-tert-Butyl-N-(3-(6-(4-(1,4-dimethyl-3-oxopiperazin-2-yphenylamino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)benzamide;

N-(3-(6-(4-(2-Amino-1-(isopropyl(methyl)amino)-2-oxoethyl)phenylamino)-4-methyl-5-0x0-4,5-
dihydro pyrazin-2-yl)-2-methylphenyl)-4,5,6,7-tetrahydrobenzo [b]thiophene-2-
carboxamide;

N-(2-Methyl-3-(4-methyl-6-(4-(1-methyl-3-oxopiperazin-2-yl)phenylamino)-5-0xo0-4,5-
dihydropyrazin-2-yl)phenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide;

N-(3-(6~(4-(2-(Dimethylamino)-1-(isopropyl(methyl)amino)-2-oxoethyl)phenyl amino)-4-
methyl-5-0x0-4,5-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-5-0x0-4,5-dihydropyrazin-2-yl)-2-
methylphenyl}benzamide;

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenyl amino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2,5-difluorophenyl)-4,5,6,7-tetrahydrobenzo[b] thiophene-2-
carboxamide;

(S)-4-tert-Butyl-N-(3-(6-(4-(1,4-dimethyl-3-oxopiperazin-2-yl}phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-methylphenyl}benzamide;
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(R)-4-tert-Butyl-N-(3-(6-(4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-methylphenyl)benzamide;

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-5-oxo-4,5-dihydro pyrazin-2-yl)-2-
methylphenyl)-4-(ethyl{methyl)amino)benzamide;

(R)-N-(3-(6-(4-(2-(Dimethylamino)- 1-(isopropyl(methyl)amino)-2-oxoethyl)phenyl amino)-4-
methyl-5-ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl)-4,5,6,7-
tetrahydrobenzo[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yDphenyl amino)-4-methyl-5-0xo0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-4-(1-ethylcyclopropyl)benzamide;

4-tert-Butyl-N-(3-(6-(4-(1-(4-ethylpiperazin- 1-yl)-2-morpholino-2-oxoethyl) phenylamino)-4-
methyl-5-ox0-4,5-dihydropyrazin-2-yl)-2-methylphenyl) benzamide;

N-(3-(6-(4-(1-(4-Ethylpiperazin-1-yl)-2-morpholino-2-oxoethyl)phenylamino)-4-methyl-5-oxo-
4,5-dihydro pyrazin-2-yl)-2-methylphenyl)-4,5,6,7-tetrahydrobenzo[b] thiophene-2-
carboxamide;

N-(3-(6-(4~(1-(4-cthylpiperazin-1-y1)-2-morpholino-2-oxoethyl )phenylamino)-4-methyl-5-oxo-
4,5-dihydropyrazin-2-yl)-2-methyl phenyl)-5,6,7,8-tetrahydro-4H-
cyclohepta[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1,2-Bis(4-ethyl piperazin-1-yl)-2-oxoethyl) phenylamino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-4-tert-butylbenzamide;

4-tert-Butyl-N-(3-(6-(4-(2-(dimethylamino)-1-(4-ethylpiperazin- 1-yl)-2-oxoethyl) phenylamino)-
4-methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-methylphenyl) benzamide;

N-(3-(6-(4-(2-(Dimethylamino)-1-(4-ethylpiperazin-1-yl)-2-oxoethyl)phenylamino)-4-methyl-5-
oxo-4,5-dihydropyrazin-2-y1)-2-methylphenyl)-4,5,6,7-tetrahydrobenzo[ b]thiophene-2-
carboxamide;

N-(3-(6-(4-(2-(Dimethylamino)-1-(4-ethylpiperazin-1-y1)-2-oxoethyl)phenylamino)-4-methyl-5-
ox0-4,5-dihydro pyrazin-2-yl)-2-methylphenyl)-5,6,7,8-tetrahydro-4H-
cyclohepta[b]thiophene-2-carboxamide;

A-tert-Butyl-N-(3-(6-(4-( 1 -(4-ethylpiperazin-1-y})-2-((2-methoxyethyl)(methyl) amino)-2-
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oxoethyl)phenylamino)-4-methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-
methylphenyl)benzamide;

N-(3-(6-(4-(1-(4-Ethylpiperazin-1-yl)-2-((2-methoxyethyl)}(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-ox0-4,5-dihydropyrazin-2-y!)-2-methyl phenyl)-
4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1-(4-Ethylpiperazin-1-yl)-2-((2-methoxyethyl)(methyl)amino)-2-
oxoethyl)phenylamino)-4-methyl-5-ox0-4,5-dihydro pyrazin-2-yl)-2-methylphenyl) -
5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1-Isopropyl-4-methyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo0-4,5-
dihydropyrazin-2-yl)-2-methylphenyi)-4,5,6,7-tetrahydrobenzo{b]thiophene-2-
carboxamide; _

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-5,6,7,8-tetrahydro-4H-cycloheptal b] thiophene-2-
carboxamide;

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenyl amino)-4-methyl-5-oxo-4,5-
dihydropyrazin-2-yl)-5-fluoro-2-methylphenyl)-4,5,6,7-tetrahydrobenzo[b] thiophene-2-
carboxamide;

N-(2-Chloro-3-(6-(4-(1,4-dimethyl-3-oxopiperazin-2-yl)phenylamino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)phenyl)-4,5,6,7-tetrahydrobenzo[b]thiophene-2-carboxamide;

N-(3-(6-(4-(1,4-Dimethyl-3-oxopiperazin-2-yl)phenyl amino)-4-methyl-5-0x0-4,5-
dihydropyrazin-2-yl)-2-methylphenyl)-4-(ethyl(methyl)amino)benzamide;

N-(3-(6-{4-(1-(Ethyl(isopropyl)amino)-2-morpholino-2-oxoethyl)phenylamino)-4-methyl-5-oxo-
4,5-dihydro pyrazin-2-yl)-2-methylphenyi)-4,5,6,7-tetrahydrobenzo{b] thiophene-2-
carboxamide;

