WO 2008/ 016669 PCT/ US2007/ 017235 CERTAI N CHEM CAL
ENTI TI ES, COWPCSI TI ONS AND METHODS [ 001] This
wappkiocatd on cl ains the benefit of U S. Provi sPOnak2007/017235
Pat ent Application No. 60/835,272, filed August 2,
2006, and U.S. Provisional Patent Application
No. 60/ 921,054, filed March 30, 2007, each of which is
i ncorporated herein by reference for all purposes.
[002] -Provided are certain chem cal entities that

TRERTAINERE IR A KRS, ERROS RN AREE MR fioPpS

skel etal troponin T, and skel et aI rruscl e, including
[0o1] k%gb&.g&?@ﬁ@ﬁrﬁé qgaa i)g%rgf Bgﬁ @Sg@g{ggtent Application No.
60/835 @T@T‘ﬁi‘eﬁi A%@h‘sf £€3006), héﬁd@cg UPf&ﬁéloﬁﬁﬂiﬁQ@r& 'A?)?.)%caﬁé‘r@'

treat ment’ of one or nore of obesit

No. 60/%%\1 @éﬂeﬂle&i Masch BAg2@§ Adeagheof which lBtlvcor@@cai@ﬂl hegrein by reference

spasm post-surgical and post-traumatic nuscle
foralldﬂféﬁ%&(;sss and neuronuscul ar di sease. [003] The
[002] cthmk[deei ame cértaik e:lt‘eimbalaemtntrtﬂa&mad;ﬂsﬂeeskeﬂéﬂak my®sin, skeletal
r.cells

actin, SESL?E?'S %B?rggﬁetgg?lﬁi%q%ogm H 3?( F%f%k,tr%?orgp Asgﬁ)etal troponin T,
and sk@létéd&dus@gﬂ meheling Magpiaiteiarsl isefdrats theeesfaas an@ll s the skeletal

r comer s elegantly organi zed a n . "
sarcomes A BOgRNITaTL S SSIDoRe AL e Dhal MRGeutieal compositions
and méthb&X of trlcafiPBhe ofibfe ' HORESF Gesity §§I'dbpérfh? Wﬁétﬂ{g syndrome,

protein respon3| ble for transducing the chemc

frailty, %aréweg% dnuaGie spasm.dPealisirgicaband p@ét-yﬁunaﬁt&cemele weakness,

and nellR¥RIEAlIar diedsBi n filanents are conposed of actin
mononers arranged in a helical array. There are four

[003] r egiheacytopkeletor ofiskdletal dndocardiac muscle ¢éllsdarntigye compared to

that of KlciteraiBnd ot R ArAd AR eiBralfad Bk ity prcked

cytoskeletal lpabmwalaécEtMmmerenThé iatéoraetk ideleghintipoeydrsized as an

ast riven r tLtive
interdighitiag A6 RLTUN AALMIkJIRmeRt: dine s Flanygnts argsompesed of
myosmamé ﬁ1cftbl‘ ?F&Etrﬁres[p@ﬂé]blM&&k&hécﬁJ&rﬁ@tﬁ'@éﬁeﬁiﬁaﬂ RAeYS) ¥f ATP
not or proteins he thirteen

hydrolv&r%n't% &rcg angkdisegipdimpovement Harthn fiaments #re composed of actin
monon’ﬁrgl%ié{hr}de&inaé PeliSall fiTRP nﬁie@hearé F5ur Féal‘_tﬂ P&eﬁ'fs bound to the

_ al”, cardiac, and ‘snooth nusc ass of
actin filapssita, which gliows tfmcorytracatlcfrftquncpdulatadﬂ@y ealcitm ions. An influx

of intra?%f(l;mgf .Eéircﬂﬂpem‘?iai& dr‘ﬁﬁ%?:fngcéorﬁfééf‘éﬁé\g WHI(/ %&@ ntﬁﬁﬁoﬁliapné.rﬁs slide past
each othersirves lof repeditiye obteractidresaof tiemayosinl motardidrogies iveth the thin
actin ﬂgg%a | ong al pha-helical coiled-coiled tail that

1es W th other nmyosin-I Is to formthe core of
[004] t havigosiadsie nfodthixténdivéigstudied Dfalidthebnbir groteiss. Of the

thirteergaj\%?l[’%’cz%@%glg %%@}joos?r?w h&m\gg 62e |%84l9e1r6n6y60%m li class is responsible for
contraction of skeletal, cardiac, and smooth muscle. This class of myosin is significantly
different in amino acid composition and in overall structure from myosin in the other
twelve distinct classes. Myosin-1l consists of two globular head domains linked together
by a long alpha-helical coiled-coiled tail that assembles with other myosin-lIs to form the

core of the sarcomere’s thick filament. The globular heads have a catalytic domain



where the actin binding and ATP functions of nyosin
take place. Once bound to an actin filanment, the
wo edsas@seof phosphate (cf. ATP to ADP) | eads tBCHUS2007/017235

change in structural conformation of the catal ytic

domain that in turn alters the orientation of the
light-chain binding | ever arm donmai n that extends
fromthe gl obul ar head; this novenent is terned the
power stroke. This change in orientation of the nyosin

ead_| latio to_ acti caus th
where (h8 Bt hinGind AR A L B ER A iGRR oD Rack iisuheundto an
actin filhihent the rekddse off ph@éf.ﬂfﬂtet(@f WTiFEto ADF?)Sebdslmla change in structural
Un- bi ndi ng of the gl obul ar head fromthe act

conformpatiomghthe %@@%w@ﬂmﬁmaat@w gt the rie Atatien R hgfight-chain

binding!18erCain? i &in 4RaBER RS fidrd the GibHUlarl Reddtahis movement is termed
starting conformation/ori-entati on conpl etes the

the powssatrelet This chamaednanriantatior gt the myesipbead m eelatienship to actin
causes.}ﬂé AR Ath&ht gpwﬁpﬁ i£8 a%cﬁw%v Ut Féi@d {t ?]m actin
r crum e ec on

oponyosi n-an onin di ate t e ca
filament tewhitheit & boond odn- tandmg dndergl@lsmlar heéhd fekaltbeactin filament

L g.0poni egul ates t ac sever al i,n_. .
(aiso ctngayrERTBO et Fith Rifin pLibe GreeBlicelofBr BRI uBft i to their
startmg%tﬁifﬁﬁnaﬁ&ﬁ@lbﬁbﬁtattdrﬂ@@lﬂllplét& thdncohtratlicriiandakkixation cycle,
tro&gm nl, which binds to actin; and troponin

respongible, frdRiraseliiias toVEMANS APSSPHS PG SRBY

[005] CONtHBEHYRRIPANE KRIpRinfh MBHisteahbTaIdIaRDE eéCom thetinteraction on
pat hogeneétic cause of several disorders, including

actin angheyiasjn. Ee skpletaldronqnn campdex gﬁgyﬂ@tesﬂhg, agtipn of several actin
units atcc?t%ée)%lrﬁf |s%ﬁbﬁsécpﬁ§fﬂre9%%hgﬁéﬁeqfd%aéh£ﬂ§" skeletal frc troponin C, which
e wea an

“traumat1 ¢ nmusc neur onusc
binds calcmﬁasensmlamlpdswhm binds th m:ltmhapd disipondn ds Wihi@l’ll binds to
tropomxﬁiﬁases The contraction and rel axati on of skel et al
Cle are mai nly control |l ed by increases and

[006] deqtgasAsl @bntrﬁt:tlen i |skéli=ltal0ﬁbsclaﬁs th@Waht tddmoa patigdbgenetic

is.an Ioment af new.conpoynds .
cause HRRYSIFCISREIRTE oI OHSLES EDSTs RATFORRIT A WS HER QYRGFome. fraity,

cachex?&g ei’l“?u§clé %tasﬁi( Fﬂd%itls ui§ival a8& Bé@t—ﬁﬁﬁ nidticaruis el e8skness, and
whi ch may have better outcones in terns of relief of

neuromyisepiardisease.avhichpasepseriais healih argbigmsiag adult diseases. The
contracﬁi%ﬁrénd F%gié?ﬂg'l %f/’gg%%fafl@g%@? %E% tnﬁéofﬁy’élcﬁ'%él emn‘.{r%é’ses and
decreasé®ob intfaceiutesmadeinags of Forrmula | and conpounds of

(0071 L 4"%@@[:{ Agly Zynére %Q%%#ﬁ‘?&lg ﬁ@béﬁ%@r@gétoéﬁr?éﬁ coftbdinds
modulate skeletal muscle. There remains a need for agents that exploit new
mechanisms of action and which may have better outcomes in terms of relief of
symptoms, safety, and patient mortality, both short-term and long-term and an
improved therapeutic index.

[008] Provided is at least one chemical entity chosen from compounds of Formula |
and compounds of Formula II:



R2 R2 Formula | Formula Il and pharmaceutically
acceptable salts thereof, wherein RL and R4 are

wo naspesseent | y sel ected from hydrogen, hal o, hpdros3o07/017235
optionally substituted acyl, optionally substituted
al kyl, optionally substituted am no, optionally
substituted al kenyl, optionally substituted al kynyl,
optionally substituted cycloalkyl, optionally
substituted heteroaryl, optionally substituted al koxy,
optionally subst i tuted am nocar bonyl, sulfopyl,

sul f anRk N car boxy, optR i tuted

al koxycar blpnyl ,~Jand\\ a and int ' R4
and R1, ;@ et per \?ﬁ%h any i om?,
formaR sedni ng stemselecteﬂ ptioNally
substit ut ed fused r opti onal I y substitutgd fused

het eroaryl, optiona y substituted fused cycl o4l kyl ,
and option&ldrgnudabsti t uted fused het Foooydd Hal kyl ;
and R2 is is selected fromoptionally substituted

al kyl, optionally substituted cycloalkyl, optionally

and phértﬂhééédtldaml a%b}ébtam@%laﬂﬁﬁhér}eoﬁ Woséicinit ed het eroaryl
and optionally substituted heterocycl oal kyl ; prOV|ded

t &} 3od Re apgingependerntly selasgdifremitydragen kalg. hudioxy.
optiona?li? I%élﬁﬁg?ﬂ %c?lf6 oEﬂB%ilﬁsﬁ?ﬁtgﬁbe?/lwmﬁﬁﬂﬁaw sHBEUE dmino,

optionally ispibgtittéed a yardioinally sgiptiited alkyns? eptionady Bybstituted

cycloall{{li ﬁ}lﬂ@ggﬁ{y%t@)’%%l%épgriétﬁr%g{%:pﬂaﬁalIylsﬁﬁ&ﬁmedlalkoxy, optionally

substitudet ramnota(ﬁbnyl tsmmkwu)fahyl sulfinyl, carboxy, optionally substltuted
azoQ

alkoxycglrte(m)ar gqé rﬂﬁ’ﬂ Q?%'trgq %&?ﬁ%ﬂtlve R4 and Rj, taken together with any
interveringratdms) EdkrrSatf]JBw qinigne &t seddeteddrom optionally substituted fused

aryl, onfiohBI St ftztuse%ﬁ%ﬂd%tﬁr%yl-oopaﬁea"x sgplitutediyses pusieplkyl, and

optlona'll§ subBhAtERaREd heldrycphes }/Ia@na conposi tion
Ising a pharnmaceutica acceptable carri

rlr?pr 2§48 sal%ct% &one aptieRaliy §UQR¥§@1ieidb%!hy|h @pepﬂa"y sulmtuted
cycloalﬁ@?ﬁé@é@%dﬂﬁﬁ@%gﬂg %}i)t fidRally EQBQt}tu%dS e@r@é‘gﬂ' ethdbBtionally

_ rrtreatin ent’ havi ng a |seas 'chosen
substitdtedrhedeemyclpaliedr copeni a, wasting syndrome, frailty,

provide i‘?ftema nmuscl e spasm post- surgical and
traumati ¢ nuscl e weakness, and neuronuscul ar

di R,alsmotdmxpﬂauyhganchﬁmmrsirmldeg that the patient a

ective a .east one
the conap@m@ g}‘l ‘:'o H !/ Cﬁ:?rggauﬁgrog%r?rmu?a Il'is no
(S)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

1,5,6-trimethyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-methyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-(3-nitrobenzyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
5-(hydroxymethyl)-1,6-dimethyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one; or
1-(piperidin-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one.
[009] . Also provided is a pharmaceutically acceptable composition comprising a
pharmaceutically acceptable carrier and at least one chemical entity described herein.



[011] Also provided is a nethod of treating one or
nore of obesity, sarcopenia, wasting syndrone,

wo e@slotges9 cachexi a, muscl e spasm post - sur gi caPCEOS2007/017235
post-traumatic nuscle weakness, neuronuscul ar
di sease, and other indications in a mammual which
nmet hod conprises admnistering to a manmal in need
thereof a therapeutically effective anbunt of at | east
one chemi cal entity descri bed herein or a

h t. t ) .
0101 BN BEaNinEd iars Taelons oy Bealiod 5 ANt having.s disease chosen
from otféﬂntvvga.tc qﬂa @Daétﬁ‘@;séyﬁﬁ}éw@_‘%nﬁﬁ'ca%ﬁbkiay nélescte isBaSm, post-

her el n. -kf Al'so provided i's a nethod for treating a
surgicahand pestiraunatiamissieaweakasssn rafid/eeurognpgriiadisgases comprising

admmné’(Eﬁpg to ri'l‘?% ?a‘ﬁgn§5%§faﬂeu{g¥?@{ foe(?tt\gépSWU%T& 'EE least one chemical

oponyosi n, onin
entity desoytoed hereinskel etal troponin T, and skel etal nuscle,

o111 | DS P BAB B of GBLH Bk e of Byl scopen,

wastmg:gyrmroa&s, feailty, ndasdh@xia) gnuiscle spasng|post-saegidal dred post-traumatic

th era utlcall ef fect,ve anpu f at,.l east .one
musclepSaKtiEgS. BeuroRussuBr disarsio Ao ptBer Bicaiie I8 & mammal which
metho&@&’ﬂﬁﬁbés FAneiARREHRY B admBAMATEA SddCilerdoPs arithpelBically

exci pient, carrier or adjuvant and at |east one

effect"’@rﬂéﬁpeai obat leppt 9@§(ﬁhpﬂéléamtéy fescrbed hereip g phaapaceutical
compokifioA RIS %%r phaGMddficany %Ebéﬁl‘ab'@ék@iﬁléhtdéﬁ@ %r adjuvant

responsive to potentiation one or nore of skel
and at lgast pne cme@n@ahenthaqscr@leéltwaln t roponyosi n,

[012] S K eAIEI) %'m\‘?{ﬂ% ci% & hcisd(fclr%éﬂt yé) Bgﬂéﬁtuﬂaaviﬁg Sr & E@Es? responsive

ske miec! I'nc
to modalmllonsmffmemr tivrearffskebestalvalybsins skdaletaﬂle&itmt akeletal tropomyosin,

stet AT 6, Aeie T TS Sltal musce

mcludnrﬁgﬂﬁé@ﬁ%ﬂts &kl i¥oRIrrRCthieYSofa BB Wil &4 td skélatdl safcomere in a
emcal entity described herein or a phar maceut i cal

mammabyhisdy method sRprises admipisenng & 8 reamrpabwdaﬁchmeéeof a
therap@tﬁﬁ:‘aﬂ&%’ﬁectn@é@dx@ﬁnt S ataBhsVEHY cﬁ@ﬁi\l@atl érﬁlﬂ?&e%ed herein or a

emcal entity described herein.
pharmmeuticaéqomoaltm eemipfisingta pbarmgcautmlliy@qcenéahlﬁg-;xalplent carrier

or adju%ﬁtleeta E RSP BHe erflﬁ[aaﬁmlt?tdés%rﬁb ﬁ%}gfrpr mor e of

nmyosi n, troponyosi n,
[013] skeéAlsb airomdepaa mm@lhcs:k &bretteiitlru apatient havnsb &l disglse responsive

troponin T,  and 08/ 0
to potepfigfiish g T9gEs of SARIA AT hslrie’ RN S Aropomyosin,
skeletd he:peafn mﬁaslﬁé@tél t&gpdrhﬁ ISMI%atroﬁehnoﬂpa@d iskReletal muscle,
. Ny i C od conpri nlste to a .
inclucig HAGMETHS RSP RIS ERE0h Ao HiRIbaT His FReeta! sBEeoere in a
mammalRHith fetRéd kBAfriseRaadiimitefhg e0 ki r‘h)énﬁﬂépfnl Mt thereof a
herein or a pharmaceutical conposition conprising

therapejitigathi @ilaativalamorbtaiAtHEREt @ PReEYiEal Qriity Hescrisd herein or a
pharmﬁ%dﬁéﬁ%o%sﬂoﬁ 88%pridlty & pREHRaLeGiddIlyYadkeptatiB&kcipient, carrier

or adjuvant and at least one chemical entity described herein.

[014] @ Also provided is a method for treating a patient having a disease responsive
to inhibition of one or more of skeletal myosin, skeletal actin, skeletal tropomyosin,
skeletal troponin C, skeletal troponin |, skeletal troponin T, and skeletal muscle,

4



[015] Ot her aspects and enbodi nents will be apparent
to those skilled in the art fromthe foll ow ng
waledaoaiol@do descri ption. [016] As used in the preeENB2007/017235

specification, the followi ng words and phrases are

generally intended to have the nmeanings as set forth

bel ow, except to the extent that the context in which

they are used indicates otherwi se. [017] The foll ow ng

abbrevi ations and terns have the indicated neanings
including feRa NS BRA J3ETPORS tHEFHOL 2% BRl e Rsigial sareomere in a
mammaiBkhich %@m&ﬁé&ﬂpﬁhes edniinB¥sHing 5L nTadiidl of @Rl thsecf a

benzyl oxycar bony CDI = carbonyl diim dazol e DCM =

therapeyitically, pHetiYRABICUNTAT ) IRaRt ane dierpicakettibydescripedherein or a
prasm o oA SRS I PR Ry acosptable oxcipent.carir
or adju(iﬁlﬁFa?)dDatjeast one chemical entity described herein.

[ 1,2 bi ' [ f er [;Ghl Is
[015] (| fmep E?&gb%ﬁwgg{b%ﬁ%gﬂg W@I t;é; %épg&%ﬁﬂg@gﬁg §|<illl§g it the art
from thetfolowing detailgd aes&iptiogas chromat ograghy h or hr =
10161 50 ke kA Ao 37 Robldh e TSR3 A ot BrVRos are
generah*]irﬂéﬁ@é&i td hale th& rhéaihgs aNfset fbith betbw, except to the extent that

C

r omat ogr aphy- nass spectronetry mz = mass-to-charge
the context;ig which they are used indicates othérwise.

[017] The following abbreviations and terms have the indicated meanings
throughout:

Ac = acetyl

APCI = atmospheric pressure chemical ionization

atm = atomosphere

Boc = tert-butoxycarbonyl

c- = cyclo

cBZ = carbobenzyloxy = benzyloxycarbonyl

CDI = carbonyldiimidazole

DCM = dichloromethane = methylene chloride = CH>Cl»
DIEA = DIPEA = N,N-diisopropylethylamine

DMF = N,N-dimethylformamide

DMSO = dimethyl sulfoxide

(DPPF)PdCI>= [1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(il)
Et = ethyl

EtOAc = ethyl acetate

EtOH = ethanol

g = gram

GC = gas chromatograghy

horhr = hour

HPLC = high pressure liquid chromatography



wo p@gioteenhr omat ography mn = nminute ny

e

Me = nethyl NMP = 1-nethyl-2-pyrrolidinone NWVR =

nucl ear magneti c resonance MPLC = nedi um pressure

m | | PQT/AR2007Y17235
normal Ph =

or mM =mlliliter MN= mcrowave n-
phenyl (Ph3P)4Pd =

tetraki s(triphenyl phosphi ne) pal | adi un{ O

(Ph3P) 2PdCl 2=

di chl orobi s(tri phenyl phosphi ne)pal l adiun(l1) rt or RT
= roomtenperature s- = sec- = secondary t- = tert- =
tertiary T 8 - triethylsilyl or triethylsilane TM =

kg or K§ri methyl skilodragt trinethylsilane TFA =

lorL
LCMS
m/z
Me
NMP
NMR
MPLC
min

mg

mbL or mhat #Hre sid

triflugroacetic acid THE = tetrahydrofuran TLC = thin

| ayer= J)Fﬁ*romat ography WV = ultraviolet vol = volune

equi val ent r eagent

unl ess ?&rﬂsl'goﬂ]é%%{ﬁg ng b%g?rﬁl'g%mnal or

"opti Enal I massstoﬁ@mfgetrhtic t he subsequently descri bed

event _ ﬁiéﬁ nst ance may or may not occur, and that

t he descrlp i ncl udes instances where the event or

ci r cumst andenethytlu?spyamhdlmmances in which it does

not. For 6 2008/ 016669 PCT/ US2007/ 017235 exanpl e,

"opt i onal | PUSEBE ML "BSRPAC®nconpasses bot h

"al kyk"  anghédivmsprdseursiiqlidydhromatograbhged bel ow. |t

will be understood by those skilled in the art, with

respett toMAYt® group contai ning one or nore

subst &t uenp§yigkdiat such groups are not intended to

i ntroduce anﬁ substltutl on or substitution patterns
litesl |y inpractical, synthetically

Mw hon-feasible. and/or inherently unstable.

n- = normal

Ph = phenyl

(PhiP)sPd = tetrakis(triphenylphosphine)palladium(0)
(PhsP)2PdCl>= dichlorobis(triphenylphosphine)palladium(ll)
ntorRT = room temperature

s- = sec- = secondary

t- = tert- = tertiary

TES = triethylsilyl or triethylsilane

TMS = trimethylsilyl or trimethylsilane

TFA = trifluoroacetic acid

THF = tetrahydrofuran

TLC = thin layer chromatography

uv = ultraviolet

vol = volume equivalent in mL/g or L/Kg for the limiting reagent uniess

otherwise indicated

[018]

By "optional" or "optionally" is meant that the subsequently described event

or circumstance may or may not occur, and that the description includes instances

where the event or circumstance occurs and instances in which it does not. For



[019] "Alkyl" enconpasses straight chain and branched

chai n having the indicated nunber of carbon atons,
wasmaloigeed rom 1 to 20 carbon atons, for exanpl BC/USHOB017235

carbon atons, such as 1 to 6 carbon atons. For

exanpl e Cl-C6 al kyl enconpasses both straight and

branched chain alkyl of from1l to 6 carbon atons. Wen

an al kyl residue having a specific nunber of carbons

is named, all branched and strai ght chain versions

examp%ﬁ'céooqﬂ)é\tsagg dsuﬂ#ﬂnﬁéd% ﬁgérg@d?ﬁggéseaéoﬂ{ﬁf%l't Qng eaFut?stltuted alkyl"

as defi ned:bakbw it wilk lye undecstbuﬂ)dy thoselsiilled lanﬂetarb wtith respect to any

aroup Rk AL Eh S st b B8 shER TS oo B Bfencc o

mtrodu@éléh? %%bstlimloﬁ%ﬁﬁjﬁstlﬁmpm that aw@gteaicb Ei; mpﬁafcakal
kyl groups having one to six carbons. anpl es

synthetigrlly Inof-fegsihlpsandior ithersatinynstabiery |, propyl
[019] | S"Rfk?/?'yéncorﬂggé’éé/% straﬁéﬁt Qh‘élﬁlancilﬁfér]ch*éﬂt%am FP\%‘%%Q the indicated

I sopent opent
numbegohearpion #oms, hwugﬂmlyolm 1atnc20 carbon at@msmfkyemnleﬂ 4o 8 carbon

atoms, %ﬁErﬁ/ ;%ts ﬁig 8! &¥bon a“?{)r%r Fap e%gmg> ﬁﬁ@??ﬁ%ggﬁws both

havi'ng
straighigardipsanvetdd cisaial él&yl Imd\fmrfl ricon &camcﬁOaMsbdNrm\m alkyl residue

having%oaq,pg&ﬁr Y, Iéarg‘h%g%r@gpg&c%ﬁar boggnaa%gs %llléucr&h maga %rbc? %%@?gﬁain versions
having m&hﬁﬁbeb@ﬂdawmsféreahfeﬂd%ﬂ&oltie énﬁ@hbﬁbgee musu for example
kenyl" refers to an unsatl]lrated br

"butyl” [sstmsaghta E}?&FCP? Attty geetytylnisePHy! and ey nﬂ@pvl" includes n-
propyl &4 @Bb‘r&&{llb@l[b\ﬁéﬂgikw g@fé}s‘i@%lﬁwgr&)/pé h8vihgBh&Ao Sdven carbons.

one | ecul S yﬁ from’adj acent carbon atons
In certaim emtaoqjmeem. émwglr alkylh sefprs tp alier grunshhaying @ne torgrix carbons.

Exampfﬁfpcl)fgéu&l aﬁl‘&é%ﬁﬂ&hggﬁﬁéﬂ le?@ﬂub c{ﬁyf @8&&4@? kif’BGiﬁ)sdec-butyl tert-

roups |

butyl, peotyl2ipemyyi; |sppepty|yme;o;semhl hexypl; @ghéxybrddhexyl, 3-methylpentyl, and
the Iikeg?@%@l’l%ﬂs % si(f:tysegaf glﬁw ge%&rélpg g%{ al | grf)e rﬁasidliﬁs as alkyl, but having

two poibts oﬂaﬁﬁclﬂn}éht Aakwehb)droups ot iisealylhave from 2 to 20 carbon atoms,
en-1-

for exaflRe 2105 GrthAnAAMS Ao 38 BOmIEAn B9 PO Ear aample. Co

a:kylenbnne@étéy A cOVBRGt HAESaNndC, @Ju{wéwé is04 onethyRshef Gidip2 t o
carbon atons and in other "'enmbodi nents, from?2 to 6

[020] car "Bty ofefers lopar Unsatusatpd-brapghed oristraigteriiain alkyl group
having %g?éeﬁr% d?%véé\%ohv\ﬁbrben?lgénﬁébgﬁﬁ%(?r{vga]t]y the J@fﬁanl of one molecule

to an unsatura rancne or stral ght-chain
of hydraper fragn @djacehtwarbon atorns 64 Shegarerszikyl Fhgagsup may be in either

the cis %s\ﬂjﬂﬁg c?cénrﬁa?lgéﬁ%r? Qﬁoﬁﬂ!‘%‘)@o 5 Q)%(#(é* HJ(Y?)('J&Z %ﬂ}é?‘?l b¥&ihs include,
but areauptdiveited tarédthanylt properiyls hecrpasembpeil-by“-yﬂ'mp—dl-en-zyl prop-2-

en- 1-ylgiaﬁﬁﬂﬁrogbf-ggl)—,%-yb }Cubiég sa?élcbra%;)&itg -tﬁnlljl ;}}I buq 1t 8h- 2-yl, 2-methyl-

prop- 1wrpnx - btﬂ-@-eynu-yl it sPRghst -ylubbt-aserbm-yl.lbulﬁr 1,3ydlien-1-yl, buta-1,3-
dion-2 st e, e b Bbionat IRGRHIS P S Pt 20

carbondteffs aRdl in BtHdr&hbodiments, from 2 to 6 carbon atoms. "Lower alkenyl”
refers to alkenyl groups having two to six carbons.

[021] "Alkkynyl" refers to an unsaturated branched or straight-chain alkyl group
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enbodi nents, from3 to 6 carbon atons. "Lower al kynyl"
refers to al kynyl groups having two to six carbons.

w@ 0@Rj16669 Cycl oal kyl " i ndi cates a non-ar onati CPCT/US2007/017235
carbocyclic ring, usually having from3 to 7 ring
carbon atons. The ring may be saturated or have one or
nor e carbon-carbon doubl e bonds. Exanpl es of
cycl oal kyl groups include cycl opropyl, cyclobutyl,
cyclopentyl cycl opentenyl, cycl ohexyl, and

having %%r’l% gpsgég%é'rbofi‘% J)rlmt ekﬁro ggﬁhﬁﬂnfﬁ%e%m k%%/f,,two molecules

as nor or n erm™a
of hydrmgﬁrefrsm adjaceny carlmn atauhky)f the patandiaticyl f Typical alsydyl groups

rb | .
include Bl 3t pdk PBTed e BH P BERY RGP ER? PSR dcVind -YioProp-2yn-1-yt
butynyl$ Balcﬁaﬁseblﬁtt-ﬁ-&hUWU{tﬁjtﬂhy@mgﬂ BOt-89ygeiyl; dnchthd Bee. In certain

ncl ude met hoxy, et hox Q i SO 0X
embodl@gm%p%@)%w srmhaﬁ&aﬂ? 5%@2%% togts angl ingther
embodlﬁ#éﬁﬂé)’froﬁ\eé %% éé’rb%hkeﬁ&hs 9L6%H8§aﬂ‘<9ﬁ9la'r8féﬁg @ Bfkyn9l §|*d&ps having
carbons. [024] The term "substituteéed al koxy" refers

two to six kasongher ei n the al kyl constituent is substitut ed

| u v wSH " i :
022 () €yronE I SR Aol MREARIS BHEFD P rom
to 7 ring pattmrSato‘ms Hxanrmlgenayrbet sat@jatag dr dgpve eneos mpre carbon-carbon

ac i ndepgendent f
double HERIET Erapbich oF bHabe{VEiiupR  REHE FhetebrBPH FliioRESh
cycloperMFR,C@&lo eh@Wlohe@R@ﬁﬂWexéﬂ?l,Mﬁ(N@)l IdghiftidgedRand caged
NRbRe and - NRSQ2Ra), hal o, cyano, nitro, oxo
ring gr H PPIRRTEANES or cycl oal kyl , heterocycl oal kyl ,

[023] anq’ﬁé.efe?l‘rp%'lk’é)}y" refdrs 38 dhé Yro tﬁldlkylt RYSILAING FoPy a0 carbon
-CORb), optionally substituted al koxycar bon (such as
atoms Omm)ghta‘hﬁaﬂ%\%b sKslic @@J@gﬁ:rggon mb:na{mmﬁhereof attached to

the parfggﬁﬁﬁu n¢ W%m%gg(l IQQB%%gxy,SHﬁcﬁgY‘)ropoxy,

|soprop(ostuct:ydepm$®'m aydlohe@mmanpl thiadike. Ftapwsr alkoxy refe@rﬁo alkoxy
anal | tJ Cl-C6 al kyl, optionall

groupsscoggtqlpﬂgt%@55&{5)%%@%&%8&i onal | y subst !Ot ut ed al>/kynyl :

[024] Opfﬂmtﬁrhy"swistltdtédtaikbw yeferaol a}kw@ivdmerlehrythe alkyl constituent is

substitged e 0By eybrHEESREAIN) MBI fRLBRTHSS ARYAERTPYS to alkyl wherein

one or ﬁw?ét(lsbéﬁ ad dﬁ-tc@ firledamiel i e 3h Ylgaktkg’éri htdnes are replaced by a

cycl oal kyl ti onal Ig’ substituted heterocycl oal kyl
SUbSt'twtl'BﬁﬁlP??d%” ¢hesgreloBYyl , and optionally

fSUbRF" tcgﬁedo&?d ! %%Hsmlﬁeé aR‘n'n% {rﬂftﬂﬁ?ﬁgdﬁwmm QNEP'\*‘FCOZRa
-NR“C@{\J%mRJ-r\rIRO S?NS‘%NR R°I ?QS C{NCKI)?JRK’ o , and -NR SOgR ), ¥1an cyano,
nitro, oxo (as a substitutent for cycloalkyl, heterocycloalkyl, and heteroaryl), optionally
substituted acyl (such as -COR®), optionally substituted alkoxycarbonyl (such as
-CO,R®), aminocarbony! (such as -CONR®R®), -OCOR®, -OCO,R?, -OCONRR®,
-OCONR®R®, -OP(0)(OR®)OR?, sulfanyl (such as SR"), sulfinyl (such as -SOR?®), and
sulfonyl (such as -SO,R? and -SO,NR"R?),
where R® is chosen from optionally substituted C4-Cs alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, and

optionally substituted heteroaryl;



Rb and Re, and the nitrogen to which they are

attached, forman optionally substituted
whewsnomye! oal kyl group; and where each opti one¢T/¥S2007/017235

substituted group is unsubstituted or independently

substituted wth one or nore, such as one, two, or

three, substituents independently selected from Cl-C4

al kyl, aryl, heteroaryl, aryl-Cl-C4 alkyl -,

het er oaryl - C1-C4 al kyl - Cl-C4 hal oal kyl, -OCl-C4

h all%a{F @gén ﬁélqngl #y@%%%wubg@% ?id I%@prlqug%aw substituted

cycloalkym( @hd&bll@: é;.)ﬁlslltlicf:?déﬁfte{dgy}:bﬁ%ﬁ;ﬁibﬁz?%iuted aryl, and
.- a en -
°pt'°na§)’%§>‘g’ﬁw‘éﬂt§ﬂ f%t%'§9% any trg Iooxoy(as a substitutent
f | -
O'ché!%dgiéﬂdentgiérg{s@%’ﬁkyl bmaglb%?@bnag?%ﬁ s)ubstltuted C1-Cs

alkyl; og| kyl ), - CONH(C1-C4 al kyl), - NHC( O) ( C1- 04

a: klﬂb: ;%nd R® ?‘(’E\(d‘(@f(rmf}égt\ébé? g)‘%he {f?ﬂi 5&4&%@@%{% drftoptionally

substuttaedywtem@y@)oraik reugyanshenyl , - C(O) Cl-C4 hal oal kyl

SR By s IS0 8 ey SRR bponconts

substitutS@RAith pherimore, NHS@%(&GHW loy Itf)nee, sbB&StUehnésindependently

selecteaﬁgqm%gz % 1ygcéry[]3}q%al K ngg‘y ph&bsfng?eroaryl C1-Cs alkyl-,

C1-Cy4 ham@élkﬁl kory-CPalkyR-OMPL) arkgldnenwbemmwl OH -OC4-C4 haloalkyl,
kyl ene) - (gptional ly substituted al kox

halo, Q'ﬂc’r’ﬂ:’descgr%ﬂB!i‘V|"§h"!ﬁn NC -BertitiitEcts:, a'é)h'él, Néﬁ%llu%s ajiyl),
-N(Cr% é((:lﬁg%_%tﬁ§ W@Z Qﬂ(??ﬁﬂ%lﬁ?ﬁﬁé%?l?' cya'fiﬂij nltSrcl>J PO (as a
substlttztemt)foraxy@ qaikylebtfaﬁepo'éyclqalsyl OAhateh@aryéh b@in-hi-GéiO)OC1-C4 alkyl,

coNE ES BT A CEONRIER, Bl BB NA NS E, s,

-NHC(OI(bheNY'¢&M®iﬁ4 alkvl‘)@((@)(ﬂa @y gikyl)p-NﬂCa-(Beafkyi)miDa(phenyl)

Ol ST Bl ML I 2 BT T .-
SO2(Cah bm/l)atswphﬁm 93026@60@\‘15%%7 bS(DéNF&r 08,N$(83-C4 alkyi)
ORI RASTUATETS, okl rstoned AL Raoston,

[025] 2l Kewpas Qﬁ*ib’&dm"fe%ftﬂésbﬁstﬁﬂte@ &Reswgwme "dbIPalRoxy” or -O-
wherein the al koxy group is a | ower | Koxy grou

9
(optionally s0bs!itotess ebﬁym)tﬂsgugvalmmﬁutpewawme aﬂérlﬁgludes groups

such as S@@% %@%@1 él‘?t?‘)‘&ﬁ%ﬂ%?él)f ghfc%f @fh%r& %uEH easgﬂ')&%thyleneglycol and

-O(CHz8HzRKREH 1 whehe Xparammt&gerlnﬁa:t?@ stmh)agﬁ ItheaMfcbro&rgample 2-5.
Anothev\%guﬁé ﬁjn%#] g‘i c)rx@% yﬁqé ‘Ia‘\é(ﬁ o?y%ﬁgox&%t eg)(flgl (@I@ QH?Q&%% yis an
integertaf B)0hyuttogeri-at ons are repl aced by a substituent

[026] | ndﬁpee P denlal%oxfcg? ce>rr11yl refm ers to a group of the formula (alkoxy)(C=0)-
attached through the carbonyl carbon wherein the atkoxy group has the indicated
number of carbon atoms. Thus a C4-Cs alkoxycarbonyl group is an alkoxy group having
from 1 to 6 carbon atoms attached through its oxygen to a carbonyl linker. "Lower
alkoxycarbonyl" refers to an alkoxycarbonyl group wherein the alkoxy group is a lower

alkoxy group.



-Ra, -ORb, optionally substituted am no (including
-NRcCORb, -NRcCO2Ra, -NRcCONRbRc, -NR bC(NR)NRbRc,
wo BiRsIGEHRICN) NRoRc, and - NRcSO2Ra), hal o, cyanoPCT/msio00017235
0x0 (as a substitutent for cycloal kyl,
het er ocycl oal kyl , and heteroaryl), optionally
substituted acyl (such as -CORb), optionally
substituted al koxycarbonyl (such as -CO2Rb),
am nocar bonyl (such as -CONRbR ), -OCORb, -OCO2Ra,

o2 - CRERRy SRR s LIV 5 0 il -

O-C(OhyvhéreBRu\QagmurS@mmﬁ tovtherparéat stsucthios throfighrthe carbonyl

functioRBlﬁ)thé?‘ st‘eg\q ﬁ&h&ffﬁ%ﬂ? 86%(?9@[&@9 %1'0?02%' | 4 m9|(such as up to

5, for exptriplealip Yo Sy bytifdgerestonty bre fsflacaby @zngubs'tltuent independently
bstituted heteroaryl; Rb is chosen fromH,

choserb% PMnal Iy substituted Cl-C6 al kyl, optionally
Subﬂal toRE tia'ﬁd||96§dﬂé|t|tuteatdn9i%l(tribu§d4h tNWt@R*’ -NRCCO R?,

Su stltute

eteraocycl pa tl ona
MR OO DN B B GINGRINR Rzt RS OLY, halo, cyano,

nitro, ogggéf’%{%ﬁ%f%&%qg{i&ﬁWI Q‘{Sbggyfb d@%ﬂllo%gﬁélﬂaryl) optionally

substituliedragyd (such asi- GEDRW)eqpmrnalhrtsmhhﬂed fabkowyaarbonyl (such as

coTiyifeakeri (4| <R TR Bosroctiar

-OCONRRRMH sOP(O)@RBORT) delfangleutl assSRY), sulfingtl(stichha®rBOR®), and

[ adS 0 or three, substituents
SU|f°ny?ﬁﬂgC8bﬂ%le§bPe ang| @Mam Cl-c4 al kyl, aryl,

het\mﬁ@@w is @ﬁdéerCﬂroﬁ;ﬂo dydl smﬁtﬁjtearoz cEal tionall
Cl-C4 halo F‘l oz ! J QMOp'onay

substltté%lbﬁ@wypptlo@uy@u%tquedwynwt@pal@n Q}gqs,tWted aryl, and

| 1-C4 al kyl N( C1- C4
optuonJlI% ébbs |%%4ﬂ¥fﬁ( ﬁrﬁ NH?ClyC4 al kyI )( -N(C1-C4

? p(@psem faoroyiHpbphignally sulistitite A aCk dlipheoptionally substituted
cycloalﬁglagggg%llw t&&fiﬂte@ﬁ t%r% ro?c?élﬁl”&ﬁ%_w @%k?%eig@ and
optlonailquubst:tutédl%(dfér@ylalahyﬂ )(Cl-C4 alkyl), -CONH(Cl-C4

l kyd ),. - CON -NHC( Q) (C1- | kyl . .
“ N B rRRyen Sesdtion Ryfipebe e oesional pypstitted CrC,
alkyl; or N(C1- C4 al kyl ) C(O) (phenyl), 10 WO 2008/ 016669

PCT S2007/ 017235 o Yo kyl
pﬂfz% and U@Pq!@i‘)tﬁamsh RDFS)'/ ar@ett@yégd dore @y optionally

subsﬂtute@%t@ﬂo@@léﬁl@' oupSQR&phenW) -S02(Cl - CA_
hal oal kyl) - SO2NH( C1- C4 al ky

_ sopheieeRsy Pptionaliysaghstitutes groplis unsw?osms(% enyjndependently
substlt@@g Vé/i'rﬁg?%(&nmc% wc?a%{%% wc[ Q%%reéo‘%bs&%rﬁé thdépendently
selectedrsormr GalpldlkylCan) -hetenshryh ergrGe Ca latiutlk JHeteo@dyl-C1-Cy alkyl-,
Ci-Cy PM]S&I?W -6'2;91-@1 8”&,i-&(ﬁt-b?%ﬂ&/?pﬁe%yﬁ,h-af@l SW(&II-OH, -0C4-C4 haloalkyl,
halo, -OH, -NHjy, -C4-C4 alkyl-NHz, -N(C4-C; alkyl)(C-C4 alkyl), -NH(C+-C4 alkyl),
-N(C4-C4 alkyl)(C1-C4 alkylphenyl), -NH(C4-C4 alkylphenyl), cyano, nitro, oxo (as a
substitutent for cycloalkyl, heterocycloalkyl, or heteroaryl), -CO.H, -C(0)OC;-C4 alkyl,
-CON(C;-C4 alkyl)(C+-C4 alkyl), -CONH(C+-C4 alkyl), -CONH,, -NHC(O)(C1-C4 alkyt),
-NHC(O)(phenyl), -N(C1-C4 alkyl)C(O)(C4-C,4 alkyl), -N(C1-C4 alkyl)C(O)(phenyl),
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structure through the carbonyl functionality, and
wherein al kyl, aryl, heteroaryl, and heterocycl oal kyl
wae@sopisbonal | y substituted as descri bed herei PCT/US2007/017235

Exanpl es include acetyl, benzoyl, propionyl,

i sobutyryl, t-butoxycarbonyl, benzyl oxycarbonyl and

the like. "Lower-acyl" refers to groups containing

one to six carbons and "acyl oxy" refers to the group

O acyl. [029] The term "am no" refers to the group
-C(O)C1MH2alkylD3D]OeCh aikwﬁl'mmﬁ,t-iCI(GI)qu—Maioéllqy&f-@@(O)&t(l:uealkyl -

SO2(CAY)): ~SpePHRa Dy SQeLt o PRI CoBbte SHPN(Cr-Ca ally

-SOzNB@?@hVDFfWS@gK@{*?;;?] dylpnNHsogph&hyl) usRdl - Nﬁ@gbkm haloalkyl).
(0] L on supstitute | substi t
[028] OhvARHT kths3 £O The DS B~ GBIl y (SHDSE(Ptn thpteroaryl)-

C(0)-, éﬁdkhetepécwi@élkw) cﬁ@hﬁ%ﬁ&bﬁdﬂ@#ﬂ@q%na&w BNak! e;iéarent

i tuted het'er ocycl oal %; i onal Iéusubstltu
structura tk\é&tyg;ramﬁ;ﬁ@lrbor%funwpnah dagdmlmrﬁn aliytl amel, heteroaryl, and

¢ .
netorocs AR S ToRBhAMPEL YT ULEroel ke BLERIILY rtuce
acetyl, benzoylaptopicnysisiobutyryl, h«bumxyaapbon)a,rhbruyﬂmqmirbgnyl and the like.
"Lowersq%&?/l rjerf%%ﬁs @ﬁﬁ% %% %}ﬁ %gh%léepg%'g a"é@gﬁg%gnﬁ u'ﬁl&yl‘oxy re%rs to the
group Qrecgl.oaryl refer respectively to al kyI cycl oal kyl ,

ar het e oc c) oal k and het ary wherei n one or
[029] )ﬁjé‘ 1Seu@hr Blo"?%?%tof %1’3\'"82 up to 3) hydrogen
[030] at aFe R TstbsERAED Rirmifo" FfRfd td #HRNGrduplARgRIBRLARIR®

chosen from -Ra, -ORb, optionally Substituted am no

wherein i nc| udi ng - NRCORb, - NRcCO2Ra, - NRCONRDR, - NR

b ) '?ﬁ}a? &%&3{

C)C/:gi:(?g CINE% th' frorh as 'a suEgII {§ Btg gt;]tjtﬁ%ﬁg Iogﬁiﬁ?"y
substituted eaﬂgdy@;bfdmawsuhamwtbdtqypmwl)meallgrmtisyltuted acyl optionally

substnt@ggzzhrl%%ngﬂ o%% oaxr§/'§1 ‘réga%irryl Oéﬁb%a‘;@pstdb%g@ﬁsgf aryl, optionally

substituted etardaoyly bptisnally asbstm&latﬁét)arocy@lml ofXiSRAlly, substituted
O (ORb) OR', sulfanyl (such

a'kO"Ycéég‘@,ﬁd) S”@UY‘f?i% R&%@éhﬁ%‘é _SORa), and 11 WO
20@‘8/ i9 Epoe8nRkth %‘@3%&4 \Ag L0Bsftutsd bfl@mdptb’ﬂé‘ﬂ? s@bstituted

Ra and -SQO2 ere Ra is chosen from

cycloallgﬁ,t pmqlv ssqulwtpgt%l epttgaagy ﬁylpstltgﬁq batarpgryl, and optionally
substltlftégsﬁété E’Ioaﬂlg}f%'ﬁld whepdihonal I'y substituted al kynyl,

optionally substituted aryl, and optionally
sulssibstiyted ali, axvsioalkyl, &yl heteranysioakydnapyl heteroaryl refer

respectg{ﬁ)% ;ﬁ??h{yg éﬁ/\ihﬁl&)}l%&‘i}l HeteldeyRldDityt, SR h&R&6hY1 wherein one or

more (such as up to 5, for example, up to 3) hydrogen atoms are replaced by a
substituent independently chosen from:

-R?, -OR®, optionally substituted amino (including -NR°COR®, -NR°CO,R?,
-NR°CONRPR®, -NR°C(NR°)NR°R®, -NR°C(NCN)NR°R®, and -NR°SO,R?), halo, cyano,
nitro, oxo (as a substitutent for cycloalkyl, heterocycloalkyl, and heteroaryl), optionally
substituted acyl (such as -CORb), optionally substituted alkoxycarbonyl (such as
-CO2R"), aminocarbonyl (such as -CONRPR®), -OCOR?®, -OCO,R?, -OCONR’R®,
-OCONRPR®, -OP(O)(OR®)OR?®, sulfanyl (such as SR), sulfinyl (such as -SOR?), and
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cycl oal kyl, optionally substituted heterocycl oal kyl,
optionally substituted aryl, and optionally

wanlsidess ed heteroaryl; and Rc is i ndependent PgT/CRTI®®M 7235
from hydrogen and optionally substituted C1-C4 al kyl;
or Rb and Rc, and the nitrogen to which they are
attached, forman optionally substituted
het erocycl oal kyl group; and where each optionally
substituted group is unsubstituted or independently

suifonyﬁm 341SO, 1 bRJQBO NRYB Suhsfgch as one, two, or

substituents i ndependent ly selected fromCl-C4
al B is chogen fremepdianally sabglitud C4-Gd alkyl, optionally substituted

alkenyl hﬁéﬁ‘c}g 4 [%b%%ﬁ%lk%mh%%n%¥%%ﬁgﬁég |ar6_lognd&floeglly

substltumddaétkgdarylhal o, -OH, -NH2 -Cl-A4 al kyl - -N(C1-4

:%U }%@fseﬁ' f5 5)(' %r%tn'ﬁﬂ w&é@Q Rﬁ%ﬁém? jonally substituted

cycloamw aﬁptlorﬁéltyfijﬂnmeﬂa%térédybﬁidlﬁyﬂ @ﬁoﬁ;ﬂ?‘ wb@tuﬂﬁbmdr& and

aEleteroc cl oal kyl, or heteroary
option V@'PS'L@M@P@@G&I RW)(Cl c4 aI kyl ), CONH( (31 C4
al lF‘!/ql)silnd %@n y' e aI% BE%M 'a?wg optlonzﬂg ststltuted C-Cs

O (phenyl
alkyl; ot ng(gd anthyqt@gmﬁwmch tt‘@(g/ca;rmattaptrgdkfmrm an optionaily

G A B G 0 PO i v

unsubstitged milﬁlewmlldmitlywobstitutéﬁﬁmﬂlﬁonewm’(@ku% g &ye,) two, or three,

cosn RSB RS ., Sl TSR o o

heteroawllisﬁ-lﬂ‘;tﬁlkyl ACWCy lﬁbalﬁvlal-d)%wiﬁ%wl uoed-C, alky CFhenyl -C1-Cs4
car po ul finyl and sulfonyl are as defined
alky- Oﬁer@?’% ¢ 8%'2’]3%%3‘%'& sﬂ%‘é‘tﬂct]t%ﬁa%m Nt 2NEen-ColH)(C1-Ca
- f R
oo AR 2 e S AL o,
cyano, pitrq,1xo (@sr3 sybstitdtent fantyriogkyl pe&wpnyclpgwémdmteroaryl)

00 LB 7Bl & UL AMRE L EIRN RLEORELE .
-CONHQQMP(@_M&#-@I atiybr yNH@f(@Mphenyl)J\l-wal@a ratbqyl)q(0>3(2q1 Chealkyl),
NG GO BRERIE S Qi A e R 4 B R P (©)C+-C
haloalkm-oc(al)lcy4c42@|ayﬁ, %@z(m eg bgygﬁeg(m?ﬂ Oa%@gccrc., haloalkyl), -
SONHS SIS 7 S AT S IC Gl epOxanen

and Nlasziz(cami HH6ERYB] avd WHeséint uted  heteroaryl; and Rc
i s independent|y chosen from&gl gen and opti onal

suledtirpats gubstiteted gryly pptigpa itpted: glikxyqas B@N‘Feﬁmfnw and
sulfonyVatdad BRfiRkhHGEM. t 0 Which they are bound, form an

[031] The term "substituted amino" also refers to N-oxides of the groups -NHR?,
and NR?R? each as described above. N-oxides can be prepared by treatment of the
corresponding amino group with, for example, hydrogen peroxide or m-
chloroperoxybenzoic acid. The person skilled in the art is familiar with reaction
conditions for carrying out the N-oxidation. . ' .

