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METHODS [1] This application clainms the benefit of U S. Provisional Patent
Application No. 60/835,272, filed August 2, 2006, and U.S. Provisional

Pat ent Application No.60/921, 054, filed March 30, 2007, each of which is

i ncor por at b tves/eisepeby reference for all purposes. [ 2]pCPruswicgeri2ar e
certain chemcal entities that nodul ate skel etal myosin, skeletal actin,
skel etal troponyosin, skeletal troponin C skeletal troponin I, skeletal
troponin T, and skeletal muscle, including fragments and i soforns thereof,
as well as the skeletal sarcomere. Al so provided are certain chemca
entities, pharmaceutical conpositions and net hods of treatnent of one or
nore of obesi IQERTAIN CPENMICALVESNTITIESS OOMPOSITIONSIAND METHODSY, nmuscl e
spasm post-surgical and post-traumatic nmuscle weakness, and neuronuscul ar
di sease. [3] The cytoskel eton of skeletal and cardiac nuscle cells is
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intracellular calcium [7] Accordl ngly, ther'e is a need for the

devel opment of new conpounds nodul ate skel etal nuscle. There remains a need
for agents that exploit new nechani snms of action and which nay have better
outcones in ternms of relief of synptons, safety, and patient nortality,
both short-termand | ong-termand an i nproved therapeutic index. [8]
Provided is at | east one chemcal entity chosen from conpounds of Fornula I
and corrpounds of Formula Il: WD 2008/ 016669PCT/ US2007/ 017235
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R2R2 Formula I Formula Il and pharnmaceutically acceptable salts thereof,
wherei n R1 and Ret are independently selected from hydrogen,
hal o, hydroxy, optionally substituted acyl, optionally substituted al kyl,
optionally substituted am no, optionally substituted al kenyl, optionally
substi t ut ewaloldMgd6 optional |y substituted cycl oal kyl PCOPIANG AT
substituted heteroaryl, optionally substituted al koxy, optionally
substituted am nocarbonyl, sulfonyl, sulfanyl, sulfinyl, carboxy,
optionally substituted. al koxycarbonyl, and cyano; and in the alternative,
R4 and RI, taken together with any intervening atons, forma fused ring
system sel ected fromoptionally substituted fused aryl, optionally
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descri be ereln ]Tso provided is a nmethod of treating one or nore
of obest¥epemM¥Eitopeni a, wasting syndrone, frailty, cachexia, muscle spasm
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and other Tndicatirons in a mammal nmet hod, conpri ses adm ni sterl ng to a
mamal ¢3useSY gevers) dispraers, H@?‘Hﬁ'é‘ﬁtqb@élw \BaEFaneEia. wasing sHodigmendrailast one

chem calapRidal Mm@e&%rdal?,ﬁfi pfaaf.@u@dyl afd FB@{Eﬂmﬁﬁ#ﬁd Gl cRAUSRFekS, Oéhccorrpr i sing
a pharnaceutical |y acceptabl e exci pi.en carrier or ad%ré‘vant and_at | east

one chergamuseitiat Jisgase Hel PAER §?rr‘\°”5 T%ai‘]h pRPRISMS 3% el diSgasPSdRod for

treati nghrirdeadh SRl rOBXAHh Sf SHeRRASAUSAS PR AaV By tonti@Ibdl 13} inereagbs@ng or nore
of skeletal myosin, skeletal actin, skeletal troponyosin, skeletal troponin

C, skel@%Paﬁqscﬂfdﬂ‘ir%qllu'aélﬁ’é‘cé{"éi troponin T, and skeletal nuscle, including
f r agmengeezpnd lmbﬂimgxytﬁh@ree@fa né&d fetlthe asvélb@'n&hed)femab cempeangs e in a

mammal whi c s adm nisteri ed thereof a
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accept abl e exci carrie n d cal entity
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nyosi n, | et kel.etal ,tro | et al
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and i sofnd nampbmnmbecamuﬁelilt as the skeletal sarcomere in a nmammal which
met hod conprises admnistering to a mammal in need thereof a

t herapeutically effective anount of at |east one chem cal entity described
herein or a pharmaceutical conposition conprising a pharmaceutically

accept abl e excipient, carrier or adjuvant and at | east one chem cal entity
described herein. [14] Also provided is a nethod for treating a patient
havi ng a di sease responsive to inhibition of one or nore of skeletal