N-(3-(6-(4-(1-(Ethyl(isopropyl)amino)-2-(4-ethylpiperazin- 1 -y1)-2-oxoethyl)phenylamino)-4-
methyl-5-0x0-4,5-dihydropyrazin-2-yl)-2-methyl phenyl)-4,5,6,7-
tetrahydrobenzo]b]thiophene-2-carboxamide;

N-(3-(6-(4-(2-(Dimethylamino)-1-(ethyl(isopropyl)amino)-2-oxoethyl)phenyl mino)-4-methyl-5-
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N- \ N Exanpl e 11 Bi ochemi cal Btk Assay
[ 00209] A general i zed procedure for one standard

bi ochem cal Btk Ki nase Assay that can be used to test
conmpounds disclosed in this application is as foll ows.
[ 00210] A master m x mnus Btk enzyne is prepared
containing 1X Cell Signaling kinase buffer (25 nM
Tris-HC1, pH 7. 5 5 m M bet a- gl ycerophosphate 2 m M

d| t hi ot hrei tol, mM Na3vo4, 10 nmv My RM
aélwpsfaétnrwn@rré@fhﬂ@bwae‘i %éﬂstﬁtraéwéwizenzaﬂdthwphene 2-
O SA. A master mx plus Btk enzyne is prepared

CONT Al i ng 1X Cell Signaling kinase buffer, 0.5 RM PTK
N-{3- [Bi-(()dl-l[ll-}(/A&ttﬂﬁl -pepti-heorpkuisit-4-a)-2-dxo dﬂl}@]]o%r@%mm)d@ -thethyl-5-o0xo-

1. (0.06 nJ we tk enz zynme |
p‘? éﬁwéff %ﬂ%ﬂry&x%-mefhy? hem@ﬂéﬁ? iR &Pﬂd‘?%@ﬁ@pkeﬂea-
nunber NM 000061) with a C-termnal V5 and
6x H s tag was subcl oned i nto pFastBac vector for

N- {2-N£ﬂhwh@“[bamthy;ML(l{M(nmmwwdyh(mo@goﬁmmi)mggaph@m amino)-5-
ne tlL0 (0] ac VI Tr one
Fod SssRhrnacs uinnni S s RPE AR ﬂP@lZﬁ@mRhsfrFe%r

pgaggdg@@lhde Bac-toBac Bacul ovirus Expression Systems”
(Cat. Nos. 10359-016 and 10608-016). Passage 3 virus
N-{3- h6si{&r§%ﬂAm§1dnmi +btl- Bﬂyl(@mnas-2t)d)awm]éx@mﬁ1§ phanyl} amino)-4-

SRR R Rl BE R 2ol FR BB Dol B

qjen&aﬁloﬁ)hmm-@drs@@hﬂd@r epar at| on is greater than 95%
on the sensitive Sypro-Ruby staining. A solution

N-{3- [éf({%@lmhb(ﬁ'@r\’%n%)é?}hﬂ@ﬁoﬁ’% Inebdaminglnptindiphenydiqmipp)-4-methyl-5-
f
ol R AR A SHRLEE | )

arye bhejpsibdthiophénes2-yarbmennpidlat e. Corrpounds are tested

ingly and wit Qi nt .dos urve
N-(3-ell it &?@ﬂ?&ﬂcgﬁﬂéﬁ?ﬁweﬁ% Ditky-ox0oiy ﬁ%mﬁmn(ww-methﬂ :5-
eIV Tar § e (as a
negat |5ve coon}%ﬁ 22{11]d naeg?z?%rrﬁ @%I{;ms{mgﬁ?sn@’l S
tmh@ﬁﬂﬁmlqpbemp%p@mxam@e wells in 96-well 1/2 area

N-03- G 4 DR SRS Pert e oty TR S B gyrain-2-

pﬂb yshoth@pieenpl]at 86, ﬁQétreth/ﬂh@Ll P RoGpeen-2-0drb&tntifle; 40
The reaction is allowed to i ncubate for 1 hour

N-{3- I:%ddmmé%@i tymdénetfrﬂ'éarb'@wl)mﬁﬁhxlbhgtywae@p)va-mﬁthpbﬁWM 5-

SRl RS, PR SRESTEE) 78 2o B by e -

td:aimaxaﬁﬁdd ved fl uorescence with a Perkin El ner

t filt 330
N-[2- MF"I Vle} ?%Bﬁﬁﬂ-?-ogﬁﬁ % 3 (i; sty:"zﬁtﬁﬁﬁ ﬁrqxeplgerf@%mﬁn‘@sﬂ] aminoj}-4,5-
{Bh KRR SRR SRR Pl AL abnat 8

N—{S—@dmroﬁ (6 { itk du@‘mequaaiombplpaamomﬁiphﬂmﬁ]apﬁms}phme;hy&ﬁexzko—4,5-
pt i, d . Th E th
R PR SRR e

t hgbsl@hRad; 1 on anti body decreases with the addi tion of
i nhibitors of Btk that reduce the phosphoryl ati on of
N-{3-thie 4 dpetidie-1 -yl [diraethylprrbamesdimdton] pheyl amind)-B Eethy]-5S Brk-4.5-
(h) (0.1 ngl25 ul reaction) is incubated with 50 niV
Hepes pH 7.5, 10 mM MyCl12, Z-nM MhC12, 2 nM DIT, 0.2
mM NaVO4, 0.01% BSA, and 0.4 'uM fl uorescein pol y- GAT.
The reaction is initiated by the addition of ATP to
25 uM (Km of ATP). After incubation for 60 m nutes at
roomternperature, the reaction is stopped by the
addition of a final concentration of 2 nM Th-PY20
detection anti body in 60 nM EDTA for 30 m nutes at _
roomtenperature. Detection is determ ned on a Perkin
El mer Envision with 340nM excitation and em ssion at
495 and 520nm Exanple 12 Ranps Cell Btk Assay
[ 00211] Anot her generalized procedure for a standard



assay that can be used to test conmpounds disclosed in
this application is as follows. [00214]B-cells are
purified fromspleens of 8-16 week old Balb/c mce
using a B-cell isolation kit (MItenyi Biotech, Cat #
130- 090-862). Testing conpounds are diluted in 0.25%
DVBO and i ncubated with 2.5 x 105 purified nouse

spI enic B-cells for 30 mn prior to addition of

X s{cﬁéﬁﬂaﬁ’ﬁ-zaﬂ ARty ISR J4&Mt@ngm9%ﬁ§out her n

echnol o Associ at es 22-01) in a final
N-{3- Eﬁdl{ﬁl{rézeﬁdml0@'1(pimeﬂﬁdwrbamqy@myh}phmyb}ubamo)ehrnethyl-S oxo—4 5-

h dd |
b D e L e
ngubtxamider er' s protocol for SPA] 311] thym di ne upt ake
assay sy st em ( Aner sham Bi osci ences RPNQ 0130).