[032]  The term "aminocarbonyl” refers to the group -CONRPR®, where R® is chosen
from H, optionally substituted C1-Ce alkyl, optionally substituted cycloalkyl, optionally
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optionally substituted 5- to 7-nmenbered
ni trogen-contai ni ng heterocycl oal kyl which optionally

wo paBotesd 1 or 2 additional heteroatons sel ect rAT/USTNT/017235
0O, N, and Sin the heterocycloal kyl ring; where each
substituted group is independently substituted with
one or nore substituents independently selected from
Cl-C4 al kyl, aryl, heteroaryl, aryl-C, -C4 al kyl -,
het eroaryl - C1-C4 al kyl -, Cl1-C4 hal oal kyl, -CCl-C4

substltlﬁﬂsh lete q%[?%‘fkaﬂl 5%&{%{%’("@ %r%l kzh?ﬁ t}@nallg{sékg@fted

heteroaryk ynd( Cl c4  alkyl), - NH( Cl-C4 al kyl), -N(C1-

oy Rdbndepndaly Gy %%gte“x'#r&é‘sﬁ?aﬂ%gﬁ%%%ﬁruted Crcy

alkyl; oheterocycl oal kyl, or heteroaryl) COZH -C(O CI:l o7}

&g\lm alk - o C4 al kyl) CONH( C1-
aI e)nd tog aitrogaa o v which they are bound form an

optuondlﬁ@@@@hﬁﬁal . :t%) C'/:'( M%S%ﬂl r?{rbdéal %Qél%gq‘fe@rwaoalkyl which
ophonallunq;;lgq!eez]l gnyagdpin) pI heterpajoms @leqﬁ%gi &gnkp,,N and S in the

al kyl , -SOZ(Cl C4 al kyl), -S02(phenyl),
heteroc 2 o kyl), - SCRNH2, -SORNH(CL-C4 al kyl),

- S@@Mﬂ@rﬂmty‘al)bstitul@@(o@p-lsdnmp@nQQntlyMletmbdwym) pne or more

oo ARTERE B e L A RIS . o

heterodrghCeie; allayle,yCI.-IG;; Halﬂglkwsoe)my\blkye oGt e&@Iplﬁ‘rﬁfl -C1-C4

alky-OF, SR G o Bl kelilo: At: 1uReicrrCs k- R ANIG GoiallyD(Cr-Ca
alkyl), NS08, M@!)ew(@{-c' %&}l)(em@4ralﬁﬁphén9| VM%C%LCQ aﬁ{thenyl)

aronmati c or exa | uor en or
cyano, itjo, Qm:(alﬁd%gyuesﬂ%w&rf’@a cwdpgtkaywlei %m&wgml% an h@tgroaryl)

-cosz'@‘(@fj é4 fﬁ%/r -%dN@gFEr tigét?f ho‘ﬁémh(ﬁ’f%alkyl),

‘cont mor e fro

-CONHaneN BC(@&)(ICSOE lalkyl)s el H G{O) (pdieiny ) +N(P1SS28 @) GIRB(@{-04 alkyl),

N CT kBRI prefb D g6 G0N e bR, cBh:c.

haloalkgl, 6O (O)C1+C.NgIker, -8TR(OETr k) -8a, kpHeriyily) 95 OB 2 Ca ialoalkyl), -

SONH oSN e MUz SE AN P E b T bl L haDiHSO(PhenyD,

and -NHSOACREC M7I8aRGH. at ring atons are naned as
substituted phenylene radicals. Bivalent radicals

[033] de dePEBMAAFSEE! ent pol yeyclic hydrocarbon
mMb&RRS rbdEySl
Sjr fggenb at omg? rom ? fgf;é’é‘? I "Mgt ofrhﬁyv%&tgﬁﬁ(ﬁebﬁ
valmwcam aystemhsoyhekin @ Ieastmeenng & @a@cwaﬁ’ec aﬂd aromatic, for
exampfeh%agﬂf}{e[lﬁﬁg .‘Pa%ﬂ% HB‘{ r§|ﬂ§ m'ef]f" i Se g., a naphthyl
tricyclic ring systems whereln at Ieast one ring is carbocyclic and aromatic, for

example, fluorene.

[034] For example, aryl includes 6-membered carbocyclic aromatic rings fused to a
5- to 7-membered heterocycloalkyl ring containing 1 or more heteroatoms chosen from
N, O, and S. For such fused, bicyclic ring systems wherein only one of the rings is a
carbocyclic aromatic ring, the point of attachment may be at the carbocyclic aromatic
ring or the heterocycloalkyl ring. Bivalent radicals formed from substituted benzene
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ternmed napht hyl i dene. Aryl, however, does not

enconpass or overlap in any way with heteroaryl,
waepanaced y defi ned bel ow. Hence, if one or noOPET/US2007/017235

carbocyclic aromatic rings is fused with a

het erocycl oal kyl aromatic ring, the resulting ring

systemis heteroaryl, not aryl, as defined herein.

[ 035] "Aralkoxy" refers to the group -0-aral kyl .

Simlarly, "heteroaral koxy" refers to the group

derivativ8s EﬁHQ{é\ﬁﬁé‘ltilfé/ hee \%[Ié‘ﬁéé@’ aﬁqﬁﬁé %fc?mg%rgqh hdd as L{{i)stltuted

"het er oary oxy refers rou et er oar

phenylgngspdicals aBiuglentrratioals d@rnaed &gmj uelwaulerwncdymzhc dnyylrocarbon
d 1
radncal%&%éé rrigzn%% %ﬂ‘agﬁ n%ob ng%ﬁc?%ré% ‘Zly{:‘féd‘p%.rlle%t\é{rﬁ )}%Pn the carbon

atom wijh dhg Ifr\eenyalencqa Iaeey!IaMécyby addinghtlldédeé' to the name of the
t er oar a erstoar ue in. which

[ "
corresnouflEL R Blehrae 5Bl .3 nARUE S¥Epovsh R clits s atfaghment s
termed\na@haﬁylaiémd Al hdw@veE>O|@:atm§I ﬁ@thérlitsdrﬂgﬁssﬁ BF l@OﬁHﬁi@WﬁhY way with
neterodty},sgRRtatol dafiiatbeloat Hlarias franRpr MOreSArbARYRIC aromatic rings
is fusedP Wit 'Refrob@lbaRy Qdﬁ‘i’étﬂ?ﬁb{é theﬂr&@@‘t@g: rjﬁi’%g stem is raeteroaryl, not

trihaloaryl etc. refer to ar st t ut
aryl, as\gefineg hergiml i ty of hal ogens, but not necessarily a

[035] pl_ gﬁfélkct»‘(ys Q{plfélgetostﬁgapﬁﬂ) o&e&a I{}hu§|{mlarl "?)eter?aralkoxy" refers to

uor ophé
the grodp k@t-heteydaraliydSlary oy’ élrecﬁalrsyﬂo “Ceacdnpad Sbsterdarytaxy" refers to the

aromati c, nonocyclic rings containing one
group - Z)Hgng&gé&? exarrple from1l to 4, or in certain

[036] en‘bAdalmhtsferé t@mrésid@ean wisitke ra@ﬁé@nmcﬁé@ﬁg atfached tblthe parent

struoturgi i3 @ SkLAsHbtS, EXRTREE PHES Hasy A FNeRGIOH bV,

phenyldTRt &nd ftRé liR% A MéRroaralyl" refférs tha Fdsidile WWH‘a heteroaryl moiety
enbodi nents, from1l to 3, heteroatons chosen from N,

is aﬁactjed A9 dhespapenistryqiure Wammalky! rﬁSﬂ@J%t&xﬁunal@sngclgdeﬁuranylmethyl
yrldlnﬁﬁ‘l@tl’meﬁﬁ’uﬂncﬁﬁyléﬂﬁﬁ%nﬂﬁﬁenﬁéerOatOm is present in an

Icrin tricyclic heterocycl oal kyl rings
[037] cofiHalageny Qir\'batn" refare, to fllooriog aohloginef boominet or ioljneo Dihaloaryl,

cnaloalfy SRABABIIE EN g BT Bl A )A0A BBty of hlogens,
but not PEEeEISANY & PILraARY of ke sanse halogeni thyusad-@itorbed-figorophenyl is
erein at | east one heteroatomis present

I arhbon and,.
within tﬁ'ﬁ SgﬂP%Pgﬁ’émeaW'ng [039] For exanple, heteroaryl
[038] i ncHamawl'Senbmﬁaggg@er ed heterocycl oal kyl ,
ar% tLe ri HsedtoaS- to 7-menbered cycloalkyl
6 ErmepiieafiaPiaticg mansoysls fnof seBEing e Pl more, for

exampIBefrt@frDWtM |4, Tor g cemalreEmbaarhBhfs, fidny 10863, Hetbfitb@dhosen from

ontai ns one or
N, O, and S, with the remaining ring atoms being carbon;

bicyclic heterocycloalkyl rings containing one or more, for example, from 1 to
4, or in certain embodiments, from 1 to 3, heteroatoms chosen from N, O, and S, with
the remaining ring atoms being carbon and wherein at least one heteroatom is present
in an aromatic ring; and

tricyclic heterocycloalkyl rings contalnlng one or more, for example, from 1 to

5, or in certain embodiments, from 1 to 4, heteroatoms chosen from N, O, and S, with
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nore heteroatons, the point of attachnment nmay be at
either ring. Wien the total nunber of S and O atons
WO noosloeschet er oaryl group exceeds 1, those het ePOBRUSIB7/017235
are not adjacent to one another. In certain
enbodi nents, the total nunber of S and O atons in the
heteroaryl group is not nore than 2. In certain
enbodi nents, the total nunber of S and O atons in the
aromatic heterocycle is not nore than 1. Exanpl es of
t .
P o e oLorf DAy KR T ror i fat]Bhs SR hEfprbBtom is present
inan ammamflygl) 2-pyridyl, 3 pyrl dyl, 4-pyridyl,

[039] s fﬁdr)rnyél T ﬁl\él, EF%%?M % %’tg fﬁe@%rledxwtemcycloalkyl

aromatlcsnmﬁmedwgd a &Xaﬂememyﬂ)eredmy@mﬂlkyi)dr heterocycloalkyl rmg For such

I|n tetrazol t hi enyl ot hi
fused, bEyafk; PERANA b asiEms litiersifFaliaing e SaroRtatrs one or
more hpjerodtsrhsythe point@phtthchrightfldy e at auhérzmhgl WHditthe total

t et rahydroi soqui nol i nyl. Bivalent radicals

numbegaf BVATH 0 Sieranin s hetareaTat gEIP exeradsal sthogadwteroatoms are not
adjacemieEsne afAotter. tr)’bert@i)‘\ érﬁH@Hiﬁller% ﬂi?eetotf%q{tﬁﬂsgr 8 Q'Hnd O atoms in

fromthe atomwth t free val ence are naned
the hetgepany@roupds mot nﬂ@ret ilh\@nr?arfe Qelrta@m@nmctﬂwmmdhegotal number of S
p
and O %@.rﬁnﬁfﬁe %{O?Q%ﬁ &he eﬁ'logycée % H y | % éﬁéel‘? 4 E\t%"%ﬂ%%f heteroaryl
groups m@gdaobummonpumlted t@,v(eslrapnbemd faomy t,hedgnbdagel ;iqdmon assigned

oty 3, A PO ER AN Py LB S b -pvrimii, .
pyrimidinys2 Bt pytradolinylh2, Otnenidézoln‘gﬂ eis@iéaziﬂm@r QJx)azoImyl thiazolinyl,

... substituents, .such N oxi des. [041] By
thladlazcﬂg}VL 9gplgg|tﬁgﬂnyl.. nzditligP r@f nfg{rQnY'nBﬁné?fé%’W
benzmrhidt&ohh?” Mdotingd, tdyridazmyr, tnétdilgl ahmmmgF ?Ieyréiélw 4ndls,6,7,8-

carbon atoms in addition

tetrahy@mwa@mylyBy@p@gtr@glc\alsoqe@y%gﬁm goivplent r@t@roaryl radicals
whose HbHé’sq&'ﬁ?] n?s Yy ﬁ&rm'd?f'ét mﬁgﬁmﬁi ﬁbﬁ'gth%batbﬂ‘?aﬁth the free

one of t eroat
Va|encesaf€t| pamsgl by adpng:"- iﬂﬁmed to tine eavwe bbthecamm)espmrmmg @nivalent

a8y o A PR R MR e teroary

does natsenapmepass booveslaf with2arylyoyedalidiingt heterocycloalkyl, as defined
2,4-imdazolidinyl, 2,3-pyrazolidinyl, 2-piperidyl,
3-piperidyl, 4-piperidyl, and 2,5-piperizinyl.
[040] Mboruhbshitute mtemsymileo MEAAAE9 ﬁhg edrAd subBituied WGth one or

hol i and 15 WD 2008/ 016 PCT/ US2007/ 017235
more O’S'dﬁo(r‘gﬁo?q F”E(mﬁn%‘é?'basRMEF’@Yth% 8%ygen is assi gned
[041] PriBY iHeterboycRdigl isUhetnt Q%ﬁrﬂ;{lggﬁ -%%r'ﬁlé'tlcfr‘lnﬁo usuallg(wnth 3to7

i ncludes, ring systens substit one or “nore

ring atomas;) cafftaingg able@SUZ)cagta@@ﬁt@méﬁm @ddstmwat—ﬁph@f@maipnw
mdepeﬂ\'jéﬁ‘t fij@eleeférdoﬁghi (E%} ElfﬁP arfd r‘ﬁfr%g%r LEWAPAL B8N Ations

di oxo-
compnsmgtaéﬂeagtcmsaokme foaeg@ng netetetonscTbkiring inay ysatmsted or
have ofd'6F fiidte XtbBR%arbon double bonds. Suitable heterocycloalkyl groups

include, for example (as numbered from the linkage position assigned priority 1), 2-

herein

pyrrolidinyl, 2,4-imidazolidinyl, 2,3-pyrazolidinyl, 2-piperidyl, 3-piperidyl, 4-piperidyl, and
2,5-piperizinyl. Morpholinyl groups are also contemplated, including 2-morpholinyl and
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aromatic ring, usually with 3 to 7 ring atons,

contains at |least 2 carbon atons in addition to 1-3
whewsno@bons | ndependent |y sel ect ed from oxygePCT/US2007/017235

sul fur, and nitrogen, as well as conbinations

conprising at | east one of the foregoi ng heteroatomns;

and the other ring, usually with 3 to 7 ring atons,

optional Iy contains 1-3 heteratons independently

sel ected from oxygen, sulfur, and nitrogen and is not

3- morpﬁbwt(hﬁmt{e(?éahhér’éﬁf@fesoxﬁe% igla‘sfsgsﬁéa pREARCHN SaibkhiRited

the same nol ecul ar fornul a t er eoi sonmers" are
heteroqyglﬂ?é'fﬂ alsminciiidesering systerms substiteied with sinener mase oxo (=0) or

oxide (5] 808§Hukhts, %Ql%ﬁeas ?ggﬁgwgﬂeéﬁdeaﬁ%rQFBﬂM N oxide, 1-oxo-1-

St er eol sonmer s Uper I mposa
thiomoipinedjoyl and éabmmuaa}ﬂhlomdrpmohmydture of a pair of

oezy SRRkl AT Bl e b bR 5% o

aromatlcmll'ags,ttﬂlmuysmtreeié 7arieg atcﬂﬁeocm‘-tﬁﬁfsﬁaﬁ least Rauebér atoms in

addltlorhfqa :}h\/\fﬁ{g@ 1313 ni%qpa L m@'gq%;\]d&ré{geﬂoéulfur and nitrogen,
as well SisefHABIMEALAL fdbnhﬁnéiﬁ%@t iéaﬁé@ on@%hé'fﬂ%d&né h\%teroatoms and the
.Cahn-1ngol d-Prel o system Wen a conpound is a

other rigg,y @sualiywith Ghiey 7 fing afpeice oBHeRRl e9niginsedchheleratgms
mdepeﬁ@éWs@léBtébefréﬁeg g?e?{j s*&]fu?'érﬂ?ﬁltt%g%h and it roRthtic.

ounds whose a ut'e configuration I's unknown can
[043] pe "memesiease diffgreny cofnpoundsdhat haverthe saméi metedutar formula.

Sterec 51618 rBlnbRUPS AL o5 0B FRLALRPh A Eranced

space. rEnantmaetsi' ared paireofeteroisudnerstbat aré)adnk’wpsrmnposable mirror

nt ai,n r asy tric.centers and cgn thus,
images Rt ofef R TEnE R bar 5t EERbEhEIES 1.8 rarafiie” mixture. The
term "( S:t)e@QSQ(Qlt@ﬁle%lg‘rwté% ﬁabatm@ ﬁﬁixﬁﬂe @mére@bprbgnateer s of
absol ute stereochem stry resent

" (S
Diaste[SRSRRISEH 416 SIBERSpaers gt rasmt Ie35k g, BsWNEIEric atoms, but
which drémrrﬁlrrdrﬂﬁ\'at@@br&‘ dRHEHMEr. T HB@éluté’ Ef#rﬁ@@:hgn{i’é{gﬁs specified

forms and rmedi ate m xtures. tically act

accordipgyto tha £qMw)-Ingaldriretoa:ReS is¥siane. p\éﬂm agsompouwtd isa pure
enantiotielt fﬁ%@e@q&'{@éﬁ%nryrﬁ%%iﬂ\@lra? Eﬁfb%%olzé’r‘? geﬁ ied by gither R or S.

conventl ona conmpou escr
Resolvéed compapwisavhose ablsnlute d¢onbyerationds unknotwrecare betdesignated (+)

T R L —

polarizéwblighttatathe wWaesiength olthessodius. D]Jﬁe\/‘OeE%ﬁ;bﬂﬂl%ﬁempounds
US2007/ 017235 [044] "Tautoners" are structurall g
descnb&%qrﬁa contain. pRe gL ANOE SR RIRIES peagers and can thus give rise to

enantionflis? BRIstERIonteYs, ahaBtREESieFEbis8MericYoPmERhal 84n be defined, in
i someri zati on and includes prototropic or

terms qf aheghits istereochemistey. asatRloer (R dheirresentinyentign is meant to
|nclude5él'lb§t?éh Bésélﬁ!edisgﬁﬁe‘?scfﬁ%mo%nd Y%cefm@rﬂb&&fe%p b?tl?al ly pure forms and

aut oneri zati on" or taut omer |
mtermadmta miduneise Ontigally |@hV©(Rh angt (B)elisqroetmpam beopl‘epared using

chiral sgr‘i‘%%%g' Jhdlké‘? Pga&grﬂgr or Pésto‘f\;éc} US’ an:to‘?\rv%nﬂoﬂ& t% hﬁlques When the
compounds described herein contain olefinic double bonds or other centers of
geometric asymmetry, and unless specified otherwise, it is intended that the

compounds include both E and Z geometric isomers.
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wi th an adjacent double bond. Were tautonerization is

possible (e.g. in solution), a chemcal equilibrium
wobkomsaweeer s can be reached. An exanpl e of PCT/US2007/017235

tautonerization is keto-enol tautonerization. A

speci fic exanple of keto-enol tautonerization is the

i nterconveri sion of pentane-2, 4-di one and

4- hydr oxypent - 3-en- 2-one tautoners. Another exanple

of tautonerization is phenol -keto tautonerization. A

[044] S petrhhtcﬁné@fmleestrﬁum? '&ﬁ&tln‘éﬁébnt]éﬂéttﬂgﬂdtéﬂ!dn%rt' by

the interconverision of
tautompgizatipm-"JTaylgmegzation) @Tér@ ofognpmmayoofambmmud@slprototroplc or

proton-@ﬂﬁt l‘é‘lﬂ&@l\éﬁ%tl&ﬁ J\:Iﬁfcﬁ"flg g:og\%:y@é?d taaél}b%@i of Sici dnégéé lsrnémstry

aving grou or at m
"Prototmml@tamthme’rMDnb or "pmhdh-shdthtcﬂneazatlém'bmwbhes the migration of a

oroton 3585 HEAHATH{ Ehabach i oBE SR M GPE. BhcBbngier = smoe onc

with antudjaséntcdchﬂ:rlént&elcs WWhéfd tédﬂ@hénhéﬂ@ﬁl@@@%élﬂﬁai (e.g. in solution), a
and tos

é}/ Uﬁ i trobenzensul phonyl ox/K Xy
chemicl] aulbhimhe teemees ﬁ?“&%ﬁeﬁﬁ eflt AD Eiaypleca Jatlismaerization is
keto-erfc tautdmerPatiopD Al SFEAtiE leﬁ tpl(e ofKRERRERH tSuﬁ%ﬁéﬁt&an is the

i ncl udes any and all sol ven di spersion
intercopvgfision &f peatanaracd-diang anghd- fmdrpxm@@ti-&ageame tautomers.

Anothe'r%QEFHSB ?%Lt@ﬁ'?éﬁz%‘tfoﬂqs PleRYi- Qtoat%%% eftDgtidiea SEFF?C example

Suc l'a an agen S for pharnacedut’
of phenglkete tautbaterizationiis the iiterdonverision afieyriatin-4- @m&ppyrldnn-4(1 H)-

one R At GBUHERY BRI o kRS e e atomerc
[045] t he Ideirapgrdupcocatgmss hhpaPous ot atdrathhediill under the reaction

concit LB SEY i i BRES f{]ﬁ%ér%%%lzr%ofﬁﬁ%p@&t.fhapec'f'ed
8untab|ere&un1dna§ dfl@gcmg%auﬁg u@.@s\seéthéﬁn@lelébe%ﬁ%%u%t K&logkhtoms,

it in_organic synt esis, i.e. a group t
mesyloxy R-bitrokenzansshiontexprnginsyeasgaups. SI tes in a

[0a6] MUltHd 1R I;f?-lgagha‘i‘é'me#ﬂﬂaé aB‘?eaéarﬁePhﬁfnip“haJrn{a%%%{:QP

can be car out selectiv on anot rotec
acceptal@amouueei"tleclades anyrancall solwenge oligperaion m@dla ,yeoadings,

arack SRS e 85078, BEYE oA BB BT Bt anc e

like. Thexumx)bfesmm m'lédrla a@dwmwtamdr pharthadéutidallg activesabbianees is well

known ﬁﬁmgpgg %)6%%&61 S%r?yi%en@ 'aflg;%gid%pé aggnﬁﬁupg;ggppatlble

with thepaotives irgdledibait, ity Ss,a\/nefrﬁe tlerappastic €5rRpokitiohe .Qb@h@mplated
resent i ound i s protected 17 WO

supplefheiiiy 855 PerdlesisoRIbaRs s NGPRPTaIaY itd,ige compositions.

[047] pr qﬁr@?édtiﬁ@ g}beﬂlad—tHéelWe'é%ng%&rﬁ\%’*hti%ﬂ‘éﬂgtag%c%?é’&Wlﬂ’ﬁt in organic

oups may simlarly be protected he term
Synthes'ﬁ Heﬁ rﬁaemn hatisplegtivept kiprks eaptor m@faaresatheﬂessn a

multlfur‘i&ﬁ)tnarl &b Sdbw% eéHCmeR%i é@émfgﬁi F‘é‘édb’églrﬁfglén%%%d out selectively

ropertie onpoun €scr |
on ano rmprgﬁested)teantmtecam guch thatibewireop watesiadip be.removed

after thé%e@cﬁ%e%ﬁ@ﬁon tlgl Soﬁl%rl@tg%\%ar%%? of ippgtgcting groups are disclosed, for

example, in T.H. Greene and P. G. M. Wuts, Protective Groups in Organic Synthesis,
Third Edition, John Wiley & Sons, New York (1999). For example, a hydroxy protected

form is where at least one of the hydroxy groups present in a compound is protected
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herein are capable of form ng acid and/ or base salts
by virtue of the presence of am no and/or carboxyl
WQ@r@8[p$6669 groups simlar thereto. Pharnaceutieel/Ug2007/017235
acceptable acid addition salts can be fornmed with
i norgani ¢ acids and organi c acids. |norganic acids
fromwhich salts can be derived include, for exanple,
hydrochl oric acid, hydrobrom c acid, sulfuric acid,
nitric acid, phosphoric acid, and the Iike. Organic
i -ViE
with a SRy protge acet???wﬁai"%wfs@r R dhindE b fegtiRve aidps may
smnlarlp)hajmo:beetedd oxalic acid, maleic acid, malonic acid,

oas] 3 CEHd g5 e B S R sl et the

blolog|¢H3tdmeieéhéwandq:ﬁ’bﬁertlestdifahemhﬁ;@cmm:ﬂde@bnbed herem and, which
tﬁH t ol uenesul frg'nl c. acid H;)tgl ic acid, and the lik

are no earethepvisgdmdssiigble. i seamiapses, ihe Qonapeungs described

herein Bfe tapamie dﬂfbhniﬂ@é@iﬂ%ﬁ/@ﬁga:% 88116 ByRARES of the presence of amino
I norgani ¢ bases from whi salts can be derived

and/or cARQAYEIrIURS exaraPrs, Slatﬂa_r thereto dtharsianguticatinagagptable acid

additioR SIRE IR b& 7 éimuitﬁqu% V(Ebci'd&%d ic 88@@ 5nor]ganic acids
manganese, alum num a e gani Cc ases

from wtmhcﬂaligan:arsbemrlyeddeciudedforrmdaumreIe. hydrochiaripaeid, hydrobromlc

ace, o ABA, SRASALH ¥nBPeh Bt AR, sl o i

salts cmrbeedanveﬁthtmmnfmeexarhﬂbl acetis aeki; lpwgleni‘cﬁacnds glyaolic acid,
cifical such as i.so ‘5%

pyruwct qql%?ﬁ]%# ﬁemadg Ig@nq . dnplogic agif; sy a fumaric acid, tartaric

acid, cihid QélaPbbﬁﬂbh%m@n@inﬁbﬁﬁ@ﬁbianh%déliﬁ FRdEmeraidiihio acid,
phar maceut i cal | accep tabl e base addition salt

ethanesiaul A SR CH O Cats Sy ool e ke hataceutically
acceptﬁ@l@%éﬁ?&ﬂbﬁ%alt@% bd ﬁn’i&? Withsigbyg?%rﬁ? ab crﬁ'}g?nfcoofses

g., a conpou ecte
Inorganin @ases from which salts gsindberderved indliige,doc epamiple, sedium,

potassﬁrjoﬂfrlﬁﬁpé% %}pmyrﬁkﬁ\alcalc?& ?@iﬁdﬁg&:ﬁ&%{ggbﬁﬁcoﬁﬁ%ﬁ manganese,

ar maceu a
aluminwml, Iandttbedrkdaeargamd: lbahﬁs ffanmhrpbwultsoiaererddrareH inelnde, for
*a_conpound of . For nul enconpass i e conpound of
exampleS PR, SRS, CORIBURE B RGR A NS ipgiiding

naturallyf odj&mﬁﬁg GUBRALREE andinesttyclidsaniings! bﬁ§lctlbﬁ 'e8ehanf898%ins, and
he terns "substituted" alkyl, cycloalky

|
the liken SPEFUEFNY SHFR S ISAREPYIITNIS, kSIS, dicthyiamine,
trlethylgﬁr‘@%QWdﬁm arltEE®PRiathineUlth §§ﬁ1é’él‘?\%b\él‘|rﬁ§nts the

expr ess ned, refer respectively to al
pharm%wt@aﬂkﬂccepwﬁ baﬁ@t@ﬂb@ts@awwosqhﬁomamm|ylm, potassium,

sodm%@.&@,ﬁy%ﬁg AagRBEEiIn SURD as up to 5, for exanple, up

rogen atorrB are replaced by a substituent
[049] | ndBpetatentsolvated sefers to amomRaynd (@Rgh,a opnipouad selected from

Formul%ulbasr]id FHP.%ﬂlaaﬂ] &Pa ghré?%%%'eﬂgcali\l ac%%%?éble%%ﬁt%‘?gm) in physical
association with one or more molecules of a pharmaceutically acceptable solvent. it will
be understood that "a compound of Formula I" and "a compound of Formula [I"

. encompass the compound of Formula | and the compound of Formula Il, and solvates
of those compounds, as well as mixtures thereof.

[050] The terms "substituted” alkyl, cycloalkyl, aryl, heterocycloalkyl, and
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- NRCONRbR, -NR bC(NR )NRbR, -NR bC(NCN) NRbRc, and
-NRcSQ2Ra), halo, cyano, nitro, oxo (as a

wanswidess ent for cycl oal kyl, heterocycl oal kyl PCEDNS2007/017235
heteroaryl), optionally substituted acyl (such as
-CORb), optionally substituted al koxycarbonyl (such as
- CO2Rb), am nocarbonyl (such as - CONRbR ), -OCORb,
-OCQ2Ra, -OCONRbR', -OCONRLR , -OP(O (ORh)OR,
sul fanyl (such as SRb), sulfinyl (such as -SCRa), and

rterost U, U8 T B SORAEnbg RIS 0 yioaion

aryl, hetgrocyslaalkyl, samldslua:temanyl wbgreio aineydr, mope (suat &y up to 5, for

exarpy UE0 S HSERRUTARRYE o8 o 8BV BObHuBHE b fiony choser
from: ﬁg?st |ot uted aryl, andsggt |f on?r: Ihy substi tut ed Iy

Subst -ﬁﬁde@p@n@ﬁv Hes Lt %Pmﬁéf %d@&{?ﬁ%ﬁ@ NR°COR”,
-NR°CC5NR"R9| KRPeo( Rm"?lQRakh Y-hﬁ%”@(NGN W@WWS@&KW halo, cyano,

optional |y substituted and opti onal |

nitro, oxau(ast atsubgtituﬁ@mfefpo@wlball@ materqoyclqaueﬁbemréﬁetqmand)sewptlonally

substi S ULDVALBA 2HREp Tl 'gg UL ERA L B PHdth s

-coszmaraaimrbérwl sach apt-CONRPR®), sDOORY, uOﬂDzRa -OCONR®R?,

oconBihE RifatesiaRe: Sifanlieh 5 rsv'ﬁﬁi"a%ﬂ‘é‘é% $OR?, and

sulfonylsﬁbéhldsw@cdzmﬂ AAd 08O, NIR°RSy,e, such as one,

ree, substituents i ndependently sel ect ed from Cl A
where g kyl, aryl, heteroaryl, aryl-Cl-C4 al kyl -

L ROty o s Lol M o RSR pptues

cycloalky @x;stidqally sdb@ltlmtedd}agtel:dﬁmloalm c!ptlmatlylsublsmuted alkenyl,

optionailﬂ%@:s@t% Ey{y}mﬁ/@pﬁngh%%ﬁtg}f%’% %ril,%ﬁ'ﬁ&%auy substituted

heteroaaylky!| phenyl ), cyano, nitro, oxo (as a substitutent

5behean frarp invireas @Rl “ubs5ilEd GreBegiyl. optionally

/
substntd?@& cya%gwmllﬁdhﬂglg(&d@geﬁyymbhlkw ,Gpddrfally @libstituted aryl,

and opﬂw&ﬂm%@#ﬁﬂ)hemmma @ndal kyl ) C(O) (CL- C4 al kyl),

] ng(g)) %ﬁﬁggéﬁiy he"r%ﬁmd) O)y&-géll %’ﬁdﬁﬁ@yﬁ‘%ﬂb 'substituted C1-C4

alkyl; o OC(O) C1- C4 al kyl, - S02(Cl-C4 al kyl), -S02(phenyl),

SRS A 8 b R o S R ooty
substituted hel’tklﬁ@(;ﬁimm ghalmadrid/l ). [051] The term

si% Tk ] eft%rnsa)l y svgqs%ttﬂ{eg “g?%hp _isshsngl%étﬁﬂ%cJ Xr independently
substituted with one or more, such as one, two, or three, substituents independently
selected from C4-C4 alkyl, aryl, heteroaryl, aryl-C4-C4 alkyl-, heteroaryl-C4-C4 alkyl-,
C1-C4 haloalkyl, -OC4-C4 alkyl, -OC4-C, alkylphenyl, -C4-C4 alkyl-OH, -OC4-C4 haloalkyl,
halo, -OH, -NH;, -C1-C4 alkyl-NHa, -N(C4-C, alkyl)(C1-C4 alkyl), -NH(C1-C4 alkyl),
-N(C1-C4 alkyl)(C1-C,4 alkylphenyl), -NH(C-C4 alkylphenyl), cyano, nitro, oxo (as a
substitutent for cycloalky! or heterocycloalkyl), -CO2H, -C(O)OC;-C,4 alkyl, -CON(C4-C4
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(optionally substituted cycloal kyl), -S-(optionally

substituted aryl), -S-(optionally substituted
whetsno@syl ), and -S-(optionally substituted PCT/US2007/017235

het er ocycl oal kyl ). [052] The term"sulfinyl" refers to

the groups: -S(O-H, -S(O-(optionally substituted

al kyl), -S(O-(optionally substituted cycloal kyl),

-S(O-(optionally substituted am no), -

S(O)-(optl onal Iy substituted aryl), -S(O-(optionally

2tk GG TPt SONEIEHZs Mk, 0N ABCERC a5,

-NHC(OXphenyiy |- N(CefCéfalkybC(CﬂHC@Mkyl) ~-8l(Q3)Galkyl)C(O)(phenyl),

000 S BlOGEE Yo e bgn 0001 st
SOL(C+=Cf alkyh( HOLPMnyY), -$®B($I1L$Mhalbaﬂml)no$02NHz -SO-NH(C4-C4 alkyl)

-S0:NFi ey S ESRa 1« NG obeb boage yNHSR(C+-Cs haloallyh,

[051] Sﬁ%temp@mraﬁyl"yeﬁ#@% &ﬁé’b%ﬁtﬂs[ ?ﬁéham} !émbétituted alkyl), -S-

[054] The term "t herapeuti cal i ve anount

(optionals $lelaﬁtltvt§ch%mmikybe&£@tma"v ﬁabstammﬁnd) -8- (optlonally

substit AR IS S (O PRI IR BB SRR AL C.,
[052] mhé'rheatﬁnhw‘lsuri]fewtwraferﬁozmmglilbups B E)-Hbf - Sa(ﬂl)#(optlonally substituted
] T [ Y
aiky), S(ET GRS iR dul  SlFfoei Sl Bsnliven qpino. -
S(0)-(dptionglly sebstitited Beyl)eBgDY)- (@prtd:m9 sobstifited tejt@@aryl),lend -S(0)-
e condition, the particular

.__severit t he di
(°pt'°n€@ﬁ‘ﬁﬂf&’ﬁtﬁut§g B%Fé‘acsfﬁ%ﬁﬁﬁér milal and Formula Il, the

[053] dOSFH%Qtér@Q"sI%nS/p referk @b |tIQéN§?’ouﬁ§ NB(0,)°H, -S(O,)-(optionally
tratio he manner of ‘administration and the

substltwtrafé@lkxd) -Séeszwr@aw subgHiutsd sxécleetl@r)mm)ﬁypmlbﬁr

Ul t
substﬂ&%@éﬁ?@b ﬁ( Igld))/%tr Oﬁbﬁlﬁ&b&?hﬂégﬂ £ %‘%@B) t{»@gcﬁ{aﬁly sUbstituted
heterogrybt eMsS(Qﬂp(npﬁpngllyreubsmutﬂd hdtewrs,ycmaihylb.s t he

(o541 o} Wl Rt ARt R RHERRld amgn) b Yeire i@ SBURE Tefers to
that anfaunt @fiangprhpuendiseledied éom Formiutnt and Hormmilg it thad sssufficient to
AT EOE N T I J T TR AN P

treatmerﬁatrhénhéra iy effete birfo Lt Ma Vahf d6perding Al rewhe subject
Wit h V\B 200 8/%16669 PCT/ US2007/ o?f?z%ge canceprﬁ :

and d'ﬁ%sémt@? beg tsatedotiieweiaht ans; age of e subject. éh‘? ﬁ,gventy of
the dlsggéét:bﬁ&‘meﬁ it BQ&%UI&HC%?:%WS@I@@@‘H ﬁ’brﬁméﬁhﬁla [ &vBFormula 11,

used her e| n, nuscl e Sp asn’ neans an I nvol unt ary
the dosmwmmarbw be f@.llovn%@,.dmmgmfsa,drelrwé@tm ey mannenef

admlnlgﬁ'&iﬁ}? and Qﬁg ikESalt DEUHIEH E4F reacﬂﬁ’/sﬂe{ EH{&H& eng%?ﬁ&{o%%f ordinary

ers o & reduction Pn
skill in thecars m)re rruscl es follow ng surgical procedure.

[055] V\éa'm%assemgfqu to an enzyme that hydrolyzes ATP. ATPases include
proteins comprising molecular motors such as the myosins.

[056] As used herein, "frailty" is é syndrome characterized by meeting three of the
of the following five attributes: unintentional weight loss, muscle weakness, slow
walking speed, exhaustion, and low physical activity.

[057] As used herein, "cachexia" means a metabolic defect often associated with
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generalized (i.e. total body weakness) or localized to
a specific area, side of the body, |I|inb, or nuscle.

W 0B8j189 used herein, "post-traumatic nuscl e MeBKEEOFD17235
refers to a reduction in the strength of one or nore
nmuscles followng a traumati c episode (e.g. bodily
injury). Wakness may be generalized (i.e. total body
weakness) or localized to a specific area, side of
the body, Iinb, or nuscle [061] As used herein,

| fec :
cancer gpﬁt% %ﬁ:éf&é{{eﬁ%ﬁg bﬁj'rﬂ'é %@%_I (Sl?% F}%gﬁ?PeF’é‘tloﬁ 5fsad|pose
tissue ahdsel@etaimmasmesses critical illness polyneuropathy,
pr gl onged, neur opruscul ar qckade, acute opat hy as.
(0581 o i UESE bk, THiecleranadry Ters o Y Pty Contrafion of 2

muscIeDch@wélérﬁgﬂﬂéW@édﬁb crdiyes.r ophi ¢ | ateral SC| er osi's
aut onom ¢ neur opat hy, Charcot - Mari e-

[059] (i1 ASheS hars O oSG PE LIS WRaKapRE JETRIaty & reduction in the
strengtﬂ%fb?%ﬁh%?e el cied ?olloWug%@’ﬂn’g‘{@élYprGSéHﬁ}é 'Wébl%ﬁess may be

EZ%&/)radl cul oneur opat h ositis/ tp myositis,
genera G dotaébpdya/vwnaﬁ,sépr mﬂaha@@é@ 8 sRec amatﬁa iside of the body,
limb, Oln%%gg i es, focal nuscul ar atrophies, henifacial
pasm “her edi tary neuropathi es of t he
[060] Chdxs:osedlfhereanTEpndt-tohwammwla weakhess oreférsdy a reduction in the
Kenned Lanbert . Eaton

strengtgy)pg%ptghér moJe &W%q] @ %96{ %uraat:c FP}ﬁ?d&ne/ aStboé1 Iy injury).

Weakn@@ﬁhﬁyﬂbe @g@ltarzed m&&ﬂq&l Body magm.e_agybolmwﬁze% to a specific area,
.. metabol i ¢ nyopat hi es, metabol i c neuropat hy,
side Ofﬁlﬂﬂ’PPﬂMchnﬁfﬂ?u%r opathy with conduction bl ocks,

[061] V& U@@d %e@élﬁV "feurdfiRis@ise" hE8AS %'n?mlﬁéé% that affects any
neur opat hy of [eprosy, nutritional neuropath

part of fhe nediecapd musdesNeummuseyjar disepse eg'@pam?ﬁsgs critical iliness

t
potmo R gl AN UGS SO 3o s st
inﬂamrpetospdeswaﬁnehag gdlwadlodllorteweaemy, amyoieaphic lateral sclerosis

ral nerv on t
(L), IR e D84, SRS ESHhib o545 8RB Sl FEPRary oo
and seg% mpaﬂdeg c%l‘BNh)c ipflaairatory dgmy@gnaﬂuglpolwaﬂ&uIohneuropathy,
... BM . _hei ght .
dermatpﬂiyosﬂﬁg?wbilo&%@gne NS ggpmg/ %ﬂrlo\é mgﬁ'eﬁdocnne
myopatHi&s F088! mtisEDRr 24 |eé3fhefrﬁ'fadiél| éﬁhsn@ﬂﬁ’er%ﬂnt&\@ neuropathies of the
2008/ 016669 PCT/ US2007/ 017235 hypertr oph| c obesity
CharcofiMarigrTopil dispasectypez ichisiembodyimyqsitis, Km%ﬂﬁﬁ?se Lambert-
\V/ u )

Eaton h@ggﬁéﬁgyrzérol\r}?@ "ng?g’?ﬁwﬁé@?@' gég Fimtllg ggglé‘gkﬁqﬁ@'\enne Becker,
myotonie, fgpmsgapal@cbwnemcetgévmeéawlc mppati)le%tragtatyo icgneuropathy,

mu!tnfo?%lgé??otr?eﬁ:r@agﬂq&\gftﬁ AohbuLAaT bidY k,$q@g8h¥er‘h gflgwlé 9hG8ropathy of

sarcopeni a
FriedreidteAtah, mesropatimpetlepgosy, |rtqtntlormid\eslromt@uhpeﬁbdlerparalyses

prlma%%g a‘f gﬁo%\nst ﬁeﬂlé}?v%tﬁ tc? s &5 | ns%rc sis an‘% ﬁguropathy,
Schwartz-Jampel Syndrome, spinal muscle atrophy, stiff person syndrome, thyroid
disease, traumatic peripheral nerve lesions, vasculitic neuropathy, among others.