myosi n, skeletal actin, skeletal tropokyosin, skeletal troponin C, skeletal
troponin I, skeletal troponin T, and skeletal nuscle, WO
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i ncluding fragments and i sofornms thereof, as well as the skeletal sarconere
I n a mammal whi ch nethod conprises admnistering to a mammal in need
thereof a therapeutically effective anount of at |east one chem cal entity
descri bed herein or a pharnaceutical conposition conprising a

phar maceut maptdogroi@emept abl e exci pient, carrier or adjueanusandoatssl east one
chem cal entity described herein. [15] Other aspects and enbodi nents wl |
be apparent to those skilled in the art fromthe follow ng detail ed
description. [16] As used in the present specification, the follow ng

wor ds and phrases are generally intended to have the neanings as set forth
bel ow, except to the extent that the context in which they are used

i ndi cat es othermﬁég. [%]] The foll ow ng a breV|§t|on34and ternms have the

I ndi cat ed nmeani ng N, Ac=acet yl | c pressure chem cal
i oni zat i on at mFat onos here Boc tr but oxycar —car bobenzyl oxy
benzyl oxycar bonyl : | di i m dazol e met hane = net hyl ene

chloride = CH2A 2 Rl EA-Y PEA N, N- di i sopr Bpyl etNyI am Ne

DMF=N, N- di et hyl f or mam de DNSOiﬂl met hyl sul f oxi de

(DPPF) PdC12=[ 1, 11- bi s( ¢ Lphosphl no) f err ocepglHixghi oropal | adi un{11)
Et =et hyl Et OAc=et hyl acet at e t OH=et hanol gram

and pharmaceuticaily acceptable salts thereof, wherein
R4 and R4 are independently selected from hydrogen, halo, hydroxy,
optionally substituted acyl, optionally substituted alkyl, optionally substituted amina,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted heteroaryl, optionally substituted alkoxy, optionally
substituted aminocarbonyl, sulfonyl, sulfanyl, sulfinyl, carboxy, optionally substituted.
alkoxycarbonyl, and cyano; and in the alternative, R4 and R4, taken together with any
intervening atoms, form a fused ring system selected from optionally substituted fused
aryl, optionally substituted fused heteroaryl, optionally substituted fused cycloalkyl, and
optionally substituted fused heterocycloalkyl; and
R is is selected from optionally substituted alky!, optionally substituted
cycloalkyl, optionally substituted aryl, optionally substituted hetercaryl, and optionally
substituted heterocycloalkyl;
provided that
R is not hex-1-enyl; and further provided that
the compound of Formula 1 or the compound of Formula 1] 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]lpyrazin-2(3H)-one;
1-methyl-1H-imidazo[4,5-blpyrazin-2(3H)-one;
B-bromo-1-(3-nitrobenzyl)-1H-imidazo[4,5-b]lpyrazin-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 cne chemical entity described herein.



GC=gas chromat ograghy h or hr=hour HPLC=hi gh pressure |iquid chromatography
WO 20081016669PCT/ US2007/ 017235 iso kil ogram liquid chronmatography-nmass
spectronmetry mass-to-charge ratio nethyl 1-methyl-2-pyrrolidinone nuclear
magneti c resonance nedi um pressure |iquid chromatography mnute mlligram

mlliliterwoiemsoweee normal phenyl tetraki s(triphenyl pHIEERPGI&}Ba | adi un( 0)
(Ph3P) 2PdC12=di chl or obi s(tri phenyl phosphi ne)pal l adiun{11) rt or RT=room
tenperature s-=sec- = secondary t-=tert- = tertiary

[010] Also provided are methods 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 neuromuscuiar disease, comprising
administering to the patient a therapeutically effective amount of at least one chemical
entity described herein.

[011] Also provided is a method of treating one or more of obesity, sarcopenia,
wasting syndrome, frailty, cachexia, muscle spasm, post-surgical and post-traumatic
muscle weakness, heuromuscular disease, and other indications in a mammal which
method comprises administering to a mammal in need thereof a therapeutically
effective amount of at least one chemical entity described herein or a pharmaceutical
composition comprising a pharmaceutically acceptable excipient, carrier or adjuvant
and at least one chemical entity described herein. '

[012] Also provided is 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, and skeletal muscle,
including fragments and isoforms thereof, as well as the skeletal sarcomere in a
mammal which method comprises administering to 2 mammal in need thereof a
therapeutically effective amount of at least one chemical entity described herein or a
pharmaceutical composition comprising a pharmaceutically acceptable excipient, carrier
or adjuvant and at least one chemical entity described herein.