N-(3-{6rifid- lbé@ﬂildbhls-é’ (}hmﬁw%%@eﬁhﬂ@mﬂﬁmﬁ@eﬂwl}@hmﬂ‘)ra@b@@]a“
1@%%5%% o 6 erpr i At on§ Mé%eﬁ@’%&?A%ﬁ@%{aﬁgm

plﬁe(ﬂzﬁdid)pﬁenfemceab@aaﬂ@&;lrd T cell proliferation assay
to test conpounds disclosed in _th

N-{2- 1%‘5%‘!}’1 caok Wthll & (é‘J;[‘f glefeles -oxpdoP1wpT %;‘é)ﬂllaer%*@mﬂph?qywm)
L

1@1@3@9(1‘11(&61) Testing conpounds are diluted in 0.25%

N- (-Gt b s o st o B hesebosTietg
C}B}%ﬁﬂiﬁﬁﬁlbpmn&lt@lgsoﬁwg@ (yaﬂ)pz\%m@ ZDm@ﬂh yBREnyN-41, 5H,6H,

each anti 530 and ant i - CD28
(B‘DSH sRhepty[bhihidrbheck-2sarbpedntided ng 24 hr incubati on,

A m dj 1.S..added cuba
NG AR S P BHE E0pm B 25ER) S 5 o
m@ﬂidlﬂ@@fd{iﬁizn‘fﬂmmmﬂiy] pleany SPAT,3HIGH, THRH-Slichiieptafbd®phene-2-
assay system (Amersham Bi osci ences # RPNQ 0130).
Serbdyamiichased f1 uorescence was counted in a mcrobeta

e BRI (L R A BN PR L g ©

prheag@ihmieo Fpmethyst anxdat, B daydmpyanin-2-yi¢-2-mbthpipherot) tehzdhide;

e G NS D e S S s T B Bhenyt) amino)-a-
[19@@}185 E%-als dTFé’}&ﬁ@pﬁ:EE hen Lﬁ&t@meﬂwgbe‘nhﬁﬂldér om

spl eens of ek old™Bal b/c mce red bl ood cell
N-[3-(p4{$4-6l f( Bnn%airh@n@epﬂr%w&mﬁenyﬂeesmmﬁmwnﬁoirddwdr@pﬂamn-2-yl)-

dil en )}1ten ]PN5 QNIBZP 5$n7dte*rgh ﬁ gle)%d t h heng ?rcg{box?mlde

Sp ear’

4-tert- Boﬁyt-mnoznhahﬁ% (Eﬂie&@msq&t%@V-{Zlhethﬂr(p@@mmryl)ainuaﬂ@(n@bﬁcﬂm 4-y)-
are then stinulated wwth the addition of 15 Kg/m | gM
(Traxecsivh Phemybameekaroxn- ﬁ&émm@*@pmml -2+ ﬁmwnrﬂélzﬁaaftr@lg

N AR CEby -G B PR S8 Tepsmino-+

Cinethyl- 36xova|5kdipydad @ sazamnd- yp]el-hetlgﬁ:ﬂeyy&énbmbﬁm@jﬁnzmdai

N~{3-r26§%91{>ﬁa&ﬁwgb?ﬁ%&ﬁeﬁoﬁ wﬁr o oﬁl,vﬁplﬁr%l g%f@f—lﬁr?ﬁﬂayl 5-0xo0-
W & b yllaz%ﬂé%%g @%Eﬁﬂ?@ﬂéﬁ%}em 5EIRR AR dro-PRAz bR Re-2-

Phar m'ngen # Phar m ngen
#51-68981E). Cells are sorted on a BD FACSCal i bur and
gated on the CD19/ 7AAD' popJdBati on. The | evels of CD86
surface expression on the gated popul ation is neasured
versus test conpound concentration. Exanple 16 B-ALL
Cell Survival Assay [00219] The followng is a
procedure for a standard B-ALL cell survival study
using an XTT readout to nmeasure the nunber of viable
cells. This assay can be used to test conpounds
disclosed in this application for their ability to
inhibit the survival of B-ALL cells in culture. One
human B-cel|l acute |ynphoblastic | eukemi a |ine that
can be used is SUP-B15, a human Pre-B-cell ALL line




inhibition of T-cell proliferation that were at |east
3-fold, and in sone instances 10- fold, or even
100-fold greater than the 1C50 val ues of those
conpounds for inhibition of B-cell proliferation.
[ 00224] Sone of the conpounds di sclosed herein were
tested in an assay for inhibition of B cell activity
(under the conditions described in Exanple 15), and
exhi bited an 1C50 value |l ess than or equal to 10
RAEIOSABIE . Certain of those conpounds exhibited an

s R 7oty iy ek B i«

| imethylt Fraxo-6,5 -chhwiadnpytazu&wl}nmethwphenyl}}éklaiﬁ 6H,7H, SH-
[ 00225 . 0f the co ds di scl osed herein were
tcggégﬁdtiﬁﬁﬁl‘)&%ﬁ “a cel |l survival assay (under
4-tert—Bﬁ‘@l—N0(8Qhéthﬁ[§ aﬁfeﬁm 6gd- {p[rEe@ l%pelrﬁi-’yl)érﬂﬂloﬁf(ﬂb' t
val ue ess than or 10 m'cronol ar.
[roekgleirsmam- bﬁl)ﬂa@costhmﬁphm@ammwmdﬂr hdihgdnepyrazin-2-
éplhbl t1 d bgpn[t11 bi ochem cal and cel |l -based activity.
FotP &AM E ™ S8me of the compounds di scl osed herein
- N-(3-(6XAi Qi Dahe -3 GRbpipahiie-2 B phety amim)-4e@etall-3-6xdk4,5-
m cronolar in the Btk biochem cal assay descri bed