[062] As used herein "obesity" means having a body mass index (BMI) greater than
or equal to 30 kg/mz. BMI is defined as weight (kg) divided by height (m?). Obesity
encompasses hyperplastic obesity, an increase in the number of fat cells, and
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i nfection. Sarcopenia may lead to frailty, for
exanple, in the elderly. [064] As used herein,
wO e@sideg9 syndrome” nmeans a conditi on char act er€es200y017235
i nvol untary weight | oss associated with chronic fever
and diarrhea. In sone instances, patients with
wasti ng syndrone | ose 10% of basel i ne body wei ght
within one nonth. [065] Conmpounds of Formula I and
conpounds of Fornula Il also include crystalline and

hypertr@;ﬂﬁxbwws&yf Qﬁ rﬁcr@&sé o 8ite SRBTUREFat d:él@ l@hemeugmﬁs defined as
pseudopol yrmor sol vate

having ﬁﬁ\rflrgfrem Zgngbﬂq/ag kg/ ’Bol%}?ﬁﬁ'tpﬂ%s i iszr&?#a than or'equal to 30
kg/m ,?é‘gya‘ié@ta%ﬂ/e SABLRVERS K&'ﬁbrtﬂ@* YHBERNE: défﬂ%@ﬁ@%@ﬁlwgreater than
orns of the conpounds as ‘m xtures thereof
or qualitsd’wé@émb’mne form" "pol ynorph, " and "novel fornt rmy
S C " H
[063] [ n(:L\Tlé \gsde h??egﬁykgt%? F|§l$h)'%é¥an agn{)hr ||o orlén%ﬁﬁ#ustc&rgass’ quality,
and strengtho @ften smbpénml,s éttrrbutexdlmqn lagenr;g)lbjams plss,associated with HIV

infectiolo SORGRRAE (g S 1y BF SRS B ST el

[064] pO'AéT@ééﬂlﬁerelﬁn'dN@éfﬁngWofr@’ fheaRs awdrdition chatattedzed by

involuniagy aiaiht P8 aes@ciaien MOGT eR G EVT 3B Elerbea; AR nstances.

patnent@%th‘%ﬁsﬁﬁﬁ sYhdidn®s! Idse 1@%W§é3ln@fbdw Welght Rmthln one month.
unds of " Formul a 11, and all har naceut’| cal
[065) acggcpn

REHEdS 6f rormwa band copmn it fFeranyka |h§l§@dﬂ§l§ld@
crystall qwagﬁd Qim%r? ;?BHHQ &% 1 BERES an:mﬁi inf §or example,

rmaceu acceptabl e saPt che

polymomptms qesealdapiohyaoardhsx sslvam&’aMgatesandsolnatetdeWmorphs (including
enbodi ne

anhydrhSSY, FaMERar A BRETRP EhE BTATBRO B BT R Lie g pounds. as

well as&ﬁ&ﬁﬂé@hh@rébﬂ T(Sryslzlﬂh@forhh'e"pbcﬁymrpnhemdcaiovehfortry may be used
"chem cal entities" als

interchSRGrARlY AT Ea Y AlE AL MEMIEA BRatallies andgmorphous forms of
the corﬁﬁdﬁﬁéﬁhcm QSPéxaﬁ{p@ riEymoRsH, rps?ébdbﬁélynﬁ&@ﬁ]s solvates,

arnaceuti cal ly acceptable sal ts" include, but are

hyd ratesomspme{t@@ polymaiphs (ingluding rm\’rgaﬁat@swqﬁor@@mn%lgoolymorphs
and anﬂ%ﬁPBPQ T e?s AR SR RAbured tﬂggl?]ctghpf\%g 4 ﬁéﬂkﬁ%\/@ﬁallme or

Inate, nitrate,
amorplm:swrtrslsvnefdafradn@rganl c acid, such as nmalate, 22 WD

[066] tg;{%%%gc%‘?%ngg%ﬁﬁ&?%’ St %%ﬁ\oém gefcfe &, d o%@o% of Formula |,

compouris af Eoumiudan i and @il pmirnﬁnmmbﬁmat:eeptable forms thereof.

2- hydr xyeth fonat e, benzoate, sali.cylate,. .
PharmasSHicaly Scemhiale 47gar &1 1L EAmRouggsrapied Rofein nclude
pharmér@lﬁﬁcé%%):cef)m%ﬁhﬂ@mat@%meﬁ -dovaierf) dan;élleerCbﬂoidk@gs and

salts i m

arly, pharmaceutical |y accept ab) at i
mixturgs,iheraef. ThEeriaineibod RNt dhe SORBALAS o L??Q in Sre in the
form oﬁﬂhéﬂn%euﬁldéﬂ}/ BiéBbptduid sHIT. H@ﬁc@"fﬁ@"ﬁé#ﬁé "ERERicdl @ntity" and

dition he compound of Formula | or the compound
“"chemigal era,tptmﬁ"ggls;q engompass pharmaceutically acceptable salts, chelates, non-
covalent complexes, prodrugs, and mixtures.
[067] "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,
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obtained as an acid addition salt, the free base can

be obtained by basifying a solution of the acid salt.
weormseieedy, if the product is a free base, anremdsiooom 7235

salt, particularly a pharmaceutically acceptable

addition salt, may be produced by dissolving the free

base in a suitable organic solvent and treating the

solution with an acid, in accordance with

conventi onal procedures for preparlng acid addition

maleatéai’uﬁﬁalfa?é’%mét% EBEBRH@%n{%QOﬁSeta? éfﬂ‘i’ o] ethiSnédifonate, p-

recogni ze various syn ogi es that
toluenesujfobata;ébhydmxygtrmlmﬁbnam Uamoat@.rﬁlmla@e,t $tearate, and alkanoate

suen a SRR AL SACE T bR Ehaie bR TR v o st

Slmllar@nbhbrmaceﬁ@dEally@@UGﬁt&bleMBhsOlnclameplbuﬂa@ nott linaiéed ¢d sodium,
the co unds sel ecf d from Fornul a and Fornula H
potassiy, qale

iyrygard éﬁ‘W@BH‘iB’Bund t hat becomes
[068] 2 qamﬁ% CﬁtheFétSrHBbanh o@fFo@rrWD@Hﬂfé ebmpaiuid! ¢f Bdrmula Il is

when admi ni'stered to a patient, g) upon netabolic
P

obtaingst as 8936ig asiditianesalt.dhe ligee B%mﬁae btarl‘tﬁﬂ by basifying a solution
of the adid lsgﬂeCORVéﬁhme%eéHEu{?F 2 aﬁ’ - HrfaddifbAtLR, partlcularly a

enzoat € (Vattves of Tunctiona group
pharmgcautically acaeeptabte additimi sadt, gnaype produced byohmlwclg the free base

i R GR0f RERAN BebuRosd SR 4 sl 58 prgnee v

converltbaatpmaﬁdmés@mr m‘fepaangmunﬂ)additlbo saltsefrain base ad;mpvmnds Those

skilled rbfiys it iy Efdrizs, vaiabs AUl rRateRp PR SRty e used to

preparé oL &id ﬂ%ﬁﬁa@&@ﬂﬂ?%@e@%l@éﬂﬂh@h daMsecul e wher ein
coval ent bond is not fornmed _between the conp

[069] ancA% RetarhRReVe: rodageisRipl WikihiheR6ere R eaﬁ"tml (gntities, for
exampfé1 g‘%@bﬁ’éﬂl&@ﬂem%s' Wtﬁé%%di‘é!é’lb@ﬂﬁﬁfr@ﬁﬂﬂbﬁﬁula I and

ctrostatic I nteractions also cal I oni C
Formuladnth ey Yerm Ovadragieinchides any ¢wpagedtthat @emaswocompound of

FormufgC d+r°$%8n?qoﬁﬂr?$f°ﬂ:rrﬁﬁ‘l‘a' 1} Yon oy efdhmscter%actu Qgia‘f@nt €.g,, lpon

tarn enbodi ments, agent
metabeﬁcx:pmmessuhgi‘ef\meg)ronhtg rE)(mnplesajf plbdtugsylnc[L@EB}Juﬂam not limited

rm"ther eut| JV chem
to, acelglf| [aiaBotroates ks caryeBras obhincRbab sf Brsicn as
alcohoﬂ&paﬁﬁn@bf@ms)\m thmmtp&iuntdy &!Ied&ted frémaFdromea 1eind Formula I,
(0] rea seas

[070] theT'&%é"?ﬁm Creipteiretapito dhe, smwwt&f%rﬂg%euﬁhe coordination of

a com;%{frfd fd 8hetd? idd 86w (SH rﬁ@?@%cﬁﬁtsd' sorder responsive
osin activation. The therapeutically effective

[071] amﬂ] tenay "ib@n-&gaeietrﬁ|Cﬁ§apl%&'pr9ferﬁéﬁttae|qheml§?' ertififpened by the
lnterac}%n %?Saaélérﬁgoﬁhe%d Qﬁﬁhﬁ'ﬁ?ﬁﬁéb@l@ Wheldi? a&tRBI&R bond is not formed

eoretica cal cul atlng
betwee‘m tm/ad:nnalouhdtqnd tr[eomﬂecsye @rgﬁxampmmmmemn campccur

througA SaRA& NG TS i8R CHBAL, AvardhBh!burdify, dhPERidbstd¥ interactions

(also called ionic bonding).

[072] The term "active agent" is used to indicate a chemical entity which has
biological activity. In certain embodiments, an "active agent" is a compound having
pharmaceutical utility.

[073] The term "therapeutically effective amount” of a chemical entity means an
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in a standard paranetric test of statistica

significance such as Student's T-test, where p <
wWQ@208/01466¥5] "Patient" refers to an ani nal, surtT/as20a7/017235

manmal , for exanple a human, that has been or will be

t he object of treatnent, observation or experinent.

The nethods described herein can be useful in both

human t herapy and veterinary applications. In sone

enbodi nents, the patient is a mammal, and in sone

amoun?gﬂggﬁ\;? r?M'T‘ezn EH%.R@Eér%Btt?'ashw% ?érp ?\g ) égﬁ‘érﬁefg treat a

i
dlseasep).a& gerd therapeht:chllygaffeécapvemmnent miay behandinseastesuffitient to treat a

diseas Br giAIE esadsiia 14,78 pal Sy lPoc ibe thefpeifiRg iy Sgptive
amounﬁhfaﬁ,sbe @@céh@u{é@/ merm@ﬁtanf/ for ierbfAfle wras‘s@rymg Blagdor
relievi ng t he | Sease causli

concer&@épgsgf, the terpical ety 99%0(5%%‘35“3/[ Yf?l%gm gioavailability.
[074] (I’)lfer%*( gug?’gleam"% 'rﬁéﬁntrﬁ'fyedéteb%tﬁe %Héﬂ@é thé‘t ie r&a@étnc%ﬂfl Bignificant

osin, skeletal actin,
in a standasd PReaMetric t@lféitattsftlégbmgnlﬁgang@ élushaas Stuﬂmﬁsﬂ' -test, where p
<p.pos5skeletal troponin T, and skeletal muscle, including
fragnents and i sof or s thereof, as well as the
[075] skéIPeatleht"smfensnteram aslraaldsuetmasca miamokinad, for exapymis a hwman, that

he pr. n t ne, che enti
nas bebd SR 2E e, Siind! ot drSflert SoFfERLER rpeliinent, The methoas
descnb@ﬁolsemmcanw asefal i b@thtmﬁnab?.l&é@yténd beteti‘mmﬁpupﬁhcatxons In
e an e an increase in activ
some ?’BBP@WP‘?’%& E}B%P%‘i‘e’& i§&cmeguaal, ﬁ"é’c'f‘ﬁﬂ"f‘? e(“'?ﬂﬁ"metﬂt%ﬁ)"‘e patient is
humanand may be due to the direct interaction of the
conmpound w th osin or the sarconere, or due to the
[076] in?’%ﬁ%@@%’h"@ﬂ' trepting' omMesns ANy reatrentaf adiseaserina patient,
mcludnf@aors that in turn effect one or nore of skeletal
skeletal actin, skeletal troponyosin, skeletal
(a) t r qenentigy the diseaske, thafperdausing thekelinicall synpioors of the disease
an I | nuscle, including fragnents and i soforns
S'P& °eetva'°z% WD 2008/ 016669 PCT/ US2007/ 017235 wel |
(b) as :hhbltﬂi@tr&idiseaeeponere [078] Provided is at |east

cheni cal osen fr 0 ds o Forrrul I

(©) anc OO OPATSIng e ARISPPMeRt SRR SYBlomsa

(d) >=Felielhghhdl diéedde, that is, causing the regression of clinical symptoms.
[077] As used herein, "modulation” refers to a change in one or more of skeletal
myosin, skeletal actin, skeletal tropomyosin, skeletal troponin C, skeletal troponin |,
skeletal troponin T, and skeletal muscle, including fragments and isoforms thereof, as
well as the skeletal sarcomere as a direct or indirect response to the presence of at
least one chemical entity described herein, relative to the activity of the myosin or
sarcomere in the absence of the compound. The change may be an increase in activity
(potentiation) or a decrease in activity (inhibition), and may be due to the direct
interaction of the compound with myosin or the sarcomere, or due to the interaction of
the compound with one or more other factors that in turn effect one or more of skeletal
myosin, skeletal actin, skeletal tropomyosin, skeletal troponin C, skeletal troponin |,
skeletal troponin T, and skeletal muscle, including fragments and isoforms thereof, as
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R2 R2 Formula | Formula Il and pharmaceutically
acceptable salts thereof, wherein Ry and R4 are
wo naspesseent | y sel ected from hydrogen, hal o, hpdros3o07/017235
optionally substituted acyl, optionally substituted
al kyl, optionally substituted am no, optionally
substituted al kenyl, optionally substituted al kynyl,
optionally substituted cycloalkyl, optionally
substituted heteroaryl, optionally substituted al koxy,
' tut ed am nocarbonyl, sul fonyl,
well asgr% Fg%@k%%aﬁ%%% carboxy, optionally substituted
[078] al RmyldedbsnayIleasirudxecqimfmn;caaedtlﬂyrchdsenairdmrcrmhbuamdﬁéf Formula |
d s tfi_k ether with any intervening atons,
an CO'T'BPHFQ I c?zﬁmH g system sel ected from optionally
substituted fused aryl, optionally substituted fused
heteroaryl, optionally substituted fused cycl|oal kyl,

and oBkiON N S tltut ed fuseBshet cl Hal kyl ;
and R2 is J|s sel ect romoptlonallis\btlt ed
al kyl, optjlonal sttt ed cycl gal kyl| op ong) | y

subst i , tionally sub he elroaryl
and optionally suab)%t ituted heterocycloal kyl; -\ pr ovi ded
that R, is not hex-1%enyl; and further provi dBa t hat
the conpoungagrmdf@inul a | or the conp@enchutd HHFor nul a
Il is not (S)-6-bronp-1 -(1-phenylethyl)-1
H i mi dazo[ 4, 5- b] pyrazi n- 2( 3H) - one; 156trimsthy|-
and phé’hhﬁééiﬁ?éﬂll? a'i:c i&ﬂlé%‘aﬂs@ﬁé”r@bf QRRereln et hyl -

H i m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;
6- Brore &(menn@emgryl sejected from hydrogen, halo, hydroxy,

e T e
optionally isubatitbed aﬂceJ]yﬂxwpiinnally cBBstited atkynyl, optionally substituted
cycloallg)lli( ﬁ#@%&é@%?&k%@iﬁtﬁ{ﬂl@pﬁﬂgglh{ ?)%ﬁﬁtﬁi?ds%%gxy' optionally
substltlﬂég@ihlmﬁbam?rm éuﬂftﬁﬁdl @I.llfedyf salfiryhtdarbexy, )Optiondally substituted
substi t ut owe tiona S ut :
alkoxycIBPBAI RO CYBPP: BRAIT J1e AlSTATYPaRs A EURy, tokefa Togsther with any
mterveﬂﬁb'élﬁﬁﬁ Yoﬁ# ké%*sééltrﬁ?@ s;@érﬁf&qéétbﬂéﬂdﬁw opt[dﬁ%(ﬂll substituted fused

di ments, is selected f

aryl, OPFf@f‘éﬂlbWEF@&FWFUS%?WWI ontlewallv sabﬁwtedaﬂtﬁqdoqwoalkyl and
optionsSbefAgh UL ol DyaBiipeshiy Sucsy! b s prer!
sulfa istisisetectad rfr@nanotlgpalhowstgtumwk gptidnally substituted
cycloali&ﬁ,t Sﬁf?&H&IIyoél!ltg@ﬂtuted aryl, optionally substituted heteroaryl, and optionally
substituted heterocycloalkyl;
provided that
R4 is not hex-1-enyl; and further provided that
the compound of Formula | or the compound of Formula Il is not
(S)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1,5,6-trimethyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-methyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-(3-nitrobenzyl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;
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[081] In sone enbodinents, R2 is selected from
1- (R) - phenyl ethyl, 1-(S)- phenyl ethyl, benzyl,
wa@2@sniask9 4- heptyl, 4-met hyl - 1- nor phol i nopent BOF/RS3007/017235
i sobutyl, cyclohexyl, cyclopropyl, sec-butyl,
tert-butyl, isopropyl, 1-hydroxybutan-2-yl,
tetrahydro- 2H pyran-4-yl, 1-nethoxybutan-2-yl,
1-am nobut an-2-yl, and 1-norpholinobutan-2-yl. [082]
In sone enbodlnents Rl is selected from hydrogen,

hal ; bat avl .
opr WA PyrmBIRT & dithefR B i o Wiy Rz apty-gnes or
pyr1a@:0|bg|hd|n-4>-gl)+11ﬁ+a:|n|@azn[m)§t-?]lpytmh-éd(md)+phe optionally

w71 31 5 SRl JEEK 8o AR AT B gd tower aor,

opt:ona{||99s31bshmté@ BycRENA| oRtitrally BLbsEtuted emiad, E\herapnonany substituted
ydr ogen hal'o, acyl, optionally substituted Iower

heterocaaci@a'kv di al kyl ami no, am no substituted with an al kyl
[080] grQH%oWeMBJﬂlﬁlen% %‘P:S@B?éfl@dffﬁgﬂ" %{locycloalkyl cycloalkyl, lower

ami nocar bonyl , al koXycarbon é
alkyl, apgtlowenplkyl substitutad,wih qmlpaaﬁyyupsmptedm enyl, hydroxy, optionally

subst U} SRanD S psfRhdP B aRu BB Lt

ona ower al Kox
heteroe)@lqaﬂmll onal Iy substituted | ower aI kyl). [084] In sone

[081] ngdﬁi}ﬂ%een tei’\tp%ment? Ct e ?(cbf?@rprq{é?{ @g Wn)?]lea'\yl g )fé)

phenylsthk thenzyk -pahtyd, 4-pepsa, odgyﬁetﬁyﬂoﬂamwhadnm?éhtalmw |sobuty|
stitute r a

cvcloh%emkﬁvc'%n{epvbwépf)ﬁrat{el;?eréﬁsgﬂ4 lﬁapwsﬂlholvﬁvﬁm%l %85\1' tetrahydro-

2H- pyrbﬁ-@ﬁmq -PeheslyBRRAS-2- )R11la?n§%bﬁt?érﬁﬂ )fl ré’ﬁﬂ hyﬂbﬂﬂ‘%hnobutan 2-yl.
acyl, alkenyl, | ower “al ko

O
[082] d| aln@qrawembocamams é&bt&ﬁ‘fﬂ%@t@d fwmrhyahogelkymalgr agyl. optionally

substt 10y SN SRR RTATKE, PRGBS pyrazon
optlona/uytdutischlmtedaalkqmyl oigrogilyi sustituted laﬂsynytl wptibriadiyesubstituted lower

al kyl al | owe al kyl substituted wth
alkoxy,hacn éﬁa%@]’ 'I"Y %‘@iﬁ%’t‘é‘ﬁgﬂw&éﬁ KQ/I) is selected from
[083] hydnagene htilsdaimerits ORPis éélé@tbd fron?l&yéﬁ)géﬁ&‘\élbﬁﬁﬁﬁ optionally

substltgﬁégnge(r)%Z#yipcézgqylat{)rfnfwh%gm|g9 |tuQ¢£%t&§ Eiyll]é;g).lp and with a
group éR3dan H8h a6Vl| anfthdBrbByhAMhkexy éék@oﬁ?t Rid SufsTyilt sptrRmally

with up to three fluoro g rou In sone

substityteglgeiragalys ontipnady §éb§&ftué%d faﬂmv ymt'@@@Hy sgbgtityited alkynyl,
optlonagﬂfl éUt%;t/IthbH%ﬂrer a yénd eSrDSb ig aIW QWétitu{eﬁongﬂlkyl)

'am no, 1so prope

[084] prdp@MEﬁmb(yﬂlms,ZRyls s@en@d @prrwwpgenehw@xycyl alkenyl,

AR A3t 88 i DOSEE) iARS i hor s,

-S-(optindlly sybistitutet|lgwes alikyt)i tavtadalhylkghd MNeeal}dyl substituted with halo.
optlonally sub tit

[
10851 g o ere Soaa ey B iy re G T dsBBRD Hrtey 2oy atkenyi
alkynyl$ IﬂWén aldoryl diakyaminod aﬁﬁhd; snbkiitutedi pathi dniaidg!l group and with a

group chosen from acyl, aminocarbonyl, alkoxycarbonyl, and sulfonyl, pyrazolyl

-

substituted with lower alkyl, -S-(optionally substituted lower alkyl), lower alkyl, and lower
alkyl substituted with halo.

[086] In some embodiments, R4 is selected from hydrogen, bromo, chloro, fluoro,

26



al koxycarbonyl. [089] In sone enbodi nents, R4 is

sel ected from hydrogen, halo, acyl, optionally
wanswidess ed | ower al kyl, | ower al kenyl, opti opet/U§2007/017235

substituted cycloal kyl, optionally substituted

am nocar bonyl, sulfanyl, optionally substituted am no,

and optionally substituted | ower al koxycarbonyl .

[090] In sone enbodinents, R4 is selected from

hydrogen, hal o, acyl, |ower alkyl, |ower alkenyl,

| ’ . ot .

et OB Ry R SRR ey et

methylsaifaoul, dimethylaming ansel methyd stibstitubsdinitheup tdttoee fluoro groups.
ch f r etyl. t et hyl i nyl

tos7] ¢ P imet etBLOmey s sRBiel) frof Mistconfrt Bramgyshioro. uoro

methyl,r&bbﬂ%h@b{:m}'ﬂgfr.apyﬂ, dghé@mﬂhgggsdbiuté@ﬁﬁl, (Z)-sropen-1-y), (E)-

odi nent s, i rogen n sone
propen 1ol BIAREY 2214k S RIV TR oot TRtEHsuigny!, and
trifluorontdtRylveni ng atonms, forma fused ring system sel ected

fromoptionally substituted fused aryl, optionally .

[088] ¢, fusema abodiagnisy Hsdasriactedifrem pydweasn, fialo, acyl, optionally

i ' u LRa! O4hi ;
subst APl 8BRS AARAER lonth i Bhu B ot
aminocaghanyh gulfanyk apdionally substitnies gming. addoptionallseulestituted
alkoxyc‘é 'erent s, RA and R are taken together to forma

enzo group. [096] In sonme enbodi ments, the conpound

[089] of IFsomel emboidimehtss &) i$ sefacted {roin hydrogen, halo, acyl, optionally

substit@%@f%”e?%éﬁ}é'wg iovg%[ BREhY M optidh Sl Y dstRue ORI SLRAZ Shilanaily
substituted e?ﬂu?camwly),-sgnf@h?% @p&ibﬁ@%ag@t{[;ihtgtéﬂ G, arhogopilianauy

. - 0] - 0- e oxXyl m dazo , O- razl n- 2Z- 0l ;
S”bS“tL%%‘_g %’%’o&%%%’é@"wbw US2007/ 017235 1 - _{1_, 1
[090] - diiBbM erfbBRIABALY, Ryds ¥eRicid Hrofl RQrBYaH, $atd by 18er alkyl,

yrazin-2-ol; 6-(1 H1,2,

lower aﬁtef'vli- sysioalky, gptianady sybskisiisd prinacedonyb suifspylaand-lower
alkoxycafonyi.

1- (et'hyl propyl)-6-(trifluoromethyl)imdazo[ 4, 5-b] pyraz
[091] i nipsame emmbp@im@ts] R, is selected from hydrogen, bromo, chloro, fluoro,

- PRk N 4=y ) oropyl | =6-et hynvl im.dazol 4 3-b
acetyl, r&%@ﬁ %’I aﬁlrﬁlyl, &y'@%ﬁ%ﬁ;f) B ?ﬁ,p)yk}hyég?rg}éﬁow,( %l{rheéﬁ{llca?baéow,
methylsutfapyl, pna-ragthoxycarborgl.azo[ 4, 5- e] pyr azi n- 6-

yllethynyl } . imidazo[4, .5-b razin-2-o |;

(092} 7. 1’8?9%1%7%"5’95}{8%?: ?%t'ﬁ;t‘b’ F9SN-) i i dazo[ 4,
[093] S- M symZémbéddithents, R, and R4, taken together with any intervening atoms,

6- et hyl - 1- (tet hyl propyl )i m dazo[ 4, 5- _Pyra2| n-2-ol;
form a fused yingRystam gelypge%tr%wﬁﬁ Mypupstituted fused aryl, optionally
substitutbd FisEF &) Goarkyl, RHEPSHENG Isubstituted fused heterocycloalkyl.

[094] In some embodiments, R4 and R, are taken together to form an optionally

substituted benzo group.

[095] In some embodiments, Rs and Ry are taken together to form a benzo group.

[096] In some embodiments, the compound of Formula | is chosen from
1-((1R)-1-methyl-2-morpholin-4-ylethyl)-6-bromoimidazo[4,5-b]pyrazin-2-ol;
1-(ethylpropyl)-6-ethynylimidazo[4,5-b]pyrazin-2-oli;
1-(ethylpropyl)-6-methoxyimidazo[4,5-b]pyrazin-2-ol;
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(E)-1-cycl ohexyl -6- (prop-1-enyl)-1
H i m dazo[ 4, 5- b] pyr azi n- 2-ol ;
wQ B)oshigygz!| opr opyl - 6- (prop-1-enyl)-1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;
(E)-1-isopropyl-6-(prop-1-enyl)-1 Himdazol 4,
5- b] pyrazi n-2-ol ;
(E)-6-(prop-1-enyl)-1-(tetrahydro-2H pyran-4-yl)-1
H i m dazo[ 4, 5- b] pyrazi n-2- ol;
( R-(B1 (dm'tdﬂyylt-ZHanrpbo( -4pylethylebbrbnoimidazol[4,5-b]pyrazin-2-ol;

|(+ Fé ?ﬁg-glﬁg@étr% bp éﬁﬁfylﬁrlghya'rgip?zgm 5-b]pyrazin-2-ol;

H1 (@tdgwgb;léylﬁﬁbdnﬁrmmmﬁymmaaiw -Sbipyeazini2-ol;
phol

m i1 BazbmoaofﬂﬂlWé&mﬁt@l)efopylkﬁ)&thvwlma;o[ﬂ( §-blpyrazin-2-ol;
g@gg'drﬁﬂﬁg@?ngzhﬂprzépyl)a he/dro%ylmldazom ,5-e]pyrazin-6-
Yﬂqﬂﬂww}"@!dﬂaoﬂﬁ -blpyrazia2oplt, 5- b] pyr azi n- 2- ol ;
g Ees ophmicpgpls 5 Hlpyasin 2;0t
(ﬁ-eﬂhém»‘(eﬁhhlpmpﬂ)'!h‘i*dﬂmﬂéﬁd@]@yﬁamﬂ'@yobzl n-6-yl) (4-
g Rab b0 B tonPri-RAV ST g Sl et 2-o;
yI((EOmchh?ﬁﬁl)e;rmMnmw)(ﬁ)qrha}dzm SXylp¥razin-2-ol;
- (Laphenyl e - . )
H(#afpﬂsoz Sphiaitopran heasy iyt imgerel frbieyrazin 2ol
yl (EYet-RapRosyl-6-prop- 1feﬁyghﬁ4‘¥rhﬁ¥éw[4 5lblpyrazin-2-ol;
H 1 m dazo[ 4, razin
(@@T@rppei mnvl) %(uqrrahve@zahwaaml)nummazpm blpyrazin-2-
(Pl -(1-phenyl ethyl)-6-(piperidin-1-ylmethyl)-1
Hlmdazo[45b] yrazin-2-ol; (9-1
((R)pﬁrémrﬁt@lttyda))-fl-(ﬁtl mhmyletl]yl) -1H-imidazo[4,5-b]pyrazin-2- ol

H W—‘ﬂ-@ﬁ@[ﬂé ﬁ-}gﬂ | éf‘(&?yr%ﬂtgq%l—yl) 4R indidazo[4,5-b}pyrazin-2-of;

B mymeamilineButan-2-yh81 M@ 2948 B bfifrazin-2-ol;

Cx%yg'%o‘(i)’z‘% r(yT"é‘Prmﬁ'lfgmﬁpﬁ(QHa,ﬁfga/yzi)l[izgrrgd%chr%p}pyrazm-z ol;
Y$b%ﬁ\@nﬂgﬁfvpheﬁ'@)etﬂylbmN—Wﬁwa,’so(ﬂsm]pmhm-hydl) 1

H-|mdazo zi ne-6-carbonjtril
M@l’rﬂ@x&*ﬂ(@%h%‘ﬂg}%@ﬁﬂ[? Srb]pyrazin-2-ol;
by [ -B-vI)(4-
svz(éﬁ%&rrg) -1 ﬁ%ﬁéﬁggg@ ﬂ;} m&é%[dﬁs blpyrazin-6-yl)(4
Hmﬁim@?ﬂaan’oﬂ plymhc’m?r@ car boxyl ic acid;

I—li)srﬁgg;z{)g{ @3((% - ij ’ISE/) el 4‘FI( &b@gfcﬂ‘)i USSBWr%zﬁlw -6-

( S_)!)(_?nckrpbotiug)mbmnahbjnle_ 1 ( 1 phenyl ethyl)-1

'{lg)ép()&?l%}? r‘égy%?%%éﬁ@'?ﬂﬁ/q% vﬁﬁﬁ?ﬁ@%gﬁjpyrazin-&yl)(piperidin-1 -

- (Wyrmpbtiadatalyl ) -1 H- i mi dazol 4, 5-
(8)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-o};
(S)-1-(1-phenylethyl)-1H-imidazo[4,5-b]quinoxalin-2-of;
(S)-1-(1-phenylethyl)-6-(piperidin-1-ylmethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(8)-1-(1-phenylethyl)-6-propyl-1H-imidazo[4,5-b]pyrazin-2-ol;
(S)-1-(1-phenylethyl)-6-vinyl-1H-imidazo[4,5-b]pyrazin-2-ol;
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b] pyrazin-2-ol; (S)-6-((di nethylam no)nmethyl)-1
-(1-phenylethyl)-1 Himdazo[ 4, 5- b] pyrazi n-2- ol;

WO 3)08®14689 hydr oxypr opan-2-yl)-1 -(1- phenyl et hyPQF/1S2007/017235
H i m dazo[ 4, 5- b] pyrazin-2-ol; (S)-6-(2-nethyl prop-1
-enyl)-1 -(1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyr azi n- 2-ol ;

(S)-6-(nethylsulfonyl)-1 -(1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;
( IB)B~(2vhtytndxyhrl -¢) -phehiigth@i Heinhiglh o4, 5-b]pyrazin-6-yl)ethanone;

H&T@@ﬁ%ﬂ%@-ﬂ %ﬁ{iﬂ%ﬁﬁ H‘nbiﬁ@mﬁém‘,jra;ine-6-carbonitrile

Ziﬁ Aoyt ‘]-I@We% et )-QH-lmldazo[4 5-b)pyrazine-6-carboxamide;
brorm 1- droa{ﬁg/ ut an-

|Sf)n?da¥<é,l[04<y51 ‘]-Wneg)yl vi)-4 H—lmlggy_om Srbdpiyazine-6-carboxylic acid;
@l‘ﬂxﬂ/mkw‘ﬁﬂ'ﬂeﬁwﬂ I‘I)-(11[f)henye Shy([)) kH Imidazo[4,5- -bJpyrazine-6-

azo[ 4,5-b] pyrazi'n-2-o
(qarhox@mm nopropan-2-yl)-1

TR RO Bk B Sy MR ssppyrazine -
(S:)arBebamnirle 1-sec-butyl -1 _
#“ rﬁﬂgﬁﬁé@%’% 545 Frmsti- @%ipgiﬁcrﬁ/i%tﬁ?ﬁ?ﬁ%}’%fdlazotzt.s-
ﬁrgzy;q:lqu]exyl 1 (1- phenyl et hyI ) Himi dazo[ 4
ra2| n- (t 51 _he g 2)
E‘BPQ”‘B’J%PHW)HH h¥')z1oﬁ1-pl@g)yl%w Ihijr=imi z04.5-bipyrazin-2-
phenyl ethyl)-1 Himdazo[4, 5-Db]pyrazin-2-ol;
(SZ - hexyl - 1-(1 phenyl et hyl ) -
thﬁjé%bydr@cy@mmmﬁm-z (dkpher(s@ﬂwl)r‘dwmdazom 5-b]pyrazin-2-ol;

o' QLI ARGNOE - (L8] thimidazols sobloyrazin-2-ol;
I?:I-(Sﬁﬁiﬁnetlﬁlﬁdlfr}lm)lﬁa-lz(ﬁ-:pt?%r!ylethylﬁ-_fi)-!—gmdlagb[4 5 -b]pyrazin-2-ol;
@-@@r@m&w@zw St~ B-ro5858 S hiewszin-2-ol

135800 RIliAdPRethyl)-1-(1-phenylethyl)-1H- lmldazo45bp razin-2-ol;
N, N- di eth | - 2- hydro§<yp1 (}1 E!oy)nyl eth [ Py

Sr}‘red 'ZQT[‘Q' bhydrasbans2-i mﬁaa%A 5)b]pyrazm-2 of;
5()8)1% BF‘J}%&SLT-%? ISPy, nébl(itjahpi@l)ﬂ ﬁ-tquazak 5-b]pyrazin-2-ol;

H i m dazo[ 4, 5- b] pyr azi ne- 6- carboxam d

( g%a-mrqmophém@mmllyowqp@n@-.ym gﬁyqrydqzom 5-blpyrazin-2-ol;
H

Sds?)éj?!?gf ﬁényl et F"‘WE“ pro'da.zLole ﬁ];_))irazm -2-ol,

I—I-GShﬁihml’fm bsbtibutez1 H-ididdzo[4,5- b]pyrazun-z ol;

H_SQS? g‘f‘%‘?ﬁé’é&%‘ﬁ%ﬁ(i?}\ﬁ@ egmf‘)(hemma;_o[lt 5-blpyrazin-2-ol;

( 4)S)B-tpeloheryl3ty 1 phenyletiop)-1Heimyidazd[4,5-bpyrazin-2-ol;
AT ey iidnzel4 5-blpyrazin-2-of
HQS‘}lﬁiéﬂ'ﬁ{I‘ﬁ -6r-pheyietiy)- 2Hohiidazo[4,5-b]pyrazin-2-ol;
(S)-6-hexyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol;
(S)-6-isobutyl-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(S)-6-methoxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-o};
(S)-methyl 2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazine-6-
carboxylate;
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(Z2)-1-cyciopropyl -6-(prop-1-enyl)-1
H i m dazo[ 4, 5- b] pyr azi n- 2-ol ;
wQ Z)osdidesopr opyl - 6- (prop-1-enyl)-1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;
(2)-6-(prop-1-enyl)-1-(tetrahydro-2H pyran-4-yl)-1
H i m dazo[ 4, 5-b]pyrazin-2- ol;
1- (1- am nobut an- 2-yi)-6-brono-1
H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;

1-(8)- NFNGl@hyl@hyﬂﬁﬁy%-xil-)phbnylethyl) 1H-imidazo[4,5-b]pyrazine-6-

H i m dazo[ 4, 5- b] pyr azi n- 2- ol

1-9BPARMAS- 1- (pentan-3-yl)-1 Himidazo[ 4,

5- - it ;
g A Sl A el PF Nl Plnirafolg S-lpyrazine-6-

H-qatP@¥a®Ide;5- b] pyr azi ne- 2, 6-di ol ; 1 (pentan-3-yl)-1

H'(?Ttg t anLéhéngila@M\)r@ic@ldfm %n%—1 H-imidazo[4,5-b]pyrazin-2-ol;
H-(ShZ a8 f phenié byl e-(prop- bienyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
h(&;ﬁéggﬁi%gby S¢$ gé gﬁé%QIéWI))‘i -imidazo[4,5-b]pyrazin-2-ol;
1-(Zpen(pemtanyd-yh-&-(gropi1-eayl imyihzd[4,5-blpyrazin-2-ol;

1- (gihggfc %ﬁﬁgﬁ{i{r{:ﬁﬂﬁnxn IH- -imidazo[4,5-b]pyrazin-2-ol;

H-( Zﬁfl‘idé\m&ﬁro?yhblf)(ﬂréﬁhnergyIPHH -inidBEEaYS-bio\RaSie2-bl;

H Lm dazol 4, razin
1-(&)drisRRRgRYI6- Phlrﬁf\bﬁ)vd)H imidazo[4,5-b]pyrazin-2-ol;

'i" g?/"gj ?%éy? gl})plﬁgéﬁbﬁi{ﬁr O%H Pyran-4-y))-1 (I)-t Ifudazo[4,5 -b]pyrazin-2-
Q)] pyrazin-2-ol; 1-isopropyl - 6b(mst hyi t hdl 0)-1 Him
&)
E]P'%az O?QL?‘{S?%%?’@MP 3/‘2‘5 {’ﬂd?ﬁrﬂ(i’gﬁ’ % H’% 4 0?2:’ i}
0 n‘b(1 -Pagrphbtinobutanhy-gt)oky-irhidazo[4,5- b]pyrazm-z-ol

5. %g@%\yéﬁ%(y; A b%lﬁ%g[\/é-y% ‘iIH}{m) é)azo?g %—g]p?/?azm 5-yl)ethanone;

H-1-(petanlsty gﬂﬁmwwd}u %ggmﬂmt& 1,3-d iol; 30 WO
2008/ 016669 PCT/ US2007/017

2- W'Hﬁ?' -¥ p rgmaz;.o;qlﬁ bjpyrazine-2,6-diol;
H1 (%&ﬁéﬁlsdc g mwiﬂz@%%}aamﬁwﬁ iLopci d;

dr oxy- pent

-m%natéaf?tl-y Ebyqﬁryl-aH—lnadazctérﬁrbmwazmez-ol
PR Sl RN A brain 2o

2 hmrday-S\dymﬁ—ttylﬂuch(rpetwaqumIa)azb[4 5 b]pyrazm-z-ol

razi,ne

BT R IR Sae i SR 2

H-1 bedaweﬁ-br&mb}mnaﬂdamdﬁ @-b]pyrazin-2-ol;

(gtégaﬁp‘%nt a&'}ﬁgg?)n" é—lmldazom 5-blpyrazin-2-of;

5 ‘ﬁbWbp tbﬂo‘) 11-! -imidazo[4,5-b]pyrazin-2-ol;

H i m dazo l I'P ol ;
1-isopropyl-6- (me ylthlo) 1H |m|dazo[4 5-blpyrazin-2-ol;
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-b]pyrazin-1-yl)-1-morpholinobutan-1-
one; . ,
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-b]pyrazin-1-yl)butanoic acid;
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-b]pyrazin-1-yl)propane-1,3-diol;
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6- (met hyl sul finyl)-1-((S)-1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyr azi n- 2-ol ;
WO 2@os®idegd t hi 0) - 1- (pentan-3-yl)-1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;
6- (et hyl t hio)-1-(tetrahydro-2H pyran-4-yl)-1
H i m dazo[ 4, 5-b]pyrazin-2-ol;
6- brono-1- (1- (4- (et hyl sul f onyl ) pi perazi n-1-yl)butan-2 -
-yl')-1 Himdazo[4,5- b]pyrazin-2-ol;
6-Dhedrods-{ -Ipé#tarﬁe:siyjy-ﬂﬂmf @dZd[H 5- N]p}lkéﬁlﬁ@-%é{ﬂbbxﬂrhc acid;

Hr%{"bfaf é%ﬁéggg{a%??gj)ﬂ |)l-1q\|dazo[4 5bb]pyrazlmé—16 c(;grbomtnle

H- - - 23 -5-
5 2br ogm &ﬁ(&n@%@mﬁeﬁ?% t3a¥1l) ~1H- 1rsudazo[4 ,5-blpyrazine-5

H-Gatba¥aBliae;s- b] pyr azi n- 2- ol

6- i"h gﬂ)%[lﬂlrggﬁ pyrwﬁg%}{ly MH-inidazo[4,5-bpyrazine-5-

6 @rbmﬂndéﬁ met hyl - 1- nor phol i nopropan-2-yl)-1

gl:%‘T@%ﬁ%@?l—@kgﬁ{a?\z—h%@ﬁﬁ%@jqazom,5—b]pyrazin-2-ol;

H-3-brolave] 4p entahp3-yhzi H-iiddzo[4,5-blpyrazin-2-of;

R SRR B b A msiagel4 5-blpyrazin-2-of;

6- mesmmwﬂh«sgq Bﬁéméﬂ‘M)“THllﬁﬂda 4 BLSiRAAAAn-2-ol;
yrazin rono cl ohex H-1'm dazo[ 4,
5. @%wﬂwwmpenmawwu-w% Boplpyrazin 2-oi

R o) P RH AL Pl 4 PSR ARRL AR -2 o

Hﬁ-br@a@ol-M-54’fﬂfmthxdsuﬁerzylm|perazun 1-yl)butan-2-yl)-1H-imidazo[4,5-
'5%9% -(pentan-3-yl)-1 Himidazol 4,
5%8 2-0l; 6-ethynyl-1-(pentan-3-yl)-1

I—I-6-ﬁmiaa9141~'.i$4biwﬂ‘iy¢ﬁpera%1ml1 ryl)butan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-
(get hoxy- 1- (pent an-3-yl)-1 Himdazo[ 4,
jpyrazin-2-ol; 6-nethyl-1-(pentan-3-yl)-1
Hﬁm&ﬁéfﬂ% Qdi@ﬂl@l’h&lféﬁhﬂo tﬁbn-zﬁ}l)ml-%ﬁﬂﬁz@ﬂlﬁéﬁﬂ yrazm—z-ol
PCT/ US2007/ 017235 "neth roxy-|-(pentan- g yl)-1
H-§-bremg, b i (methylaniae @M)‘Bb‘x%'gﬁ@[“ reipyrpzin-2-ol;

4-
1S B Aot ikt i 2o
pr byemog -(5 -methyl-1-morpholinopropan-2-yl)-1H-imidazo[4,5-blpyrazin-2-of;

o BBl E ot B B S 0 2 o
1 Q btomo-1-(pentan-3-yl)- 1H -imidazo[4,5-b]pyrazin-2-ol;
BB A SRR piat A B Biloth - o AR T
1-g-Brdmybpt-epylohefyMi Hymlmﬂﬂad-ﬂ}p'@réﬂsw.azu n-2-ol ;

L é,—Fb?%/‘llgg{ -ﬁgélogrop);l 1H- lt f%z\é g tz]lp{/?adz?n—zol

6-bromo-1-isopropyl-1H-imidazo[4,5-b]pyrazin-2-ol;

6-bromo-1-tert-butyl-1H-imidazo[4,5-b]pyrazin-2-ol;
6-cyclopropyl-1-~(pentan-3-yl)-1H-imidazo[4,5-b)pyrazin-2-ol;
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
6-methoxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-o};
6-methyl-1-(pentan-3-yi)-1H-imidazo[4,5-b]pyrazin-2-ol;
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1

- (et hyl propyl )-6-(nethyl et hyl)i m dazo[ 4, 5- b] pyr azi n- 2-
wW@bkqos/ 066660 | oro- | -(ethyl p ropyl)i midazo[ 4P6GF¥D$2007/017235

pyrazi n-2-ol; and

6- (di met hyl am no) - 1- (et hyl propyl )i m dazo[ 4, 5- b] pyrazi n

-2-ol. [097] In sone enbodi nents, the conpound of

Formula Il is chosen fromthe follow ng tautoners of

conmpounds of Fornula I:

( Wememyﬂféx% 1~ (pentine3iylp pHoipsida2oM|, 5-blpyrazine-5-carboxylate;

%ﬁéﬁ 411(6(5'Bb é é{’nP}Z‘yﬂw“mlJ;ZOH 5-blpyrazin-1-
n@béfafzn’f& ﬂyéaﬁébﬁgrlafegl'b one;

H-1i (ﬁtaglp@?qylg-%dppﬁ_yqegylnyrgggw-y@ﬁgldazom 5-blpyrazin-2-ol;

6- 1t Hop-yl) -1
ALy e e

1-1-j¢d R)éhn@tpyl}‘l-(ﬁm(olphblm-e—,yhnethyda)bultyl]ﬂfﬁybrym‘loimidazo[4,5-
H-B' % ob4 I 5-b] pyrazi n-2( 3H) - one;

1- (]g%n aﬁ-?qyl )-6-(trifluoromethyl)-1 Himdazol 4,
5-Blathyiropy|R63lhylimiiazo[43%-tlppiazimg ol1

I—Lﬂlfﬁr{gg E‘?&'ggﬁﬁgﬁxlﬁ %é’jﬁlaz%[ﬁes -bipyrazinng@lioxy - |

(‘P@t—!’th?rp'r@pyi}sb (]hethylethyl)lmldazo[at ,5- b]I razin-2-ol;
H i ni dazo[ 4 zin ‘il et hyny )y

( 'awaé‘ gﬁﬂjwlmrqw Bymmzrgrw apdH) - one;
Hﬁfﬁ'ﬂﬁw HROPL bR liadiorts playgep 3 ol

[097] - (pserae em@aqlnmms ithedwnapeyrsl of porraaiani a eirpsemfrpm the
followin tdm%P&F% é@n@?dr&ﬁ%ﬁﬁ%ﬁ%ﬂ% enyl)-1

dazo pyrazin
( ER)—B—b;mhohb((ymtﬁphphmqsprbpaa@w)-ﬂ-l -imidazof4,5-b]pyrazin-2(3H)-
H i mi.dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;
(If)n-el- cycl opropyl -6-(prop-1-enyl)-1

Hﬁ-mrqimwh« énlﬂrpstﬁ)lﬂﬂl M&éﬂo[arsab]p azum(%mf’drfél%%
/ US2007/.017235 nyI) 1

1-
R B dEp i o LB i 6
&@-&%@?gﬂ%&%ﬂ%i}/? éé?frﬁ}h%ﬁlﬁéﬁﬁdya?x ~Zhj1yPyiY %Id‘ai’d[)l 51b]pyrazm-
(@(369-(% hyl thio)-1 -(1- phenyl ethyl)-1
( ng {Béi@éﬂlé yl? @L‘ﬁ-’(—ﬁ 'g)?};%&?lg%-}fg?@ﬁimidazo[4,5—b]pyrazin-2(3H)—one;
I—I-‘ﬁ—(ﬁehiao{%y%]tpﬂuammethw%—bnEiazo[ﬂ‘ﬁ-tﬂpbrazimQﬁH)-one;