[013] Also provided. is a method for treating a patient having a disease responsive
to potentiation of 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 in a
mammal which method comprises administering to a mammal in need thereof a
therapeutically effective amount of at least one chemical entity described herein or a
pharmaceutical composition comprising a pharmaceutically acceptable excipient, 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,
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TES=triethylsilyl or triethylsilane TMS=trinethylsilyl or trinethylsilane
TFA=trifl uoroacetic acid THF=tetrahydrofuran TLC=thin | ayer chromatography
Uv=ul travi ol et vol =vol une equivalent in nug or 1/Kg for the limting
reagent unless otherwi se indicated [018] By "optional” or "optionally"” is
meant t hat wohmogulbsequent |y descri bed event or circunsPEmaES200®917285 may not
occur, and that the description includes instances where the event or

ci rcunst ance occurs and instances in which it does not. For -exanple,
"optionally substituted al kyl" enconpasses-both "al kyl" and "substituted

al kyl" as defined below It will be understood by those skilled in the art,
Wi th respect to any group containing one or nore substituents, that such

gr oups jakRdMglirdghEntd @R dtiforbithg Bliiesr, %Q)ﬁve?rllﬁbgmbtdkbléﬂél e@rc&ﬂb@ ihtaut i on
patterns that are sterically i ractlcal tEC%qnthetlg_‘gg %?EF n- fe si bl e,

and/ or MARERIANYHIG mféft%wnpﬂf%?dmm'%ﬂmg C”‘ha| n and

branc hQﬁebe@uﬂcﬁlﬁVéff&tﬂré%n’qdlﬁﬂ @ﬁb@@a@t@ﬁ@éh@ﬁlcﬁﬂéﬁﬁ? deteritad h@r@ﬁﬂ d:rya from1
to 20 carbon ator%c or exanple 1 8. car bon at carbon

at o, emBes AT PRI SES BR G ARDY eq e Ia HCBIoah I el
al kyl Oéréd’WinahQaQié‘a’sltbﬁé chkfiiEal etisndederiBed ybrgiesi due having a specific

nunber of carbgns i s na al |l hranched and strai chai n _versio havi ng
that nd%éf ¢ ienmmeciand & Hﬁ%ert%“@b S eaaisit BhospRlied i hecsl r e
"butyl’ fmmngwtommgug@hw@laegcmbﬂ sec-butyl, isobutyl and t-butyl;

oF oupe W16 g BRe SR YL ol SOBIARNL: eSS AL e B0 2 A1 SYLW
refers g@meahiwintegfd@urla Hagrei lthg m:ﬁgs ad getdarth @eiow, Bxaept ﬁsthefeankyﬁatgr oups

i ncl ude, rreth tyl, sec-butyl, tertbutyl,
pent yl , 5598 ‘?’W"WFZCS'I&E F‘y”ﬁ%‘% o ‘Ir‘)y‘"t’?& g 2-hexyl, 3-hexyl,

3-net hy[qzlemtyl Thaiolldwing Iabbmv:a%idnxslmdeterms aaselhmmm:fatexl kplanmgef erring to
t he Sa”ﬁrﬁa%o yes as al kyl, but having two points of attachnent. Al kylene
groups gusually have from2 to 20 carbon atons, for exanple 2 to 8
carbon Atons, such as #cetyh 2 to 6 carbon atons. For exanple, Co al kyl ene
| ndi cat coval,ent . | | ene group. [20]