r@h@repyc@ua%mlﬁ-mhymnﬁhﬁ( bowthpigyglorrapyBbangapidgy

;
NG pUBLA T el AR 78 Pl s oo
dﬁﬁﬁromaklﬂn&rﬁ) Dnetyiphiphds 5,67, 8- ahyidvo-dH-d/OlohegEablthiophene-2-
of those, conpounds exhibited an | C50val ue | ess than or
%0 nMin the Btk biochenical assay descri bed

4-tert—§gfg§-. L 3g(g-§ggp-lrilﬁpgok}g?-%t 3'&%@1})\4@&&92 &ﬁﬁ&nﬁ&ﬁﬁw? U-methyl-5-

st one of the’Cell™-based
ased §-ditytiveyrazinaliyh Remdthylphdnybbsmynidtescri bed herein

V-G ARRedE ks hou e By e PR o SaRodtial 1o
1@h§d¥b?§2§z1ﬁ-ﬂ 2t Vf@'lﬂlh@nﬂ'l?‘—l : 6. Ny drSsEAAd [ 5 [tRiop e IM

i n at ast one of the ce based assays (other than
t ¢peboramigde; assay) described herein (Exanples 12, 13,

(S)'Né% 829 4'é6Q'Dd{é flzablng&lﬂ\? garZ? o?%l)ﬁféég?f ca@t%ﬁ%ﬁ X% CES

sdibgdropyrhdionsy Bynelle/iphead)-t 36, Btetraliydrbisiizo[0Rhiaplina Q-
fromthe spirit and scope of the invention. For
eSEAPANREIASE or ¢l ai m construction purposes, it is not

(R)-Nic(g- §-@Pl 5 d-ijﬁ%thgﬂﬁoﬁéﬁ%é}&lﬁ 8t }fpgﬁ&ﬁ“hﬁ@e‘f hltyg-F-oQSA,S-

in a arro
I dzihgdragseammér}ébi-medrydbhenylb-é Stﬂgmsatnahydro’mmmmeﬂhi(tphate-z-
exe | ar, odinents fromthe specification be read

A% A% ns. Accordingly, it is to be understood
S)- (+5 Nwa(ts (sm@(ﬁ(@mymrﬁmmJ(@sbrbﬁa(tnbe@@ﬁ)aﬁﬁwrz-&@éﬂwpwlammo) 4

il'lTustrati on and not mtati ons on the scope
thlétha’] Siows-4,5-4ihpdropyazin-dt e methylphepyib-daelind of

F la.l har ut | ca |y acceptabl e salt
%@n@ga()bg 0%’1%? enf’%ac IGD erein (Fornmula 1) Xis
-[3-@hgsen4fdiaehN- asgbpgazazm\fyygpﬁda@qanmfo G dhaAtlokd=8,5;, Z
I's_chosen from N and &ow ded that only one of X

ydilmdropyrpginR-}- Zﬂlqthm@enw mRghy kS 6, etetralpydre-4-beprsihipphene-2-
from R2 is chosen fromH CH3, F, O, CN OCH3, OH
and CF3; R2' is chosen froni1 and F: R3 is chosen from

H CH3, CF3, F, d, CN and R3' is chosen fromH,

CH3, F, d, CN and OCH3; R4 is R5 -(CH2)rn R7 N-R8



mis chosen fromO and 1; n is chosen fromO and 1; R5
is chosen fromH, Cl1-C6 alkyl, and C3-C6 cycl oal kyl,
wherein said alkyl is optionally substituted with one
or nore substituents chosen fromOH, F, and OCH3; R6
is chosen fromH and C1-C6 alkyl; or R5 and R6 are
optionally taken together with the nitrogen atomto
which they are attached to forma 4- to 6-nmenbered
caéggdxgqueng having 0-1 additional N, S or 0, wherein

he optional additional ring nitrogen is optionally

N-(3- {§t[b"&1{ 1 {ftlh}édnﬂhﬂ}aﬂﬁm?]GZE(Jattkylplpamdlnshyld—Ze{y@buhgl}pilamgl)arsln0]—4-

et Sord o > diesrentain Syl s B B
| §rcRBED t@[‘&%io}ﬁh&ié@&drﬁ&@aﬁﬂdé’“ th one or nore
substltuents chosen from OH and 0(C -C4 al kyl); or R6

N-[3-(&r{fiH-(4-giragtleyl Gpviopinstazin-2-aRekeny Beeinh brd-mgth--po-4,5-
g T e e —

N-[3- (ai{{zacnedxmah;ﬂ@r mo@llﬁraﬁ&ﬂb@f)p&n@jﬂﬁhimﬁ}-t‘éll-rﬂ@hylFBomsél 5-
chosen fromH and Cil- wherein said al kyl is

I
opviartyubit Sttty iPheal-fo oot A testiaphene.2-
ngg(gm]fl({omm F, and OCH3; or 122 and R8 are
optionally taken together wWth the nitrogen atomto
N-{3- W({é#ﬁz{Mydmﬂeyl)}ﬂt[methgliptopari—@{ymamuﬁﬂ-%ﬂoémmpttaﬁyle&mno)-ti-
clic_ring havi 0-1
Chehylss P Qiromsrar ot tomdser e e srRERE

Sé&@ﬁﬁxbﬁtﬂqbﬁﬂlo Whide- ﬁgﬁr@(aﬁ{lwl and sal d cyclicring is

optionally substituted with OH; is chosen fromH
N"[3'(é1“{@4'(jl-l‘&dlfmhyi§ otopisrazin- bﬂi)mnyl}mamd}eim@hylaﬂ Ry-4,5-