- ((k%%oé{?@ﬁ&i 39 ]“@[barfq %‘%{"%ﬁ)zéﬂ)e“" imidazo[4,5-b]pyrazin-2(3H)-

- brono- I - (1-nor phol i nopropan-2-yl)-1

F% &]éqg\?c%hﬁy 5| @fpr%ﬁ%-ﬁyﬂéﬁgﬁj%ldgz% 5-b]pyrazin-6-yl)ethynyl)-1-

H(behdaz8lyh- PHbhia2as5-8{p3rbziAlBE 3H)-one;
6-(dimethylamino)-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-ethyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(E)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo{4,5-b]pyrazin-2(3H)-one;
(E)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
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(R -6-bronp-1 -sec-butyl-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; (S -1
wo ¢dospieny| et hyl ) -1 H i m dazo[ 4, 5- b] pyrazi n- 2( B&#/U81067/017235
(S)-1-(1-phenylethyi)-1
H i m dazo[ 4, 5- b] qui noxal i n-2(3H)-one; (S5)-1
-(1-phenyl ethyi)-6-(piperidin-1-ylnethyl)-1 Him
i dazo[ 4, 5-b] pyrazin-2(3H)- one; (S)-1
- (1- phenyl et hyl ) - 6- (pi peri di ne-1-car bonyl )-1
H-(Et)-'l1dabp(‘6bﬁ-ﬁﬁlmbb&lz-bﬁyl)2l(l-3h|hrd§2©[4 6P)pyrazin-2(3H)-one;

| et'h

H(bn%dﬁfép% -g?w p1y§t§§’pﬁy@r@32.|)-l -Ryffan-4-yisjl Hrimidazo[4,5-b]pyrazin-
eth 6- vi nyl

H-|mdazo y|) r\e/1|2|¥23 - one; -2-0x0-3-(1-p

hdRiA-6a y}thu_a) 11mh|¢ynule@h mHHrmdaao 2%-bipyrasint2(3H)-one;

pg@@ berﬁg‘r’f &13 ﬂkgﬁﬁ{yb% r‘ff—yé) 3H Omhd%zcgtt 5-b]pyrazin-2(3H)-one;
I—I-(Rhé‘dhmjt\d-B(bhwphmhmmhﬂﬂanemybobmmdbzom 5-blpyrazin-2(3H)-one;

R PR bheb s Lo it s-oiyraan 20

( 9neh- ((4 met hyl pi pera2|n 1 yl) nethyl)-1-(lI
5- b] pyr (

(@P‘%\/ % gﬁ%iﬁyﬁs a)fzkg Ryimidazql4. %hmwﬁé'nf%ﬁhone

- [ - ;
R)8- Sﬁ&ﬁbgr %%%}igwaﬁpgﬂ;dla%ﬁ 15]8 aéazm 2(:?1H? one;

H(ébﬂdéﬂz@[‘@nﬂeﬁ]y‘ﬁ)yﬂ zlrmdaaq(zs&bbmazm 2y(3H) one

| L PR R PGt oI aRY Stathidnd, 1 T

P@/)-US{Z‘GDM&DWEM 6-Zptp|eyldm°ré-ylmethyl) 1H-imidazo[4,5-b]pyrazin-2(3H)-
(?) - (4- et hyl pi perazi ne- 1- carbonyl ) -1
TS phenyl et hyl )-1 H i m dazo[ 4, 5- b] pyrazin-2(3H)-one;

($5)8- (1|¥pthletHyﬂ)oﬁ-)(bipe1Idfr(el1Wbmhﬁ)-l'lﬂ-i)mﬂazom 5-b]pyrazin-
gl Z0 5- b] pyrazi n-2(3H) - one;
g)(g%’ hyI t hi 0) - 1- ( 1- phenyl et hyl ) - 1
H(sm1ngphénﬁemWeﬁbﬁgZ{ﬁmme 5- b]pyrazm—2(3H)—one
% nmor phal i ne- 4-carbonyl) phe g/;
H-( wrild zB'['qnﬂeB]Wﬁ%almHHZ(re\d)aZ@H’eS b]pyrazm-Z( H)-one;
( $5)0-65E50H0 bf'ﬁ"@@ﬁ'@l})' 12 g]% p&z&ro@ﬁWmlgéﬂh)s-ﬁ]pyrazme -5-

H'i m dazo[ 4, 5-
carbonitrile;

(S)-2-ox0-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxamide;
(8)-2-ox0-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxylic acid;
(S)-6-((4-methylpiperazin-1-yl)methyl)-1-(1-phenylethyl)-1H-imidazo[4, 5-
blpyrazin-2(3H)-one;
(8)-6-((dimethylamino}methyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
(8)-6-(2-hydroxypropan-2-yl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
(8)-6-(2-methylprop-1-enyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-
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(S)-6-acetyl-1-(l -phenylethyl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one;

W@ J)os@idssonD- 1- ( 1- hydr oxybut an-2-yl)-1 PCT/US2007/017235
H i mi dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;
(S)-6-brono-1-(1-norpholinobutan-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; (S)-6-brono-1
- (1- mor phol i nopropan-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)- one;

(@(3&)13,@0 1-(1-phenylethyl)-1
Him dazo[4 5-b] pyrazi n-2( 3H) - one;
(5()3)@' -mﬁihylpmagu@ﬂ-cgrbonyl) -1- (1-phenylethyl) 1H-imidazo[4,5-

(S B RE a BhY 2% 1 Loy et iyl ) -1
HGS)?@@GEWI@@FM’*M"W@WhﬂhGH -infifpz6l4.§-d]pyrexin-2(3H)-one;
(< é%)%h Eméb;g{}t“o))’t 11 H L egﬁﬂg/glj—l %ﬂ%gg{f 3! Ibrfpyzrga%m) 28315 one;

Hospeiaﬁoiﬁh&nie]-@waazmw)zﬂ%prm'glethy@)ﬂ%m b 3&)15 b]pyrazin-

et hyl) H i m dazo[ 4 b] pyr azi n- one,
(Sél Erfﬂﬁ%y -(1- phenyl ethyl ) -1

(Sg 661@2[6@??“?9%%92;@%’5@?&#@%') -1H-imidazo[4,5-b]pyrazin-2(3H)-

H-?®™.dazo[ 4, 5- b] pyrazi n-2(3H)-one; (S)-6-net hoxy- |

((E)@ 158%H/AME 2(5(‘1 B%_I;lénﬂ'éfﬂﬂ)dgq%ﬁ\nﬁzqm 5-b]pyrazin-2(3H)-one;

pyrazi'n-
2- (@)tﬁ-@rqmophéwydrwbmm-z-sd) hijdimidazof4,5-b]pyrazin-2(3H)-one;

(ST RERNG: Ty PrBspRRaS Glapr 2 il daota Splaymamin-p(aH)-one:

H-dS)}G}bmrhé B-(1-npprphatinoerdpana2-yhxHiAitkd azo[4, 5-b)pyrazin-2(3H)-
(S% N, N-di met hyl - 2- oxo- 3- (1- phenyl et hyl ) - 2, 3- di hydr o-|

rFﬁdazo[4 5- b] pyrazi ne-5-carboxam i de;
( s)'¢- bﬁﬂmﬁl‘r-@'i-@h@n?te(tﬁylphEpmﬁlﬁéEdM),S-E]é’yrdeﬁ(fm)Jone

pyrazi ne- 5-carboxam d

?d@&%aéﬂgg 13@?1 MOWWWM 3 B pyrazin-2(3H)-one;
(%)3)1% lFHéx@n XP(13 én?l'é tlrﬁyﬁi)iago[ﬁ §'EWEQM-12(3H) one;

H-1 m da oxam d

EE(SJ) -G~ Qyﬁnbﬁwle]-lﬁ%pﬁeﬂy(e'ﬁ?yjmHle'm;la;o[ﬂ 5- b]pyrazm-2(3H) one;
(SRS P e R FE 8501 5 ipyragin-2(3H)-one:
5-(3)Bretmyil1- 21( phiznylathyl)- U&lﬁ)!d&c([hﬁsebwamh)z(%) one;

((Z(%-)% E%'q ‘éﬁﬂ F%hﬂ,qgﬁ q[nég(ﬁ@]’g ¥) pyrazm é(@ﬁ) <§)r'|nee

H- (Syial mobiuty! 5t-p1 @Yl%ﬂ?lémﬂx-?rH)-mﬂﬂézo[ﬁt 5- b];:glrazm-2(3H)-one

(Z@-@-p{_’g}\(’he %&.‘b—pia%lg%gﬁ)ﬁyj) 1H-lmldazo[4 5—b]pyra in-2(3H)-one;

( 4)8)Imewrsd Q%)QﬁBL(“lﬁpKéH)%’m%t)@wcﬁhﬂdroJH imidazo[4,5-b]pyrazine-5-
H 1 m dazo 5-b] pyrazi n-2( 3H) - one;
( Zarkoxgaisopy!l - 6- (prop-1-enyl)-1
- (SN A B leth -2 bR LR -Phéhgitayi) 8 3-dihydro-1H-imidazo[4,5-
 b]pyrazine-5-carboxamide:
(8)-N,N-dimethyl-2-oxo-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-
blpyrazine-5-carboxamide;
(S)-N-benzyl-2-oxo-3-(1-phenylethyl)-2,3-dihydro- 1H -imidazo[4,5- b]pyrazme-

5-carboxamide;
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(Z2)-6-(prop-1-enyl)-1-(tetrahydro-2H pyran-4-yl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H)-one;
wa 2§okpagesnobut an- 2-yl ) - 6- brono- 1 PCT/US2007/017235

H i mi dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;

1- (1- nor phol i nobut an-2-yl)-1

H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; 1-(pentan-3-yi)-

Him dazo[ 4, 5- b] pyrazi n-2(3H) -one; 1-(pentan-3-yl)-

H i m dazo[ 4, 5- b] qui noxal i n- 2( 3H) - one;

1- (@pdﬂ\-vmﬂl?l—glrc)x&&(nmﬂenylethyl) 2,3-dihydro-1H-imidazo[4,5-b]pyrazine-
ﬂ%zo 4. 5- b] pyrazi n- 2(3H) - one;

1%83 “&r) 6- (prop-1-ynyl)-1

H-(SyEplazal ﬂhén éwwgﬂm%cf | uofg}r;ggnm )lmldazo[4 ,5-b]pyrazin-2(3H)-one;

3-
m‘ﬁ?fﬂi%amh%umtby 6-{RrOR( BANY brid-imidazo[4,5-blpyrazin-2(3H)-one;
1-deenz gl
SRR S0Py ZER 1L L Phedysiytimidazold 2 plpyragin2(athy-one;
|_|_(.Z[)n1d@g§[tan{3 v @yempﬁrenwm Hamadazo[4 5- b]pyrazm-Z(SH)—one

1- (czz]cl g}ﬁ?ﬁé@ﬁ kﬁ(gi%gy %ngl?g’qjllrgﬂ;?gzom 5-b]pyrazin-2(3H)-one;

1- (Zy-dl-mmioptyipyBS((mmyLéﬂfyIp) Hlimidazo[4,5-b]pyrazin-2(3H)-one;

(?21 op?8§£fl’ yZ -2 egg%gnaﬁz-?ﬂylg-)qwmldazo[tt 5-b]pyrazin-2(3H)-one;

H—(IZ op4i-Bnil)-yteghRydio - Fyi@n-4- 1)-1H-imid -
é(g?&.@g mi; ~ og[(b) 2&3 dn%ydro yl)-1H-imidazo[4,5-b]pyrazin
H R34, 5-b] pyrazin-1 -yl ) but anoi ¢ aci d;

2- ﬂ(ﬂahﬁ@ﬁﬁtta%nz-%l)yé-br&ng mhﬂgd q1f4 5- b]ggr%zm-Z(SH)-one

H i m dazo[ 4 b] pyr azi ne-5-c

2- bkbmprp @hm@butanyz—yl)z mmndqz@{zb51b]pyrazm-2(3H)-one

o BRIy s T IR bRE s B HRAND (81h)-Bhre:

H-i-(netant3tyB-1b-mideziofd, 3{dgtliinonalin-233E-ehet - _
%ﬁ%{ﬁ&ﬁ%ﬁérﬁ \élﬁ\ggll grid aia%cf@ 55 bﬁJ}P ¥£| Zi(.D}H%-on -one,
H-1| (péiﬁiﬁ{ﬁ-yﬁ-ﬂgdmﬁbai?-?/ﬁyl?-@%@620[4 5-bJpyrazin-2(3H)-one;

et SV ivarre by Bri-inisazol4 5-iey a6k ene:

PATHSIRANS(B LR ARI0)-1H- lmldazo[4 5. b][oyrazm-Z(BH)-one
6- (et hyl sul finyl)

H- h?ﬂ%ﬁdrﬁ‘@f@nejﬁwraﬁ;am §|-lplpw&zm-2(3H; -one;

6- 1(-%2!32(% '63 %ﬂ'{))}&g\m)ﬁﬂ—}?gﬁgzo# 5-b]pyrazin-2(3H)-one;

6 1(-m|ﬁm0lm‘il-6)(niethybhlpa-l'iyﬂmdable[ayﬁfbjpymgln)-quH)—one

o PR B B Pt R Iey e 20286 -2

oﬁ-brdﬂtmfﬁ daaq Z—cﬁhydrbpwamdazb{tg B)bpypedziv-1byIpatahoic acid;

31 9%? ln(e "gﬁ"&?ﬂg; rg-rzr'% gﬁt\@iﬁ E‘Et&ﬁl‘%‘ag—o{i 5 blpytazine-5- -carboxylic

6d¢td}no 1- (1- (di net hyl am i no) butan-2-yl)-1

Hzl-gr;(g-%z(%[entan %]-ﬁ)/ [2a3 Idlnhydro-l_l)l--l—imidazo[4,5-b]pyrazine—‘j-carbcmitrile;
5-(methylthio)-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;
5-acetyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
5-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
S-ethyl-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;
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one; 6-brono-1 -(1-(nethylam no)butan-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one;
WO 2son@ed - (1, 3- di hydr oxypropan-2-yl)-1 PCT/US2007/017235
H i mi dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;
6- br ono- 1- ( 1- met hoxybut an-2-yl ) -1
H i m dazo[ 4, 5- b] pyrazi n-2(3H) -one; 6-brono-1
- (1- nmor phol i no- 1- oxobut an-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)- one;
6- &(mﬁmwslﬁlﬂnWﬂUS)-Jl mrnn@tlhynommmz%{zy B}blbyrazin-2(3H)-one;

HElb F’bgﬁ‘\g‘n’@ %?HZ# Mgtﬁ%")"ldPZO[‘i 5-b]pyrazin-2(3H)-one;

H-8-(fne 1 ardL - -
I b%mﬁﬁlp%)gn{eﬂaegu@ 1 2?L§V9an041-§d) 1H-imidazo[4,5-b]pyrazin-2(3H)

HAM dazol[ 4, 5- b] pyr azi n 2(3H) one; 6-brono-1

(é-SHn%BYP' &P;% éﬁge‘eﬂ\zléﬂﬁé‘ryﬂghpéra%d ﬁ”ﬂ%ﬁ -2y} 1H-imidazold,5-

| pyrazi
I—l—b]ﬂVWﬂb?@lﬁ)-bppyram n- 2( 3H) - one;

El-élJ % azg)-{ E’Y gjl gﬁ%@%ﬁi?#azw'_Dy_l)gHéa,m-Z-yl)-1 H-imidazo[4,5-b]pyrazin-
6-2(Bblwrk;i sopropyl -1
Héoggq%é]—{ ?LZ? %ﬁy\a nilnofb(u%gP\Q-yb ‘1H-imidazo[4,5-b]pyrazin-2(3H)-

H-dﬁé dazol[ 4, 5- b] pyrazi n- 2( 3H) - one;
cl oproE I 1- (pent an- 3- yl?3 1 Himdazo[ 4,
%iémm& -fmethiamino)bgtan-Bymy | Haimigazel4/6-plnyrazin-2(3H)-one;

H‘G H}ﬁéi{ ﬁ‘l gpen o@cgbﬂ?%rﬁfuw)o’f‘ﬁumldazom 5-b]pyrazin-2(3H)-one;
éme@o'{-mﬂQihpyylwfan -2yB+)H-tmigtazo[4,5-b]pyrazin-2(3H)-one;

Lcl}’ﬁéé’f—é‘l—%f%gﬁng 13’5%0@%{;%1&@9@ brfidazos, Srylpyrazin-2(3H)-

H-Qﬂﬁ dazo[4 5- b] pyra2| n- 2( 3H) - one; net hyl

2 hydr o-

e o I R, T oL SORRR: VA - mitags14,5-blpyrazin-
ZWSH 9 PCT/ US2007/ 017235 met hyl

ﬁ“ég br onp- 2- 0xo0- 2, 3- d|q¥
H_fi ool Q-mq;pﬁykragqatﬁylj— |m|dazo[4 5-b}pyrazin-2(3H)-one;

I i 1

y %?*rgerﬁbiﬂﬂ@ﬁéﬁ i gt@]%%]g%gazdw 2(3sone:
Hﬁ th!ﬁ@d[ etegaby@makirmaa-4-yaf1urbmdaze[4 5 b]pyraz|n-2(3H) one;

H- | m az 01[229§8B%)§Q§§§ [}hgdgg%[zy ézq;é%%rﬁ% 21’?1@5’?911 het hyl -1

peroH—éy@lproby(—péhtraldaSeMl 5-blpyrazin-2(3H)-one;
AR o A ez S By A 200081 - one:
6-bromo-1-tert-butyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-cyclopropyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-methoxy-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;
6-methyl-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazin-2(3H)-one; '
methyl 2-oxo-1-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxylate;
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(R) - 6- brono- 1- (4- et hyl - 1- nor phol i nopentan-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H)-one;
wa 2qogendean- 3-yl ) - 6-vi nyl -1 PCT/US2007/017235
H i mi dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;
1- (pentan-3-yl)-6-(prop-1l-en-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one;
6-isopropyl -1-(pentan-3-yl)-1 Himdazo[ 4,
5-b] pyrazi n-2(3H)-one; 6-chloro-1-(pentan-3-yl)-1

Hied az - ea-ﬁr@&w@yz@&bre 2(dfhdrortH-imidatol4 B-b]pyrazin-1-
i met hyl am no)_- 1- ( entan3y|) 1

wlbbntdaalepzlaensjbw%baxw [B%:3H) - one. [098] The
Cﬂ'ﬂ%@%;ﬂb ES?BWt;féHtaﬁ-@UyIP-Q @Gﬂﬁ@r@ﬁd—l-ﬂhl&é&b@dS b]pyrazine-5-

(e "“available from
Chalhqxam)ael on or the autormtl c nam ng feature of

%‘?‘6‘8?@‘(’*’7%%%‘5 escr%‘ﬁé 2 Fig&@rg?g? ‘@S%ﬁzp P?%tb]ﬁyrazme-s_

coanmxad‘nde'I\I-N I { }-OH /\\ N Ni.e., the compound
di F I R1
- aetia tpdiaa TGeRAT 2 BLRRBERGE S ptovrzin-2H)-
(&nb) - 1- (1 phenyl ethyl)-6-(prop-1-enyl)-1Hi mi d azo
b k d:
r\ﬁrbromqa]% Rk 4 i it e IR R G 035

i (8- Q &AE-@) 1 HMiaIdazBl4, 5 -
(gﬁ Igf%rgg}l&qn@ Mmﬁgﬁggﬂl@@eﬁand %% is H, ng% be]pyrazm

nﬁ(@d)@ﬂ%l (pentan-3-yl)-6-(prop-1-enyl)-1

B Rl i Sy

( e -@pentaniSi-yij hgmempleen-Phy i &i-inidazof4, %]pyrazln-2(3H)-one;

chemePEp e apst By Hh R G SR aAE 2 e

CeLetopd-H oqg)en@énaeﬁy—n Hoiesld e fays- b];fwazmuﬁ@h-l)eone rand

compound: e.c ou
o Rme AR HpeTen )RR o P e p g e ore.
[098] Pgﬁ%ﬁ&&}ﬁ oufBe d?‘Fdrﬁnmb | ean d%meedand numbered (e.g., using
( 1-phenyl et hyl) - 6- ( prop- 1- eny Inz
NamExpert™ available from Chemmnovatlon or the auto atlc naming feature of

ChemDraw Ultra version 10.0 from Cambridge Soft Corporation) as described below.

o

i.e., the compound according to Formula | where Ry is (E)-propen-1yl, Rz is (S)-sec-
phenethyl, and R, is H, can be named (S,E)-1 -(1-phenylethy!)-6-(prop-1-enyl)-1H-
imidazo[4,5-b]pyrazin-2-ol.

[099] Likewise the compound:

N\
L
S~

For example, the compound:
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I m dazo[ 4, 5- b] pyrazi n-2(3H)-one. [0101] Likew se the

conpound: H ~. I NN _O NNi.e., the conpound
waec@sndiony to Fornula 11 where R, is (Z)-propePel/Ugton7/017235

R2 is 3-pentyl, and R4 is H, can be naned

(2)-1-(pentan-3-yl)-6-(prop-l-enyl)-1 Himdazo[ 4, 5-

b] pyrazi n-2(3H)-one. [0102] The chem cal entities

descri bed herein can be synthesized utilizing

techni ques well known in the art, e.g., as illustrated

i.e., the behpwunid dcoatizrgetockoinulbl avhdiear] isqQ@) $rbpaRS!-y| BLGSB-pentyl,

Unl ess ecifi to the coptrary, the reactions
and Rs (54 B8 TREned K2t TubeRiatce vir - (arapo o pmidagnls,5-
blpyrazigener.al |y within a tenperature range from-10 C to 200
C. .. Further, except as enployed in the Exanples or as
[0100] ; Sisilarye thg) semmosmdsraf frarmsita i earsbe mained aoidtiumbered (e.g.,
. i Qa . j. . e O taki I . at
using NATESpRL R 80801 0RO T Rt e AP A5 garure o
ChemDrgiw bitoaversion 301 ® frabv Ganikiridge SeftrCerppeatiard ax desdribéd below.

)urs; reactions left to run overni ght
F°rexa'15‘\'?3eér)’§§§%§¥“p‘é?4‘|"g§ of about 16 38 WD 2008/ 016669

PCT/ US2007/ 017235 hours. ,\I 01e4] The terns "sol vent,"
"organic solvent," and "j niﬂi” | vent" each nean a
sol vent inert under e o o) of the reaction

bei ng described in conj undt i oFr\{ tirrewi th [incl uding,
for exanple, benzene, tol uene\:“i trile,
) tetrahydrofuran ("THF"), dinethylor mam de (" DVF"),

I.e., the campouhdrancomdingytodrermuiia dr wherel By isl{Epropemet i mR) is (S)-sec-

' ther t hanol,, thyl pyrroli ! "
phenetnf, S, RHIECapte raer (SUr el Rty orbpel-ond-1h-
imidazo[doSvbipyrazint S H)abivent s used in the reactions descri bed
0101 hﬁg&i n, artg inert organic solvents. Unless specified to
[ ] ¢ HdkeyisertheycorppeuRdich gram of the limiting reagent,

one cc (or nmL) of solvent congjitutes a volune

equi val ent [0105] Isol ati purification of the
chem cal entities andy ler di/at®s described herein

can be effected, if desired, apy suitable
separation or purification tedure such as, for

. i | i ' L] on,. .
e the SR ARG Ghorfi i AEhBk 9 R SHabBR LR Ragp 3-perty
and Ry is h, denl lay eantdt (fjet-goeatahy3-yh6-goroprhieng!) i 1H-ibid420p6,6-

. ures. Specific illustrations of suitable
b]pyrazng-ggglﬁgppgn and isol ation procedures can be

[0102] The chemical entities described herein can be synthesized utilizing
techniques well known in the art, e.g., as illustrated below with reference to the
Reaction Schemes.

[0103] Unless specified to the contrary, the reactions described herein take place at
atmospheric pressure, generally within a temperature range from -10 °C to 200 °C.
Further, except as employed in the Examples or as otherwise specified, reaction times
and conditions are intended to be approximate, e.g., taking place at about atmospheric
pressure within a.temperature range of about -10 °C to about 110 °C over a period of .
about 1 to about 24 hours; reactions left to run overnight average a period of about 16
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had by reference to the exanpl es herei nbel ow. However,
ot her equival ent separation or isolation procedures
waeamsal®e9 be used. [0106] When desired, the (RyeT/@RZNO7/017235
(S)-isoners may be resolved by nethods known to those
skilled in the art, for exanple by formation of
di astereoi soneric salts or conplexes which may be
separated, for exanple, by crystallization; via
formati on of diastereoi soneric derivatives which may
hours. be separ at ed, for exanpl e, by crystallization,
I|qU|d or qwd chromat ogr aphy; sel ective
[o104] | él'gtg ﬁqgmsofsody@te N erganiespven haaﬂ “inert solvent" each mean a
solvent .ﬁeﬁ a@ﬁﬁe%‘?\‘a nfsJﬁﬁg?Q%PtIJrPgeﬁiéa@@éc‘?lb%'azmwd&?n?t‘?n
ation or re uc separ at
therew:tmr{mclﬂde'lg atodenanmtb fhercepeatdliene acetonitijas tetrahyidiofuran

e, B R, B eyt BB
dlchlororbl@tl'iw'le)hdre’:thyﬂ atgen d'nétharm Jengthgstidohe " N3 pyrldlne and

vent. Alternativel pecific enantioner

the like] S@ﬂ‘?ﬁ‘éﬁpf’éﬁ'e&t% iy, Bergieants yssdg tBstrﬁeat%s described
herein af'@ He‘r‘leorgra‘?\fl’(g 88hvents URAE LS EBScifi éétt@ltﬁ{é t::énﬁ‘ér)i3 %?" &8&IS gram of the

by converting one enantioner to
limiting r&@gﬁﬁhmeccm terai-p phaeivent c9mmaqesmn9hme teneuva ent

[0105] ?g%@?gﬁb'séﬁdzggﬁ@& ek th ancfﬁérﬁ‘igafé’ﬁﬁ}%é@ﬁd i’rﬂggﬂé%rtes described

omer ci al | y av
herein cah thei effedtad nif delsir€d npp eyy (Sitabbeusemaratibh arrpunf@atlba procedure

suon ao Sy TE o 4y TGP, EVB s B hihohoraony, i
layer chidiatoGeashy O Hidb layee chesinatmgrap MEAS A Civlihiitldn bf these

procedu%%%?qiﬁcgﬁﬁﬁfk (;Iﬁlpl_%pgguggtpg s,qgéral\tlli%lgéégsﬂcﬁg ig%@?%@e%urgls can be
had by r[eﬂ#@ﬁ&:e P@ﬁ@é éb(ﬁﬂ'tdlé’s ﬁ’éﬁéiﬁb@lﬁwsﬂlﬁ:@/eh offieReqlivdlen®separation or

onpound of Fornula 101, wherein X is halo, is adde
‘S°|at'°nem°§§‘é'é@§ canalpoe ¥588t 2 to 20 equival ents) of a

[o106] FANREH Hestiach, D 4 [gg s i betEatRBRy frpgrods known

to thoseskilleddp, themrt, Joaekampia by rh)mmaimvef dlasweataommenq'aalts or

complexBls iy sE AR sarSfdnib®, hY s @yzAlf g BRfation of

diasterebisbanaricldeBratjvesd, whichanay betseparafeda fooeyxmaphe, by crystallization,
gas-liquid or liquid chromatography; selective reaction of one enantiomer with an

enantiomer-specific reagent, for example enzymatic oxidation or reduction, followed by
separation of the modified and unmodified enantiomers; or gas-liquid or liquid
chromatography in a chiral environment, for example on a chiral support, such as silica
with a bound chiral ligand or in the presence of a chiral solvent. Alternatively, a specific
enantiomer may be synthesized by asymmetric synthesis using optically active
reagents, substrates, catalysts or solvents, or by converting one enantiomer to the other
by asymmetric transformation.

[0107] Many of the optionally substituted starting compounds and other reactants
are commercially available, e.g., from Aldrich Chemical Company (Milwaukee, WI) or
can be readily prepared by those skilled in the art using commonly employed synthetic
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Formula 102 in a suitable solvent (such as THF) is
added a di-activated carbonyl equivalent such as
wa@arsonek9 di i m dazol e (CDI ), phospgene, or triptDEgma®017235

The product, a conmpound of Fornula 103, is isolated

and optionally purified. REACTION SCHEME 2 N RAXNXN r

ND~ -OHR4 NC\>OH Step 3 (a-e) X NR N 201 R2

104 R2 [0110] Reaction Schene 2 illustrates reactions

for further converting conpounds of Fornmula 201,
methodalbgyein X is a Ieavi ng group, to conpounds of Fornmul a

104 through one Rg gs 3( -e%. I n sonme enbodi nents,
X is halo, for exarrp A CHEME?1] Referring to

NSghene 2, -St 3hQ) conpound Fog,nul
201|i@i aboufte TS‘“'@S,to 15 el\g%l val ents o19£4a Bul o

such_as,(Ph3 & s uc
T NP ol oWifd, o L1 ol &'Bas

as NWP or dio a suitabl d an 'excess R,
(sudRtas about 1.5 to 3204l eqw vaI ents) of03a

; . t 3
100 AR 1 RN ) TR ooy 5t ron
wherein Mis rpalod'wcadd@l anrqome:sfl (sxﬂch;as abbat ZIS?Squmueamnl&) ofsa

I ti titut , ti onal
compould 98y INPRL 1Yt TS el 1t Bl 1936 5 100
over abm&m4@mhhw§ldmbhb AhaRFrORbYY irradiatibs OTAE Ploduct, a

tionall u | e [0112] Referring to Reaction

compougtgﬁé?f‘%r@ul%pgé %('S? atg @GFﬁRﬂ}WG‘e‘HV Pewifigdl a 201 and 40
[0109] W&@ﬂﬁﬂ@i&ﬁ@%ﬁ@ﬂé&@ﬁéh%@éé 8 SBHGHRHPC ﬁé‘é% BB of

bout 4 to equi val ents) of a conpoun
Fo""ulanm a \ﬁﬁéa@esr@b/e%t Ruch asdTHF ks a@dﬁcéasmanélnate(cbcmbonyl

equwaleﬁ§ s%ﬁ’ )as'csaiﬂ&ﬁ\}l‘%ﬂmﬁlﬂgggﬁu@?@ﬁt;ﬁnés%&% \ggtﬁpl?é&ﬁaegfqugme

product, Hw@orppcuudtqf Formudapi@dnds isblafed emideogithallyeneifiedRL i s
sul fanyl, is isolat e% ggﬂ Hgl onal Ly purified. [0113]
ERZRE

Ref erring to Reactio p 3(c), a conpound

of For an excess (such as g oun 1.9 to 2.3
equi val e Its) ovlonpeund—ei—the for 2,
about G¢“1DnN lﬂ) 15 equstepbeabs of (DO a

sui table |Velﬂ2 (such as di oxane) ahd aboutR 2to 3
equi val ents 1of a suitable base (such as ¥H KZCOB) S

[0110] h@ée&ﬂoh@d@hé 2 MOstraled redRBbhs ort Rirther I&6%K/érilnEW.,eompounds of
ound, of Fornula 104 wherein Rl
Formula I[éroql w%ereln )% lsma)l leaving group, to compounds of Formula 104 through one
of Steps 3(a-e). In some embodiments, X is halo, for example, bromo.
[0111] Referring to Reaction Scheme 2, Step 3(a), a compound of Formula 201 and
about 0.05 to 0.15 equivalents of a suitable catalyst such as (PhsP)4Pd in a suitable
solvent such as NMP or dioxane, a suitable base, and an excess (such as about 1.5 to
32 molar equivalents) of a suitable tin reagent such as R1Sn(butyl); is mixed at from
about 0 to about 200°C for about 6 to 48 hours. The product, a compound of Formula
104 wherein R; is selected from optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, and optlonally substituted cycloalkyl, is isolated
and optionally purified. '

[0112] Referring to Reaction Scheme 2, Step 3(b), a compound of Formula 201 and
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sel ected fromoptionally substituted al kyl, optionally

substituted al kenyl, optionally substituted al kynyl,
wan@sopisbonal | y substituted cycl oal kyl, is i sopeat/es2oand 7235

optionally purified. [0114] Referring to Reaction

Schenme 2, Step 3(d), about 2 equival ents of RXCH

where ORX is R, and a suitable solvent (such as NW),

and about 2 equivalents of suitable base (such as

NaH) is added followed by a conmpound of Formula 201.

an exce§'§n$udm &4 "bout 4 tb @é@ﬂvél@n@%%ﬁa @nb@uﬁb‘bﬁthé@@r@wulﬁrNaSRx
our s. e

t t
where B Rindnd & S4ibl SabeRt fsich Ao iNR) foheatBae aput 50 °C to 200
°C over BbOut €6 miARbI 2R bﬂtld}‘néli& with fﬁ QN%\Y d et Fg efrhe Bfiduct, a
ormul a wher el n

product, a conp ound
compouagtqf sesmuja éQBsfthr@tlf@aﬂh as Bultgnyli is isclated audzmmonally purified.

[0113] © é@% qufi‘éra'(:{léaﬁ‘%cr{cegﬁp%] P??ﬁ? éog%ﬂtngo%& Bgﬁgrmula 201, an

excess (euclem gauth . 8do 203 equivalemtg)iof/alcemp)uref oﬁtrmomwm R1B(OH),

about 0. 1 214 S S o PR BT S s 2B o coxane)
and aboati2 ta'3 @quuemymm oph sUREBMR Fakd ?deZRQ(i@OH)t isthedted to about
90 °C fowga ;\éents a sujtable solvent (such _as dioxane and

itQ 24 Rewrsad hapsndusb arrarepaped &f iosmula ABdwvherein Ry is
selected%n%ﬁtﬁj’naﬁ!?%ﬂbsﬁtdt@d a’ﬂ@l h(%tfo?vaﬁ!g%u Qﬁttﬁ%@‘é‘ﬂ@dly aooptlonally

nmpound of ~ For mul rein I's selecte
Subst'tutsatalwu ynd G’Qﬂf’ﬂﬁlﬂ eub%tltugad cyniealisylald isotated @ndweptibnally
purified. al kenyl, optionally substituted al kynyl, and
opti onal | y substituted cycloal kyl, is i sol ated and
[0114] opﬂefenmg to Reaction Schehid @] Step s(xﬁmabout Xtaqualsnts of RyOH

where ORGI4 L RSB, S0 Enf PR AMET pE 208 pgens o

suitable basp ¢sucts adfwa:lﬂ) iseaddeet fillpwakieb P atdopmedling 6£’Fbﬁﬁhfédzo1 The
eptable acid to formthe

e S R ERITESE ok eBECSE S0t 18 S ot G e
some enSddikieis /thelreddfion(i¥ ﬁéﬁietﬂ?ﬁ‘%‘%@? Qb' rﬁﬁflulté(s a<9;57t%91ta"ﬂplvﬁth

acid addition salts of conpounds of For nul
microwayg isadiatienof hediraduet, Bl ccuneowm pbﬁarmyla:a)% m@elmﬁu is

ti i f Se. [ 0119]

optiona ?s?%%ﬁtg%@%éﬂ(&% ?Lﬁsggé} escr |(ﬂ:ﬁéﬂ% &éﬁﬁ'f%gdul ate one or

[0115] nRefepingtaReagtion Babeinme 25 Bidp(e)l a aotmipounskef Eoratula 201, an

IR, nin el gt tr ' ,

excoss (4P A2 S KEL R 828 Yoy i B HHor AR B ar

excess (Suely asrabout IBequivh knis) dﬂwsmt’ébl?mse%gbh aa& (BhﬁCOQ a suitable
S onere re use t,0 bind to,

amount Gt BLPIRIERTPURT S oL Bl 7 ey alanisk arigbId selyeps (soh as

dioxane bhd&v@t@ﬁﬁ ©rhixedacabaliteoo FERMperaties t BBEERFIDOYCTOr about 8 to
decr n osin activij te/ wher eas "potentiate" nmeans

48 hours;and g%@%cg,cgmgp%o Famnuia; 104 wherein R, is selected from

optionally substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl,

and optionally substituted cycloalkyl, is isolated and optionally purified.

[0116] A racemic mixture is optionally placed on a chromatography column and

separated into (R)- and (S)-enantiomers. _ .

[0117] The compounds described herein are optionally contacted with a

pharmaceutically acceptable acid to form the corresponding acid addition salts.
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means to decrease activity. [0120] The chem ca

entities, pharmaceutical conpositions and net hods
walewmsnidsedd herein are used to treat obesity, PCT/US2007/017235

sarcopeni a, wasting syndrone, frailty, cachexia,

nmuscl e spasm post-surgical and post-traumatic nuscle

weakness, neuronuscul ar di sease, and ot her

indications in a mamal . [0121] Methods to identify

the chential entities as binding to a protein or as a

[0118) Mh&mﬁﬁemfcaulp%cbéafama&l&ﬁé@&in@ﬁ'saits%? c%Fnd%&H %F%rmulalor

tivity of a protein are describ for exa

Compouwds of borawa Naremptimally soatarterd snth:atb@se tnpfprmcthe i on

correspd\‘%m%@r‘e%sgaéé5 [0122] For exanple, test conpounds
can be assayed in a highly parallel fashion by using

[0119] mulhe memlcpalarﬁweswqacabed dieréia modpiate dnecirt inere of skeletal

h
i, S8 HA ook B OB Dbl
skeletal Uggphlr?'ﬁ ?ﬁd skeﬁamdngelteﬁmml@dmg ,fra@jiﬂeﬁtEFérffcfll%oﬁ'&% Bfereof, as
0, the wells a e r or fluorescence
well as tie's Z‘&&ﬁ%a\ﬂ%?@"mer?h@"a@é? @S@§$ i m@&&uw@@'tmq{%peﬂemete the
activity théﬁﬁﬁrAs [Usb&3h this SSHIBXE MpRLIERE" &eéd%eelﬂ?érhﬁgréé%ﬁ% Qr

wel| plate format g,;md a 25 pL reaction vol une.
decreas'ﬁ‘,gr WHYAEB Activity ewhareas ientjates rernctaingrase aﬁwtmnd "inhibit"
meanst@)é@c?é%sé @fg,. TG and Hackney D D. (1994) J Biol Chem
269(23): 16493 501) can be used to neasure the rate of
[o1 20] ATHhenghaemical ientitins cpbarmateuticas cairiposhiorspd metbeds bgscribed

neren o3850 181/chF on by, 4dVeof g QRS APl Ra Pl a g,
muscle s]:patsrm pest-surgiyiav and demtatainieticenivusele weaRatss, vtirofi@cular
ound e _assay__can be done in real tinme giving

disease,ﬁ]ré th%t'?g@a PPATPAIDAFENSsi s whi ch i ncreases the
[0121] SIMéﬁiodsttQ idehtify thatdhensdial &RtitRSSAY bindHg @ a Piétein orasa

u can be further tested using skinned nuscle
modulatg gg&erﬁﬁdm olerractersdics ondbiplogizabarkmityyefza protein are described

r 0 t
in, for exgire! @‘%uﬁgteerfthf‘ @ag %2”554‘35’\@? ygmﬁ&%}]u&% ﬁ'é"tugngkg& 10{987,165.
[0122] ul% I exgrepie, taﬁslqoemqmﬂsman Pecmsageddn a highlysparatkel fashion by
using m 3B beeE) A BRPLIHE ML Bifar UMY afoflestng
them in muiptoires. é’rstsayccqmnpamehatstmeladmgﬂweftargétrp&otblﬁ e:a:steplsi &tcﬁmling

eneyme SRS RSB P BTN AS5968 I Sk I Sosorbance

or ﬂuoreskssnmse bedable M&;Ilmf tgermaw ¢an ba rﬁéaél)/l'edﬁﬁ@h bq:ﬂﬁﬁlasrefaﬁ@m
out 0.05 to in certai

K f b
01231 218 Sorie. AR otimsite, JHa oY Ser® S6HPK BIRSS FoRaRhand a 25 L
reaction Wall.g‘hé AWuVﬂeQﬂﬁé@éﬁhc@éﬂé@éWé?enééé%éﬁlgkltergzyﬂr'\:é E@stem

of bod or admnistrati'on to

(Huang TG R Haknen D) (190Ax hBiolGahiZa823): 165 @o3gan be used to
measure’ théd@ite of ATP hydrolysis in each well. As will be appreciated by those in the

art, the assay components are added in buffers and reagents. The incubation periods
can be optimized to give adequate detection signals over the background. The assay

. can be done in real time giving the kinetics of ATP hydrolysis which increases the signal
to noise ratio of the assay.