" Al keny'lgé ?efers to aﬁaqﬂ'(ég ur{%reegggergaﬁ%m?ld?mg?r%?ght chai n al kyl group
havi ng atm | east ohe catboespbengon doubl e bond derived by the renoval of one
nmol ecul f hydragen f tﬁgb% garbon atons of the parent alkyl. The
group n’gygbe in eltheré'qrge [of sgor rans configuration about the double
bond(s)¢- Typi cal =l kergyelogr oups i ncl ude et henyl; propenyls such as
prop-1-gR-1-yl, prop- 1885 lox =0Ba i dappbh@l | Y1), prop-2-en-2-yl;
but enyl s such as but-1-en- 1ﬁ%yoxg gﬁﬁg g‘ met hyl - prop- 1-en- 1-yl,
but - 2-eGDl-yl, but- 2- Wbmyidibﬁ'ﬂa?}o'@n 2-yl, buta 1, 3-di en- 1-yl ,

but a- 1, gegly en- 2- yd; armcmakb%ﬁetﬁg%mhswe@@mm@: oHycaertain enbodi mentss,
an al kenz/ﬁ%group has from 2 car bon atoms and in other enbodi nents,

from2 B car bch at dﬂ‘EEAEd\hé'rd‘lﬂoﬁé?ﬁYI'e‘t Yi@Péi% to al kenyl groups having
two to gy carbons. [NN- dm{ﬁthymf}nanﬁ,ggers to an unsaturated branched or
strai ght-chain al kyl grou ing at | east one carbon-carbon triple bond
deri vedDMﬁ(Phe r eTroval dige &@f'@gul es of hydrogen from adj acent carbon
at oms ofprhE)RuTISat a|[Kyl|'~b|s'(¢{“ph§ﬁzl(Ipﬁbd@l‘ﬁbﬁ)fegfdﬁépé]dimbmﬂﬁlIﬁiibm(ml;
propyny}ss such as_prop é - prop-2-yn-1-yl; butynyls such as

but 1- yn=? i yl, butZ1- er Yi but 3-yn-1-yl1l; and other equival ent conpounds.
In cert&tmp.crrbodlamsnt sethgna@tzktpnyl group has from2 to 20 carbon atons and
in ot heé IgbOd' nment s, f m13 to 6 carbon atons. "Lower al kynyl" refers to
al kynyl 5‘5 ups havi ng "?5 six carbons. [ 22] "Cycl oal kyl" indicates a
non- arogati c carbecyclgranrting, usually having from3 to 7 ring carbon

at ons. ring may be_sat urBat o8 hhave one or nore carbon-carbon doubl e
bonds. anpl es of cycqao l'f( [n Rl B Yincl ude cycl opropyl, cycl obutyl,

cycl opehtoylyr cyclapentimmyl , cycl ohexyl, and cycl ohexenyl, as well as

br i dged, @pes caged_Ti g, gh AuOS. SUGH AT BRLRAN



[ 23] The term "al koxy" refers to the group -0-alkyl, including fromlto 8
carbon atons of a straight, branched, cyclic configuration and conbi nations
t hereof attached to the parent structure through an oxygen. Exanples

i ncl ude net hoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclohexyl oxy
and the |iWe.200800¢w? al koxy" refers to al kwy groups cBe¥BI2817M¢728he to six
carbons. [24] The term "substituted al koxy" refers to al koxy wherein the
al kyl constituent is substituted (i.e., -0-(substituted alkyl)) wherein
"substituted al kyl" refers to al kyl wherein one or nore (such as up to 5,
for exanple, up to 3) hydrogen atons are replaced by a substituent

i ndependently chosen from -Fe, -ORb, optionally substituted am no
(i nclugi ng - NRcCeRb, istReCO2Ra, - NRbCONRbRb, - NRbC( NRb) NRbRc,

- NRbC( NC(I}JI)&N Re, _and -NROSO?R'), hal o, cyano, nitro, oxo (as a substitutent
for cy&p I%I . Fet er BIREFBal kyl , and heteroaryl), optional |y substituted
acyl ($geh as - CeMgr, optionally substituted al koxycarbonyl (such as

- CO2Rb) , i nocar bony]. (.sugh as, - CONRbRc - 000Rb,. - 002ZR', - OCONRbLF?,
000NRb)F‘e€,'\ﬁ§]op( 0) CORb) hgé?cﬁmrpgtﬂg{appgﬂgﬂg%gpg%mét% finyl (such as - SORa),
and sulmignyl (sueh asmaSed&Ehargk raB62NRbRe) , where Ra is chosen
from ogﬁi onal Iy substi tg"g‘ d Cl1-C6 al kyl, optionally substituted al kenyl,
opti ondffy substitut el'e] ynyl, optionally substituted aryl, and optionally
substi tned het exoar yh:meth@-2@9860di6668 PCT/ US2007/ 017235 Rb is
chosen . frgm H, optiongl | -C6 al kyl, optionally substituted
cycl oal R opti onal | ué‘é%’iﬁ@h%ﬁ%};ﬁ%gpg&%%ycl oal kyl, optionally substituted
aryl, amaLOptional |y seskurntuesdire qeidehrgmhatographi®e i s i ndependent |y chosen
from hé]%ogen angd opt bﬁﬁl\%l y substituted Cl1-C4 al kyl; or Rb and
Re, an he nitrogen 10 ich they are attached, forman optionally