Ieiﬂj lﬁ% %yg}ph tﬁg&wf tgg'@r{iagi %F%%I%]iogljh%nerﬁ-car rclxz];nru
N-[3- (GI{l[mW&ﬂyloﬂnﬁH@l—mokog?%ﬁhm mehﬁ]ﬁhﬁo}-zt&etw-oxo 4,5-

conpound of claim 2 erein Wis and Vis CH 4. The
cohypbapgasr-2olat-methiithepdi-1.54. %te@aizydrg-l -beRentbigRRREard
Vé]arg %3 wherein Xis N. 6. The conpound of claim3
erern is Ce. 7. The conpound of claim3 wherein Y
N-[3-(65[N(4-8thy[Theedgirf aunpipefizial 22y Iphenyifearies 34 -meitlsy - CRB0-B5-

WS nd-2 creditvagd B R Srratiepie i Bonpenc-2

1grbokamid@mpound of claim1, wherein R2 is H 13. The
conpound of claim 12, wherein Rl is chosen from R2

N-[3-(6< [¢hb4-dimdthyrs- Hopmd@mFZ-anhbn@I]amR@}1431n@thblsfen><¢-#ém H,
F d
ARy oy BBEA Rk 2 it B PR B 5 by el b Ao eheca:

I—l:aamaﬁ;],de@ al kyl; or R5 and R6 are opti onaIIy t aken
ogether with the nitrogen atomto which they are

N-[5- c&iqraér(éd [4-61.fdimethylel-preapinarazin- 89’&)ph@y}]mﬁ@0ﬁrévmﬁgyloi 9x0-4,3-

I
a&kﬂg&rbﬁ}g%% B! %{eu&l%hgg L] 52% BraR0Arb G Wt iR
atdtlydxamide;

N-{3-[6-({4-[(dimethylcarbamoy!){morpholin-4-yl)methyl]phenyl }amino)-4-methyl-5-o0x0-4,5-

dihydropyrazin-2-yl]-2-methylphenyl}-4,5,6,7-tetrahydro-1-benzothiophene-2-
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R8 is chosen fromH and C1-C6 al kyl; or 122 and R8 are
optionally taken together with the nitrogen atomto
which they are attached to forma 4- to 6-nmenbered
cyclic ring having 0-1 additional N, S or 0, wherein
the optional additional ring nitrogen is optionally
substituted with C1-C3 alkyl; R is chosen fromH or
Cl-C3 alkyl; and RI' is CH3. 14. The conpound of claim
12 whegfiel nmis 0 and nis O 15. The conpound of
wherein RI is chosen from 16. The conpound
- t ] ' 45
N B et PR NSO i S .
ombﬁhqpyframrﬁ@ﬂm-nﬁthy@hﬁnﬁu}-4 5187-teHnbydroripmacthmpheres}-m
vvher%sn is CH3. 19. The conpound of cl ai m 16,
is chosen fromH CH3, F and . 20. The

N-(3- {%f{(m?ﬂéﬂgrl(ﬂfet}ﬁﬁl)@érﬁhr&gyl JMRBSHRIIA-4 Iﬁe‘ihﬁ}ph%ﬁ 1)a£hﬁo] 4-methy1-5-oxo-

oun wherein is chosen fromH
%dlwdrmazm-yﬂﬂ-mwlmembﬁﬁé 7otretr¢hydrcml senzofiiephsner2-
box I.—é[e 23. The conpound of claim 21, wherein

B Ssen fromH and C1-C3 al kyl optionally
N-(3- {$L{b£l{[(12-lhsr&dxyuﬂi)h)(l%thyl)carbamc%zﬂ(mB_@ﬁoﬁlﬂﬂﬁ@my@fphéﬁ)&)aﬁilno] 4-

wherein R5 is chosen fromH and Cl- al

zsethx*h%ozé‘arﬂéoi}hrﬂr@wrwa?mlh%-mqmél?@nﬂ) Ré %, g—teéwbg@ﬁ-l-
26. Th d of
e%?%%ﬁ%?ﬂ&ﬁh%?ﬁo énd R6 are takeﬁ fgggf)ﬁgr \c/)\nth

N-{3- [t6k(¢4-rﬁ2-(3—hgdmx3atzetmm0 -yl Ghorpheljh- ama) -Bbtedlytighényl faorim)-4-
h | t h |
azerﬁm %ﬁ%@. M S L R CTOR s BN N

Bgnelﬁczﬁ.t;&élﬁﬁdérom H, nethyl, ethyl, -
C112 28H and - (CH2) 20CH3. 28. The conpound of

N-{3- [ék(z{#-rﬁ@ﬁgthyﬂha‘b&ﬂayl}(&ogﬂ@hﬁ%ﬂ -dineetindlpbenyt ganbled-methyh 5-0xo0-4,5-

Négg%céﬁg%%&% g&%@%ﬁgﬁg% -489 ﬁggﬂﬂ'{] %lg%ggpée%@@hiophene-}
Pca:rtb\ll)déﬁldg rectl y attached to form. 29. The conpound

of cla 1 wherein R8 is chosen fromH and Cl-
N-{3- Eér@{ed[(d1ethylcarbarwl)(mn@h@bliarﬁmﬂnﬂpb@‘aﬂmm)veh@ﬁawhmxo-‘l 5-

o e AR 2 S S QSR B hen. -

cyebox@amiideng having 0-1 additional N, S or 0, wherein
t he ogtlon | additional rlnq nitrogen i's optlonall¥

N-{3- Bl e nvliy iy T Snogepolip y!)->-oxoet yilp@iﬂﬂwn%w&r&oxo-
0 iy I 2.
R R P R e ichhone 2
4earprxaBidm mber ed cycl | c ring having 0-1 additional N

N-- G st b H R Ry P -k e et o)

CU)QJ i6. diﬁﬁgoﬁyﬁazﬁpi?ﬂﬂ?én&b} -ubateH 1 8H- dggfohepgﬂR thiophene-2-

The conpound of clai m 31, wherein are
t@ﬁxwam@fether with the nitrogen atomto which they