[0124] The compounds can be further tested using skinned muscle fiber
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woul d be about from 3.5 to 7000 ng per day; in certain
enbodi nents, about from7.0 to 700.0 ng per day, and
w0 nooseLdea® n enbodi ments, about from 10.0 to 10BCDUSH07/017235
per day. The amount of the chemical entity
adm nistered wll, of course, be dependent on the
subj ect and di sease state being treated, the severity
of the affliction, the manner and schedul e of
adm ni stration and the judgnent of the prescribing

preparaﬁbb@lSuéWaséé’;Vs QP@R‘ﬁb\ﬁn in #hé bke ’Sﬁéedééc? ﬁ@ﬂﬁgfétral 0{2@'02) Nature
m ni stration woul f rom about to

Cell B'Obléy83 Ry ShPatept PH@HW&%U@ RQWWQWQ\L on a I i keI y
[0125] doﬁﬁe gﬂ@%c%tﬁl&%%ﬁd?@eﬁ%’rbk n'Grel Qdmm?tgfg%%?'é Hd¥apeutically

ng on compoun ar macokl net
effectiveadm;age,te gtisdosdge Baffwimlhto groddeitteatment $or theedisease states

A A TR T KTk ——
chemical rmitluds nigschibed hetrein, gehteally a,daiiyaidse rﬁ\gbblfmﬂfdﬂdm 0.05 to
100 moRg BRGNSt inthlAl R odi ﬁﬁnﬁ%&?qaqq%qqﬂo to 10.0 mgkg of

body Wél@ﬁtf andsia Weddiy embudigentsTrehidbont 0VeEtd13!d shg/kg of body weight.
tally, or intraocul arly In some enbodi nents, ora

Thus, quradﬁ%méﬁﬁﬁaém toR D rigsReTEONo N Fartais@mbpdiments, the dosage range
would bg%dm‘h‘?% i3Chkd YO@@Qﬁg |o%g |E'$ﬂﬁoﬁlﬂ% g about from 7.0 to
solid, sem-solid ud h aeroso dosage

700.0 mgyper day, andgin CQfEﬂjheimbofélams,e@boqjd‘MBr@ Oltodlﬁll)o& mg per day.
The amﬁﬁﬁtpgfv‘tﬂe%m Pgﬂﬁfg{t r}'nﬁ*ﬁstgﬁe% \(R/g s ﬁcgpééé;%el 4&Genddift on the

i emcal entities ¢
subject andtcbsem state bah'tgpiréatédr theseecrity ol gee éfticion, the manner and

s LSRR d B, PR oA B e

a likely ddwe g fdrwrapédﬂnﬂﬂgﬁﬁtt@ﬂd/o@ld be RS bt 70 to 700 mg per day,
njstration at a redeterm ned rate. In_ cert

wheread il iRlrauFITaLS PHERBHBESN & el doee FAeds wod RS rarn sbout 70 to
700 mq 985 869 daisFRling thalhabdhd phartabBoRAgliR: S(rat | on of a

reci Se dose. he chemcal entities described
[0126] heA@mmlétaﬁtt@ the shemicalenditien slesgribad hereinagan/ge via any of the

accepte@qgn‘éégégﬁgang’ HE%H%BR%F Qé%géﬁhﬁf@%ﬁ/eté‘ mllgﬁbggﬁiéQincluding, but not

nat conventi ona arnaceu
limited toaorallgr $ulai}ngqallgnsubcutahbeublykmtr(asegouslyanﬂiarcds,ally, topically,

transdellgrg%%i&rﬁ%rﬁ%ﬁgﬁg\mﬁﬂgaq%?y%&@?lrrﬁ@guuﬁ%%anm, vaginally, rectally, or

intraocudzrt;e $ic some éntadirgents) ral gepAenterabddrisistratiog Reasedn

01271 ;B RARRaG Al 5sLate sompaF IS bl olc. peppsolid, iauid

and aeréséldtsagef fonei! SUEls aglsid.| Bib¥ets UBSEANES SpSWdErsasiquids,
wetting agents, enulsify |ng agents, solub|I|2|n

SUSPGN%@%@PP&H“B lief creregolsyenthe lised hechemisal entities §6E!I alfa be
admlmsﬁa“rSB ) §usta$r%’d BRcbhirbit§ rel% &b %%n‘?é 'fBﬁ'nQ evﬁb?{fétlﬁé’ 8epot

sor bi tan nonol aur at e, tri et anol a
injections; peMedieALEPAPIES etamsd%rmlt(im@ludIM)elemmnoyt) patches, and

e ko 35RO P B ST Wl B A1 .

certain erobodimgents, the composmons are provided in unit dosage forms suitable for
single administration of a precise dose.
[0128] The chemical entities described herein can be administered either alone or
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certain enbodi nents, about 0.5%to 50% by wei ght of a

chem cal entity. Actual nethods of preparing such
walemagesebor ns are known, or will be apparent, POT/URI®®017235

skilled in this art; for exanple, see Rem ngton's

Phar maceuti cal Sciences, Mack Publishing Conpany,

Easton, Pennsylvania. [0129] In addition, the chem cal

entities described herein can be co-adm ni stered

wi th, and the pharmaceutical conpositions can include,

more typktahtslrlnrﬁiﬂhbﬂnaﬁbn&ﬁﬂﬂé%onv@hﬁéﬁﬁ%iﬁrh@e@@ﬁ%émer excipient or
uvant s, 3nd the |i ke Sui t abl e nedi ci nal  and

the "ke r aital.Jgrtossy starsh; macnasium glgalals. sogiurgmacgharine,

talcum, é@fuﬁ’oé?af sﬁ%ﬁt&bswﬁﬁabsékﬁiu%bgé §§Fa'tlﬂ séi‘r%ls%t fMagnesium
troponyosi n, skeletal troponin C, ef troponin I,

carbonatg @angt the lthedplime\swd ttmjp!s«r@n@@wtlcahggmp@sﬂlqmcamah@ contain

rinor s ORESH AR AT HBEIREb o B DEHERGRL, cmuisivig

agents, srslabdilzurigwagdmist pElatufésringagets safctheniie (eoge(skodlum acetate,

rder I udi ant i e
sodium &6, SSEbdeine HitiedVes, BRI Ay At drigthanplamine acetate,
trlethancﬂzﬁmlné blﬁdté)’aﬂ@ﬂﬁé fike R B et ahf) &6 pe ndlired b, thérﬁtenﬂéaﬁhéde of
as ents nts agai nst post - sur.gi cal .
administgafian. the Biibeaoqmarsiten Wik santis FoRst DOIRE% de £5%: in
certain e‘i'hl%@d’iﬁﬁerﬂgeé‘ﬁéut @3B 5095bY i & cHERfREdI ity Mctual

. Patent Application No.  2005/0197367. [013
methodsgpfi preplasingdktiah desagentatmsi argl kngven peravilideeappagnt, to those

skilled mﬁt?ng‘%ﬁ f&%ﬂé‘?ﬁple Ee Il?ésﬂmg}tc?n g%ﬂélﬁfwa@e’ut/ﬁépéélg'n%s Mack

yl propi on, enterm enzapheta
Publishingd Exompany, eﬁasten, E’ennsgleanlaest r adi oI | evonorgestrel,
di ol vaI erate

1291 " S UG BBOPA o e PLBIT b 8 b Beiisterec

with, andiﬂ'te?phérrﬁdcéﬁﬁcfal @oRfposititrtl €ty HHohIds,t thepn tatficinal @gents
est Oﬁt erone, insulin-derived growt h fact or, huma

pharma%%@ agenisp Agiuvants, Andtheclice Ai@ble meiqlgam gag@harmaceutlcal

agents ﬁélbﬂé PhOHulabe-H b Htloré BF bkélﬂth@n?@Qfﬁ/ Qﬂ@éﬁaﬂ actln skeletai
CT/ US2007/ 017235 inflanmatory drugs, and botulin

tr0pomyp@m gkelptaldigpanin, sm!eetabﬂr@pwmIcsh%letam@pomn T, and skeletal

muscle, Qﬂﬁ\)ﬁﬁpst | gé’% o s%fgeopﬁ‘f%q'fegﬁ"a'nd tl'ke slhel?tal gargomere and
other suﬁ@bledbemnmxtWMS nsefddnpios treatmeing of tlmedfqrarrtenﬁoned

disorderg I"ﬁicg{}% igglg apﬁ-c%?’%@%ggng%?a%ggéf%ggléﬁaﬁé&?%o éﬂg-sﬂ/vasting syndrome
agents, amﬂHﬁaﬂtv@gevp!sspﬁhﬂe:acﬂbmd agEts) énwr&s&abpasni\hgents, agents
890 rovvt h . hornmone secret agg’aues su

against @_éﬁtg dfctsa-tgaanagfécdrqquc > weakhess,an ntl-sneuromuscular

disease 4géits, 330vanasihbldgents asscritfe SR 073.1Parm AfPlication No.
89/07111), GHRP-2 (disclosed in WO 93/04081), NN703

2005/019¥8Q6- Nor di sk), LY444711 (Lilly), MK-677 (Merck),
[0130] C@tﬂfaﬁé additicr Rl médidingi ’a‘ﬁ&%@nar%%%hcé@l%g@ﬂ@ include, for

rel easi n%factor and its anal ogs,
example: orlistat, sibramine, diethylpropion, phentermme benzaphetamine,

phendimetrazine, estrogen, estradiol, ievonorgestrel, norethindrone acetate, estradiol
valerate, ethinyl estradiol, norgestimate, conjugated estrogens, esterified estrogens,
medroxyprogesterone acetate, testosterone, insulin-derived growth factor, human
growth hormone, riluzole, cannabidiol, prednisone, albuterol, non-steroidal anti-
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growm h hornone and its anal ogs and somat onedi ns
including G~1 and | GF-2, al pha- adrenergi c agoni sts,
W@ @R/ 0as6x| oni di ne or serotonin 5-HTD agoni st SPCHUSIN0AB17235
sumatri ptan, agents which inhibit somatostatin or its
rel ease, such as physostigm ne, pyridostigm ne,
par at hyroi d hornone, PTH(1-34), and bi sphosphonates,
such as MK- 217 (al endronate). [0132] Still other
sui tabl e medicinal and pharnmaceutical agents include

lnﬂammﬁﬁw Gﬂ@g\s ancEBbRAhARPIXINn.S€l ective estrogen receptor
| ators, such as tanoxifen or ral oxifene, ot her

[0131] ar@ﬂv@gw table-peglicinalrnd phaENageical agents wcds T Bkbd
dlethylst'ilg% \i‘%ogﬁa( &]-%Iﬁea%lk hahns %}_Qe&é@gms@gﬁfé‘nd&% ﬁeog%ounds

disclosedtinid.S. Patento- 3,239, 1143@93 g ,medapolpgeznpoonds dissigsestin U.S.

patent B 3675 B itk Bond BUARCBERAIS . Ppfeniog 4411 5%

growth hariviond secrethiguguals suuh @@QHRB@&HCBH&IP-&Q&%SGEIMG!S Patent

No. 4 412‘5&9%9;1 1@[{50r %ppﬁ S&W/O&Q%ﬁ%\?\%%&i& Jbﬂ})[,ngﬁ-lRE 5 (disclosed

in WO gamnﬁm)l RNT 0PRSS Nofrdﬁsgg cww1 1b(¢;‘ilﬁ/) 3M?@6?7' QWr@@S

, such as AJ967 keda/ Dai ni ppon
CP424393/E(P9K?0 g @ﬁléﬁa@sg(qvﬂhzf&mortﬁ releaging dacor agdritssaralogs,

growth HSfineeang ﬁg é_}{%éégssgng ?‘5‘%1 ﬁ%gj ne Z[%’l‘dd ﬁg4GF51 4fid 182, alpha-

5,491,134, ase
adrenergistageinists, suck Bs afonjdinesorserotonit5-888 a(gﬂmstynel)lch as

cumat3BhH 8 RN B AR PAE HEILE AR o5 B eSiamine,

alm ne

pyridostgmuke npafafegeic homhone, Py (0i3d ) and pisphdsphanates) ,such as MK-
217 (al sgch s,a thyroid receptor ligand as disclosed in WO
(aleg f‘ﬂ?g WO 99/ 00353, and GB98/ 284425, and anorectic

[0132] agstill Gthet gthtaBR Me¥IRACIRITDRSsmatautica BlgBAts include estrogen,
henyl anol am ne or mazindol. 45 WO 2008/ 016669
testoste&@ﬁ %5%3

EESIRgen 1avepiqr medylatessy Hcl @sitgprexifen or raloxifene,
other an@?& | Réce a | ﬂnﬂ@ﬂé‘i@?@l&dcﬁaés ﬁ%@t&s?mgéa%@ Edward8d). p. et. al,,

es, such as indinavir sulfate saqul navil r,

Bio. Med . JGuemaket., aeépoafwosf (129 and, Hamanny LdiGheet. al J. Med. Chem,,
42, 2101319850 nd ARUILTABHAN I BRUTARR P
levonorgestitehtreedf@4/pspgsiteldnebbetats (MP&) e nedi ci nal and

agent s i.ncl ud antires tiye. agents
t0133 | ISR stabieeRicinal s iarrdfeaitt sBshis bHIGE Sr2
inhibitor§K| sarmnh %Qlthosfeahislcmd (%) @emN@upplfsemeovg ﬂédiM‘aﬁ'DSl 2000,
i nhi bitors, itors, ron ct rece
PPAR g3y atadanists, &P taistohe S adrpei sBonists, such as
AJ9677 (Tbk*edﬁ'?ﬁ%%ﬁ bBhj, tutsvsss (M@rckj lEPg31648 ngi’@r) dthBPbeta 3
'one, pro s anol d - bet a 1dr oxyst eroi
agonlstsd@shgl@p igdJ.S. Patent Nos. 5,541,204, 5,770,615, 5,491,134, 5,776,983
and 5,488,064, a lipase inhibitor, such as orlistat or ATL-862 (Alizyme), a serotonin
(and dopamine) reuptake inhibitor, such as sibutramine, topiramate (Johnson &
Johnson) or axokine (Regeneron), a thyroid receptor beta drug, such as a thyroid
receptor ligand as disclosed in WO 97/21993, WO 99/00353, and GB98/284425, and
anorectic agents, such as dexamphetamine, phentermine, phenylpropanolamine or

mazindol.
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inhibitors and Src kinase inhibitors. [0136] The above

ot her therapeutic agents, when enployed in conbination
wowaos/oidse9 chemi cal entities described herein, POBYSIO7/017235

used, for exanple, in those anbunts indicated in the

Physi ci ans' Desk Reference (PDR) or as otherw se

determ ned by one of ordinary skill in the art.
[0137] In certain enbodi nents, the conpositions wll
take the formof a pill or tablet and thus the

[0134] ctsmpsﬂhter e0itablel med™imdItandPp Ra¥In e ticahagahts Melude HIV and
redient, a diluent such as | actose, sucrose,

AIDS thef i8S iSYFhRRRFINAW, sWfatesaquinavir.saaunadamesylae, donavir,

IamnvudnﬂBQEi%%K/Hmng %ﬁﬁﬁlr%/z?i%ubfn%%orﬁﬂﬁagoné nQQEIt?M@E 8R&ianosine,
starch, gum acacia, polyvinylpyrroli

stavudm@eanmmggesfwaqﬂta@e derivatives or the |i ke In

[0135]) aré’tlﬁ&hgﬁgbg%%%%ﬁ?cuﬁéﬁréﬁdo;gwgﬁ%@eﬁg%gﬁg{ggg K?SE@% L on

antiresorptive agerits; Igd:rymmne daﬂbcemeanmaple%t eiianm?j o gﬁél@bugls elemental
mi nj strabl e

[

calcium geﬁ%%éwp{)%ig@é caéﬁgﬁ%p tl)l(t:%lse&g\%gdngpltors vitronectin
receptorchn'tagbmsm; SrdiSHSUBI mﬁntéﬁdhlstat va&aas -PNeAThS8: Glibitors,

tional har maceuti cal adjuvants in a
'P”f'a"°'tf‘a S‘@g long kP s @mmw 7-hgtr bydroxygiareikdehydrogenase
mhlbltoré}leG%r@kmaQé Wiftbiforset hanol or the like) to forma

| ution or susgensn on. Injectables can be prepared
[0136] | rT hevaheyr piheiithetanauticagends, when iempldysdlincoortination with the
S [ a it

chemicaUAHGES L8R naEnEfBN e 86 B Babitd o Jhodh el
indicated ij thet Pbysiciaine’ Dpsk RefesyeeofPRREoT aalotleamisé eetermined by one

i, such parenteral conpositions is highly
ofordlnagg%‘e(ﬂldgﬁﬁ the specific nature thereof, as well as

[0137] the oectaurvembomfmbhts Qhé@oﬁfﬂosﬁﬁﬁnd Wﬂﬁtakértﬁetfbﬁnréﬂ%\dﬁm or tablet
he subj.ect ver, percentages_of activ

and thusi r%‘HT‘Eﬂ? igp vgll@Pn@%lpOalogg@ylmtrgq)agwq)wggg@ent a diluent such as

f
acose, S0P BIOGRbI LIS, . 000 LESEARTRGS) gy
stearate |5 thq ikeg@rd @ Binder suehl asstaieh, abovacaeacealyaigyinyriaiidine,
oeltin, GAAGIE ALy ey HOTROCH 4ot Shgd BB S fgm. o
powder, prarggie, Faﬂumgususmnmowmeg tlncmspplfanertfarbbaaiec a&egetable oils or
triglyceri ﬁ%ﬂ E'e“ar?c ?)%%Fartég Gfrg gc@felggn gﬁp%(élreal SO be admi nistered to

respiratory t osol or solution for a

[0138] néhqﬂuldmarrrmceuaealw aunrmétralalemwdpbsﬁohs Io@ﬁufdﬁe’ﬁdnﬁ);ﬁle be
' i nati rt c%;rler such

preparedad Hssing, GERR e, 2t kgsfae cheuutaientiy and optional

pharmaq@m&tﬁﬁ@@;waﬁw |nCaO[’lﬁﬁlfdrt(t-,Q;T1 Wawe, saieEtRiueoels dé&l%sbhgﬂ/cerol
rons, . certal n enbodi ment s, Iess t han

glycols, %‘%@fﬁeﬁef the 'dﬁd? FHE & SPILHQR 9 SHSRAPSIEs- yaevt@b!eefa A be
prepared kh' édmﬁéﬁﬁi‘bh'abfbrh&e iRBP S Iiﬁﬁld@élﬂﬂogg @r suspensions, as emulsions,

above-descri bed i nventi on. I'S understoo
orin sollg)fglfmqs §yltahlenf@r wdgsodtioneor susperision in liquid prior to injection. The

percentage of chemical entities contained in such parenteral compositions is highly
dependent on the specific nature thereof, as well as the activity of the chemical entities
and the needs of the subject. However, percentages of active ingredient of 0.01% to
10% in solution are employable, and will be higher if the composition is a solid which
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the true scope of this invention, but rather are
presented for illustrative purposes. Exanple I
weshesss of (S)-6-bronp-1-(1-phenyl ethyl)-1 PCT/US2007/017235
H i m dazo[ 4, 5-b] pyrazin-2-ol NH2 ~NNH2 ni PhBr N XNH
BrrNcNH2 NBr | MAN 180 C Mee L Ph [0141] Step 1:
(S)-6-bronp- N2- (1- phenyl et hyl ) pyrazi ne-2, 3-di am ne. A
thick- walled mcrowave bottle equi pped with a stirbar
was charged with 1.0 equiv of 3, 5-
. ’ Vv . .
Wil be S B0 P ane RRoTE o onBBs IifCertain ebodiments, the
compos i gt With camapdss fram aheut @2 t1o2%8Y taeiactiyeragantvaselution.
[0139] 3OPH.J::ﬂ?nagélﬁ]ir{a?%ﬁhﬂ@s‘i’tior&%fﬁmb%e?ﬁié@)agﬁ%egeQMb%dzﬁer%in may
of silica; as romatography 0 - 0
also be &tit¥nisterzdnethe pespiratedy traet as ah easrosploamebi(6d9Foras nebulizer, or

as a miq%gﬁﬁ%ﬁw%rﬁggw@bgﬁag Zaf@,rgét“;rqr)gfo: ﬁ%q%grveﬁﬁ) ﬂ(r)\ irgéﬁ '_cDa'rrier such
as lacto$&1nh Slthldlcasé /tHe Phrticids cﬁﬂhézﬁha‘im&tipé&orﬁpbéiﬂﬁﬁﬂave
. - (1-phenyl et hyl )-1H i m dazq[ 4, 5-b] pyrazin-2-ol. To a
dlametegsfov\%sgd 8N PlbBBeropeTiN £ertRin Al 5?9@54 I@f_;p(gha@ﬂOmlcrons.
[0140] (Srné IRy eabdipIRE %@@@i&bﬂ&@ﬁfﬂﬁza@&&éﬂ@ R{ANRABT of using the
(1.0 Tl hydr ous (5 ['ume

equiv)“in refluxing an THE vol u
above-deggribed énentionadt isamsierstapddhgt tesei exaraples(tmo) way serve to limit
the true §l68p§§3?'tm§ iROEAIGN ot rafddr HE @?e%‘éjﬂ%g fUP‘I’yIng'ﬂ@e purposes.
stafting material 'was consune approx. 3.6 equrv
total) as judged by TLC (50% Et QAc/ Hexanes). After
conplete reaction, thegn’ xt uh%vvas cooled to room
tenperature and quenche WP careful addition of

Synthesis ok (8)-6rbto M@ U -stie hpidtivgidetimidez o[ 8 -bl pynaxin-2-ol
diluted wth 25 vol une equival ents of Et OAc and
washed with 3 x 7.5 volune equivalents of water and 1
X 7.5 vol une equival ents of kmp',zne. The orgami_c_Nayer

was dried over Mdeous  sodium sul fate, ffi M[ered and
concentrated ||n acuo. _Fl ¥R cifhonaf ogr g hQiyage
MPLC 5% - #p% gf Hexanggs ﬁg@&i ded the title,
conpound (66% as a white solid. LCVB mlz (MeC )Pk
[0141] 318tdp 13¢4)-8-K/drhb:N2(1-phenylethyl)pyrazine-2,3-diamine. A thick-
walled microwave bottle equipped with a stirbar was charged with 1.0 equiv of 3,5-
dibromopyrazin-2-amine and 6.6 equiv of (S)-sec-phenethylamine. The bottle was fitted
with a septum and cap and heated to 180 °C in a microwave for 30 min. The resulting

solution was adsorbed onto 20 g of silica; flash chromatography (10% - 50%
EtOAc/Hexanes) provided the title compound (60%) as an off-white foam. LCMS m/z
(APCI) = 293.0, 295.0 (M+H).

N.__NH, Na-N
T ~
’ I | I >—0H
= excess CDI P
Br~ "N~ "NH - Br~ N N\\
i THF, 67 °C & Ph

Me Ph Me
[0142] Step 2: (S§)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol. To a
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Exanple 1(a) M N Sn(n-Bu)3 N J-- OH Cet O ~CH \- Br
NNNN ,ph Et3N, Dioxane Me )Ph W 80 C Me [0143]

WO J)oshiqer9 hydr oxy-1 - (1-phenylethyl)-1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n-6- yl)ethanone. An oven-dried
scintillation vial equipped wwth a stirbar was charged
wth (S)-6-brono-1-(1-phenylethyl)-1
H i m dazo[ 4, 5- bl pyrazin-2-ol (1.0 equiv), and
(Ph3P)4Pd (0.07 equiv). The bottle was covered with a

solution %?393-69&03% APLMOp ﬁ&%l@ﬂh’yﬂﬁ?réﬁiﬁélz rB—Hfa‘?ﬁi‘ﬁ% S1f@bq'éw'7‘|rﬁ‘ refluxing

dous di oxane (13 volune equi val ents
anhydrous.'\'aﬂiﬁ)(g a(mlmge(@uwaiqms)yvasaaﬁned carbonyldiimidazole (CDI).

Successi \{/é ?;%t}/ Fﬁ“pg A '};fq&e%t GHE startin eYl)aI ﬁﬁrsecc%%g@?ed

res ng m xture

(approx.o¥.€rexuiin total)ms juelgedi mnTLay5q0e Rt A/ Mexanés)l\lAﬁHS@amplete
and stirred for

reactiony e, Tirilee WA EHRIGE (G CemvPrIP R ERerie e e by e Careu

additionldfivwgter ijhﬁl ?ag anolutibAyeld vessatl.iTh@d Aittlurs adisudiluted with 25
sul f at e, fered, and concentrated in vacuo.

volume SRS OL I OACHA MFShRRLE 8% . S0wime Sska sl g6 yater and

1x7.5 \Rfl@?ﬁ'ed&ﬁh&gl“éni% bf Srlﬁé’ n"Pﬁ’é’ %ﬁﬂérﬁé(}ﬁle@vﬁ%ész Eg’gg?gaf%‘g?é\ﬂydmus

sodium sujfat@sﬁberﬁcbam @sncuﬁ’fﬁdeml\(aﬂwNE hash ciroppatggrapipuBiotage
MPLC 5§|/R/Pu°|%’bﬁ g@%r—n?&iﬁlﬁﬂ ;%@yge_dgih@ title! cSThpBund6874) adk white solid.

LCMS miziAR) v 2109, B26-0Q vMe).1- enyl ) - 1H i mi dazo[ 4, 5-b] pyra
- zin-2-ol. A thick-walled mcrowave bottl e equi pped
with a stirbar was charged with (S)-6-brono-1-
Examplelt@penyl ethyl )-1 Him dazo[ 4, 5- b] pyrazi n- 2-ol (1. 0

equiv), and (Ph3P)4Pd (0.1 The bot vvas
cg\ljley)ed Wi )eet og %ﬁﬁq#'lf#?and pur ged \
mtrogegﬁf by n,Ctind d\!_:—trret hyl pyrrolo%pgw >—OH
vol une ui val e ui nd
(E)- tributyl (,@@opz’h enﬁﬁ%ﬁéﬁﬁiﬁﬁ%e (3.0 éﬁ%u v)) Qe"

added by syringe. The resul m xt ure

[0143] (S)-1-(2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-6-
yl)ethanone. An oven-dried scintillation vial equipped with a stirbar was charged with
(S)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol (1.0 equiv), and (Ph;P)4Pd
(0.07 equiv). The bottle was covered with a sheet of Parafilm and purged with nitrogen
for 5 min, and anhydous dioxane (13 volume equivalents), triethylamine (3.0 equiv), and
tributyl(1-ethoxyvinyl)stannane (1.5 equiv) were added by syringe. The resulting mixture
was heated to 80 °C overnight. The reaction was quenched with 1 N KHSO, and stirred
for 30 min. The mixture was then diluted with EtOAc, washed twice with NaHCO; and
once with brine. The organic layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Biotage MPLC 10% - 66%
EtOAc/Hexanes) provided the title compound (33%) as a white solid. LCMS m/z (APCI)
= 283.1 (M+H).

48



was i Mmedi ately fitted wwth a septum and cap and
heated to 120 Cin a mcrowave for 20 mn. The
w0 eashi@r was then diluted with Et OAc, washed POT/US2007/017235
times with saturated ag. NaHCO3 and once with brine.
The organic |ayer was dried over sodium sulfate,
filtered, and concentrated in vacuo. Reverse-phase
preparative HPLC provided the title conpound (54% as
a foam LCMS mz (APCl) = 281.1 (M+H). Exanple 1(c) N~
N N N Br INXN~OH NaSMe McSXNN-OH \--Ph MA NWP, 180
Me Me~ [0145] (S)-6-(nethylthio)-1
Example(ﬁbbhenyl ethyl)-1 H-inidazo[ 4, 5-b] pyrazin-2-ol. A
t hi ck-wal | eqhwm rowave bottle equi pped with ﬁl\st r bar
was charge t 6- bro phenyl etfhy
Him daE Noyr zrzM?-/Z\r}fosrg(n B(’} hm/ﬁﬁg;m?—o'-'
t hi onet hoxi de ( h €U VN 308 N- rret yl pyrrolidong,
(10 vol une eqlMa/aI ent s). Nmtéajacobtl e was fittedMaith a
septum and cap and heated to 180 Cin a mcrowave for
30 min. The reaction mxture was then diIuted W th

o140 198, EpHE SR AT QI PI HROSA Bid dainz.1.

thick-wallgdirmiaramage bbttle eqeippétaevity g atirltard wye ché&gé&)fvlth (S)-6-bromo-1-

(t-phendiiA SOl ShimAre™ 41 (LF ERINIn A 0aRBERI4PA 012 cauiv)

The botllé weacttierB8 Wits &8 shpea sEPRFSMAY aid paagﬁﬁltﬁaﬂfﬁogeﬁ@&ﬁ 5 min, and
ovided the title co oun

N-methmrf@@qﬁq {4 4 YR pauasDly). ek eihyl.am rm(%% etuinprad (E)-
tnbutyl(ﬂreg)1-@n¥g£%n%lne (3! eguiy g\fbérg(a@ﬁ)ea By é\:ﬂ.rhfe,%@reémthhd\huxture

PdCl 2, aq Di oxane,
was mr@tgx_{natqu fitted with a septum and cap and heated to 120 °C |n a microwave for

20 min. ﬁ'ﬁ]eééag‘:g&ﬁ v%& ﬂé ndi mﬂa& v{?ﬂf ?k?l g r]1W§| a&%é E%I.Il;rll' t?orgég %ﬁ{ %atgrated aqg.
NaHCOs aindbarcenaith dinimeg é’tie\mrgbn(di)ayép waerdriet over sodium sulfate, filtered,
and congg g PadHiy SevkEhoProor Shrbame 1 BLb RgyTee hiedite

compounBRBEYEMAE 3 F68mL LN BI M)z (ATFI’n:l)\H 281 vie@gMtHyted with a
septumlined cap and purged with

Example 1(c)

NN

N j: \
/E I »—OH NaSMe Hos /[N/ N>— OH
~p Ph

W, NMP, 180 ° &
Me h MW, P, 180 °C Me

[0145] (S)-6-(methylthio)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol. A
thick-walled microwave bottle equipped with a stirbar was charged with (S)-6-bromo-1-
(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol (1.0 equiv), sodium thiomethoxide (4.5
equiv), and N-methylpyrrolidone (10 volume equivalents). The bottle was fitted with a
septum and cap and heated to 180 C in a microwave for 30 min. The reaction mixture
was then diluted with 100 volume equivalents of EtOAc and washed with 4 x 100
volume equivalents of water and 1 x 100 volume equivalents of brine. The organic layer
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nitrogen for 5-10 mn. To this m xture was added
di oxane (16.6 vol une equivalents) and degassed 2 N
wWHK208814649 2 vol ume equi val ents) by syringe- TheCT/US2007/017235
resulting mxture was heated to 90 C overnight. The
m xture was cooled to roomtenperature, diluted wth
Et OAc, washed with twice with saturated ag. NaHCG3,
and once with brine. The organic |ayer was dried over
sodium sul fate, filtered, and concentrated in vacuo.
el 0 SAC i : se-
was rieg, & AEVARITS SIATRY U e] KPR BN et 4y yaguo. Rever
phase prapavifiveViRLC {209 - BUXSMeGN/HABTpyovided the titiRagmpound (24%) as

. | (e N Nzo--OH ~B(OH)2 | N}-OH ~"J Br NN
a white %ﬁ%ﬁéméq%&%%?aﬁm% oxane, 90 C Me [0147]
(S)-1-(1-phenyl ethyl)-6-vinyl-1H i m dazo[ 4, 5- b] pyrazin
-2-0l. Ascintillation vial equipped with a stirbar
Examplgaddrhar ged with (S)-6-bronmp-1- (1- phenyl et hyl ) - 1H

i m dazo[ 4, 5- by pyngzi n- 2- o}, (1. 0 equi v% vi oyl _k@ronic
acid (2.2 e uml, Yangy( DP )P%g 50 ,Nza@‘/@g? 186681
PCT/ US20Qy{ (0.10 e ). The v <Nt t ed
with a septum|indd fasprridcRUsQRIc®i t h ni trogef—py
for.5- 10 min. WM& this mpyke 9oas added di oxMfie (16.6
vol unme equi val ents) and degassed 2 N K2CO3 (4.2

vol une equi val ents) by syringe. The resulting m xture

t ad 9 i ght ' 2
14 {58853 ah8pip e R e i ot 2 ol A
scintillatshiviahquiphedt ifls a stirbhedasicharged withwiS)i6-brempat-€trphenylethyl)-
himia3ersoB R a7 S0 DS JekBhon 1 B ad D cquiy and
(DPPF)?/%EI%GQ%’f@bﬁdi\)}ﬂTNéQﬁi&l-wad:ﬁwvﬁthrwﬁapmgﬁaipbsd depi andparged with

) %o - 40% Et OAc/ Hexanes) provided the title valent
nitrogentfamSoliA ias Tarthist MixiHre wassidded digygne (188 Yolumeprylyalents)

ons cegetf8 AR5 RongBlbonty i Tk @i
was hedted46]9Qq ) ogermightoxinelmixture was cooled to room temperature, diluted

. - (1- phenyl et. = AH 4 - i D2 . .
win ExOpF GRS St b RAREEA % NR1625) oo i prne. The
organicW@yerakas deiddvwivien sieiiin(stiifate dilieved, andicoieeriipatedonasuo. Flash
chromafahigh By {Biprage MPLE%% 0% ED A EkkABs) BroMEEE the Y

compound (63%) as an off-white foam. LCMS m/z (APCI) = 281.1 (M-+H).

Example 1(e)

NN Ny N
DR ING T o
Br~” "N~ N - N
S~Ph
Me

\\\:‘\ph ag. K;CO;
Me Dioxane, 90 °C e

[0147] (S)-1-(1-phenylethyl)-6-vinyl-1 H-imidazo[4,5-b]pyrazin-2-ol. A scintillation

vial equipped with a stirbar-was charged with (S)-6-bromo-1 -(1-phenylethyl)-1H-
imidazo[4,5-b]pyrazin-2-ol (1.0 equiv), vinyl boronic acid (2.2 equiv), and (DPPF)PdACI;
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resulting in gas evolution. (S)-6-Brono-1
-(1-phenylethyl)-1 Himdazo[ 4, 5-b] pyrazin-2-ol (1.0
wequswleedms t hen added to the reaction, and theCT/US2007/017235
resulting mxture was imedi ately fitted with a
septum and cap and heated to 200 Cin a mcrowave for
30 min. The reaction was then diluted wth EtQAc,
washed twice with saturated ag. NaHCO3 and once with
brine. The organic |ayer was dried over sodium
(0.10 equiv)f ahe vidliwasfitted withda sephigsinedt&p and Ypaegsd with nitrogen for 5-

10 min. TR {6 RN gap seded YRNeaS (17 PHOERE VSRR L dogassed 2

7 6
N KZCO£(42l1c>Geﬁq1§)eq{|Jalé\fﬂ_%ﬂ@Q§a@ aﬁ@ﬁ?@%&ﬁé@%@%@&% heated to 90

°C overnighy. The rp urpe\@pp cogled werqom mmpggatg!e diluted with 12 volume
equuvale(f@ g@qfﬂ: %@ﬂéh%m’ ticE vt tu}é'f'ehrgcﬂ éo} gbﬁyc{) | Bith brine.

A scintillation V|a
The orgamg layerrwasl driedrovessodium rsyallfatb (ﬂ]Iepéda rancbtbryd:entizﬂed in vacuo.

oo oy B HDANECE S SRR e e

compoundss! dn off-whité s8okd (BS%PULQRTS Wi/2 LAPDIY 25T .6 SM .
m nutes; the reaction was conplete as judged ny LCMS.
The m xture was then filtered through a pad of
Exampléifgfjomaceous earth and the pad of di atonmaceous earth
was washed twice with MeOH  The sol ution was

concentr at egrN cuo. Flash chromat ograp age
MPLC 5% - g&% %xm)\ne@r}.pmwled theltlf
conpoundB{86M ad\ a f oam—-chE—rd—7—{ APED

(MrH) . Exanpl e 2 %yHMheS|§M8f2°°°C

6- br ono- 1- (pentan 3-yl)-1Hi nidazo[ 4, 5- b]pyr:ﬁ?n 2 ol
NH2 ~N~ ~NHa N~ NH2 Y Et ~ Et ~T Br NNH Br N Br MV

orae1 15805 S 015 Pyt sz yrecings 1. A ik

walled nticroveaveoppitie ehuipeed WithRasihar vas ofdrged \ﬁiﬁ@MéJDHS(Zt@equw)
ami nopent ane

ant N30t SreR e ST P il SR en A a2 Nab (2.0 equiv),
resulting(i®)gaicsvaieae! (S)laBrapio- A Hang It H-imidazo[4,5-b]pyrazin-2-ol
(1.0 equiv) was then added to the reaction, and the resulting mixture was immediately
fitted with a septum and cap and heated to 200 °C in a microwave for 30 min. The
reaction was then diluted with EtOAc, washed twice with saturated aq. NaHCO; and
once with brine. The organic layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. Reverse-phase preparative HPLC provided the title compound
(29%) as a white solid. LCMS m/z (APCI) = 271.1 (M+H).
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= 259.0, 260.0 (MtH). N NH2 NN Br'N " "NH excess

CDl Br' IN\"OH NE It, Et THF, 67 CEt)-Et 52 W
wQo@3/0k6669 PCT/ US2007/ 017235 (0151] Step 2:PCT/US2007/017235

6- br ono- |

- (pentan-3-yl)-1Hi m dazo[ 4, 5- b] pyrazi n-2-ol . The

title conpound was prepared by treating

6- br ono- N2- (pent an- 3-yl ) pyrazine-2,3-dianine in a

manner anal ogous to Exanple 1 Step 2 LCM5S niz (APCl) =

285.0, 287.0 (M+tH). Exanple 2(a) NN Il : IC N---OH
E INEI (n-Bu)3 Il ~-OH Br NN. M NN > Et Et3N, MV
xample /{dkr NWP, 120 oC Et [ 0152]

(E)- 1(penta N) - 6- (prop-1-enyl)- 1H-|md@zo , 5-b] p
yrazin-2-ol. Ehl Skopval cr ve bof|tl igped
wth as char qeh aﬁ"ﬁ) 6?8&6 XQ n- c%@
yl)-1Him dazo[4 yr azigor:- o8 o 1. O equi v) ahd
(Ph3P) 4Pd (0. 15Mequiv). The bottle was coverMdl Wih a
sheet of Parafilm and purged with nitrogen for 5-10
mn, and N net hyl pyrrolidone (11.7 vol une
[0149] ed&)a(phenylethylt-drethylad Iﬂén(iaaﬁomaib]byramd-z-ﬁ) A scintillation

vl e Ry e LI L S Bl

|m|dazo[ﬁl,5—b]:iyrwzihkt2«’ml $1a pteqnnam thsthpnan@soessiashe @qdﬁaleﬁts)n afd catalytic

m cr owave f.or mn. The tgégactlon was t hen dil uted

PAIC. Trgt [GSUMSAETIXES RIS HTOR Wit BYSHage (i df MIEPS: Uhgfeaction was
complet®ae§udgéd nW LOMS T’f‘ﬁe %&ﬁﬂé‘“wé%n fiffsed rthﬁﬂjlg‘?mvé ad of

sodiumsul fate, filtered, and concentrate cuo
diatomaggus eacthanskthsr @%padlai@mlap@mip egvthowas washedt twice with MeOH.

The sold?i%ﬂ'ﬁﬁ?é‘é‘ %n&éﬁf@%g@da@?%%@%@& Bigtabe'MPLC 5% -

40% EtOAc/Hexanes) provided the title compound (86%) as a foam. LCMS m/z (APCI)
= 269.1 (M+H).

Example 2
Synthesis of 6-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol
NH N NH
S o
Et” TEt =
/[ I Br” “N” NH
Br™ "N” "Br MW, 150 °C

Et Et

[0150] Step 1: 6-bromo-N>-(pentan-3-yl)pyrazine-2,3-diamine. The title compound
was prepared in a manner analogous to Example 1 Step 1 except that 3-aminopentane
(2.6 volume equivalents) was substituted for (S)-sec-phenethylamine. LCMS m/z (APCH)
= 269.0, 260.0 (M+H).

Ng_-NH,
. AN
/[ ;[ excess CDI /E I >— OH
Br N NH
PY THF, 67 °C )\Et
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Br NN MSN~Et MW NWP, 180 C Et/ Et Et \ [0153]
6-(nmethylthio)-1-(pentan-3-yl)-1H i m dazo[ 4, 5- b] pyr azi
wo2880l6669he title conpound was prepared by reerUs20g97/017235

6- brono- 1- (pentan- 3-yl ) - 1H i m dazo[ 4, 5- b] pyrazi n- 2-al

(1.0 equiv), sodiumthionmethoxide (1.4 equiv), and

N- et hyl pyrrolidone (5.9 volune 53 WO 2008/ 016669

PCT/ US2007/ 017235 equi valents) in a nmanner anal agous

to Exanple 1(c). LCVMS mz (APCI) = 253.0 (I\/H—|).

Exanple 2(c) NN M2 NN J~\>(}|ILB((}|)2 \ >-CH

Br NN\ M /'"Et agq. K2C03 /"Et Et D oxane, 90 C Et
[0151] [ OSfef] 2: 6-bromo-1-(pentan-3-yl)-1H-imidazo[4, 5.b]pyrazin-2-ol. The title

compoui;é g%égeeé]#rggﬁy ?%Qn%é%ggﬁgpolhlageﬂla?\fa%@ygggﬁéﬁhé 223 Ridmine in a

manner ZRIddd@ & Bx lel 4 (SteptbEMY hy/z TAPCI) = 285.0, 287.0 (M+H).
Him dazo[4 5-b] pyrazin- 2-ol (1.0 equiv),
(2)-prop-1-enyl boronic acid (1.5 equiv) and

leBy) Pdd 2 (0. 15 equiv) in a manner anal agous to
Examp&xD‘ﬁpF 1(d). LOVS m'z (APCI) = 247.0 (M+H). Exanple 3

anogﬁtslarij I PHPH dazei 4S80t Yui nO}%I/EEZ;ENW
—NANH—N-E A1

, 1N NER N RN E et cH 1IN B
[0155] Step 1: Et Et;N, MW Et
N2- ( pent an- 3-yIEfqui noxal NV 32%°Gi anine. A
thick-wal l ed m crowave bottle equipped with a sti r bar
was charged wi th 3-chl oroqui noxalin-2-amne (1.0
[0152] eq(EM (panmm-wmeumopqmeml)emsnuﬂazoMﬂwﬁwﬂez-ol A thick-

watled RS S B el e i oy By 6 88omo-1-tpentan 3
yI)-1H-ifisafo[4 BobByradincrohes0 eqois rndaPrd P)Pd €46 .edtligs fihe bottle was
coverecf Ht?ngﬂ %%%ar%% ﬁg&%ﬁﬁ@ﬁ@’é@g”%sﬁggﬁﬁy an{:lr}s

methyl ﬁhgg% %?gl%gwé@quﬁéle\{’@s)zﬂﬁb%m% (2.0 equiv), and (E)-
tributyl(prop-1-enyl)stannane (2.0 equiv) were added by syringe. The resulting mixture
was immediately fitted with a septum and cap and heated to 120 "C ina microwave for
20 min. The reaction was then diluted with EtOAc, washed with three times with water
and once with brine. The organic layer was dried over sodium sulfate, filtered, and
concentrated in vacuo. Reverse-phase preparative HPLC provided the title compound

(15%) as a foam. LCMS m/z (APCI) = 247.1 (M+H).

Example 2(b)

/l: I D>—OH NaSMe J: I »—OH

)\Et MW, NMP, 180 °C

[0153] 6-(methylthio)-1 ~(pentan-3-yl)-1 H-imidazo[4,5-b]pyrazin-2-o|. The title
compound was prepared by reacting 6-bromo-1-(pentan-3-yl)-1 H-imidazo[4,5-b]pyrazin-
2-ol (1.0 equiv), sodium thiomethoxide (1.4 equiv), and N-methylpyrrolidone (5.9 volume
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/" N\ NH2 / N N excess CDI \--OH MNxNH N N Et"LIEt
THF, 67 C Et Et [0156] Step 2:
wa 2qogendean- 3-yl ) - 1H i m dazo[ 4, 5- b] qui noxal i n- 2PCt/USHB017235

title conpound was prepared by treating

N2- (pent an- 3-yl ) qui noxal i ne-2,3-diamne in a manner

anal ogous to Exanple 1 Step 2 LCVMs mz (APCO) = 257.2

(MtH). Exanple 3(a) KMeBF3 N N ag, Cs2C03 N N ):

Brf N N~OH Di oxane, 90 C Mel NI XN\\>-OH Et/ Et Etl" Et
equivalehﬁsﬁﬂ I AuRhBe aIhala@fous to Example 1(c? LCMS m/z (AP 4) 2530 (M+H).

(2)-1-(pentan-3-yI1)-6-(prop-1-enyl)-1Him dazo[

yrazin- 2-ol. A scintillation vial equipped with a
Examplé2(épar was charged with 6-brono-1-(pentan-3- yl)-1

Hi'm dazo[ 4, 5- bl pyra2|n 2-ol (1.0 equiv), KF3BMe (2 0

equiv), GCs2 8, 0 equi vite and ( DPPF)R

equiv). Thellvi | WerdH i tt i(OR)2 se@ 2‘3

and pur g8 vbith itro

m xture was add beaneaq 26C0gl une equi val eﬁ Et and

degassed wat er %‘5 vol unePiexpe\2l ent s) by syri The

resulting mxture was heated to 90 C overni ght The

m xture was cooled to roomtenperature, diluted with

[0154] 1%2)A(pen@da-3- gﬁsd’l-ﬁdr #m%yn-ﬂm ﬁﬁtdaza{ms-arp ruehC@Bou The title

and once with brine organic |aye over

compouRg uaspieRerad by reacting @obromﬂﬂd@ﬁaéan ﬁa)tl)e?JHrlm'daz,Q{&,S blpyrazin-
2-ol (1 o%q(aﬁb } ﬁ%’;gﬁ’f‘ f&{y@%}’ou{.@'a%ﬁgfs '\é°du935a(9d ﬁdﬁ%gp%:lz (015 equiv)

provi ded the
in a manpegr egatagqus tq_E:aniﬁ H()ARCNS fn/zz(d.\Ppm K247 .0 KBTI e 4
Synt hesi s of
6- et hynyl - 1- (pentan-3-yl)-1Hi m dazo[ 4, 5- b] pyrazi n-2-o0
1 Exanple 4(a) 55 WO 200&ExXxdiapd® 3PCT/ US2007/ 017235

N QERLREERSY £ heMan-a S dirimidazbrs %-aa.,iﬁaxg»iw-z.o.

1 (pentan 3- yI) 6- ((trlnethylmﬂg yl)ethy k] dazo
[ 4, 5- b]pyr NH2 A mxtur
6-brorm-1ga - 3- yI H2 ol

(3.75 g, MW, 120 °C

[01565] Step 1: Nz-(pentan-3-yl)quinoxaline-2,3-diamine. A thick-walled microwave
bottle equipped with a stirbar was charged with 3-chloroquinoxalin-2-amine (1.0 equiv)
and 20 volume equivalents of 3-aminopentane. The bottle was fitted with a septum and
cap and heated to 120 °C in a microwave for 30 min. The resulting solution was
concentrated in vacuo. Flash chromatography (20% - 60% EtOAc/Hexanes) provided
the title compound (78%) as a yellow solid. LCMS m/z (APCI) = 231.1 (M+H).
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trimethylsilylacetytene (2.8 nL, 19.8 mmol),

PdCl 2(PPh)2 (0.938, 1.32 mmol), Cul (0.5 g, 2.64
wonwBpi@ed triethylamne (5.5 nL, 39.5 nmol) | PCDVB200D017235

m-) was purged with N2 for 30 seconds followed by

stirring at 80 C. After 3 hours the reaction mxture

was diluted with Et OAc, washed with NH4ACI sol ution,

dried over Na2SO4, and concentrated in vacuo.

Purification with over silica gel (Biotage MPLC 10 -

80% Et OAc/ hexanes) provided the title conpound (3.2

g, 80% as a brovvn solid. Exanple 4(b) NN [/ { I

\>-COH KF 82 NN TVB McOH THE ~—N
6 et hynyl !pe tan 3 yI ) exdbts amidazol[ ]p r?\?i"rﬁﬂz-o

. A mxture o
6 ((trimet hyIS| mwgf hynyITO*Flﬂﬁ-c’ICm dazol[ 4, 5- b] y}hﬁﬁ n- 2
-ol (3.2 g, 10. ), KF (1.6 g, 27.5 mol ) i
I\/EO—VTHF/H20 (50 m, 2/2/1) was stirred at room

orsey RS B B B oA TG T, 96 e
compouRtiEs prasdred by trBaiig N-(pehtiri- nyl)q‘dll‘ RN, 35@85’% ina

and concentr at ed in vacuo, Purification over sil
mannergsalegpus yExampte 1Stepdd M DWEHADEh 535 7ga\XM+aH)

brown solid, which was washed with 15% Et OAc/ hexanes

to give product the title compound as a white solid
Example®(@)g, 37% . Exanple 5 56 WO 2008/ 016669

PCT/ US2007/ 017235 Synt heS|

6- (di net hyl (pent 1

H-i ni dazo[ 4 i|5 4%\ @Hn- gigéne 5§)§¢rpl e 5(a B;;E N-ON X
\ >- OH Bod# +—N-N-B-NN=30M

tert-butyl Et

5- br ono- 2- oxo- SE(‘pentanSyI) 23d|hydr0|md§io[45b
] pyrazi ne-1- carboxylate. To a sol ution of

(01671 ( sSynghesis & @k {5 dtanchyie B oH coRV - a8z5T45-blpyrazin-
2-ol. A Eélhﬁﬁﬁ)&r\a\ﬁhf@q&l p%@l With a%irSarWas thafsed ﬂﬁiﬂ@bﬁ%ﬁ ~(pentan-3-

The reaction _mxture was_stirred at
yl)-1H- Imdﬁﬂﬁﬁ@ ﬁplé]pyfqme—z-ol (1.0 equiv), KF3BMe (2.0 equiv), Cs>CO; (3.0 equiv)

and (DPPF)PdCI; (0.20 equiv). The vial was fitted with a septum-lined cap and purged
with nitrogen for 5-10 min. To this mixture was added dioxane (25 volume equivalents)
and degassed water (5 volume equivalents) by syringe. The resulting mixture was
heated to 90 °C overnight. The mixture was cooled to room temperature, diluted with 15
mL EtOAc, washed twice with saturated aq. NaHCO3; and once with brine. The organic
layer was dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Biotage MPLC 5% - 40% EtOAc/Hexanes) provided the title
compound (53%) as a white solid. LCMS m/z (APCI) = 221.1 (M+H).