(3-{%{-[24 ﬁ@q&%@%me%&é)?%r%?&mmm% I?;;‘{]H)Q/l: ﬁ?me%ﬁ%g%l}ehél amllno] 4-methyl-5-oxo-
opsidanakdpy raaidS i it 2 rRehylhehyl P, SHEEH, 78R - eﬁumpfaga}ﬂlﬁophene-z-
claiml1l, wherein RO is H 34. The conpound of claim1,

wPEP@4eRId® | s chosen from H and CH3. 35. The conpound
of claim34, wherein RI is H
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36. The conpound of claim1 chosen from
N-(3-(6-(4-(1, 4-Di net hyl - 3- oxopi perazi n-2-yl ) phenyl

am no) - 4- met hy1l- 5- oxo- 4, 5-

di hydr opyr azi n-2-y1) - 2-fl uorophenyl)-4,5, 6, 7-tetrahydr
obenzo[ b] t hi ophene-2- car boxam de;

N-(3-(6-(4-(1-(Ethyl (isopropyl)

am no) - 24( 2- net hoxyet hyl ) ( met hyeam no) - 2-

N-(3-@%Tg{iw%%@ﬁng@@mmqér%&ﬂ@éfpﬁzsmi-&ay%ir@cﬂizl’ﬁ)haﬁxfaﬁﬁﬁo]-4-
4mbthgl-Foxed SadiyyiirahearzoR b it-Binuthdrhen?l)-6 B Irb&ld iHoe-

D‘Wéﬁ’? %ﬁé’ﬂ%ﬁhgq% pé,r%@hﬁ%op' per azin-1-y1)- 2- oxoet hyl )
N-{3- @L(*{&iﬂﬁ @ﬁwcﬁ&ﬁz&rd‘m 3@; Hﬁh&bh&hﬁm—%h GuRtH]PherSt aRtes Y-

ob enzo t hi'ophene- car boxamn d
[\m(ﬂ@ylfﬁo((mréléidl @mm@aw}z methylphenyl} -4H,5H,6H,7H,8H-

pfg)lh a[%]thwyignezz ~Car oxarrxgle) phenyl am no) - 4- met hyl - 5- oxo

4-tert- smrsamr[ng{w( 104- am)/elliylz -s®blpgtapiheny %heﬁquian?mS}-ueﬁétnﬁmon,s-
4H- cycl ohept)Ei t hi ophene-2- carboxam i de;
Nil bglrpgyrezan-g vhet-Fipt ylplﬁ@ﬂh?f[ﬂ% GbpIZpBides i n- 2- yephenyl

N-12- BT PR, Pl st eperin 2 aphgpylarping)-4-methyS-oxo-4.5-
hyitydrbgynzan-21 s -aptisiphe 2y1] -4 ArdyHreamhwieo-1-benzothiophene-2-
4-tert-Butyl-N-(3-(6-(4-(1-ethyl-4-methyl-3-oxopiperaz
i §fF ";?@[!f#‘]?enyl ami no) - 4- met hyl - 5- oxo4, 5-di hydro

N-[3- (léé;[tﬁ-ﬁ Jﬂ-d@néﬁﬂj)l ﬂoﬁiﬂ%ﬂzﬁh@-@l}j{aﬁ&?ﬂ%ﬁﬂbﬂ-@flmethyl-s-oxo-4,5-

adﬂlrﬂmpﬂam%@%@dhr@ﬁbYWnyam 76y -t@trahydor bpsrizpthiophene-2-

pheﬁ | a no) 4-
[é‘fmgi 0x0- 4, 5-di hydr opyr azi n- 2-y1) - 2- met hyl pheny1l) -
N-[3- (6,{ 61,4 dlm&hﬁajnmdﬂqumﬁpﬁbl)pﬁangn&ﬁme}2-1ﬁah§aoscam 48;
3(6(4 3(D|nethylamn]1)p ty math)é )am.n
0§1 glrepaprog i) pHEHPKY Zrinpidy heny -4 5 6 7-te rahydro-1-benzothiophene-2-
rr%& +23.0X0- 4, 5-di hydr opyr azi n- 2-y1) - 2- et hyl|
phe f567tetrahydro

N-[3~(BE{ID4Z-OI b]dtdmtbﬁ#ﬁem&pﬂaemrrb@-yaﬂhaﬁgt]ammo} 4-methyl -5-0%x0-4,5-
I\gliglgdré}& é.?;‘;rli_l Llﬁgéﬂﬁﬂé)rop eﬁ}tfl?4l5n6o 7- tetr y ro- qy e)ng 10&16%?2[]

dédgy(ggagl@dg azi n-2-yl)-2-met hyl phenyl)-4-tert-butyl benza
N-[5- (ﬁl-{([%( ¢ Gd(metbﬂ ;34oxRipipetdrint 2-31) pheapllpeina 4rmethylt -phe fyph
IR BRI TS Phe ey b Brawaprscosl-Bengotionbepss2-

hyeaB a9 [ b] t hi ophene- 2- car boxam de;
4-tert- But | -N-(3-(6-(4-(1, 4-di et hyl - 3- oxopi per azi n-2
N-[3-(6yif -y et o xopineetzity 4-y Bplstallamisi} 4-methyl-5-0x0-.5-

ﬂé ?g&%&{éﬁéﬁ Agnﬂﬁél)olg ?@‘l&g)ﬁl %f?ﬁ;ﬁﬁ&ﬂ%%ﬁr% g)beEZOthlogl%eneQ-
hi;fdrl)cr)cfaﬁ!mel am no) - 4- net hyl - 5- oxo- 4, 5- d| hydr o

ra2| n 1) - 2- et hyl hen yl)-4,5,6 t et rahydr obenza
[2({J I@lﬁyoo%)-mngél =(3.4- @W%kgmxa@perazm 2- yl)pheny] lamino}-4-methyl-5-oxo0-4,5-

|\h1(1%?1 lyﬁ)t —2 'lgp‘ﬂeﬂm Ly I6 ﬁfe(réhﬁrd"? By othio AR REFRZE AR,

di hydropyra2| n- 2- yq:)henyl) 4,5,6, 7-tetrahydrobenzo[ b] t
hi ophene- 2- car boxam de; 162