Example 4
Synthesis of 6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol

Example 4(a)
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overni ght, washed wi th NaHCO3 sol ution, dried over
Na2SO4 and concentrated in vacuo. Purification over
waRlmowegel (Bi otage MPLC 10 - 50% Et OAc/ hexanee)/ugaw®017235
the desired product as a white solid (1.7 g, 25%.
Exanpl e 5(b) Boc N-O + H Pd3(dba)2, NaQ Bu HCl N~
N-OH Br N Bi PhP(Cy)2, Toluene, 120 C N N N
6- (di net hyl am no) - 1- (pent an-3-yl)-1Hi nm dazo[ 4, 5- b] pyr
azin-2-ol. A mxture of tert- b utyl
5- br ono- 2- oxo- 3- (pentan-3-yl)-2, 3-d i hydroi m dazo] 4,
5-b] pyrazi ne-1-ca rboxylate (200 ng, 0.52 nmol),
i th¥‘l am ne (0.5 nlL, AiELFPh]EF, 1.0 mmol), Ra) 2
ngt  o. G528 ) —Bi-PRRO 287 ny, 0. 10| |)\>—0H
Bu (150 ng, I1COONBRIDNF,is0°canhydr toi"ueNe
-) was purged with N2 for 15 secomd~and then
{rred at 120 C for 20 mnutes in mcrowave. Th
m xture was diluted with Et OAc, washed with Na
sol uti on dri ed over Na2SO4, and then concentrated in

1 (pentan"ﬁ Sﬁ\l@ég_ﬁfl%t a?}ﬂ%ﬁlﬁ‘é o Tgeﬂe?'ii\?,ﬁ\ %}@SA mixture

of 6- bromlo:H -(peruaox'hylb—1 Admetazof SHojpyrazime-ol€3cts gnt18asmmol)),

e BEISERSIGE ol GRSl AR S, cut 05

2.64 mmEPE fricthglantineqsts alle 9.5 mcgan DMF i(50a8L) was@ueged with N,

for 30 sefpnct Toflgved Ryciiinast 201 Coriney Iass S48 Fangis iU was

diluted vﬁtﬁo/EtO/Edaﬁﬁér%@vﬂhelﬂﬂ el s&Intieh, éﬁ’éd: euBF N%\2§0Qt Sh&%oncentrated
from Skel etal Miscl e [0158 Actin_was

in vacuos Ppgu{lcgt,l%yﬂth@vedﬁllm@el ( ge MPLEAQIF §Q%T€§@P@/t(%nes)
prowded"fﬁeqmé E%EJSﬁnc] bg%\%ﬁ’dﬁg éﬁd Bi ochem stry

381- 395 esc sequently, actin
mas cycled bet ween the fllanentous and soluble state

rounds of centrifugation and dialysis
Examp"%g%’gu ch J A and Watt S. (1971) J. Biol. Chem

246N4866-4871). It was stored in th fllamentous state
atj| 4 -0089] Tr opo osi n was ext rom t he
= p wder and se at ed fromt ote| ns
™S based 0 depe d pit ond! o d by
successj ve R‘@H@Bﬁr’ e cuts at 53 o and 65%

(Smllie LB. (1981) Met hods Enzynol 85 B: 234-41).
The troponins were isolated as an intact conpl ex of
TnC, TnT, and Tnl. Ether powder is extracted in a
6-ethynyli tipenatan-dyif-d H-intidazed4 jS«b] pyrarin-2+:0is A hadtderecot -(péntan-3-yl)-

6-((trimethylsityl)ethynyl)-1H-imidazo{4,5-b]pyrazin-2-ol (3.2 g, 10.6 mmol), KF (1.6 g,
27.5 mmol) in MeOH/THF/H20 (50 mL, 2/2/1) was stirred at room temperature. Upon
complete conversion by LCMS, the solution was concentrated in vacuo, diluted with

EtOAc, washed with NH4Cl solution, dried over Na,SQ,, and concentrated in vacuo.
Purification over silica gel (Biotage MPLC 10 - 80% EtOAc/Heaxanes) gave a brown
solid, which was washed with 16% EtOAc/hexanes to give product the title compound
as a white solid (0.9 g, 37%).

Example 5
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30% and 45% were done; the precipitate was solubilized
by dialysis into a low salt buffer and then further
w@uoosihi@d on a DEAE Toyopear| colum with a 25P@BHOSIMI/017235
KCl gradient. There was no neasurabl e ATPase in any
of the conponents except for nyosin which naturally
had a very | ow basal ATPase in the absence of actin.
[0160] Just prior to screening, the actin,
troponyosin, and troponin conplex are m xed together
Synthesishef 4dimethylaminoj-a-(pentdhi3-}))-1H-iafiBatypt, 55H]pyPdzin-2-ol
calciumregulation of the actin filanent. The screen
i's conducted at a pCa=6.5. This cal cium concentration
Example$(a) N the physiol ogi cal range during nuscle
contraction. [0161] To neasure the generation of ADP

during Whe geaction, a pyruvate kinase/lactate Boc
dehydr{pge as}aLHﬁDH coupl Bak,@nzyne system(gE@? S
ar

addgd Q7 acti n.—The—myosiniskept s EE%%YZ-O

The pl ates ead in g@&alpdw me so t haBrki bt i
curves. ar& obtai ned. TheSe conmpounds are in Wd
were al ready spotted onto the bottons of 384 [

plates at 10 to 40 pg/m final concentration. 58 WO
2008/ 016669 PCT/ US2007/ 017235 Exanple 7 Actin
tert-butyr Bhaoaio-2oio Zﬁﬁiérﬂﬁh- B-dimzd@bﬁﬁﬂiﬂb[ufs- zthe-1-
(see bel ow, BME

Vj?fﬂj bel &V{? {)g 20 m _buffer
carboxyla 9} Plob-bremest (Pﬂnf@a&rvaﬂfﬂﬂ@l@faﬂqlﬂmrh]@vraz'n-Z -ol
(5049, 15’@&%0! WDW@D%LP@&H&%I&%Q%%I%(MW M mUsp 8 mmol) was

L heaker for X Vvigorously
added 5[0@23| (€<QovE5ramedr Thetreachien mlgure ayassstiniesh at poom temperature

ovemiorSE 9SG 1 NAHCOL EhAA, Ul S AOKES b st
vacuo. E’hnﬁce@tmeopelesiﬁc@ giel (BietageyMRLEC 002602 EtQéAgihéxands)ave the

tra ue with the sane vol unme of
desired g}c?ifue?ag%aw i n@hfgxisg"s 4. Spin in JLA10
rotor(s) for 1 hr at 10K rpm(4 C.). Collect
E Isiﬁg[natant through 2 layers of cheesecloth. 5. Add
Xampig 0 0.2 Mand MyCl2 to 50 M Stir on stir plate
at 4dgcfor 60 mnutes to allow actin to

Nerize/form para-c I Sl ow y add sol
lt Q )FM (45 gN). St w%{ba)&%éo or 30, mf?! Bf E[n»—or—a
Na1 or (s) at 10KPKmOY),Fbiuche/w20°8.

Dep ymsrlzatlon Qui ckly rinse surface of pellbts 6\/
wi thYbuffer A and di spose

6-(dimethylamino)-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol. A mixture of tert-
butyl 5-bromo-2-ox0-3-(pentan-3-yl)-2,3-dihydroimidazo[4,5-b]pyrazine-1-carboxylate
(200 mg, 0.52 mmol), dimethylamine (0.5 mL, 2M in THF, 1.0 mmol), Pds(dba); (48 mg,
0.052 mmol), BiPhP(Cy)2 (37 mg, 0.10 mmol) and NaOtBu (150 mg, 1.56 mmol) in
anhydrous toluene (4 mL) was purged with N, for 15 second and then stirred at 120 °C
for 20 minutes in microwave. The mixture was diluted with EtOAc, washed with
NaHCO; solution, dried over Na;SO4, and then concentrated in vacuo to give a dark
muddy residue. The residue was dissolved in MeOH (10 mL) and treated with 1 mL 4M
HCl in dioxane. After one hour, the reaction was concentrated, diluted with EtOAc,
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of wash. Soften the pellets by pre-incubation on ice
with small anobunt of buffer A in each tube (use |ess
wo b@s/oiaskd of final resuspension volune total Peor/Uustd7/017235
tubes). Resuspend by hand first with cell scraper and
conbi ne pellets. Wash tubes wth extra buffer using a
25 m pipette and notorized pipettor, aggressively
removing actin from sides of tubes. Honbgenize in
| arge dounce in cold buffer A on ice. Use 3 m per
washed gritnNaHGy\aiziedooveyi MajSQ,, extid earicahtraled b akygze. Purification over

stca oo, B 02t A RIS St R B S8 o o i

yellows@ﬁdﬁm(rr{ raz‘o)g 1.5 hr (4 C). 11. Collect supernatant
cti Save a sanple for gel analysis and

det erm natl on of protein concentration. [0162] To

pol ynmeri ze G actin for o g¢dd KC to 50 nM (from
3 Mstock), MpCl2 to 1 and NaN3 to 0.02% (from
10% Frepalatiah of Sarcometic Proteinsffrerv8keledalWluscle
2008/ 016669 PCT/ US2007/ 017235 [0163] Buffer A: 2 mM
tris/HCl, 0.2 mMMCaCl2, 0.5 mM ¢36 pl/L)

[0158] 2-A0%’r5rc/wasqntri_ﬁeumy f;rsg pgepﬁé‘i;(d@aa? éﬂgér( %@Wedr 6{3 estdllac ?ﬂu@cle (Zot
0% Na- - 0. e repar atj on

HG and Potig; |fdﬁi‘§@13%gﬁsafﬁty& BIRGAGMIiDh0 1 @o%?%ﬁ)ea%%ﬁéﬁﬂbed below.

Subseqt!i&ﬁiﬁ) actin - wady é\]élé'& b@ﬁﬁe@ﬁ'ﬂhe ﬁlﬁn@éﬁl@u@téhcf 86lubfe Sake tHPough

Drain and dry M nce chi cken breast

rounds Qf GaTHBEHONERY SRR SPUAICE I 258 WBlHS SCH7) Mg Bral. Ghem.

5 for 10
246:4805 47 % Roda orad i o NEpRIRSSRe 84 16° ol 1 ect ¢ he

[0159] peTﬂoépm}@SerMaﬁe@ttr d &os the htr@mpqwdaj and separated from the

ovr e B0 e NS BP0 g
ammoniagor sulfaté.cukx tat 56% ahd 65% t(BrmldierLBI (d981WMdthad$ Epfzyinol 85 Pt
B:234-4 ] inerop Gpingisredhoted A5 an ast corTRIg S&InG THBbRna Tl

Ether pdv&tlér id eRtractet iR & Bngb W&ait biFeeSidaessriel #tmdiienmPalitfRé cuts of
of which will be | oose and gel ati nous. 8. Extract

art
30% and s peradoneatia precipitate was selubiliredityr dialysis inte adaw salt
buffer aMﬂ iﬂéﬁﬁ]rfﬂér"tﬁ)rrﬁedﬁ%‘ S%EAWW&E’I‘@@&W f4th 0951480 mM KCi

acetone extractions are erforne room
gradlentt Ehp@ wasme measusakieshbase brapy of the cemponentexeept for

myosin v iéhr\%t élﬁ%ﬂ& EQ’ISW hdve ‘o%gafﬁ?bggg ifi ih & Abs8RcA of actin.

ees ec
[0160] Just prior to screening, the actln tropomyosin, and troponin complex are

mixed together in the desired ratio (e.g., 7:1:1) to achieve maximal calcium regulation of
the actin filament. The screen is conducted at a pCa=6.5. This calcium concentration is
in the physiological range during muscle contraction.

[0161] To measure the generation of ADP during the reaction, a pyruvate
kinase/lactate dehydrogenase/NADH coupled enzyme system (PK/LDH) is added to the
actin. The myosin is kept separately. The plates are read in real time so that kinetic
curves are obtained. These compounds are in DMSO and were already spotted onto
the bottoms of 384 well plates at 10 to 40 pg/mil final concentration.
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tray and |l eave in a hood overnight. Wen the residue
is dry, put in a wde nouth plastic bottle and store
WwW@r00R016669 Exanpl e 9 Al ternate Powder Prepar at PONUS2007/017235
Based on tot & Potter (1981) Prep. Biochem 11(4)
pp.381-395. 1. Dissect |left ventricles of the cardiac
muscl e. Renobve as nmuch of the pericardial tissue and
fat as possible. Gind in a prechilled neat grinder.
60 WD 2008/ 016669 PCT/ US2007/017235 Weigh. 2. Prepare
5 volumes of Extract bufkamgiece bel ow). Be sure the
pH=8. 0. Then, honogeni ze the neat in a blender, 4
times 15 sec on bl en%‘%’iﬁri@@é&“in bet ween. Do
this with 1 volunme wei ght/volune) of buffer taken from

the 5 volunes al read%/ﬂd;).re ared. Add_t he honpgenate
1. pdedtract poveleryas arepaie isrExamalesd of 7uerlpy) wéth 20imidwffer A

(3s8L e@gﬁ&ﬁ) adé‘qn}af%agﬁfp A‘f%?%%é&li&”t% b Y ea&ir_\ of the following steps)

chees oth ' in ol ene strailner
Rergrandobpowden(20®Bmi gen fdg)ot/sexa faage 4oluftfeakentor 150 g of

aho 4,..Repeat St fQur nore tLaes. h nd
o PRTer? M SRERRusly I8 closclvE pWegr $FE A, IR,
2. gt&paﬁateg bgtragﬂ ﬂr@?ﬁhehwdrdtdmepwﬂélow \shpéezin?.thrqugl? §everal
suspe in vol uges (accordi n 0 origi n; i ght .
S auSh A paseriaial Choat sriotshaiin e miestenized BY Mictowaving
t kipHgHoENeesfisl oth as above, repeat two nore tines.
6. %Vr\gégrh squeezed residue and then resuspend in 3

3. vdt achthe residugwithdhef@me volkgnel of petfay A andepmbme
Repgdlctstep 6 a total of three tines. 8. Leave

overnight in a single layer on a cheesecloth in a

4.  glSpip inWJhA10orotanienfod ryhr atol 0e epmit (4e” (hpvidielte chigsipghnataot through
st [ L de- th jar at 4 C. EXTRACT BUFFER 50
nﬁ{g%ﬁ\'@gﬁﬁ#%%é@p 8.0 Prepare as 50 tines

5. cokATPatce0.2 M abld MGG Inte! S0 eVl pBtiBoN stil plate Bade°C for 60

(B M By ey g ol 1

6. Slowly add solid KCl to 0.6 M (45 g/l). Stir at 4 °C for 30 min.

7. Spin in JLA10 rotor(s) at 10K rpm for 1 hr.

8. Depolymerization: Quickly rinse surface of pellets with buffer A and dispose
of wash. Soften the pellets by pre-incubation on ice with small amount of
buffer A in each tube (use less than half of final resuspension volume total in
all tubes). Resuspend by hand first with cell scraper and combine pellets.
Wash tubes with extra buffer using a 25 ml pipette and motorized pipettor,
aggressively removing actin from sides of tubes. Homogenize in large dounce
in cold buffer A on ice. Use 3 ml per gram of powder originally extracted.

9. Dialyze against buffer A with 4 changes over 48 hour period.

10.  Collect dialyzed actin and spin in the 45Ti rotor at 40K rpm for 1.5 hr (4 °C.).

11.  Collect supernatant (G-Actin). Save a sample for gel analysis and

, determination of protein concentration. _

[0162] To polymerize G-actin for storage add KCI to 50 mM (from 3 M stock), MgCl;
to 1 mM, and NaNj3; to 0.02% (from 10% stock). Store at 4 °C. Do not freeze.
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Exanpl e 10 Purification of Skeletal Miscle Myosin
[0164] See, Margossian, S.S. and Lowey, S. (1982)

woriBoO®6ENZYNDl . 85, 55-123 and Gol dmann, W PCT/@RZNO7/017235

CGeeves, M A (1991) Anal. Biochem 192, 55-58. 61 WO
2008/ 016669 PCT/ US2007/ 017235 Solution A: 0.3 M KCl,
0. 15 M pot assi um phosphate, 0.02 M EDTA, 0.005 M
MyCl 2, 0.001 M ATP, pH 6.5. Solution B: 1 MKCl,
0. 025 M EDTA, 0.06 M potassi um phosphate, pH 6.5.

[0163] SdBwfferoh: Zmid tisMBICI0.2 e 25a Bl POBAHM ¢B6 RIS Rhabfapibbthanol,

i,on Dt Q. 05 M pot assi um

0.2 mM R T8 (BAcgil g, andp ides Ne-agidebohi ok assi um

HOD A

phosphate, 0.01 M EDTA, pH 7.5. Solution F: 0.04 M
KClI, 0.01 M potassi um phosphate, 0.001 M DTT, pH 6.5.
Solution G 3 MKC, 0.&xamplet&ssi um phosphate, pH
6.5. Al procedures ' at 4 C 1. otain
-1000 g skel etal nus%{vgdggﬁg s%gaqtga%bit skel et al
muscle. 2. Gind twice; extract with 2 L solution A

f ] ' tinringa~add 4. L ld, HO  filt

MR AT ave i ARof of tiecR s ESEl: r engt

OfPrfé_—&ft,ar(cﬂbolllt:i;eég?)élﬂtrdbr 1|09ﬁ1’i6\r$ﬁiv¥vbﬁer]€ Wraiflsihd apy.| gCt
recipltate a , rpmj, ro r or m n. .

B@B@gscé%ﬂ@q éfeaﬁ% 'Q’Z‘dﬁ'ﬁf"k'gﬁ lﬁ??%trﬂ"%?d%ﬁ al yze

O\®BktPa I Wit PSRIAgLin® L of @ 1M R@l%.m%qygpoggﬁ%te;}% 815 for 10

equal volunme cold distilled H2G, stir

céRtt aF4ge- SRin $608aENT: i mist, 4C in LA Catiact theopellet.
0 utr%éttsg%gewa%% mi&hzlﬁ'é?fli?ofé Waﬁ—i(&éﬁor 8 min. Spin 5000

pernatant to ionic strength o
( ¥em,clmin, KetC ity dsAnColiectithe peliet.iReheat theledractiabaurice more.

185 e e e FELR G, i BT AuetiZ Bgfho min win

pedtirgbg. n m ni mal vol ume of solution G dialyze

over.ni ght...agai n L_soJutjon D; centrifu at . o -
B Wi 23 S5HE0 105 BN WA SETING: SR 10BRBLPm. 15min, 4 °C in
PULK. CareftBesol R tise B.éﬂéﬁ, BarysTSiich MANbeAbo38 &nd 9elatinous.
insoluble pellet. 7. | ute supernatant to 5-10 m

afetEAd S tirees yutthacetone® loaf eceteneder 181 yin ea@?ag'?tbrﬂt'wring)-
o g hHBRenin G5 4 UBHE ibnBfh U Partormec
at room temperature. Acetone should be prechilled to 4 °C.

Drying: Place the filtered residue spread on a cheesecloth in a large glass
tray and leave in a hood overnight. When the residue is dry, put in a wide
mouth plastic bottle and store at 20 °C.

Example 9

Alternate Powder Preparation

Based on Zot & Potter (1981) Prep. Biochem. 11(4) pp.381-395.

1.

Dissect left ventricles of the cardiac muscle. Remove as much of the
pericardial tissue and fat as possible. Grind in a prechilled meat grinder.

60



350 m solution E; elute with |inear gradient of 0-0.5
MKC in solution E (2 x 1 62 WD 2008/ 016669

WEORBIOEHeD7/ 017235 liter); collect 10 nm fracP€DNS2007/017235

pool nyosin fractions (>0.1 MKCl); concentrate by
overni ght dialysis against solution F; centrifuge at
25,000 rpmfor 30 mn; store as above. 9. The nyosin
is then cut with chynotrypsin or papain in the
presence of EDTA to generate the S1 fragment which is
anaig;lhe at the | ow salt conditions optimal for ATPase

Pt 5 YOLIMSE of Beseb bllren Bss below)rBPaS e BH-B.0. Then,

C%GM%&J&ﬁzé thé Prféatf"ﬁH IehBer, WPlinesWe SeSYALISRH 4t P8 decs in
teste SKM me Z )

( Sphwesn die ths(wdlpﬁefgimwwelphvaium@aqh?dwfa taBen feom the 5

[ gﬁlﬂén%é* aﬂeé?y ﬂég% rﬂl{cﬁt‘h% h@ﬁéggn% %%% to the,extgact buffer

[HIHEI]Sttr L[Bltluﬁlellb']wp@da(ﬂ m+rﬁ.(t6$—)) one 321.0 [ M+H] +

| it tRFSUGET dne Iaus T AeB5 8Kt i st Bbff R viend Shiahar

Respispant ¢t3uK lhtolﬁ‘rvldm:ﬂeg@EéxﬁacBB&f@r ad bbble; + 2.4
T R T P T MO S ISR L, T
3@affér bM‘Fﬁ‘dceeb‘ Restad 56Thé g@ﬂeﬂs should be 2yellow white.

H- i m dazo| 4 b] pyra2| n- |—|]l
F@qyseﬁg in3y nmﬁqpq:ordlng to ongm we|ght) of 95% cold ethanol.

( @tﬂ“ or g‘?ﬁlhﬁiﬁd“é&ﬁeézé thirBOGH kheb8¥ b tH ablabBle 1 rd d4ttitio more

tlmes

Weigh squeezed residue and then resuspend in 3 volumes (new
weight/volume) of cold diethyl! ether.

Repeat Step 6 a total of three times.

Leave overnight in a single layer on a cheesecloth in a glass tray.

When dry, collect the powder, weigh and store in a wide-mouth jar at 4 °C.

EXTRACT BUFFER: 50 mM KCI, 5 mM Tris pH 8.0

For 2L

[0164]

Prepare as 50 times concentrate:
250 mM Tris pH 8.0. Tris Base (121.14 g/mol, 60.6 g)

pH to 8.0 with conc. HCI, then add:
2.5 M KCI (74.55 g/mol, 372 g)

Example 10
Purification of Skeletal Muscle Myosin

See, Margossian, $.S. and Lowey, S. (1982) Methods Enzymol. 85, 55-123

and Goldmann, W.H. and Geeves, M.A. (1991) Anal. Biochem. 192, 55-58.
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I midazo[4, 5-b]pyrazin-2-ol 63 WO 2008/ 016669
PCT/ US2007/ 017235 SKM MF Nane mlz lon ACI.4 (pM
wQ J)osdiqenet hyl t hi 0) - 1- (1- phenyl ethyl )-1 H i m deeDU82007/017235
5-b] pyrazin-2(3H)-one 287.1 [MtH + 1.1
1- benzyl -6-(nmethylthio)-1 Him dazo[ 4, 5- b] pyrazin
273.0 [MtH + 22.6 2-01 1-benzyl-6-(nmethylthio)-1
H i m dazo[ 4, 5-b] pyrazin 273.0 [ MFH] 22.6 2(3H)-one
(R -6-(nethylthio)-1-(1-phenylethyl)-1 H 287.0 [ MtH] +
2 9 imidazo[4 5- b] pyrazi n-2-ol
net hyl t hi o) - 1- (1- phenyl et hyl ) - H2870[) |;\|;I+
Soluf'oné\ sP 3 '%*%ﬁézéfw 5 potapsism ﬁhQFBN}te@ﬁ’ém M EDTA, 0.005 M MgCl,,

0.001 M(/_ﬁ)p i gethyl prop-1-enyl)-1-(1-phenylethyl)-1 H
Gp% 2.7 1 mi da zo [4, 5-b ] pyraz i n-2-0

Solution |B (19)/1 % ﬁgﬁrm iERBA, 8.08nll potasgiunphbogpleatey P} 6.5H

Solution [.g;djg ARG exenwdiﬁ(s%ﬁ'ﬁg}m?@ﬁﬂ%gikﬁw 5“21 i [7MH—I] N

Solution Tx.M6 Mﬂ(@bﬂd}fﬂ%p@ﬂa&yw ipho8phate, pH 6.5.

Solution £, 75 W fB Mg k0N BY i pA- b H 321 1 [+

Solution FS.0004 M KCIPO myMe;Sdmbémﬁw gﬁbméteemdm- brT23H 8.5.

razin-Z-o

Solutlonwfgw 5_%4,10 ,ghglnw;jncgégyﬁm gb?wweapﬂrﬁfﬁ) 1 H 281.1
[ MEH + 1.

All procedures are carried out at 4 °C.

1. Obtain ~1000 g skeletal muscle, such as rabbit skeletal muscle.

2. Grind twice; extract with 2 L solution A for 15 min while stirring; add 4 L cold
H20, filter through gauze; dilute with cold H,O to ionic strength of 0.04, (about
10-fold); let settle for 3 h; collect precipitate at 7,000 rpm in GSA rotor for 15
min. .

3. Disperse pellet in 220 ml solution B; dialyze overnight against 6 L solution C;
slowly add ~400 ml equal volume cold distilled H,O; stir for 30 min; centrifuge
at 10,000 rpm for 10 min in GSA rotor.

4. Centrifuge supernatant at 19,000 rpm for 1 h.

5. Dilute supernatant to ionic strength of 0.04 (~8-fold); let myosin settle
overnight; collect about 5-6 L fluffy myosin precipitate by centrifuging at
10,000 rpm for 10 min in GSA rotor.

6. Resuspend pellet in minimal volume of solution G; diah}ze overnight against 2
L solution D; centrifuge at 19,000 rpm for 2 h, in cellulose nitrate tubes;
puncture tubes and separate myosin from fat and insoluble pellet.

7. Dilute supernatant to 5-10 mg/ml and dialyze against solution E extensively,
load onto DEAE-sephadex column.

8. Preequilibrate with solution E; apply 500-600 g myosin at 30 mi/h; wash with
350 ml solution E; elute with linear gradient of 0-0.5 M KCI in solution E (2 x 1
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I m dazo[ 4, 5- b] pyrazi n-2(3H)-one (S)-
1-(1-phenylethyl)-6-vinyl-1 Himdazo[4,5 267.0 [ MtH] +

waQ@20b8/0ldepyr azi n-2-ol (S)- 1-(1-phenyl et hyl) - 6-R€TYYE20027/017235

[0165]

Himdazo[ 4,5 267.0 [ MtH| + 2.4 Db] pyrazi n-2(3H)-one 64

WD 2008/ 016669 PCT/ US2007/017235 SKM MF Nane mz |on

ACl.4 (NM (S)-6-ethyl-1 -(1-phenylethyl)-1

H i m dazo[ 4,5 269.1 [ MtH + 17.4 Db] pyrazi n- 2- ol
(S)-6-ethyl-1 -(1-phenylethyl)-1 Himdazo[4,5- 269.1

[ Mitet) e dliect 100hpiagtoms; HodHyyden fractions (>0.1 M KCI%; concentrate
(9)-1-( 1&%1%3%0 et hyl ) -6-propyl -1 Him dazo£4, 5 283.1 ]

[ verpight di ]/ﬁl?rnglfhst@%qmon F; centrifuge at 25,000 rpm for 30 min;
( Store 4d =pBeay! et hyl ) -6-propyl -1 Him dazo[ 4,5

bl pyrazi n-2(3H) -one 283.1 [ MrHJ+ 29.7
( ﬁh%mmmmgn(wtwﬁnyhmnwpsim drdapaiaiofhe preseitebf EDTA

( S Seheref 1Bl Y FiiertcPlien i solivle phine Loyt patt cgnattons
20ptimaINeHAT Pas® adfjvityr(Mzargeg4idhlisupns). 6- br onp- 1

-cycl ohexyl -1 H i m dazo[ 4, 5- b] pyrazin-2- 296.9; [M+H|
10.4 of 298.9 [MH +

6- br onp- 1- cycl ohexyl - 1HExampdg 414, 5- b] pyrazi n- 296. 9;
[MrH ; 10.4 2(3H)-one 298.9 [ MH +

1-cycl ohexyl -6-(nmethylthio)-1 Himdazo[4, 5

Using procedures similar to those described herein, the compounds in the

following table were synthesized and tested.

SKM MF
Name m/z lon AC1.4
(ui) .
(8)-6-bromo-1-(1-phenylethyl)-1H-imidazol4,5- 319.0; [M+H]";
bJpyrazin-2-ol 321.0 [M+H]* 045
(S)-6-bromo-1-(1-phenylethy!)-1H-imidazo[4,5- 319.0; [M+H]";
b]pyrazin-2(3H)-one 321.0 [M+H]* 0-45
(R)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5- 319.0; [M+H]";
blpyrazin-2-ol 321.0 [M+H]" 24
(R)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5- 319.0; [M+H]";
b]pyrazin-2(3H)-one 321.0 [M+H]* 24
:
1-benzyl-6-bromo-1H-imidazo[4,5-b]pyrazin-2-ol 305.%; [M+H]+; 23.5
307.1 [M+H]
1-benzyl-6-bromo-1H-imidazo[4,5-b]pyrazin- 305.1; [M+H];
2(3H)-one - 307.1 [M+H]* 23.3
.(S?-S-(methylthlo)—1 j(1-phenylethyl)-1 H- 087 1 [M+H]* 11
imidazo[4,5-b]pyrazin-2-ol .
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265.1 [ MtH + 13.9 Db] pyrazi n- 2- ol
1- cycl ohexyl
wQ dooBote6dB. 9 b] pyrazi n-2(3H) - one
(2)-1-cycl ohexyl
[MtH + 6.0 Db] pyrazi n-2-ol
(2)-1-cycl ohexyl

259.1 [MtH + 6.0 b] pyrazi n-2(3H)-one

(E) - 1-cycl ohexyl - 6- (prop-1-enyl) -

1 Himd

-6-(nmethylthio)-1 Himdazo[4,5- 265.1

PCT/US2007/017235

-6-(prop-1l-enyl)-1 Himdazo[ 4, 5-

azo[ 4, 5-

-6-(prop-I-enyl)-1Himdazo[4,5- 259.1

259.1 [MtH + 6.1 DbJpyrazin-2-ol p5 WO 20}%/ 016669 SKM MF
PCT/ US2007/ 017235 SKM M- Nane nfg |on Ad (NM
(E) - 1- cycl oNam® - 6- (prop- 1- enyl ) - LHMR dazo[ 4lgn 259 1 AC1.4
[MtH + 6.1 Db] pyrazin-2(3H)-one (5, (HM)
S5 E\@ﬁh(éb;_ahenvleihvl) 6- (prop-1-en I)-l H[281.1 [ MtH]
metiaylthi -a(iﬂ{hanygatbyWﬂ-&m n- 2- ol .

) - 6- (prop- 1- enyl?ﬁ[—"H 281[M+iM-H] 1.1
|m|dazo[§)%£]£)grnagge%§ﬁ J;]';k%pyrazi n- 2(3H) - pne 6-brjono-1
1-benzyl-6<asthpitio)l 1 H-inwue 2@l 3-bJpyrage agi n- 2- of| 259.0 [ MF

6.0 6-bronp-1-isopropyl-1 )EI-I m daz273.06-(b] piM-aH]'n 22.6
2ol 259.0 [MH + 6.0 2(3H)-one o )
1benzﬂ61(ﬁi§259lm'bﬂ?r-kmﬁa%ﬁns %ﬂpﬁaﬂh dazo[4,15-225. 1

[ MH]| + b] pyrazi n- 273.0 [M+H] 22.6
2(3H)-one sopropyl 6- (et hyl t h| 0)-1 Hindazo[4,5 225.1
R _6 OO 1 OI_I) = UTIT ] ]
R o L TSI ey 1| rosmigiaeolfadiy | 2.0
imidazo[4,5-b]pyrazin-2-o!
(R)-6-(methylthio)-1-(1-phenylethyl)-1H-
o ) viethy) 287.0 [M+H] 2.9
imidazo[4,5-b]pyrazin-2(3H)-one
(S)-6-(2-methylprop-1-enyl)-1-(1-phenylethyh)-1H-
o ) yi-1-(1-phenylethy) 295.1 [M+H] 2.7
imidazo[4,5-b]pyrazin-2-ol
(5)-6-(2-methylprop-1-enyi)-1-(1-phenylethyl)-1H-
o . yi-1-(1-phenylethy) 295.1 [M+H]* 2.7
imidazo[4,5-b]pyrazin-2(3H)-one
(S)-6-cyclohexenyl-1-(1-phenylethyl)-1H-

321. +H] 1.

imidazo[4,5-b]pyrazin-2-ol ! (M=) %10
(5)-6-cyclohexenyl-1-(1-phenylethyl)-1H-
o y i (1-phenylethyl) 321.1 [M+H] 31.0
imidazo[4,5-b]pyrazin-2(3H)-one
(5.2)-1-(1-phenylethyl)-6-(prop-1-enyl)-1H-
o y .Y) {prop ¥D 281.1 [M+H] 1.0
imidazo[4,5-b]pyrazin-2-ol
(S,Z)-1-(1-phenylethyl)-6-(prop-1-enyl)-1H-
o ‘y (prop v 281.1 [M+H]" 1.0
imidazo[4,5-b]pyrazin-2(3H)-one
(S)-1-(1-phenylethyl)-6-vinyl-1H-imidazo[4,5- ‘

,p yiethy) Y [ 267.0 [M+H]" 24
b]pyrazin-2-ol
(S)-1-(1-phenylethyl)-6-vinyl-1H-imidazo[4,5-

267.0 M+HT" 2.4

b]pyrazin-2(3H)-one [ - ]
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b] pyrazin-2-ol 219.2 [MtH + 4.6

(2)-1-isopropyl-6-(prop-1l-enyl)-1 Himdazo[4,5- 219.2
wQ kooBore6d9 6 b] pyrazi n-2(3H)-one (S)-6-et hoxy-RCT/US2007/017235
-(1-phenylethyl)-1 Himdazo[4,5 285.2 [ MrH + 10.6

b] pyr azi n- 2- ol

(S)-6-ethoxy-1 -(1-phenylethyl)-1

Himdazo[ 4,5 285.2 [ M+H + 10.6 b] pyrazi n-2(3H)-one
6- br ono- 1- (pentan- 3-yi ) - 1H i mi dazo[ 4, 5- b] pyr azi n-

286.0; [Mr2H ; 0.25 2-ol 288.0 [ M+2H] 2+ 6-bronp-1
- (pentan-3-yl)-1H1 m dazo[ 4, 5-b] pyrazin- 286.0; [ MFZHISKM ME
7 2(3H)-one,288.0 [ Mt2H] 2+ 0. 25
6- (met hyl t hNBI& - (pent an- 3-yl ) -1 H iM&azo[ 4, bon AC1.4
b] pyrazin-2-ol 253.1 [M+tH + 0.4 p6 WD 2008/ 016669 (M)
BCT/ US2007/ 017235 _SKM VE Nane niy lon AQL. 4 (NM
(S)-6-ethyi(Intt-Rheanetiny)-1HcipudazotdS-y | ) - 1) H i mi dazol 4, 5 253. [1
b]pyrazi%— el + 0.4 b] pyrazi n-2(3H) - one 269.1 [M-+H] 17.4
(E)-1-(pentan-3-yl)-6-(prop-1-eny|)-1 H [247.1 [ M+H |+
(5)-6-etttyl4-(1-phedpetiy)-18-iMigsze{2|5-n- 2- 0 2808 AN
(L BEyads (pentan-3-yl)-6-(prop-1-enyl) A 247[M+ Hi+ 174
b]pyrazu&%&%-&;ﬁ&azo[ 4, 5- b] pyrazi n-2(3H) - pne o
(S)-1-(1-pBenitetmanbapropyl i H-ifmi@REQ@-5L- €ny| ) - T H 247 1T [ VFH
0.6 "imdazo[ 4, 5-b] pyrazi n- 2- ol 283.1 [M+H]" 29.7
b]pyrazqu;@u: (pentan-3-yl)-6-(prop-1-eny])-1 H [247.1 [ MrH|f+
(S)-1-(1 Prenylth i fdpyRPTRLINGEZI @ 5 ¢ S ome .
blpyrazin-2(3H)-one 283.1 (M+H 29.7
(8)-6-methoxy-1-(1-phenylethyl)-1H-imidazo[4,5- . 4
bjpyrazin-2-ol 271.1 [M+H] 8.8
(8)-6-methoxy-1-(1-phenylethyl)-1H-imidazo[4,5- 2711 .
blpyrazin-2(3H)-one ' M- 58
6-bromo-1-cyclohexyl-1H-imidazo[4,5-b]pyrazin-2- | 296.9; [M+H]";
104
ol 298.9 [M+H]
6-bromo-1-cyclohexyl-1H-imidazo[4,5-b]pyrazin- 296.9; [M+H]";

. 10.4
2(3H)-one 298.9 [M+H]
1-cyclohexyl-6-(methylthio)-1H-imidazo[4,5- .

) 265.1 [M-+H] 13.9
b]Jpyrazin-2-ol
1-cyclohexyi-6-(methylthio)-1H-imidazo[4,5- 265.1 .
blpyrazin-2(3H)-one > (M+H] 13.9
(£2)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5-

] 259.1 [M+H]* 6.0
blpyrazin-2-ol
(£)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5- 259.1 .
blpyrazin-2(3H)-one S (M+H 5.0
(E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5- .
b i 259.1 [M+H] 6.1

lpyrazin-2-ol -
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6- met hyl -

-(pentan-3-yl)-1 Hi
[ MtH + 0.53 Db] pyrazi n- 2- ol
WO epsni@n 3-yl ) -

mid azo[4, 5 221.1
6- net hyl -

1 Himdazo[4,5- 221.1 [ M+H] + BCEBS2007/017235

b] pyr azi n-2( 3H) - one

(S, 2)-6-(hex-2-enyl)-1-(1-phenylethyl)-1 H 3.1

i m dazol[ 4, 5- b] pyrazi n- 2- ol
Hi m dazo[ 4,

nitrile 2-oxo-3-(pentan-3-yl)-2,3-di hydro-1

2- hydroxy-1-(pentan-3-yl)-1
5 232.1 [MtH + 36.4 b] pyrazi ne-6-carbo

H i m dazo[ 4, 5 232.1 [MtHJ+ 36.4 P] py rd zi n e-5-dasSKM MF

rbonit rj e (R)-6-brono-1-se- butyl 1 Him

i dazo[ 4, 5 %?‘a}ﬁ azin-2-ol 273.0 [MZ 1|5 lon AC1.4

(R) - 6-brono-1-sec-butyl -1H i m dazpp[ 4,5- 473.0 [I\/H—|]+ (uM)

1. 5 blpoyrazin-2(3H)-one (S)-6-brionn-1 -dec-butyl -
(E)-T-cyqlohexyi:B-thrap- 5-epyPythdmidazei,6- [ N %ﬁﬁ d.8 2-ol
blpyrazif(HIPBALE669 PCT/ US2007/ 017235 ht e P 1 6.1

A i.4 (pM __ (S)-6-bronp-1-sec-bu
(S,E)-1-(H-pheridethiyl)-&-(iopy 1-@nyh-BH2. 0 | Mzg 2+ .8 2(3H)-dne
lmldazo[g?éz)f)g) |t butyl - 1H i ni dazo[ 4], 52®1.gyrlazi IMEHPI 1.6

r{}[} Ff 0.8 6-bronp-1-terft-butyl-1 Him
(S.E)-1 (|1dpﬁ@{)4eth§f)m TemvBH+40 [MF2ZH 2+ 0.8 Z(3H -one
br ono- (p‘b{pix - ilglj—l-l m dazo[ {4, ZBaltpyr aziwHF 1.6

imidazo[ b}py[r@;lpq I;%g)ne
6-bromo-1-isopropyl-1H-imidazo[4,5-b]pyrazin-2-ol | 259.0 [M+H] 6.0
6-bromo-1-isopropyl-1H-imidazo[4,5-b}pyrazin- 25 .
2(3H)-one 9.0 [M+H] 6.0
1-isopropyl-6-(methylthio)-1H-imidazo[4,5-

X 225.1 [M+HT 6.7
b]pyrazin-2-ol
1-isopropyl-6-(methylthio)-1H-imidazo[4,5- 995 1 MeHIT*
blpyrazin-2(3H)-one ' [M+H] o7
(£)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5- N

. 219.2 [M+H] 4.6
blpyrazin-2-ol
(2)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4, 5- 019.2 MHT

. + .

blpyrazin-2(3H)-one [ ] 46
(S)-6-ethoxy-1-(1-phenylethyl)-1H-imidazo[4,5- N

. 285.2 [M+H] 10.6
b]pyrazin-2-ol
(S)-6-ethoxy-1-(1-phenylethyl)-1H-imidazo[4,5- 285.2 MAHT
blpyrazin-2(3H)-one ’ (M+H] 108
6-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin- | 286.0; [M+2HT*"; 0.25
2-ol 288.0 [M+2HP ’
6-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazin- | 286.0; | [M+2H]";

e 0.25
2(3H)-one 288.0 [M+2H]
6-(methylthio)-1-(pentan-3-yl)-1H-imidazo[4,5- : . :

. 253.1 [M+H] 0.4
bipyrazin-2-oi
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yl ) butanoi ¢ acid 2-(6-brono-2-o0xo-2, 3-di hydro-1

Himidazo[4,5 299.0 [MH " >49

Wb p@gnasin- 1- yl ) but anoi ¢ acid 2- (6-brono- 2- hydPORYSH007/017235
H i m dazo[ 4, 5-b] pyrazin-1 370.0 [ MtH + >49

yl)-1-nor phol i nobut an-1-one 6-bro

rno-1

- (1- nor phol i no-1 -oxobutan-2-yi)-1 H 370.0 [ M+tH] + >49

i m dazo[ 4, 5-b] pyrazi n-2( 3H) - one

(R) - 6-brono- 1- (1- hydroxybutan-2-yi)-1 H 285.0 [MH|r

1.1 imdazo[4, 5-Db]pyrazin-2-ol SKM MF
(R)-6-bronp-1- (1- hydroxybutan-2-yJ)-1 H [285.0 [ M H}"
1.1 i mi daZ¥p@¥s. p] pyrazi n- 2( 3H) - pndN/z lon AC1.4
(S)-6-brono-1-(1-hyd roxybutan- 2-y|) 1 H|285.0 [MH - (uM)
19.1 _imidazo[4, 5-b] pyrazin-2-0
6(meth)(lt§;)0)61-lﬁp©mn13-(y!)-ﬂgidm'dﬂgd§‘&ll5an 2-y|% 11 285 +0f " 04
¢ RLdazo[ 4, 5-Db]pyrazin-2(3H 6-1b .
blpyraz"-}%ﬁi_{n}ekﬁ%xybut an-2-yl)-1 Himdazp[4,5 b] pyra2| n- 2- gl
(E)-1-(p&3an<B- ylMa-lplrop Benghitbno- 1- (1- mef hox ytan-2-yl)-1
id g} azq 5 301.0 [MrH + 4.9 %Wam VB - dne 0.4
imi azo[ﬁ%— 2AB 'P n-2-yl)-6-bronmo-1 Himdazq[4, 5 287.0
E)-1-(pantarH- opDI-BWUBZIHL 2- 01 68 WO 20087 JI6669
(B)-1-4p PCT/ US %07 dr 235 S%EM MF Name nlg 246n1AQL. 4MLHY) 0.4
'm'dazomf(hzl%aﬁab%@'ah—@%u) 6- brono-1 Hinidazd[ 4,5 287.0
@)-1-(pStERTI-GiT-6¢ptop PIBRyFAHT 2 3H=ome .
o 7l . (d P oy 247 .1 [M+H] 0.6
imidazo[4,5-blpyrazin-2-ol ‘
(£)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H- N
o ¥ .(p P v 247 1 [M+H] 0.6
imidazo[4,5-b]pyrazin-2(3H)-one
6-methyl-1-(pentan-3-yi)-1H-imidazo[4,5-
Y P ¥ [ 2211 [M+HY" 0.53
b]pyrazin-2-ol
6-methyl-1-(pentan-3-yl)-1H-imidazo[4,5-
i (pent ¥ [ 2211 [M+H]" 0.53
b]pyrazin-2(3H)-one
(S,2)-6-(hex-2-enyl)-1-(1-phenylethyl)-1H- 3.1
imidazo[4,5-b]pyrazin-2-ol '
2-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-
y _xy P . _y) [ 232.1 [M+H]" 36.4
b]pyrazine-6-carbonitrile
2-oxo0-3-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-
_(p y,) , Y [ 232.1 [M+HT" 36.4
blpyrazine-5-carbonitrile
(R)-6-bromo-1-sec-butyl-1H-imidazo[4,5- .
] : 273.0 [M+H] 1.5
blpyrazin-2-ol
(R)-6-bromo-1-sec-butyl-1H-imidazo[4,5- N
. ' 273.0 [M+H] 1.5
b]pyrazin-2(3H)-one
(S)-6-bromo-1-sec-butyl-1H-imidazo[4,5-b)pyrazin-
>l Y [4.5-blpy 272.0 | [M+2H 0.8
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6- brono- 1- (1- (et hyl am no) but an-2-yl)-1 H 300.0 [ M+H] +

45:7 im dazo[4, 5-Db]pyrazin-2-ol

wWoe2sonwed - ( 1- (et hyl am no) but an-2-yl ) -1 H 300POT1/UN0bl/617235

45. 7

i m dazo[ 4, 5-b] pyrazi n- 2( 3H) -

one

6- brono- 1- ( 1- (di net hyl am no) butan-2-yl)-1 H 315.0

[ ME2H 2+ 43.8

i m dazol[ 4, 5- b] pyrazi n- 2- ol

6- brono- 1- (1- (di net hyl am no) butan-2-yl)-1 H 315.0

[ Mk2H] 2+ 43. 8

i midazo[4, 5-b]pyrazin-2(3H)-one

6- brono- 1- (1- (4- met hyl pi perazin-IfyT)butan-2-yI') 369 EKM MF
[MtH + 14.9 1 H i m dazo[ 4, 5-b] pyfazi n-2-jol 6-brono-|
- (1- (4- et hNBPI®er azi n-1-yl ) b utap- 2M&) [369. oM MrH |+ AC1.4
14.9 1 Himdazo[4, 5-b] pyrazin-2(3H)-ong (uM)
(R -6-bromp-1 -(1-norpholinobutant2-yi)-1 H 356.0;
(S)-6- brcpnmpH]-sec-bLUylm Hﬂml@mmb-ﬂ;ﬁ Blpyiamimaki n- 2- ol| 358. 0 E)zlyH—ﬂ
2(3H)-0 %& - br ono- 1- (1- nor phol i nobut an- p-27%.01 |4 [Ms2HY; 0.8
“'f H _; + 0.3 inidazoj4,5-b]pyragin- 2(3HI) one 358.0
6-bromd- Mtéft-Hubyl- fHmidard[4,5(Blpyeazmol 6npbar20- 2- yim+3H 0.8
dm:n mdﬂ/u.u] : >AQ[ frﬁadnwx 4 5-blpyrazi -7[nL ‘2?5-2 Q
—bromori;ﬁqaﬂtpdtxlstgUm%445 ‘?]PYF\Q?"bhoI | ??J%@h %53'1' 0.8
2(3H)-on°£56 O; [MtH ; >49 imdazo[4,5-b v4 n-2{“§ FHlne .
56D aﬁwraiﬂru—ﬂjlrsl(a 1&450moovj 6-(prop-1-enyl)-1
TOHQ— roxy: 1 Bi-imidazodNi-H]pyrazin-1-b) E&r azin-2-ol
i sopropyl -6-(prop-1-enyl)-1 9904 zo[W“EH]Z19. 1 >48
yl)butanfal‘;\:l%rrﬁ}@|r Sop 9
2-(6-bromo-2-oxo0-2,3-dihydro-1H-imidazo[4,5- 5
. o 289.0 [M-H] >49
blpyrazin-1-yl)butanoic acid
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-b]pyrazin-1- N
\ . Y Y [ lpy 370.0 [M+H] >49
yl)-1-morpholinobutan-1-one
6-bromo-1-(1-morpholino-1-oxobutan-2-yl)-1H- .
. i 370.0 {M+H] >49
imidazo[4,5-b]Jpyrazin-2(3H)-one
R)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-
_( ) ( y ad v 285.0 [M-HT 1.1
imidazo[4,5-b]pyrazin-2-ol
R)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-
.( ) ( y 5 v 285.0 [M-HT 1.1
imidazo[4,5-b]pyrazin-2(3H)-one
S)-6-bromo-1-(1-hydroxybutan-2-yi)-1H-
.( ) ( y 4 4 285.0 [M-HJ 19.1
imidazo[4,5-b]pyrazin-2-ol
S)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-
_( ) (1-hydroxy ¥ 285.0 [M-H] 19.1
imidazo[4,5-blpyrazin-2(3H)-one
6-bromo-1-(1-methoxybutan-2-yl)-1H-imidazo[4,5- .
. 301.0 [M+H] 4.9
b]pyrazin-2-ol
6-bromo-1-(1-methoxybutan-2-yl)-tH-imidazo[4,5- .
. 301.0 [(M+H] 4.9
b]pyrazin-2(3H)-one
1-(1-aminobutan-2-yl)-6-bromo-1H-imidazo[4,5- ot
. 287.0 [M+2H] 1.1
bjpyrazin-2-ol
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b] pyrazi n-2(3H)-one 1-(pentan-3-yl)-1

H i m dazo[ 4, 5- b] pyr azi n- 2- ol

207.1 [M+H 16.0 69 WO

wQoe8/k6H669 PCT/ US2007/ 017235 SKM MF Nane ni BCT/082007/017235

ACl . 4

(PM 1-(pentan-3-yl)-1

H i m dazo[ 4, 5-b] pyrazin-2(3H) 207.1 [ MtH + 16. O
4-(2-(6-b rono-2-hyd roxy-1 Himidazo[4, 5

nmet hyl

414.0 [ Mr2H 2+ 0.91 b]pyrazin-1 -yl) butyl) pipe

razi ne-1 -carboxyl ate net hyl

one

4-(2-(6-brono-2-oxo-2,3-di hydro- IT i SKM MF
i m dazo[ 4, 5-b] pyrazi n-1-yl ) butyl) pi perazijne-1- 414.0
[ Me2H] 2+ 0. ¥8mMearboxyl ate 6- br onp- 1M{A- (4- (ndenyl suj AC1.4
| fonyi)pi perazin-1 434.0 [ Mr2H] 2+| 3. 2t (uM)
vl)butan-2-yl)-1 Hirnidazo[4,5-b]pyrazin-2-ol
1-(1-amipobutam24ylf-6-tremard Hhiphidakél@dd ) p| perazi n-1- 434.0
blpyr Hﬁt%? 3.2t yl)butan-2-yl)-1 287.0 [M+2HJ? 1.1
pyrazipy P61 4, 5- b] pyr azi n- 2(3H) - one
6-bromos1 {n qmethylapend putand-y1HF | m dapol 4, 5- B pyr azi n- ,
- éS% &%Lw . 11.5 2-ol 287.0 [ w86.0 [M+H] 4577
imidazolg. Frbia2in ght an- 3-yI) - 1 H-i i dago[ 4, 5- b pyr azi n-
6-bromo? ¥4 AmethiBhiinoButhh-RRs 17 - 0 [ VFH + 1175
L 1- pgnt aw;l_?ls- T )fﬂluil-l-l nﬁZazoM, 5- b] qgoooxal i npg+E|* 457
imidazo[g#sy-blpyrakiar2(Bd)sone - (pent an- 3-yi )} 1
- Hr iR i St 2 57— 398
6-bromos] é'ﬁo@%"éﬁ?ﬂ%?%%@”??})e_ an-3- Y1 314 0| Milazpl®. 5 438
imidazo[#233-blpyrakidl2-00. 1$ b] pyr azi n- 2- ol
6-bromo-1-(1-(dimethylamino)butan-2-yl)-1H- : o4
o . 315.0 [M+2H] 43.8
imidazo[4,5-b]pyrazin-2(3H)-one
6-bromo-1-(1-(4-methylpiperazin-1-yl)butan-2-yI)-
. (1 y_pp ¥ ¥ 369.0 [M+H]" 14.9
1H-imidazo[4,5-b]pyrazin-2-ol
6-bromo-1-(1-(4-methylpiperazin-1-yl)butan-2-yl)-
o (1 pr v) ¥ 369.0 [M+H]" 14.9
1H-imidazo[4,5-b]pyrazin-2(3H)-one
(R)-6-bromo-1-(1-morpholinobutan-2-yt)-1H- 356.0; [M+HT; 0.3
imidazo[4,5-b]pyrazin-2-ol 358.0 [M+H]* '
(R)-6-bromo-1-(1-morpholinobutan-2-yt)-1H- 356.0; [M+HT"; 0.3
imidazo[4,5-b]pyrazin-2(3H)-one 358.0 [M+H]" '
(8)-6-bromo-1-(1-morpholinobutan-2-y{)-1H- 356.0; IM+H]™; 49
>
imidazo[4,5-b]pyrazin-2-ol 358.0 [M+H]"
(8)-6-bromo-1-(1-morpholinobutan-2-yl)-1H- 356.0; M+HT"; 49
>
imidazo[4,5-b]pyrazin-2(3H)-one 358.0 [M+H]"
E)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-
(= _p pyl-6-(prop yh) [ 219.1 [M+H]" 7 1
blpyrazin-2-ol
E)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-
(= .p pyl-6-(prop yl) ( 219.1 [M+H]* 1
blpyrazin-2(3H)-one '
1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol 207.1 [M+H]" 16.07
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6- et hynyl
0.1%$ b]pyrazin-2(3H)-one

-1-(pentan-3-yl)-1 Himdazo[4,5 231.2 [ M+tH] +

wa2qogendean- 3-yl ) -6-(trifluoromethyl)-1 H i m dapofAs®07/017235

275.2 [MrH + 10.4$ Db]pyrazin-2-o

1-(pentan-3-yl)-6-(trifluoronethyl)-1 Himdazo[4,5
275.2 [ M+H] + 10. 4% b]pyrazin-2(3H)-one 70 WO
2008/ 016669 PCT/ US2007/017235 SKM M- Narme m z |on
ACl.4 (A
6- br ono- 1- ( 2- met hyl - 1- nor phol i nopf opan-2-lyl')- 356.0;] SKM MF
[MtH] ; 16.4% 1H i m dazo[ 4, 5-b] pyrazi n-2-ol 358.0
[ MiH + 6-br@Be - (2-nethyl -1 - nof pH®f% nopr opdP02-y| ) - AC1.4
356.0; [MrH ; 16.4$% 1 (uM)
o Hl%d%rzioféle]Dvrasz(;(I-h one} 358. 0 [IMtH] +
pentanS}-yh-birldmidazo(g¢ b-blrypazinid(8H)-opap- 2-yl ) -|1 H 342, 0;
one LMeH ; >49 inidazo[4, 5-b]pyrazih %0%11 34, TR + 16.0"
(S)-6-brono-1 -(1-norpholinopropap-2-yl)-1 H 342.0;
methyl 4—(\2%6 bromé92- Hyﬂmiqz-ml-léirrﬁd@i 4!532' N- 2(3H) -lone 344.0

é }—g tm% et hoxy-) - ( pent n- Cyl) L 14140 [dapp2Hg 0.97
olpyraziphryhbybpperass 1 splal. 2 o
methyl 45 ZIRSJ&%Molz-b&SEE Q%uﬁg %MIJT H- 1 m fazof 4, I

grazm 2g H) -one 2 M-H) + P. 2$ (Fi-6-brorg§-1 "
imidazole BRBI-| %)@uaﬂmtpqm;nr)e-i— H 3#2404.9 M-H[M*2H] s 0.9

i, dazo[ 4, 5-b] pyrazi n-2-ol 344.0 | MtH] +
carboxyi(a%_ 6- bronp-1-(1- nor phol i nopropant2-vi)-1 H 342.0;
6-bromd- 4:(methylsulfonyl)piperazin-1- "

o TARKC (, . y yhelp _ 4340 | [M+2HP 3.27
yhbutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-ol
6-bromo-1-(1-(4-(methylsulfonyl)piperazin-1-

(1 (, Y YOpip ‘ 434.0 | [M+2HP 3.2
yl)butan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one
5-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin- | 285.0; [M+HT"; 11.5
2-ol 287.0 [M+H]" '
5-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin- | 285.0; [M+H]; 115
2(3H)-one 287.0 [M+H]" '
1-(pentan-3-yl)-1H-imidazo[4,5-b]quinoxalin-2-ol 2571 [M+H] 19.8
1-(pentan-3-yi)-1H-imidazo[4,5-b]Jquinoxalin- .

P ¥ [ Ia 257.1 [M+H] 19.8
2(3H)-one
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5- .
ynyl-1-(pent vh [ 231.2 [M+H] 0.1%
blpyrazin-2-ol
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-
’ Y ® v [ 231.2 [M+H]* 0.1*
blpyrazin-2(3H)-one
1-(pentan-3-yl)-6-(trifluoromethyl)-1H-imidazo[4,5- .
P _ vh-6- vh [ 275.2 [M+H] 10.4*
b]pyrazin-2-ol
1-(pentan-3-yl)-6-(trifluoromethyl)-1H-imidazo[4,5- .
P _ yh)-6~( ¥ [ 275.2 [M+H] 10.4%
blpyrazin-2(3H)-one :
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5.2%

I m dazo[ 4, 5- b] pyrazi n-2(3H)-one 344.0 [ MtH] +

1-(pentan-3-yl)-1 Himdazo[ 4, 5-b] pyrazi ne- 2, 6-di ol
wQ2@s@146H] >49 6- hydr oxy-1- (pent an- 3-yl)-1 PCT/US2007/017235
Himdazo[ 4,5 223.2 [ MH + >49 b] pyrazi n-2(3H)-one
1- (pentan-3-yl)-6-(prop-1-ynyl)-1 Himdazo[4, 5 245.2

[ MPkH + >49  b] pyr azi n- 2- ol

1- (pentan-3-yl)-6-(prop-1-ynyl)-1 Himdazo[4, 5 245.2

[ MikH + >49 Db] pyrazi n-2(3H) - one

1- (1- nor phol i nobut an-2-yl)-1 Hi1n dazo[ 4,5 278.0 SKM MF
[ MtH] + >49 razin- 2- ol
1-(1- m)rpho'ma utan-2-yl)-1 Hinj ddBg 4,|5 2750 >49 AC1.4
b] pyrazi n-2(3H)-one 71 WD 2008/ 016669 (uM)
PCT/US2007/ 017235 SKM ME Name nmip lon AQl.4 (NM {1
6-bromo-1+2methybiynprmhqlinoprepayRofl-azo| -366.087. 1 [IMWHI+ 15 16.4F
imi i A 55 ] pyrazi n-2-ol + :
H-midgE ot BB Podnez B DY o e o dazof 4] 5324 Sy rlazi ML
6-bromo31-§2-méthiyH]l - orphdlinoptdpdR-234)¥et h I355 0; [M+H] 16.4*
lin-4- t hyl ) butyl] - 6- 84 %yl'r fgﬂ) .
1H- ‘m'd"}% %Xfﬁ'ﬂ'ﬁépﬁ] azi n-2-ol 1 \'S:*é l{ pr Wb 6- Vi
S)-6-brdMbL 1Y 1-ehSpRbfindpRIpaPydFPHL1M- 2- O Vi
- P\éeﬂﬁyl pr op yl)- B- 1 rret hyI VI nyl)fm dazo[ g“ 2197' >49
imidazo[f\a-piRyrazig- ‘6’] pyr azi n- 2- ol - (et hyB44.0r gpy | MBH[ net |y
(S)-6-brofhBH A MmémBhbliAGRIchan-2-91 III-'W”"J M “Sa2o; [M+H]; o40
imidazo[4,5-b]pyrazin-2(3H)-one 344.0 [M+H]"
6-methoxy-1-(pentan-3-yl)-1H-imidazo[4,5- .
1P Y [ 237.1 | [M#H] 2.2
b]pyrazin-2-ol
6-methoxy-1-(pentan-3-yl)-1H-imidazo[4,5- .
_ y-1-p yD [ 237.1 [M+H] 2.2%
b]pyrazin-2(3H)-one
(R)-6-bromo-1-(1-morpholinopropan-2-yl)-1H- 342.0; [M+H]"; g
imidazo[4,5-b]pyrazin-2-ol 344.0 [M+H] '
(R)-6-bromo-1-(1-morpholinopropan-2-yi)-1H- 342.0; [M+H]; 5 ot
imidazo[4,5-b]pyrazin-2(3H)-one 344.0 [M+H]" '
1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazine-2,6-diol | 223.2 [M+H] >49
6-hydroxy-1-(pentan-3-yl)-1H-imidazo{4,5-
y ' y-1-4p ¥ [ 223.2 [M+H) >49
blpyrazin-2(3H)-one
1-(pentan-3-yl)-6-(prop-1-ynyl)-1H-imidazo[4,5- .
(P ' yl)-6-(prop-1-ynyl) [ 045.2 [M-+H] 49
b]pyrazin-2-ol
1-(pentan-3-yl)-6-(prop-1-ynyl)-1H-imidazo[4,5- .
(p . yl)-6~(prop-1-yny) [ 0452 IM+H] 40
blpyrazin-2(3H)-one
1-(1-morpholinobutan-2-yl)-1H-imidazo[4,5- R
) 278.0 [M+H] >49
b]pyrazin-2-ol
1-(1-morpholinobutan-2-yl)-1H-imidazo[4,5- - :
278.0 >49

blpyrazin-2(3H)-one
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b] pyr azi n- 2- ol

6-chl oro- 1- (et hyl propyl )i m dazo[ 4, 5- b] pyr azi n- 2- ol
PCT/US2007/017235
i met hyl am no) - 1- (et hyl propyl )imd azo[4,5 250.1 [ MtH] +

wQ@3eshidqesH 0.7 6-(d

2.2 Db]pyrazin-2-ol 1 -((1
R) - 1- met hyl - 2- nor phol i n- 4-yl et hyl
br onoi m dazol[ 4, 5- b] pyrazi n- 2- ol

)-6- 342,
344 (M-2+H)

(MtH),

1- (et hyl propyl)-6-et hynyl i m dazo[ 4, 5- b] pyr azi n- 2- ol

5.19

229 (MH)y 0I5 T -(ethyl” p ropyl)-6-m etjnoxyr m SKM MF
i dazo[ 4, 5-b]pyrazin-2 237 (MH 2.20 of
1- (1, 1- di mreNBye 2- nor phol i n- 4- yl ef hynfz6-| 356 lopmr1)| AC1.4
19. 11 bronoi m dazo[ 4, 5-b] pyrazi n{ 2-ol 358 (M+-2+H) (HM)
6-(1 H1, 62 3-triazol-4-yl)-1 274 {M+H) + 46. 64
1 (ethylp{&bwl@(‘t}méthylpvraqu 5-b] pyr azi n- 2- ol h
g- 6- trloélofororret hyl )i m dazof 4287.276 ([‘0&'1‘#] 10.B7 15
yl)lmldag?lﬁyff hyrazin [(1
falzH-2R 1 1-8130¢ (1w +Py13 0.7
6 bromd*’l (brd%ﬁ%ﬁiﬁﬂaﬂoﬁﬂﬂi}gm&n 2-0l 72 W) 2 R/ﬂ%ﬁﬁﬁb
1-{(1R)- M¢m0dmmm§54-ﬂmtwl)mwﬂ -Gr 7 é)é] %ACQ 4[M{I-Hl]\@ 0.5
-~ -42-[ 1- (et hyf propyl :
bromom‘%d%%t}yém] }n4,§ -e]pyrazin-6- 435 (MrH) 19.32
-(ethylgﬂob@rt)lf&ny'ly)lmmdm[é[54-bﬁ:>yv§mw2aml n 2- a@B3.1 [M-+H] 2.3
nnnnnnnnn 1 a=zal i
I T upyl }I T UaZUT i, 9
1- (ethy Wpﬁr"l@o{b H %%7 247 [M"‘Hr 0.6
blpyrazin-2-ol
1-(ethylpropyl)-6-(methylethyl)imidazo[4,5- 049 [M+HJ* 29.6
blpyrazin-2-ol
6-chloro-1-(ethylpropyl)imidazo[4,5-b]pyrazin-2-ol 239.1 [M+HT 0.7
6-(dimethylamino)-1-(ethylpropyl)imidazo[4,5- 2501 [M+H] 2
blpyrazin-2-ol
1-((1R)-1-methyl-2-morpholin-4-ylethyl)-6- 342, (M+H), 5.19
bromoimidazo[4,5-b]pyrazin-2-ol 344 (M+2+H) '
1-(ethylpropyl)-6-ethynylimidazo(4,5-b]pyrazin-2-ol 229 (M-H) 0.15
1-(ethyipropyl)-6-methoxyimidazo[4,5-b]pyrazin-2- 037 (M-H) 220
ol
1-(1,1-dimethyl-2-morpholin-4-ylethyl)-6- 356, (M+1), 15.11
bromoimidazo[4,5-b]pyrazin-2-ol 358 (M+2+H) '
6-(1H-1,2,3-triazol-4-yl)-1- 74 (M+H)+ 46.64
(ethylpropyl)imidazo[4,5-b]pyrazin-2-ol
- -6-(tri hyl)imid 4,5-
1-(ethylpropyl)-6-(trifluoromethyl}imidazof; 975 (M+H) 10.37
blpyrazin-2-o!
- -1- lin-4- thyl 1]-6-
1-[(1R)-1-(morpholin-4-yimethyl)propyl] 302 (M+H) 0.13
ethynylimidazo[4,5-b]pyrazin-2-ol : -
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6-ethyl-1 -(ethyl propyl)i m dazo[ 4, 5- b] pyrazi n-2-ol 235

[ MiH] 8.58 Mean value. $ Medi an value. [0166] Using
w@r@setisses simlar to those descri bed herein, Peh®s2007/017235

conpounds in the following table were also

synt hesi zed and tested. Nane

(S)-1-(2-hydroxy-1-(1-phenylethyl)-1 Him

i dazo[ 4, 5-b] pyrazin-6-yl)eth a none (S)-6-acetyl-

-(1- phenyl ethyl)-1 Him dazo[ 4, 5- b] pyrazi n- 2(3H) - one

(S)-6-1sobut yI -1-(1-phenyl et hyl') -L SKM MF
Him dazo[ b] pyr azi n- 2- ol

(S)-6-i sobLﬁlﬁmel (1-phenyl ethyl )-1 Mz lon AC1.4
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one (uM)

(S)-6-hexyl -1-(1-phenylethyl)-1

1-(ethylnmpYH-8ai2ol U(@hypPImA2n- 2- ol - (S) -b- hexyl 11
rcrou g BN Nblre: | Sezol d > gy ez Ao 102

yl]ethyn%mﬁa@ié@b}byt@mgﬂaﬂ n- 2 of (S) - 6- cycl dhexyl -

ashemd 'I Py azitn-2(3H\-gn

6- (d'met?@?ﬁi‘ ¥il(§m9ﬂ%ynw¢afaﬁ_$m daz o£§0 5- b] F{)(}{h _é_%r n-2-dl

blpyrazit-8)ol 1 - (1-phenylethyl)-1
Himdazol4 5-blpvrazin-2(3H) -aonel (S)-2-Rvdroxv-1

279

6-ethyl-1- @hwﬁwlw;;a[{ 5-b]pyrazin-2-ol 235 '[M+H]’ 8.58

TMean én dazo{ 4, 5- b pyrazime-6-tarboxyticacid
‘)Fs'ﬂ 2- 0x0-3- (1-phenyl ethyl) -2, 3- di hydro- 1

¥ Mediartvalyedazo[ 4, 5- b] pyr azi ne-5-carboxyl i ¢ acid (S)- et hyl
2- hyd roxy-l -(1-phenylethyl)-1 Him dazo[ 4,
5- b] pyr azi ne- 6- car boxyl ate (S)-nethyl
[0166] ZUBilzg grcgdedlh'ee_)dlmilknyid thbsa-dﬁsktyiﬁég Sh'b\;%ﬂz gg% /dgrlnepé)ggds in the
. az - razi te
following33B}< 38 A5 SpuBes e an (1-phenyl ethyl)- 1
H i m dazo[ 4, 5-b] pyra2| ne- 6- carbonltr| l e
(S)=2-0x0-3-(1-phenylethyl)-2 3-di hydrao-1

H-|mdazo[4 5- b] pyrazme “Bapw bonitrile

(S)-1-(2- [39% rWWgﬁggp%ﬂéxamﬂﬁﬁghb%B 3 Dlpytaci-8 3 ethanone

(S)-6- acétS}H :Z(1qmer%fléthyt)hﬁﬂ¥mmé?§d[4 520 [Py ey BHY-one

dazal 4 N\

fazine-5-carboxam-de
(S)-6- 'SOPSW Ei}éheszy'em ki Hymidazqlt. Shinyagntdo) - 1

L
]

(S)-6-isaBut P (o Bhe eI A A Ba o S BRI 2 G ) e~

(5)-6-hexyli 1 trahehylethy)- -yt mldaee[a- 5bjpyrexiand ot

haonyl

S)6-helyi T Rb R R S iR Er A one

(S)-6-cydIGhexyIN-¢i -pRERYIetRyIPA B ﬁﬂiézcs{h@b];ﬁuramh)z-%ﬂ di hydro-1

-5- carbhoxam d

(S)-6-cyglahexyi- 6%'8hﬁ9¥ﬂégqﬂkaﬁowd§20[615 Bi@ﬁ?l'@t?\@l")) one

(8)-1-(1-PhEAy RIS TH-miGh PS5y Az Bpxam de

(S)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one

(S)-2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazine-6-carboxylic acid

(S)-2-ox0-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-carboxylic acid

(S)-methyl 2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazine-6-carboxylate

(S)-methyl 2-ox0-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-carboxylate
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(S)-N, N-diethyl-2-o0xo-3-(1-phenylethyl)-2,3-di hydro-1
H i m dazo[ 4, 5- b] pyrazi ne-5- carboxani de
WO 3)08(266hydr oxy-1 - (1-phenylethyl)-1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n- 6-yl ) (nor phol i no) net hanone
(S)-6-(norpholine-4-carbonyl)-1 -(1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one (S)-(2-hydroxy-1
- (1-phenyl et hyl ) -1
H i mi dazo[ 4, 5- b] pyrazi n-6-yl) (pi peridin-| -

(S)-2- hy¢f@xye1marm1wy¢£hyn-1 H-imidazop, stﬂwwazﬁwe(—alcraebbditme

carhn zin-2(3H) - one

(S)- 2'0"(33:5 (Y‘?F‘ﬁ?bﬂ e@x}) 2.3 gpyﬂq%-ﬁﬁ-gplﬁlﬂzp] %5 b]pyraZIne-S-carbonitrile

(S)2- hyalrdmwﬁirfén‘mahpwﬁ% ifidRiz84, 5 b1 PTe P L B6kEmide

(S)-2-0%08) (ﬁphenybltlmy{)-ﬁl,Mlmzirq}el&mmalzo[mﬁabmyt(ahmémdrbbi@’mde

(S)-2- hy@ L g}fn L(’%?’B?@%éiw‘b ’{ -l@%[@%?]gyrqzme -6-carboxamide

S)-N-meét £ -
e T ¥ S et s e

carboxappidey dazo[ 4, 5- b] pyra2| ne-5- car boxani de

(S)-2- hydﬁix%blgazo ] er g Fls-ﬂ'éﬂ)l‘llthdaig[ﬁ'é' bﬁiyl‘éiihejﬁ carboxamide

(S)-N, N-@Spe&ﬁ-@dmxmﬁh@ﬂl—phewiézﬂwl)@ B)dikydrb-pHemidazdig|5-blpyrazine-5-
carboxa |m dazo[ 4, 5- b] pyr azi n- 2(3H) one
€6- (nor phol i nonet hyl )-1 - (1-phenyl et hyl ) -1

(S)-N N-lchetﬁyldmbﬁo@ N(nyrﬁh’r?é’riyl‘etﬁ?lgﬁH lmldazoFdf ,5- b]Eyrazme-G-carboxamlde

(nornholinonet pheny

(S)-N Nﬂmthv@wpaw whepviethy) Z(%H)’hydﬁwﬂlmuazo&ﬁdamwme-s-

US2007/ 017235
ca
rb°xaﬁgé1 (1- phenyl et hyl ) - 6- ( pi peri di n-1-yl met hyl ) - 1

(S)-(2- hydmny-da(zlepheﬁylle}lml)-abll-lmlaasz[4 5- b]pyraz:n 6-yl)(morpholmo)methanone

R e o e A e L U i R O 7 ey E P

(S)-(2- h)ﬁ@ﬁ\/—ﬂz{ﬂtﬂeéylgﬁipjﬁlgpzi #l%iﬁ[@@B}ﬁﬁéﬁwé -yh(piperidin-1-

yl)metha(rgne@ ((4-met hyl pi perazin-1-yl methyl)-1

(S)-1-(T-PE ISRy L (B8 idin T B O M S A By 2T 2 (5 Fone

(8)-(2- h)lrdirowy-da@ioﬁﬁgﬁylb}hwy-alﬂl-lmlaaﬁm ,5- E)]pyr?]zln-él‘)-yl)(h4—|rr;ethylpiperazin-1-
S 2- hydr oxypr opan- 2-y 1-(1- phenylethyl)-1
yl)methq(pdnﬁ dazo[ 4, 5-b] pyrazin-2(3H)-one

(S)-6- (4I§nétﬂwﬂiwér[%&tﬁé -AYcarbaénily -Erlgfpuﬁ&}wl&r%%)lmidazom 5-b)pyrazin-

b] pyr azi n
2(3H)-ome (et hyl sul finyl)-1- -((S)-1-phenylethyl)-1 Him

(S)-N-b @Fglt“ydr?ﬁc Sﬁl gig I?Nﬁ/l)ﬁH‘fﬂﬁ nyﬁoétti,ﬁiyﬂpyiazme-&carboxamlde

(S)-N-benzyhP daanB4 1 ipHEmyethyi) 2, 3-dihydro-1H-imidazo[4,5-b}pyrazine-5-

S) - 6- (met hyl sul fonyl') -1-(1-phenylethyl)-1
carboxaf_r?_%?n dazol[ 4, 5- b] pyrazi n-2(3H)-one 6-cycl opropyl -1

(8)-6- ((&rh@ﬂi%@mri’o)kﬂg hi}l)ﬂ; Lﬁaﬂégﬂémy@1 PHAMidE2d[4 B-Blpyrazin-2-ol

c\vcloprapyl .

) BRI STyl G PhonY syl midazol 5-Blpyrazin-2(3H)one

(S)-6-(morpholinomethyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol

(S)-S-(morpholinomethyl)-1 -(1-phenylethyl)-1 H—imidazo[4,5—b]pyrazin§2(3H)-one
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6- brono-1- (tetrahydro- 2H pyran-4-yl)-1
H i m dazo[ 4, 5- b] pyr azi n- 2- ol
WO 2sonwed - (t et r ahydr o- 2H pyran-4-yl)-1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one
1-cycl opropyl -6-(nmethylthio)-1
H i m dazo[ 4, 5- b] pyr azi n- 2- ol
1-cycl opropyl - 6- (methyl thio)-1 Him dazo[4,
5-b] pyrazin-2(3H)-one 6-(nmethylthio)-1-(tetrahydro-2

(S)-1- (1w1h€?mmﬁerblhm 9%@%91)&@@W&6[&52bk9lyrazm -2-ol

hio)-1-(tetirabhyvdro-2H pyran

(S)-1- (1+phanydja;b¢[)-43 @;mp@nawmmwmmzom 5ZbJpyrazin-2(3H)-one

(S)-6- ((ﬁnﬁ;ﬁﬁlggooe rﬁg\UﬁQBﬁetthzulpm Fﬁé‘ ygthgl) 1H-imidazo[4,5-b]pyrazin-2-o!

(S)-6- ((4-Eietﬂayr§mfe raRinePyinfetaph-apcilpRenyipthlyl Heirddazd]4, 5-b]pyrazin-
5-b] pyrazin-2(3H)-one (E)-6-(prop-1
2(3H)-o0@ny| ) - 1- (tetrahydro- 2H pyran-4-yi)-1

Ry A S A e

(S)-6- (Z%ydmﬂmobén-ﬁ-vb}bﬂ-ahenymmﬂb-i Uﬁuemdazo[4 5- blpyrazm-2(3H) -one

ovuenl Ane A

6- (meth&fs@mryng-[(gﬁkf ] E}I{fyﬁ'a Hollmldg'zém 5-b]pyrazin-2-ol

6- (me%&iﬂwyﬂ(@%%aﬁﬁmlpﬂﬂmaﬁkb% b]pyrazm—2(3H)-one

B-blpvrazin

(S)-6- (m@hylsylfqnwétﬂanbamdemsﬂ)pwalﬁudazgnlit Bblpyrasinsool

R R A S e N o

6- cyclodnbplyi dé(pehﬂarBBbjl]QYHamlmaﬁ([aH)—b]meazm-z-ol o

6- cyclo;@rogy b&ﬂpfnﬁiﬁypr Eﬁylmlqazom B%TpLy\f‘bzm T AT SR

KIBEG016660
6-brome 1L AERMB- PR IVIAR I AFL IR0 ShipYlazii 0% VR

8- bromcbi—ﬂ—(tettabpc[lm:-BHﬂ:]wna&-yh‘u-L@mdazo[‘d, 5-b]pyrazin-2(3H)-one

-cyclogroayg§ ' ‘c?thyEﬁleW“'@azgf“&&ﬁr’;?%en‘i'gﬁulsm )-1

-cycloﬁl’dﬁ%@(lﬁéﬁyﬁhlb}-ﬂ}l-ﬁﬁid@zat@’é Hp gia2 -203H) one

(pent an- = Himdazol4 5-h razi-p-2{3H -one

(metrwltbpani-étﬁtraﬁyﬁ5a-8H7wr9n D TR 2700 5Py AT Ao o

6- (metlﬁ]tnib‘j ;ﬁ%}h&kjtﬂ ng%%h"g &)&H c')rr?cledarrze t[4 5-b]pyrazin-2(3H)-one

(E)- 1-c;2bld51yrdipty}e§$ (bfoﬁm)emnyi)-3l-lyvlh)ldazo[4 5- b]pyrazm -2-ol

nyvur A=z nn,

E) 1oy IOy SRR S FoMIar idas Sy o 2(3H) one

(E)-6- (d?b bm 6?\?954(@@&9&(@%%nmymﬁﬁmzom 5-b]pyrazin-2-ol

1-(pentan-3-v

(E)-6-(nﬂoprﬁ—@ayb{u(tgtrBPWWa@rwrgnr?avaow @(@7-0[4 5-bJpyrazin-2(3H)-one

OB LT T A il

(2)- 1-cﬂ:l@;y|d:rp91¢6 (Nfdm-ﬂ I?@flhylyr‘l Hemltiane[& §4b)pyrazm-2(3H) -one

nA\LL ‘3_]I no Arhaos Ana

e H- L m-dazo FBeari—
@6k Y 03-BSbety e h S0y D3 T g IPyrazin 2ol

(2)-6- (d}'b b1 ﬁg?lﬁ(jéfrghi?dfcﬁzkagy?éhﬂﬁ?i?m%%zo[df ,5-bJpyrazin-2(3H)-one

oxy-1 ent an

6- bromlsl-1Jaydlapocpwlsmir]rpgdaapﬁﬁaﬂyvmmra ?lone

o W-W.X IEW]

6- bromg_ T- ﬁyalé%?gylsﬁhrg;ﬁa? 4 Bﬁ']gﬁazm-Z(ISH)-one
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(S)-1-(1-phenylethyl)-1
H i m dazo[ 4, 5- b] qui noxal i n- 2- ol
WO 3)oshiqed9 phenyl et hyl ) -1 PCT/US2007/017235
H i m dazo[ 4, 5- b] qui noxal i n- 2( 3H) - one
2- (6- brono- 2- hydroxy-1
H i m dazo[ 4, 5- b] pyrazi n-1-yl ) propane- 1, 3-di ol
6- br ono- 1- (1, 3-di hydr oxypropan-2-yl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one

e R T A A ez 2

5-(meth36tﬁio)_aﬂﬂ(pén(aﬁr—ﬁadpﬂ]bﬂ-ih_ﬂd&zdmlS-b]byrazin-Z(SH)-one

La-das

5-ethyl-@é%ﬁﬁ—i%ﬁ%@hfﬁﬁé@rtﬁﬁ@zﬁ%l

5-ethyl-13|(;bé’ﬂtgﬁ231w»ﬁﬂ%ﬂiﬁz%{#,%%]éy?éﬂiﬁl%yﬁ)-énéc' d
Y-2 "3 dihydro-1

2-0x0-1-(nentan-3-vyl)-

1-(pentaR-Byi)cRrviyk; 151-imisipeals. hdlByreairbdxdll i c acid [0167]
B e R R R s M T L A

methyl 2-hedixg-1M4perttah-3lgharH-im d20p476tbpysiné-5-carbdxglatepe

methyl %ergﬂs@gnt?'a-?q-x')i?@%-dimwgnﬁ-&hid%[%@lem%e?eqarboxy'ate

2-hydro Pﬁ_N{'N- 1gfe?I:\y ?’L Jr(géfnt?ﬁ-:?- -Zlgﬁ-?iﬁﬂidzﬁﬁggbn]gwéﬁ\?é%%boxartnide

an t anqgl ereo "1t is thus no

N, N-dimietinyd+Hedothigte rdan+y 2 3-dithshioidrhinidazopd , Sthipyrazine-5-
S ification be read into the clainms. Accordingly, it
Ca’b°"a|‘§8§o be understood that the 76 WD 2008/ 016669

A1 -(eiAah-3-prieaeithidaopr HsipyRzasndeetarboxamide

tl.ons

N-methybr2-oKe-1-Gespian v a3 dityidig- 1 Himifle 2ol Brpgegine-5-carboxamide

1-(2-hydé e Hc': I~ entit 'cﬁaﬁﬂﬁ%‘ﬁ%‘mg'?iﬁr?g%giﬁa@g# tﬁorﬁuvgs} gﬂg

5-acetylebipentads3-gf)- Fdimidazd[4,5-blpyREiN2(B8H)-pne; 0 R2 R2

] an Ll

P
T T

Cornmal o | Carmail.a 11 And rnhar et ~Aal Loy oan~s t-o
(S)-1-(1-pfignylgthyhddi-im 14 f-¥auitoxalin2:0k | ndegendentp ly

(S)-1-(1 PRSIy H 1HTIRIGHZRPE B-blGairoxaliy B(8KY.oneopt | onal 'y
Yé

substituféd acyl optionally substituted. al kvl

2-(6-brooye-2emedroyy-drbimidaaobti Sdipyiazin-dptinseeans-1sdriskiel t ut ed

O

5-brome 1 T Al RSB Sy ioB R Sk oIS oha

6-bromdigt@cmarptholindeith@pd H-imigasi4, 5-bimeraaink2xy, optional |y

chonwvl sulfanvl sl f anv

——  substituted am-nocarbonyl —sulfomd — i AN
6-bromas i -@rmprehalinasshy)- Thbimigazei4/S-bipkeringe Gi)-oné

2-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazine-5-carboxylic acid

2-oxo-1-(pentan-3-yl)-2, 3-dihydro-1H-imidazo[4,5-b]pyrazine-5-carboxylic acid

[0167] 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
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 exerhplary embodiments frdm
the specification be read into the claims. Accordingly, it is to be understood that the
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al koxycar bonyl, and cyano; and in the alternative, R4
and RI, taken together with any intervening atons,
wo evosioasebused ring system sel ected from opti onedt/¥S2007/017235

substituted fused aryl, optionally substituted fused

heteroaryl, optionally substituted fused cycl oal kyl ,

and optionally substituted fused heterocycl oal kyl ;

and R2 is is selected fromoptionally substituted

al kyl, optionally substituted cycloalkyl, optionally
present invesitiohtaarbeely desonbéd bglvay stillastirativrednbaictiioatations on the

d q%tionally substituted heterocycl oal kyl; provided

scopecfmhﬁc IM$-s not hex-1-enyl; and further provided that

t he compound of Fornmula I or the conpound of Fornul a

Il is not (S)-6-brono-1 -(1-phenylethyl)-1

H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; 1,5,6-trinethyl-1

H i m dazo[ 4, 5-b] pyrazi n-2(3H)-one; 1l-nethyl-1

H i m dazo[ 4, 5-b] pyrazi n-2(3H)-one; 78 WD 2008/ 016669

PCT/ US2007/ 017235

6- brono-1- (3-nitrobenzyl)-1Him dazo[ 4, 5-b] pyrazi n-2(3

H) - one;

5- (hydroxynet hyl ) -1, 6-di et hyl - 1H-i m dazo[ 4, 5- b] pyr azi

n-2(3H)-one; or 1-(piperidin-4-yl)-1

H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one. 2. At |east one

chem cal entity of claiml wherein R2 is selected from

optionally substituted |ower alkyl, optionally

substituted cycl oal kyl, optionally substituted al koxy,

and optionally substituted heterocycl oal kyl. 3. At

| east one chemical entity of claim2 wherein R2 is

sel ected from heterocycl oal kyl, cycl oal kyl, | ower

al kyl, and | ower al kyl substituted with optionally

substi tuted phenyl, hydroxy, optionally substituted

al koxy, optionally substituted am no and optionally

substituted heterocycloal kyl. 4. At |east one chem ca

entity of claim3 wherein R2 is selected from1-(R)-

phenyl et hyl, 1-(S)-phenylethyl, benzyl, 3-pentyl,

4- heptyl, 4-nethyl-1-norpholinopentan- 2-yl isobutyl,

cycl ohexyl, cyclopropyl, sec-butyl, tert-butyl,

i sopropyl, 1-hydroxybutan-2- yl,

tetrahydro- 2H pyran-4-yl, 1-nethoxybutan-2-yl,

1-am nobut an-2-yl, and 1- norpholinobutan-2-yl. 5. At

| east one chemical entity of any one of clains 1 to 4

wherein R is selected from hydrogen, halo, acyl,

optionally substituted | ower al kyl, optionally

substituted alkenyl, optionally substituted al kynyl,

di al kyl am no, am no substituted with an al kyl
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group and with a group chosen from acyl,
am nocar bonyl, al koxycarbonyl, and sul fonyl;
wopioson®hbd y substituted | ower al koxy, and PCT/US2007/017235
-S-(optionally substituted | ower alkyl). 6. At |east
one chemcal entity of claim5 wherein RL is sel ected
from hydrogen, halo, acyl, alkenyl, alkynyl, |ower
al koxy, di al kyl am no, am no substituted with an al kyl
group and with a group chosen from acyl,
What is shainoediuisony| , al koxycar bonyl, and sul fonyl,
pyrazolyl substituted with |ower alkyl, -S-(optionally
substituted | ower al kyl), lower alkyl, and |ower
1. alAtyeastuhrsd chefrfehl\dritiy BRbSen #BnV\6b Qs FFbrmula | and
PCT/ US2007/017235 7. At |east one chem cal entity of
compourdsPhFermHE Bin R is sel ected from hydrogen, brono,
chl oro, fluoro, nethyl, ethyl, propyl, hexenyl,
but enyl, propenyl, vinyl, ethynyl, nethoxy, ethoxy,
met hylrgul iNret hyl ami no, ®&pd stbsti tuted
with up t uoro groups. 8. s
chem cal [
hydro . ho, N:hl oro, fluor ety
n- pr opﬁl I sopr opyl\ di met hyl am ﬁo i $obut en\ 1- yI
(Z2)-propen-1-yl, (I52-propen 1-yl, propen-2-yRz vi nyI,
et hynyl, rrqtgma jet hoxy, net hyI sul fryiula ANd
trifluoronmethyl. 9. At |east one chemi cal entity of
any one of clainms 1 to 8 wherein R4 is selected from

9'95%5 I I stituted al kyl,
and phaéﬁ‘éény ) IIgpt |C%r?a%ﬁ§ ssalljt%rsitllé%&?e he %@I oal kyl ,
o amIR4yareubdepemﬁenitlyamlaotmkfommyﬂ\ydrsglahahugrllo,, hydroxy,

optionally bR e 24T Rty sAFROieg AR RsioRafly stertieg pmin.
optionallqrﬁdtisyitméd clicenyl %wmfaﬂlyrsd%tlttﬁed alliasive cogtionsdily substituted

cycloale leg 'M@\%%Qkﬁﬁete&ﬁ% SEggéﬁtbre&ggllgogym:eéptionally
substltut@hiférﬁﬁ\idéﬁlrbor%ﬂt S@IF&NI)/SLHHJ?M 'stullﬁrfsliI GHTbBRY, %&%Ily substituted

nyl, optionally substituted am no
a|k0XYC3c§BPPﬂn anﬂy:ygass and i doe piematiyek Beyarek Ba)ntﬁken toegether with any

mterveni'ngaétbn%n i om&% rﬁ'gléy'}éfﬁﬁ’{ sélla@fé?i; ﬂ&w%&iﬁ\x%ﬂsﬁtuted fused

Iected
aryl, optiopadly sabktitwyed fthd batekgaryl cm:mooaﬂy Isybstuﬁuted fuﬁeeijcycloalkyl and

wer al koxycar bonyl .
optlonaﬂ?? UQ)%? ﬁ[tggq%‘g%%gég‘%{gﬁg&éﬁlkgm| d; of claim 11 wherein
RRQ i5 is aletaxdted ffaro mptnbyldﬂpgehstltbteﬂmlkyb liptivnally substituted

eyeloalkf}; ShlfpaaliEadisi b ateka SRR Refertipargnd optionaly

substltut@adqétet&@cmkﬂonyl 13. At |east one chem cal entity
any one of clains 1 to 4 wherein R4 and RI, taken

prowded(%ét her with any intervening atons, forma fused ri ng
SYR{ RMSHSEY &hyi.r 4148 further provided that

the compounq?,of Formula | or the compound of Formuia Il is nat
(8)-6-bromo-1-(1-phenylethyi)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1,5,6-trimethyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-methyl-1H-imidazo[4,5-blpyrazin-2(3H)-one;
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optionally substituted fused aryl, optionally

substituted fused cycloal kyl, and optionally 80 WD
wQo@3/0k6669 PCT/ US2007/ 017235 substituted fuBemus2007/017235

het erocycl oal kyl . 14. At |east one chem cal entity of

claim 13 wherein R4 and R, are taken together to form

an optionally substituted benzo group. 15. At | east

one chemi cal entity of claim 14 wherein R4 and Rl are

taken together to forma benzo group. 16. At | east

g@-befrﬁa}-ﬁ@ rﬂ%&énzym)mHluﬁi;da(zbl[mmebpyrazihez(semmmd of

roula | is hose

RA-EyeRyre i I ar HeTgRs o8 SRR DRns: or

b] - - -one

R B A izl Sy e 2B e, 2.1

1- (et hyl propyl) - 6- nmet hoxyi m dazol[ 4, 5- b] pyr azi n- 2- m

1- - . .
2. : néﬁﬁ%ﬁfjgmﬁ&hgﬂgf:?l er}Ltlt‘// Iof cha|r|n)1 hgrem Rgmls atazlgffdsf[%TpciPtlonally
substntutmmbwe’x-aikyl optidrially substituted cycloalkyl, optionally substituted alkoxy,

and °Pt'QEPW §Ugéﬂth?eé)keter¥cercloal&y { hyl propyl)ini dazo[ 4, 5- b] pyr

- (et hyl propyl) 6-(trifluoronethyl)imdazo[4, 5-b] pyrazi
n-2-ol ;

3. (%eeﬁb one C&LleymF%)ﬁéemﬁitmf S 2 Bherein Rz ispelgeqdsrom

tidatky® lowet alydtdhd | nh@ t{td ith optionall
heterocy'iﬂ@ilﬂzf %grloga(y;’ gwﬁygr o}ﬁyl ¥ %g\;&g%é y ubglue WI optionally

SUbStItUSﬁq @hqaryy{yhyqi rmxuaggpqnaly g}bﬁﬂ%’(g@l,&ﬁk@Wm epty onally su6bst|tuted amino
and optn@géﬂgr gﬁbgﬁﬂu?ﬁ/ ﬁggeré,?ggﬁgykgpr opyl )i m dazo[ 4, 5-b] pyrazin

ropyl) i md azo [4 5- b]
pyrazin-2-ol; (E)-1-(pentan-3-yl)-6-(prop-1-enyl)-1

4. ( Eg\{'?fa%éghé q?\e%]u%:s g\é’bt?p?f EAIT %wﬂe)relf Rz is selected from 1-(R)-

phenyleﬂhylm-‘dax-pll‘\énﬁ}évﬂmybelzw 2-pentyl, 4-heptyl, 4-methyl-1-morpholinopentan-
clo

2-yl lSOléJtQ Eyf, \Q/Q%y Sc%q:loprc%;%l %%9 Eﬁg%&;{tﬂ_ 'S(O;WBBﬁ[é‘l hydroxybutan-2-

yl, tetrahﬁmﬂQH—by“bhm ?laaqhéﬂ%@bnyarrazm ‘?—aﬂhnobutan-Z-yl and 1-
E)-1-i sopropy (prop-1-enyl)-1 Himdazo[ 4
morpholnghyganzg-vh- 2- ol ;
(E)-6-(prop-1- enyl) 1- (tetrahydro-2H pyran-4-yl)-1Him
i dazo[ 4, 5- b] pyrazi n-2- ol;
5. ( RAt @qmnmnham@)al enfity- qfranyycme pf/clpims 1 to 4 wherein R, is selected

from hyﬁ% i g\%géﬁga%1 b%pp(ﬁ)rr%%lg uésﬁ u’te lo r Tkﬂ-’ i°ﬁ1"82?'(')‘f zubstltuted
alkenyl.?odhbppllyasubsﬂhﬂ:éd all(ﬁ%)y# Gimlkplamlmo amino substituted with an alkyl

group a'pémggq?fo)hbn?ms q‘gﬂp@(&l cﬂmmogirt‘my&cﬁjg?@ﬁaéggnyl and sulfonyl;
optionafCEuUSHAéd Wéﬁélkoxy, and -S-(optionally substituted lower alkyl).