N-(3-(6-(4-(2-(D nmet hyl am no) - 1- (i sopropyl (nmet hyl )am n
0) - 2- oxoet hyl ) phenyl am no) - 4-

nmet hy1- 5- oxo- 4, 5- di hydro

pyrazi n-2-yl)-2-net hyphenyl)-4,5, 6, 7-

t et rahydr obenzo[ b] t hi ophene- 2- car boxam de;
4-tert-Butyl-N(3-(6-(4-(2-(di et hyl am no)-1-(isopropy
| (met hyDam no) - 2-

oxoet hyl ) phenyl anmi no) - 4- met hyl - 5- oxo- 4, 5- di hydr opyr azi
n-2-yl)-2- nethyl phenyl ) benzam de;

N-(3-(6-(4-(1, 4-Di net hy1- 3- oxopi per azi n- 2- yOphenyl



oxoet hyl ) phenyl am no) - 4- met hy1- 5- oxo- 4, 5- di hydr opyr azi
n-2-yl)-2- nethyl phenyl ) benzam de;
N-(3-(6-(4-(1-(4-Ethyl pi perazin-1-yl)-2-((2-nmethoxyeth
yl) (et hyl ) am no) - 2-

oxoet hyl ) phenyl am no) - 4- et hyl - 5- oxo- 4, 5- di hydr opyr azi
n-2-yl1)-2-nmethyl phenyl)- 4,5

, 6, 7- tetrahydrobenzo[b]thlophene 2- car boxam de;

N-{6- c%ﬁ&?-&&éﬁ 1;%—9‘%&%1% )R)pﬁ)%{a%znl Eyl])plyeng'l]ézlfﬁ%o metﬁ leg h)¥0—4 5-

I -~
pyr azi n-2-y 1) > rreﬁ??ylléeg)lgg r?;w b 7_56@3?19(114) - BbétizBihibpAene-2

SaﬁwmeMbetrahydro 4F1- cycl ohept a[ b] t hi ophene- 2- car box

-2 A A s Gy e el A s Bl s
f&h}ﬂr@%‘ﬁﬁﬁ%@i)ﬁﬂéﬂ?ﬂm 56 Txetrahydro-1-benzothiophene-2-carboxamide;

hydr opyrazin nmet hy| pheny1) -4, 5, 6, 7-t et r ahydr
N-[2- cbl@ech%ﬁ?ﬁf‘{ -l ‘bémﬁ%dﬁ oxoRinSEziIA-§Dphenyljamino }-4-methyl-5-0x0-4,5-
4
no§ﬁﬁép§%{zﬁr§/ fzjy%) oxo@@@ﬁkxnﬁg%ﬁ%ﬁ’ﬁﬁ%‘ baiz$thidphems.am

diattyetnapler azi n- 2-y1) - 2- net hyl phenyl) -5, 6, 7, 8-t et rahydr

N-[Z-c?én‘ég %?M R EE s G L -

ﬁaﬁ?ﬁ hi ><z95675ttrahdr 1-benzothigphene-2-carboxamid
dlhydr pyrazpﬁgz y% Sorg f rrv=3tmz0 ]ﬂ%ﬁvi cmﬁox%nle

N-[4-(6-¢f4- @Wdﬂwﬂﬂ-ﬁﬁfﬂwwpﬂwmpl}ﬁhﬁaeﬁyl]mb}mmtuﬁ :5-0%0-4,5~
i b0 3 Cabobhadti TS B R R PSR oo -

diafhodh@Rier azi n- 2-yl ) phenyl) -4, 5, 6, 7-t et r ahydr obenzo[ b]
t hi ophene- 2- car boxam de;

4-tert- ‘Nltrléﬁ({é [64{4-L(SH(Dimethy leptbamophibpitisdtpaonian-22 - y| ) phenyl

B DR B e LU S ot
i iethiphagtlibegziamide;
thyI sopropybénn1no) 2- nor phol i no- 2- ox

4*6“'%‘%1({%%3%[@51% eitlqsehampyDbogihyerapardry dr o
&Mfagﬁf;dggﬁfe%g;g&y 2 'iwd)ahﬁ%gas Bx248. &hﬁﬁ&ﬁﬁ@(ﬁ*ﬁ%}?ﬁﬁw[

oxam
Nn@ﬂﬂ@ﬁa@mbém&@ﬁmmyl(|sopropyl)an1no) 2-(4-ethyl pi pera

4-tert- {f‘l@i%%% éEﬂr 8 AZP gt kﬂ@/ hen {pglgzﬂ] %-yéﬁ}jenﬁ]%pﬂb ft-methyl-5-0x0-4,5-

Byt dpyrdbim284)02- methylphenyi]-N 3- (dlmethylammo)propyl]benzamlde
tetrahydrobenzo[b t hi'ophene- 2- car boxamn d

N-[6- Chl0(f‘33((6-{(4¢(1(%d(nmt t3rgAopinieragin-2- y()ehdmyl]@mmobﬁdpsthylaﬁwmflﬁ-
SRR AL I 4 SRR e dmprgibeng 2

ahﬂﬁﬂyﬂkmpenzo[b]thlophene 2- carboxanlde
N-1346- ({442- %M¢et|d|n 1-yl)- énnrpholln 4- - OX0
N-15-GBelFi R Blm e ) hesY GRBInO A Sl P -4.5

Pdih b - 3] 'l)%% E%}Qlﬁ]ﬁ ?W’}L i!etx%hy":’drg-!17be§19$tﬁi%91§{gxrfz% éarl?cﬁﬁmide;

zot hene-
N-[6- (61-{14%( Mﬂhwhﬁ%mtﬂewzrrﬁzwﬂ%wﬂmwe;arrhanﬂymm,nsphol

in-4- Cneth henyl | nln ?