6. At least one chemical entity of claim 5 wherein R4 is selected from hydrogen,
halo, acyl, alkenyl, alkynyl, lower alkoxy, dialkylamino, aminoc substituted with an alkyl
group and with a group chosen from acyl, aminocarbonyl, alkoxycarbonyl, and sulfonyl,
pyrazolyl substituted with lower alkyl, -S-(optionally substituted lower alkyl), lower alkyl,
and lower alky! substituted with halo.
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(R) - 6- brono- 1- (1- nor phol i nopropan-2-yl)-1Hi m dazo[ 4, 5

-b] pyrazin-2-ot; (R)-6-brono-1 -(1-phenylethyl)-1
wokiogiot@eo| 4, 5- b] pyr azi n- 2-ol ; PCT/US2007/017235

(R) - 6-brono-1-sec-butyl-1Himid

azo[ 4, 5- b] pyrazi n-2-ol ;

(S)-(2-hydroxy-I-(1-phenylethyl)-1

H i mi dazo[ 4, 5- b] pyrazi n-6-yl) (4-

met hyl pi perazi n- 1-yi ) met hanone;

7. At @aét%ﬂéy@liémwaleﬁﬂltypcbﬁﬂ#infthﬁéreln R; is selected from hydrogen,

H i m dazo[ 4,5 yrazin- 6- ¥‘ hoI i no) net hanone,;
bromo, ¢hiprq. fluasay whyil tjxy bRVl ﬁyeljryll utenyl, propenyl, vinyl, ethynyl,

i
methoxﬁétﬁbﬂﬁéﬂ%ﬂwg%u?ﬂsd?w %?Té‘gﬁgﬁwi? hé?ﬁj’ gty substituted with up to three

ﬂuorognqqpm dazo[ 4, 5- b] pyrazi n-2-ol ; (S) 1
-(1-phenylethyl)-1 Him dazo[ 4, 5- b] qui noxal i n-2- o0l ;
(S)-1 -(1-phenylethyl)-6-(piperidin-I-ylmethyl)-1
8. Atleastcaeo¢Herbidall p;ntltyzbfmlamrf wherein R, is selected from hydrogen,

bromo, éﬁ?’ﬁ&é‘%’&?*&%‘hﬁ M rhpga%ﬁ ls?%so_pyl dimethylamino, isobuten-1-yl,
(2)- prope(111-|9h€(E))f b|b§ﬂ1~)1 ﬁl prapen-2-yl, vinyl, ethynyl, methoxy, ethoxy,
8§ﬁf ]['Pra2|n20l (S-
methylsEthny{yap S}"P"P %‘H&‘nyl ethyl)-1
H-| m dazo[4 5-b] pyrazi n-6-yl) et hanone;

dr oxy- 1- (1- phenyl et hyl ) -
9. zgpg isgk emltu@f@rwegnﬁ)ﬁf ¢lgjms:1 to 8 wherein R, is selected

from hyﬁ@g dazg 23%! ]ﬁpgﬁaagyﬁg)ﬂg carcL Ikg a OIkenyi optionally substituted

cycloalkyBoptionadly supstitut¢d aptiogarbonyl, sulfanyl, optionally substituted amino,

and optiigelty SR6RNtnced RIRKSERRRE, °1"2(1. bhenyl et hyl)- 1

H-| m dazo[4 5- b] pyr azi ne 6- car boxam de;

10. ]‘TF gng I\nl-a%{/eé t;yﬁg 3 n_gge h%éjsi delected from hydrogen,
halo, acﬁlﬁbfﬁlohé %abgwﬂuwé@ﬁivaéﬁ Alkyl; ldvoéreélleefﬂmyl dpfidndilyesubstitdted

H i m dazo[ 4, bl p ra2|n20

cvcloalkyzs,)apémpeav sEbsliuied éa)lnewyppyll suffatyerijpaally sybstituted amino,

and optﬂd‘n‘a @aggflﬁﬁ.?%)%\g%%gg c?arb@h;_lll_ (1- phenylethyl)-1Himd
azo[4 5-b] pyrazi n-2-o0l;

11. A@%asqé;rﬁi Eﬁeméé? grfﬁgfloﬁ%tr?\ b Whe RS R, i§ davd dted drhY8rogen,
halo, aoMS)Ie\ﬁe( aﬂwhycbwel’ atkenly), clecloblkyherptionatly Isjsbstituted daziopdarbonyl,

ra2|
s“'f"“”V'(%ﬁ‘ ?&?%Y%"&’PW' (1- phenyl et hyl ) - 1Hi ni dazof 4, 5- b]
pyr azi n 2-ol; (S)-6-(norpholinonmethyl)-1

12. V\O&E% %h%té‘gér%\,@% Mﬁ,ﬁ%%g wme)rémaﬁ is selected fgrom

hydrogen, bromo, chloro, fluoro, acetyl, methyl, ethyl, vinyl, cyclohexen-1-yl,
methylcarbamoyl, dimethylcarbamoyl, methylsuifanyl, and methoxycarbonyl.

13. At least one chemical entity of any one of claims 1 to 4 wherein R4 and Ry,
taken together with any intervening atoms, form a fused ring system selected from
optionally substituted fused aryl, optionally substituted fused cycloalkyl, and optionally
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(S)-6-bronp-1 -(1-hydroxybutan-2-yl)-1
H i m dazo[ 4, 5- b] pyrazin-2-ol; (S)-6-brono-|

we gdosongephol | nobut an-2-yl ) -1 PCT/US2007/017235

H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;
(S)-6-brono-1-(1-norpholinopropan-2-yl)-1 Himdazo4,
5-b] pyrazin-2-ol; (S)-6-bronp-1 -(1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyrazi n-2- ol ;
(S)-6-brono-1-sec-butyl-1

substitute ifuseld helerobyblpptkyhizi n- 2-ol ;  (S)-6-cycl ohexenyl -1

14.

-(1-phenylethyl)-1 Him dazo[ 4, 5- b] pyrazi n-2-ol ;
(S)-6-cycl ohexyl -1 -(1-phenylethyl)-1 Himd azo[ 4,
55 ﬁﬂ]l@é!éﬁt&irhé‘ cﬁeﬁhcal enBly 6f éltahﬁxm' whefein Feayd & ik taken together

H i m dazo[ 4, 5- b] pyrazi'n- 2-

to form qrggapfgnn@qlwubst(tqtegwwwp) 1

15.

H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;
(S)-6-hexyl - 1- (1- phenyl et hyl )-I H i m dazol 4,
5-At]lpgstaonencheniical gty 6f clagbuidywhereih Rypdrech R4 atrbthker together

Lo 4, 5-b] pyrazin-2-ol; (S)-6-nethoxy-1
to form %‘%L%)ﬂ%?/‘#%t hyl)-1 Himi dazof 4, 5- b] pyrazi n-2-ol ;

16.

(S)-methyl 2-hydroxy-1
C%ﬁﬂ%&%%é%ﬂ%’ggm I_érlm_rtrylﬂg 2ok bwﬁ%g% %efompound of Formula t is

chosen frérh- phenyl et hyl ) - 1H i m dazo[ 4, 5- b] pyra2| ne- 6-

car boxam de 2- hy

R ety - mOmP R gfn -6 Rip A midarals,5-blpyrazin-2-of;
c r

z(:‘l pﬁgﬁnl etmé%th?‘ Ihldazo[ﬁ’e?}yb]?yrazm?rﬁldazo[ 4,
5- 1bgq§pylaz¢pyl)36¢methq>@| Eﬂazo[4 8-b]pyrazin-2-ol;

R SN G PLBIGRL W ¢ Dtomoimidazol4 5 bipysazin-2-of
(&(Wn& [Bettrimzb)-4y1)H +(etl1!ﬂzzrobyl)lrﬁdblouay5a3pyra2mez -ol;
yr a@]tﬂ\({ entyﬁ?ﬁ (tXﬁJorom(thﬁ?mldang)S %ﬁyrazmaf oi 5-b]p

( Z)f(1R9y|ctrﬁb?wlm&(ylnh@wwbp%wmsﬂéthyrwlmﬂag&é{A%anéam-z-ol
H-1 (ﬁta\élgg?gylg%b{]%[%@zﬁy{ppgq&l)rz hg/grox%|m|dazo[ ,5-e]pyrazin-6-

(%)]eﬂhynilﬁﬂh%ﬂo{@ﬁ(tﬂb9%zjrn Qnml) 1H i m dazo[ 4, 5- b] pyraz
(zq—(cbm(eélmdgnmn@hy’r(?tmlqrp@w)mylaz@m&bf}mraﬁm%nl) 1Him
%ﬂ{gfr'] %&Qé@@ﬂ@a@g SnU]pXﬁZIrr‘nzd%lto[ 4,5-b] pyrazin

;(E@-M (pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5- b]pyrazm-z-ol

gl‘(;é}-wU@e‘?ﬂ&#ﬁ%‘é‘-@&b&%?191}-'154-1?@153358{45-%18%%\5&51&;' 2-
1 (E;z-mwtﬂougxw &-frropah-eByl )H-irhidaziofis 5dj By fzin-@yslazi n-

© (Eyne oy SriaronsTaed)-1 HeimisiBgel S hiRvarin 8o
2Qe310it6pESHPEL(p/op0 enPi-AFBimidazo[4,5-b]pyrazin-2-ol;
(E)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2-
ol;
(R)-6-(methylthio)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(R)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(R)-6-bromo-1-(1-morpholinobutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
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1- (pentan-3-yl)-1H i m dazo[ 4, 5- b] pyrazi ne- 2, 6-di ol ;

1- (pentan-3-yl)-1Him dazo[ 4, 5- b] qui noxal i n-2-o0l ;
wa2qogendean- 3-yl ) - 5-vinyl -1 PCT/US2007/017235

H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;

1- (pentan-3-yl)-6-(prop-1-ynyl)-1

H i m dazo[ 4, 5- b] pyr azi n- 2-ol ;

1-(pentan-3-yl)-6-(trifluoromethyl)-1

H-| mdazo[4 5- b] pyrazi n-2-ol;

- -2-of;
d az orﬁg(‘g%%?%@? Iﬂﬁb%ropan 2 7 U 1eﬁl1 ;r}zndazo[? 05 ng]p razin-2-0
H(R)*ﬁj'am‘b'Hbmﬁn&bthyl)}wl-rmldazo[zl 5-b]pyrazin-2-ol;

I—l—@i.cédgﬁf | %ggfz'ﬁq}tgz*l ﬁn@?c)?i'o[4 5-b]pyrazin-2-ol;
1- (ts,)é(lzdrwdrpxy-ﬁﬁ( nhehyibtﬂyl)e) H4|m|dazo[4 5-b}pyrazin-6-yl)(4-
1- 'I“ghﬁa’?fﬁgré%"ﬂn@%( refidhdey

Qﬂiyﬂréxﬁ-ﬂb@%héﬁyl@tl@l)oﬂH-mﬁdéﬁ:[hr&btpyiahneﬁ-oxy 1
H-| nm dazo[ 4 % razin y1) - 1- nor phol i nobut an- 1
orﬁé}("@%obf‘%}%e FHPBPoxy - 1
LR rbxy- 1bgﬂ¥ﬁéﬁglﬁﬂ4vl)¥l19-lh%m[ﬂ RBjirazin-6-yl)(piperidin-1-
r ono- 2- H'I'm dazo
5 sd}rpgttmqnel yI ) pr opane- 1, 3 di oI

SRR e Sbloypin 2.0k,

2- @mwxmwmhyl&n&mld)azmm 5- b]qumoxahn-z-ol

2 {%}'df 2’? Mny@%?tﬁﬁé@ﬁ)eq PIO extﬁr?%hg H ?nfldazo[4 5-b]pyrazin-2-ol;
?1 dﬂi@iﬁr\&r@l&hpwﬁiptd’rﬁﬁ-aH-mdhad[anﬁdﬂpyrazm—z-ol
r+ (3 k3 e e vk B s zRig srplyrazin-2-of
5- (e iyl r@i%—i ((1D§Iﬁ’ér@5ﬂe§ry)’)|-’)H—1mMazo[4 5-b]pyrazin-6-yl)ethanone;

H-I m dazo['4 razin-
5 &b&ﬁyﬂrqmﬂt rphprwlgthyl) 1H imidazo[4,5-b]pyrazine-6-carbonitrile;

- ( L@ ? Qﬁfag&ﬁ’ b(hp%@'ﬁ Qﬂ%goif-ugﬁiﬁezb@ [aSZtI}]ﬁy?zcl)ne-G-carboxamnde

6- (&)aﬁhyﬁdscndoj—ﬂ Ayl I-;)ham(l@@yl)ﬂip-mm@a y’il-ty}pyrazme-G-carboxyhc acid;

H- [ 5+ A
ﬁe?ﬁw%% m—J\P ﬁlpt{ b‘geztbg’n?é? ﬂi‘sen{le]_py{IMH |m|dfio[4 ,5-b]pyrazine-6

5 bhmgxamide?-ol ;  6-(nmethylthio)-1-(tetra hydro-2

Hpyra n-4-yl)-1 imidazol 4 - Zi_n

AT RN AR S R B e e e

ybgr&)m.@e@lazo[ 4,5- b] pyrazin-2-ol; .
E|_ bé)orgm (é@gllﬂnw,agiq R )8%%1 IyB 11 (*}’ p%ké%%%ﬁ)-‘i w—i'n%dazo[4,5—
6- IBW §301(d| met hyl ami no) butan 2-yl)-1
azo[ 4, 5- b] pyr azi n- 4 WD 2008/ 016669

Pcﬁysg@@m@bym@no)methyl) 1 (1-phenylethyl) -1H-imidazo[4,5-b]pyrazin-2-
ol;
(S)-6-(2-hydroxypropan-2-yl)-1-(1-phenylethy!)-1H-imidazo[4, 5-b]pyrazin-2-ol;
(S)-6-(2-methylprop-1-enyl)-1-(1-phenylethyl)-1 H-imidazo[4,5-b]pyrazin-2-ol,
(S)-6-(methylsulfonyl)-1-(1-phenylethyl)-1 H-imidazo[4,5-b]pyrazin-2-ol;
(S)-6-(methyithio)-1-(1-phenylethyl)-1 H-imidazo[4,5-b}pyrazin-2-ol;
(S)-6-(morpholinomethyl)-1-(1-phenylethyl)-1 H-imidazo[4,5-b]pyrazin-2-ol;
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6- brono-1 - (1-(nethyl am no)butan-2-yl)-1 Him dazol 4,

5-b] pyrazin-2-ol; 6-brono-I -(1-nmethoxybutan-2-yl)-1
wokimsiot®eo[ 4, 5- b] pyrazi n-2-ol; 6-brono-1- ( 2- ne¢tryk2027/017235

- nor phol i nopropan-2-yl)-1

H i m dazo[ 4, 5- b] pyrazi n- 2- ol ;

6- br ono- 1- ( 2- nor phol i noet hyl ) -1

H i m dazo[ 4, 5- b] pyrazi n-2- ol ;

6- brono-1- (pentan-3-yl)-1

H(SI)iGdBﬂﬂhéwﬁ(hhpdfcﬁ@bma%-Qlyl) 1H- amldazo[4 5-b]pyrazin-2-ol;

EL(%%%G rpa Gy PRsTRob Ny 6 8??{5’312°[‘iz§c‘P]8M@6/‘“21°‘
S'YJGdB?d?ﬁé-ﬁ(h}erﬁéhﬁ‘o&o@an ﬁ-gf)f az%}’& |50!§’ﬁ)9l%ﬂ|n—t—ol

H-|mdazo45 Brazm bronb-1 -iso
¢

H(smsdamq-1scbp sty b1 Gimid = el GBI e R S0t 1| - 1

g(t?g]qdopr opy f‘ ? W@ﬂf‘a'ﬂ"% Q%ISO[ZESI—P]PH%%{} 62-%,
5-(5)Brcpdonerenyl: 1-6H-phepyiethyl)-1 Hdeidaro(3, @-b]pWazin-z-ol;
6 (ﬁlf Qj&&e%)ﬂgﬁuf‘g-hﬁéh)\?h%ﬂ@-‘l H-imidazo[4,5-b]pyrazin-2-of;
H(s)na:lem[x&rﬁ( blphengrethyl2-416l-imidazoRt, Slpyraziperdla
Db SR S Ao b fpyratin 210,
H(lsglaiaésa&né»l -?1Jgﬂh%)‘wlﬁhwl‘15f-ﬁﬂlﬂh%w aib?pyrammdl

br ono r ox Him dazo{ b] pyrazin-1I -

yl(%atﬁ‘ﬁo)bp't\ﬂe"ré&? énvl%%ylbak'ymﬂézo 4,5- b]pyrazm—z-ol
ggtdqmeﬂﬁ%& L 1Cphedn BRI P LR zota B-b ot SARHA-81; 5- P]

Zl N

6 (ﬁ)tmetrwl @m)@b'?kbdt-w phemylethyf)418-itiigazci4ionblpysazine-6-

met hyl -1
(%&B%F?% 4-yl met hyl ) but yl ] - 6- br onoi ni dazo[ 4, 5-
b] (|S)¥M,N disthgl2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazine-6-
1- (eE} yl)-6-vinylimdazo[ 4, 5- b] pyrazi n-2-ol ;
ﬂ%%\"g%yl) 6- (1- et hyl vi nyl )i m dazo[ 4, 5- b] pyrazin
2( IN- behzy(—glﬂwdro@-ﬂqmyﬁﬁer@léml)w%h:ldzbw S-bpyrazine-6-

azo[ 4, 5- b1 pyrazi n-2-
6-Gaberamdeiet hyl propyl )| m dazo[ 4, 5- b] pyr azi n- 2- ol ;

'"(% E@?é@ Eﬁéﬂ%l&ﬁm)nﬁ)(pﬂodﬁtéﬁﬁ)p’fﬁﬂbﬂl&éiﬁ[ﬂ@;@iﬁ&mzm-z -ol;

17 “At '| east’ ‘one chem cal entit

cl @ £)-1-(Ainehenyletyd -E-dpropurenyl)- Hdrimidazals, 5rb]PYé%§*é&10|

B R BRI LR TR 18, Bl drp T 05

PQZ)US&MMG&B;&BE (dropt trenyl)-1H-{mpitazal, S-bjpyrazin-2- -ol;
(if] 1d c%héxylbé %ero%z -eny‘ ‘h!)l-lmICFaZOM 5-bJpyrazin-2-ol;
(2)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol,
(Z£)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-blpyrazin-2-of;
(2)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2-
ol;
1-(1-aminobutan-2-yl)-6-bromo-1H-imidazo[4,5-b]pyrazin-2-ol;
1-(1-morpholinobutan-2-yl)-1H-imidazo{4,5-b]pyrazin-2-ol;
1-(2-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]lpyrazin-5-yl)ethanone;
1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
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6- met hoxy- 1- (pentan-3-yl)-1
H i m dazo( 4, 5- b] pyrazi n- 2(3H) - one;

WO 2sonwed - ( 2- met hyl - 1 - nor phol i nopr opan- 2- yl ) PAT/US2007/017235
H i m dazo[ 4, 5-Db]pyrazin- 2(3H)-one;
1-(pentan-3-yl)-6-(1 H1,2,3-triazol-4-yl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one;
1-(pentan-3-yl)-6-(trifluoromethyl)-1
H i m dazo[ 4, 5- b] pyrazin-2(3H)-one; (R)-6-ethynyl-1
(111;@&9#1&5 ygommﬂnm%oyzl b=Bpftdzinslazhibi;

pyrazin

6-1{remanroy)- 1ﬁ1rpmza>ﬂ4 8-Bipyinpxalin-2-ol;
1.
(LReRaR VIR B gl ) e
6-1- Cbentanl@yarﬁ (prop-n—y(\pMﬂ-hnn@iaycbill B- b]pyﬁazm—Z-ol
gdﬁfq%pﬁéﬁ]%—l @%ﬁ{ QH%I C 3_%!)% imidazo[4,5-bjpyrazin-2-ol,
H-1 Blfd??m-ft@m'éﬂbg}ltmdi)‘alHﬁﬂﬁﬂﬁitb[élsﬂﬁb}pyrazin-z-ol;
ent an - (pr.qop-1-enyl) -

- RPDSUCE raer DR HACA Pz Z-ol

( E‘)-ﬁ_?‘dﬁ%@kﬂ@%ﬂeﬂ@ylﬂﬁéPPHlnﬁd‘é&&[ﬂﬁ -b]pyrazin-2-ol;

azo %/ra2| n

( E)-czcl@pmmﬁﬁ:ﬁye hithino 1@&340;4 $-blpyrazin-2-ol;

(E @fﬂﬁé@% Srrf%]t@%?ﬁé WH%%&Q?&{HQS -b]pyrazin-2-ol;
2 (ﬁm@m{mzmya]r@w—ah-mgew hipyraziey1-91)¢ hrgrpholinobutan-1-

;2/ -(tetra hyd ro-2Hpyra n-4-yi)- 1 Him
[ [4 5-b] pyrazin- 2(3H)-one; (R -6-(nmethylthio)-1

- (2- (WBMOQEHWd)eiy-H’rH-mldazaﬂ445-5]¢)}rpyinat-iyhb2(aﬂﬂ)ie aois;

( Rﬁ (P T -d S paap: Slbyragin 1y DpropRner1.3-diol;

Tﬁﬁf&ﬂﬂhl(g@htdrﬂB ﬁ)—YH)mfidazo[ti 5-b]pyrazine-5- carboxyllc acid;
H-| m dazo[ 4 1 razi

(amg.r%bn T(ﬁ@ﬁ ajpgrylkj Vrlymt_dLazoM 5 b]pgrrazme- cg%omtnle
Z . -
TSR R A Tl o IR ik hspyrezine S
( parbolxponde;l- sec- butyl -1 Himidazol 4,
5- I Ar - : -1+ - 1.
> BR8P Bty HARRBY RS bl
(&ar}bhﬂamldéhylb) 1
Ui, NOX;
iRk st enu TP ks S e agin-2-of
H- Bfﬂrﬁﬁidllh "(tpénlﬂrﬂBEﬁY-H A lﬂilghﬁo[4§m6] p)gSimJZ-ol
enyl e |per r ban
H ﬁﬁtaa'zé(ae?fa@f% ﬂm'%@r&ﬂ; %Hﬁ“yr%“x#oz’hoow 016669
PCM(H?:HQ%&%%%((&)S} phengﬂethyl}m RiinatBY b4 S-opsyaYin-2-ol;
I6r?meatﬁ%hlo) 1 Jpenrtgr% I?;-yl) (IH imidazo[4,5-b]pyrazin-2-of;
6-(methylthio)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
6-bromo-1-(1-(4-(methylsulfonyl)piperazin-1-yl)butan-2-yl)-1H-imidazo[4,5-
blpyrazin-2-o},
6-bromo-1-(1-(4-methylpiperazin-1-yl)butan-2-yl)-1H-imidazo(4,5-b]pyrazin-2-
ol;
8-bromo-1-(1-(dimethylamino)butan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
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(S)-1 -(1 -phenylethyl)-6-vinyl-1 Him dazol 4,
5-b] pyrazi n-2( 3H) - one;
w0 3)08P1@xD- 3- ( 1- phenyl et hyl ) - 2, 3-di hydro- 1 PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi ne-5- carbonitrile;
(S)-2-o0x0-3-(l -phenylethyl)-2,3-di hydro-1
H i m dazo[ 4, 5-b]pyrazi ne-5- carboxam i de;
(S)-2-oxo-3-(1-phenyl ethyl)-2,3-di hydro-1
H-| m dazo[ 4, 5- b] pyrazi ne-5- carboxylic acid;

-b?or%)“'r g?gmétﬁ%lﬁﬁﬁﬁé)bnutén-QL))l)mthhaéo@%WmhﬁMI

-1 Him pyrazin

(@ bﬁ@m()eﬂ M@ﬂh@mlh% Wr)Hiér\Qqaz}gﬁ@.@pmymly =2rol;
( Sé r!%grgé 3% ?%(garﬁ’ggéh@cﬁﬁ%ﬁo@? 2D I)ngl P-lanﬁo[f ,5-b]pyrazin-2-ol;
H- $-mrda1ml 42-5nbigholiasethy!)2{ Elhl)mdmmm Elpgradnizdphy |

é@% AE’%%&?pi}eﬂﬁl 1%{1%453[46% -Rlpyrazin-2-ol;

(%b@oﬁn@- 1R (NP 2REpyenL4 aAY- DEFiidado{é 5-bimmatiaipl;
Him daz o&)ﬂf 5- b

é?%om?eﬂ wyp h%hﬂ")'"ldﬁ&ﬂz‘h{egwyé?ﬂvr%@i

H -
?'Bégf%oﬁ o?r@iﬁlaﬂllﬂn'n?%a'l?éﬂntl ;52 p})//;'r«jlzm 2-ol;

H- otrdenco| 4S®r@py i uzlrmdg;qﬁ) biryrazin-2-ol;

LD ORI frdffdeitie. dipyrdzRRBY] et vl ) - 1

(%-@ddmoweﬂ (pemtaink3Ay))- m{mqamw,lseblnyrazul- -olI
SRRt G e R p T pen £ py Rk F R 5~ one:

(H Sp-= rﬁgﬂf © gp%diahy:dypxwmmwma{q Eyblpyrazin-2-ol;
R

( S 6ngélhngdﬁb7?lpl(béﬁﬂaﬂ Z?—WWHii’rﬁ*\‘iﬁazoM 5- b]pyrazme -5-carboxylate;

nor phol i nopr opan- 2-

H methplzo{2, (@btspmaﬂml@()emﬁ Inaﬁa_zoe‘/‘r -b]pyrazm -1-
R e
( S)l (&tﬂwlpmpyl)-&-étt-rbemwlpylazol-ér-yl)lmldazo[4 5-b]pyrazin-2-ol;
R BieL GloBuBh R 2 2000 010006
- ( 31=[ptRn;aLmtenwt )t &nbkphﬁhdat-q[MeﬁwbbpM]a&-hnem@BH)daznéq,5—
bjpyrazin-2-ol;
1-(ethylpropyl)-6-vinylimidazo[4,5-b]pyrazin-2-ol;
‘1 -(ethylpropyl)-6-(1-methylvinyl)imidazo[4,5-b]pyrazin-2-ol;
1-(ethylpropyl)-6-(methylethyl)imidazo[4,5-b]pyrazin-2-ol;
8-chloro-1-(ethylpropyl)imidazo[4,5-b}pyrazin-2-ol; and
6-(dimethylamino)-1-(ethylpropyl)imidazo[4,5-b]pyrazin-2-ol.

17. At least one chemical entity of claim 1 wherein the compound of Formula il is

chosen from .
(R)-6-bromo-1 (1-morphohnOpropan-Z-yl) -1H- |m|dazo[4 5-b]pyrazin- 2(3H)-

one,
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(S)-6-cycl ohexyl -1-(1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; (S)-6-ethoxy-1
wo ¢dospieny| et hyl ) -1 H i m dazo[ 4, 5- b] pyrazi n- 2( B&#/U81067/017235
(S)-6-ethyl-1-(1-phenylethyl)-1
H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; (S)-6-hexyl-1
- (1- phenyl et hyl )- 1 Himdazo[ 4, 5-b] pyrazi n-2(3H)-one;
(S)-6-isobutyl-1 -(1-phenylethyl)-1 Himidazo[4,
5-b] pyrazi n- 2( 3 - one;
(Q—egxwl ndppniar(-i% xdhéh*ylrr@daw[ﬂ §-bjpyrazin-2(3H)-one;

Héo)@ﬁgéggé‘ ﬁ) E“-é@ﬁ% ﬁ@g-h]éﬁ%zﬂ\eéwﬂ) -one;

H-8- bmﬂanaHZ&ndst]'\pyﬂ anom&inopmdmwghdx-eti imidazo[4,5-b]pyrazin-
a N-d| et hyl - 2- oxo- 3- (1- phenyl et hyl ) -2, 3-di hydro-1
H ( 4 5- b] pyrazi ne-5- car boxam de;

( SD-(MuNadtsrvt)teLk*rR-@z cs-ﬁna&br-nlwnmahhaéio[a ﬁbwﬁaﬁhc&(%) one;

H i m dazo[ 4 6}<B azi carb mid
(SB‘(FP@TBéHz%rVDﬁ' g eromemyanwémrﬂazaoﬁ %bmyr@%?@@fﬂ-one
S g PRt P PRz, 5 plpyrpain-2(3H)-
H-¢nﬁ dazo[ 4, 5-Db]pyrazi ne- 5-carboxam de; (S, E)- 1

61;@ dﬁ&@ﬂf%—hﬂmerﬁaﬁpf gle 16—&&&% )1064 5- (tgp%azin-G—yl)ethynyl) -1-
((beptwn%él-ﬂ%)rmﬂatplﬂdﬁ*blpwamhﬁ(BH*mm da|20[ 4,
5- 2 . - - -1
> MGV BRI (BRRian- S G Wt RS S B bedy2Ghp-one:
( Z3-eﬂh e aﬁ-:yyl) ~164-lrdidaRo srmbyrakm-z(sm -one;
Hzézjn -ﬂ-&zé'l‘%:l %E;?rébgke&ygﬁﬁ {migdazo[4,5-b]pyrazin-2(3H)-one;
Eﬁﬂé‘?élbﬁeﬁylté I&Yrb%ﬂ -%‘r@()mqrﬁﬂﬁnzom 5-b]pyrazin-2(3H)-one;

- cycl opropyl

pro
Ehbgz@pnrcmyd,-]spgnfgpﬂnegylw éwgazom 5-blpyrazin-2(3H)-one;

A PR ol B, Bflddkola £ g pyrazin 2ot -one:

e(ﬁ)@—(ﬂropt—blanabybl—(tetrﬁHyp;a-aH pyrany4-y1)-1H-imidazo[4,5-b]pyrazin-
M 4,5-b] pyrazin- 2(3H)-one;

1% il obutan2y|) 6- brono-1

Iil-(lR)‘-&m[cMylﬁmb)]—p-%(n é;ihdmy&(tﬁgl) “{bhinidazo[4,5-b]pyrazin-2(3H)-one;

- (1- por an - .

H{RE%BE%F LB Tusrantitat 2eyD-3heimidazoloblviezin 7(3H-one:
Rﬁ@ﬁ?&hﬂM -?1 hhehdtihBbélaph wnﬂd—mﬂdéﬂﬂm@lﬁ}&ré{ilh =%3H)-one;

H-| m dazo[ 4, 5- b] qui noxal i n- 2( 3H)

1- @Eﬁrpg@mg 1 _rgomhgynogropan-Z-yl)-1H imidazo[4,5-b]pyrazin-2(3H)-

.dazo[ 4, 5- b] pyr azi n-2( 3H) - one 88 V\D 2008/ 016669

PCT/ US2007/ 017235 1-(pentan-3-yl)-6- op-1 -ynyl)-
H-(RirGrarome: - binharylet ylwm-l)mndﬁéom 5- ]pyrazm-2(3H) one

(R)-6-bromo-1-sec-butyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(8)-1-(1-phenylethyl}-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(8)-1-(1-phenylethyl)-1H-imidazo[4,5-b]quinoxalin-2(3H)-one;
(S)-1-(1-phenylethyl)-6-(piperidin-1-ylmethyl)-1H-imidazo[4,5-b}pyrazin-2(3H)-

. oneg, . ‘ :
(S)-1-(1-phenylethyl)-6-(piperidine-1-carbonyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
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1-(pentan-3-yl)-6-(trifluoromethyl)-1
H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one;
wa 28016669 6- (et hyl t hi o) - | PCT/US2007/017235
H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; 1-benzyl -6-brono-1
H i m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;
1-cycl ohexyl - 6- (net hyl thi 0) -1
H i mi dazo[ 4, 5- b] pyra2| n- 2( 3H) - one;
c cl oaropyl 6- mathylthl 0)-1 Hi mdazo] 4,

Ahenyigiyl)dreropyl-iH-opidaze(4,6-]pptamn-263id)-ohe;
|_|_
SO R a2
5 l()$)}?|=tam B-(N-phenytethgh)e?, 8-diktydip-1H-imidazo[4,5- b]pyraznne—S-
2- %ﬂ tf; ent an-3-yl)-2, 3-di hydro-1
F 5- b]pyra2|ne 5-carboxylic acid,
2- (8 P2%xPBt Qih&wﬂémyﬂvﬁsfﬁlﬁ’yﬂ*bmﬂ—lmldazom 5-b]pyrazine-5-

H-|mdazo[4 5-b] pyrazine-5-carbonitril
5- Pﬁl‘:‘?‘ﬁ&ﬂ”ﬂ' Po) - 1- (pentan-3-yl)-1

H (8)-danel-4. (5 ﬁﬂéﬁé{léﬁnyg =28 d?'BetH |§tzc?é‘z'bg%§}_9]pgra21ne-5-

(pent an- 3-y azo[4 - b] pyr
SE?H?Q?CY sntan-3-yl)-1

E%?Z‘ﬁ“%‘?y PhsRiEaf- Ea@ﬁ%}“’@qeﬁ yﬁgﬁ?"éﬁﬂsﬂﬁﬁ)mﬂgzo{4 5-

6 bleytragins2(3H)mne;- 1- ((S) - 1- phenyl et hyl ) -1

6. Kﬁlﬁﬁ@%ﬁétﬁy@wé&ﬁ%&yﬁéﬁﬁ Phenylethyl)-1H-imidazo[4,5-blpyrazin-

I—l-'Q(Gld)mn{atl 5- b] pyrazi n-2( 3H) - one;

h 1- (tetrahydr o- 2H
&%féaé fsz%‘? szé-grl)z‘( gﬂphea%thsd)-a%ﬁﬁdazom 5-b]pyrazin-

(33(;§|4_6ﬁ§t hyl sulfonyl)pl perazin-1 -yl)butan-2-yl)-I
H-|mdazo4 razi n- 2(3H) - one;

6- b$bﬁd21melhwmrone brbé‘r-@tlenyllathy))!blﬂmdamm 5-blpyrazin-

H 4, 5-bj pyrazin- 2(3H)-one; 6-brono-1
- ? 'ﬂfér@%hyl am no) butan-2-yl)-1

H( Ké{)-adégﬁeth‘:)flmpg%améﬂéea(rlﬁ)ﬂhil){nn@;-pﬁebylemyle1 H-imidazo[4,5-

- (3 L. no) but an- 2- -

F”éﬁgﬁ'gflé@gb Irazin- 2)(/3H) one; 6-brono-1

( I@SBGQWEWGMH@I@F‘ZD(Iﬂph’édyléthyl) 1H-|m|dazo[4 5- b]pyrazun-2(3H)—one;
SRS iah X 1oy ey tasiderots.5.blpyrazin-2(3H)-one;

5 @PBI(%rghSﬁr?éﬂh =&41Bonfn - hénﬁ/léﬂh)}m‘i HhH|&€§0ﬂ4 5- b]pyrazm—

oxobut an Him dazo pyrazin
0’13(2 met hyl -1 rmrphol i nopropan-2-yl) -

H&?’ﬁ%@%é%“@)‘ (1 gw?leW&RWH‘?-ilﬁﬁ%%zom 5-b]pyrazin-2(3H)-

one;

FQ

(S)-6-acetyl-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(8)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-6-bromo-1-(1-morpholinobutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-6-bromo-1-(1-morpholinopropan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one; . A
(S)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2( 3Hj—one;
(S)-6-bromo-1-sec-butyl-1H-imidazo[4,5-blpyrazin-2(3H)-one;
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6- brono-1 - (2-norpholinoethyl)-1 Himdazo[4,

5-b] pyrazin-2(3H)-one; 6-bronpb-1 -(pentan-3-yl)-1
wokisiot@so| 4, 5- b] pyr azi n- 2( 3H) - one; PCT/US2007/017235

6- brono-1 - (tetrahydro-2H pyran-4-yl)-1

H i m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;

6- br ono- 1- cycl ohexyl -1

H i mi dazo[ 4, 5- b] pyrazi n-2(3H) -one; 6-brono-1

-cycl opropyl -1 Him dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;

6- (%) @roydioheremydpiH 1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

g': fﬁﬁﬁ%?%[)ﬁ%%lp%gi{ﬂ%%&ngle%ﬁm Hgmdazo[4,5-b]pyrazin—2(3H)—one;

H-QS)‘—Biémd)é&h-ﬁ(b}p@;&#@t&thyl?—(ﬂ{%ﬂazom 5-blywlaain-2(BH)-dne;

(&3 %}py:f 1y ’%gé?a)ﬁleg)&—i Hllmlc?azcl[ﬁyg gfplyrr]agiggﬂ)\‘.l-ﬁ-ori
61%92}41 »’?ﬂﬂr@ﬂﬁ&hﬂ;%ﬁ%m@&@p 55:]byrékw2(9ln)-one

ent an H'i m dazo[ 4 b] pyrazin

tm-@gbuiyl- -ﬁ,‘e—mfmy@tlyyl) - lmldazo[4 5- b]pyr(az:;1|)-2(3H)—one

ﬁﬁf oSy PEhaRy sl hiffifazor dIBlofazi-2(3H-one;
me{S)yrhethyd eoxe-Bpdnpbenydetfiy))-2 33dibydnpd1 B-imidazo[4, 5-b]pyrazine-5-

dazpl 4, 5- b] pyrazi ne-5- carboxyl ate; nethyl
m-b %%m 2- 0X0- 2, 3-di hydro-1

F; dSﬁN amrefthsir Dlaxor 31 1 phenyldthya)-2y3-Hitiyales-dH-iraidazo[4,5-
- boxzﬁl ati; N, .
YERAYP-2CBPOX@MIAGNt an- 3-y1 ) - 2, 3- di hydro- 1

H VDY X@mcﬁad -1H-imidazo[4,5-
Nﬁe’t’ﬂﬂ'ﬁsﬂg PG o e I A inydro-1 H-imidazo]

Hb]ﬁy&ﬁeﬁﬁ gaW?f"Hgﬁne 5- carboxami de; 6-(1-nethyl-1
H- ﬁ?{'ﬁazo Z&]“Ql %’jol 3(@%@9 é”t}_yi))z é—d|hydro-1 H-imidazo[4,5-b]pyrazine-

pyrazin
6- mliboaar(\hm:)t an-4-yl)-

T PSR gt g Soene
H S+oanlagxarhide;b] pyrazi n- 2(3H) - one;

L fﬁ&g;@ g‘[ ghél Zgl]egg,%iagy(hr&ﬂ -1i§nyl)s2H-imidazo[4,5-b]pyrazin-2(3H)-one;
1- (@@yiﬁ(l‘r-ﬁhéh}ieﬁnﬂptsf_i(prdp-‘lEtfhﬂr -YH)irdid &[4 &Lam{rézm-Z(aH)-one
> bé%-i@?z'%-g %}y%?ébqﬁe%yﬁbnylb—ﬂ? lmléazgﬁi g bé]pyraz}/n E(SJH)-one
6 %i)' Pl(e hta(-@@%@(&rddi |) 1H- lmldazo45-b]pyrazm-2(3H) one;

-one; an

6 (Zbrhﬂvn lwrvhéxpnoq—ﬂ@nyim —lwqaqo[m,ﬁ Rlrysagp2(3H)-one;
SRR e R BRIy ore

cofetiisopopybbiipian- ﬁgerwlbhuflm@m[ﬂc%b]gyrazm (3H)-one;
(2)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
1-(1-aminobutan-2-yl)-6-bromo-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(1-morpholinocbutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(pentan-3-yl)-1H-imidazo[4,5-b]quinoxalin-2(3H)-one;
1-(pentan-3-yl)-5-vinyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one,
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acceptable carrier and at | east one chem cal entity of
any one of clainms 1 to 17. 19. A pharnaceutica

W@ oo osictd on of claim 18, wherein the conpositPONUS®07/017235
formulated in a formchosen fromtablets, capsules,
powders, |iquids, suspensions, suppositories and
aerosols. 20. A packaged pharmaceutical conposition,
conprising a pharmaceutical conposition of claim18
or 19 and instructions for using the conposition to

t r'Emeraan{B&yl){m(prsp#T-gnylhg H-imoidaaofi, S ddpyrazire2E3H)Fone)
R AT/ T R o T e CHER P
poﬁbehi Lsc?hemmﬁaﬂ-wmﬁma,s-bmwaﬂnmammmul ar

di sease. A packaged pharmaceutical conposition,

co%?ﬂéY'r@'béoﬁﬁaTHﬂmimﬂﬂs‘ PYR%ERIAFFo5e: cl ai m 18
ore.. lycuenexw@%wwu ] inr.ma&éi%tdﬂsm%aaﬁsz@mrbn@o

atrient erin a di' Sease responsive

t mwdobmpym -phethyithis)- 1rlrbmlctafzo{s4<é+tdpurazmr52&ﬁ4hone

I

¢ r S e LR NS PR Sy S EpPone: | 1
?@J(?ibabnwzdxe 2, 3ndihtyﬂﬁi;Hamldazoiér@bh:yrazn ﬂyh’retlimmnc acid;

Q reatin

b’%&x?y p%’&?e fg-gh éﬂ I ﬁ"é’\}"h z&ié% ﬁ})&?&lg)g SOSQrboxyhc
cagdi@xi a, nuscle spasm post surgi cal and post-
t%g E%enllﬁaﬁ#ffy\ﬁf?ggr E?qreaﬂﬂﬁ@.% [g:g: gﬁ)ylraazrmg Ear omtnle
t @I(%Wltrﬁéj ﬁXpSﬁfa@‘PBlW)ﬁ ﬁﬂ%zd{ﬁ @b]{ﬂﬁéﬁh ZXBH%-one

chem cal” ent’ ty one | ai ms

weﬁmgtwldr(neréamwl)é I-bamdeﬁp[%axh]waalra%’éé)sene

y S aOLF bEnERAE YA illondi BBy PR RS R 21

t r Syl -Gentaked-gh)l Hﬂmtﬂm{hSm]pymneeﬁ:BHi-oopom n T,

oK b G- SRR PR RRS s B2 one:

I ea-f(tnémﬂtrﬁb)eM(?JéhtarﬁBtylf-’}’HCifnI@@zb[drﬂabkfyratml-ml-m -dree;
6 (methylthlo) -1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-blpyrazin-2(3H)-
one;
6-bromo-1-(1-(4-(methylsulfonyl)piperazin-1-yl)butan-2-yl)-1H-imidazo[4,5-
blpyrazin-2(3H)-one;
6-bromo-1-(1 (4-methylp|perazm 1-yl)butan-2-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-bromo-1-(1-(dimethylamino)butan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;
8-bromo-1-(1-(methylamino)butan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-(1,3-dihydroxypropan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-(1-methoxybutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-(1-morpholino-1-oxobutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;
6-bromo-1-(2-methyl-1-morpholinopropan-2-yl)-1H-imidazo[4,5-b]pyrazin-
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2(3H)-one;
6-bromo-1-(2-morpholinoethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

6-bromo-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-cyclohexyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-cyclopropyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-isopropyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-bromo-1-tert-butyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-cyclopropyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one; '
6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-methoxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-methyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

methyl 2-oxo-1-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxylate;

methyl 4-(2-(6-bromo-2-oxo-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-1-
yl)butyl)piperazine-1-carboxylate;
N,N-dimethyl-2-oxo-1-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxamide;
N-methyl-2-oxo-1-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxamide;
6-(1-methyl-1H-pyrazol-4-yl)-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;

6-bromo-1 -(heptan-4-yl)-1 H-imidazo[4,5-b]pyrazin-2(3H)-one;
(R)-6-bromo-1-(4-methyl-1-morpholinopentan-2-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;

1-(pentan-3-yl)-6-vinyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(pentan-3-yl)-6-(prop-1-en-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-isopropyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-chloro-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one; and
6-(dimethylamino)-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one.
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18. A pharmaceutically acceptable composition comprising a pharmaceutically
acceptable carrier and at least one chemical entity of any one of claims 1 to 17.

19. A pharmaceutical composition of claim 18, wherein the composition is
formulated in a form chosen from tablets, capsules, powders, liquids, suspensions,

suppositories and aerosols.

20. A packaged pharmaceutical composition, comprising a pharmaceutical
composition of claim 18 or 19 and instructions for using the composition to treat a
patient suffering from a disease chosen from obesity, sarcopenia, wasting syndrome,
frailty, cachexia, muscle spasm, post-surgical and post-traumatic muscle weakness,

and a nheuromuscular disease.

21. A packaged pharmaceutical composition, comprising a pharmaceutical
composition of claim 18 or 19 and instructions for using the composition to treat a
patrient suffering from a disease responsive to modulation of one or more of skeletal
myosin, skeletal actin, skeletal tropomyosin, skeletal troponin C, skeletal troponin |,
skeletal troponin T, skeletal muscle, and skeletal sarcomere.

22. A method for treating a patient having a disease chosen from obesity,
sarcopenia, wasting syndrome, frailty, cachexia, muscle spasm, post-surgical and post-
traumatic muscle weakness, and a neuromuscular disease comprising administering to
the patient a therapeutically effective amount of at least one chemical entity of any one
of claims 1 to 17.

23. A method for treating a patient having a disease responsive to modulation of
one or more of skeletal myosin, skeletal actin, skeletal tropomyosin, skeletal troponin C,
skeletal troponin 1, skeletal troponin T, skeletal muscle, and skeletal sarcomere,
comprising administering to the patient an effective amount of at least one chemical
entity of any one of claims 1 to 17.
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