o%!dzt BYFRRH )Ewﬁhaz% -850, Eﬂﬁ‘@hﬁ&'14b69z‘éhlﬁplﬁ“élﬁ?a?ﬁﬂa‘?@mlde
- 1- benzot hi ophene- 2- carboxam de;

N-{346-(1442- (AzetldlnThylhgg [ et hyl(propan-2-yl)am no

] - 2- oxoet hy1l] phenyll ami no) -

met hy1- 5- oxo- 4, 5-di hydro
pyrazin-2-y1]-2-nethy|phenyl}-4,5,6,7-tetrahydro-1-
benzot hi ophene- 2- car boxam de; N-{3-[6-({4-[ (D nethyl
carbanoyl) [ et hyl (propan-2-yDani nol met hyl ] phenyl | am no)
- 4- net hyl - 5-

0X0- 4, 5-di hydr opyr azi n- 2-y1] - 2- net hyl pheny1} - 4H, 5H, 6H,
7H, 8Hcycl ohept a[ b] t hi ophene- 2- car boxam de,

N-{346- ({441- (azetidin-1-yl)-2-(4-ethyl pi perazin-1-yl)
- 2- oxoet hyl ] phenyl }am no) - 4- et hyl - 5- oxo-4, 5-di hydro



N-13464{4-[ (D et hyl carbanoyl) (4-ethyl pi perazin-1

-yOret hyl i phenyl } am no) - 4- net hy1l- 5- oxo4, 5- di hydro

pyrazi n-2-yl1-2-net hyl

phenyl1l- 4H, 5H, 6H, 7H, 8H- cycl ohept a[ b] t hi ophene- 2-

carboxam de; 4-tert-Butyl-N(3-{6-[(4-{

[ethyl(nethyl)carbannyl](4-ethy|piperazin-l-yl)nethyl)

phenyeam no] - 4- met hy1l- 5- oxo- 4, 5- di hydr opyr azi n-2-y1}-2

Y - 4= -0x0-4.5-

N-[2- c‘hﬁﬁ"& i (’6%'8? @%’hﬁr’{?%%%%ap(e&azén 2h )3//|1 ghengg%gxﬂ 44m€ét%1%ly5 g}lio 4,5

ectllh)zdrnpyrazm-).’l@}r)a@-h;eltljylppieayi}f-ﬁ}s tafrtat@hydte-1-benzothiophene-2-

net§%$-5-9x0-4,5-dihydropyrazin-2-y1]-2-nethy|pheny||b

N-[6- (Bl:{[[ﬁ(( ﬁd{rﬁé’m;ﬂls &o@ﬁﬁ%ﬁz%%g?g%ﬁgﬂmﬁ%ﬁ?-ﬁ'—rﬁetﬁylysiﬁﬁﬁﬂ],‘ﬁl ]
2d1hédrnmrrg41@ﬁwl) -3-RuprepinydinZ;-d] -@ﬁ&%-@tmbsrdy@hl dehzdiidaphsnpri2-
oghgn car boxam de;

prig Tl ¥yl - N- ( 2- met hyl - 3-{ 4- net hyl - 6- [ (4-{ 1- [ met hy|
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claim1, together with at |east one pharnaceutically
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conposition of claim37, wherein the conposition is
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aerosols, creans, gels, tablets, pills, capsules,
syrups, ophthal mc solutions, and transdernmal patches.



R3 is chosen fromH CH3, F and O; R3" is chosen from

H CH3, Fand d; R4 is RO(Cl-12)n mis O or 1; n

is Oor 1;, RBis Hor Cl1-C6 alkyl; R6 is Hor Cl-C6

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

0, wherein the optional additional ring nitrogen is
respor@ive k@ didittorsetEk abistigd with C1-C3 al kyl; 122 is H or

C1-05 al kyl wherein said alkyl is optionally

substituted with one or nore substituents chosen from

0 c [).; . ' LV,
W oA B ebin PR s SR AT
respon@ive uPinhlbieiodf Bthactihvegieedncse ni trogen atons to which
they are directly attached to forma 6-nenbered cyclic

ring; R8B is Hor Cl-C6 alkyl; or RO and R8 are

OPL! 0N phck BKE Brd-RAELIEL: BtdoBsitiff o PILIEP SRR AL AT &

V\ﬁllt chn?Le%/écaa%g gt t acﬁe to forma 4- to 6-nembered oo
respongiwe ko mhititign dfd3tk aginGtyds elcden fromddonddisGrders, diergib disetdars,

. the opti onal additio%gfl: rindnitr.o en is optionally

autoimipie qiseatesdn{lppraien. dacages giid acqe ip anillnﬁ‘i"”@%,tlogﬁd RI

is Hor CH3.

42. A method for determining the presence of Btk in a sample, comprising contacting
the sample with a compound of claim 1 under conditions 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.

43. A method for decreasing B-cell activity comprising contacting cells expressing

Btk with a compound of claim 1, in an amount sufficient to detectably decrease B-cell activity in

Vitro.
44. A compound of Formula I, or a pharmaceutically acceptable salt or mixture thereof:
O R1D
>—N R2
R1 N/
R® / o
—
(Formula I)

wherein
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R! is chosen from:

O, S O, 00

> >

R? is chosen from H, CHs, F, and Cl;
R? is chosen from H, CHa, F and Cl;

R* is chosen from H, CHs, F and CL;

R*is
R5
N—R® g7
—g—“(CHz)m \N--—RB
R®  (CHah
o ;

misOorl;
nisQGorl;

R®is H or C;-Cs alkyl;

R® is H or C;-Cs 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 having 0-1 additional N, S or

O, wherein the optional additional ring nitrogen is optionally substituted with C;-Cs alkyl;

R”is H or C~Cs alkyl wherein said alkyl is optionally substituted with one or more substituents
chosen from OH and O(C;-C; alkyl); or R® and R” are optionally taken together with the —
NRHCR*)CH,)C(=OINR - group through the respective nitrogen atoms to which

169



they are directly attached to form a 6-membered cyclic ring;

R®is H or C;-Cs alkyl; 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;-C3
alkyl;

R is H or CH;; and

R is H or CH;.
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