substi tnaged het eFocychaldigiaph gr oup; and where each optionally
substi tnqlt_%gn,groug is Hﬂmﬁ{QFti tuted or independently substituted with one or
nore, such as one, two, or three, substituents independently selected from
Cl-C4 aMWy|, arylF hercronaye, aryl-Ci -C4 al kyl -, heteroaryl-Cl-C4 al kyl -,
Cl-C4 hal oal kyl, -0C1.Q4 &l kyl, -0Cl1-04 al kyl phenyl, -Cl1-04 alkyl-01-1,

- 0C1- hal oal kyl , halno, -OH, -NH2, -01-C4 al kyl-NH2, -N(Cl-C4 al kyl)(01-C4
al kyl ) ,Ph NH(01- C# al kphenyl- N(C1- C4 al kY1) (C1-04 al kyl phenyl), -NH(C -C4

al kyl p cyano, i for cycl oal kyl,
het er O(t@@%{%%myl , or h%é%%k‘jﬁég%?&lﬁﬁ%@h@%\é %#%%m)m al kyl, -CON(CL-C4
al kyl ) ((Ebs@uPdCly ), doblampoisitaahenwhosph diumpfl 0) (G- ¢4 al kyl ),

- NHO( Oégh@wl ), = N(Clod sabktartied) (0, -C4 al kyl) . -N(GI - C4

al kyl) ) (phenyl), -C(0)C - al kyl, -C(0)Cra4 al kyl phenyl, -C(0)Cl1-C4
hal oal Kl , - 0C(0)Tl- Cae&i k§reondagp2(01-C4 al kyl ), -602(phenyl), -602(Cl-04
hal oal kyl ), -SC2NH2, +&Q2NEfaryC4 al kyl), -602NH(phenyl), -NHS02(G -C4

al kyl'),_-NHSO02( phenyl ), and_-NHSO02(Ci - C4 hal oal kyl ). [25] In sone :
enbodi nER®s, a sdbsti tiRBYSH REXRIASIAS s " pol yal koxy" or -0- (optionally
substi tyired al kyl=ene) thapthyrna dritrisebsidiiéed al koxy), and includes groups
such as_- OCH2CH2QOCH3, d residues, of glycol ethers such as

pol yet hifiRnegl ycdl , aﬁ%m%??ﬁﬁ’é'@% "CH3, where x is an integer of 2-20,
such ast@r10, anck for iexshviarefuralr 5. Anot her substituted al koxy group is

hydr oxyal koxy or -OCH2(.CH2) yOH where is an integer of 1-10, such as 1-4.
[ 26] Th@‘éerm " aI”koxy%&PB@f%lchh?rE?t&géa% a group of the formula
(al koxy)yyC=0) - atst acheadtravisletigh t he carbonyl carbon wherein the al koxy

h he i ndi d mber. of . 3. Cl- b |
o oup 1©0an ol koxy ar adsrioaHySrER HE HORE it ihuelt BRI (0T

its oxyglerwiee indieatbdbnyl |inker. "Lower al koxycarbonyl" refers to an

al koxyc nyl -gr.Qu eraeln. ak k i p. WO
2008/ Ol@g%gPCT Sl t’%"g@}’] kﬁ{g‘éiéB‘fg‘?’ngyg‘ﬁbésﬁbug?h?%@ryaﬁ%ﬁ%%g %ﬁyl "

ref ers oocitduensgamaspmey o stayt nittedcat, lapd)thatthedescriptiesy intinden stprneep | s
attache . : A ; ity and
aher of b BRI Fod f BHE TaralfoskRh WA 1 LURShORPR' ) T’
for exanple, up to 3) hydrogen atons are replaced by a substituent

i ndependently chosen from -Ra, -OR', optionally substituted am no
(including -NR CORb, -NWCO2Ra, -NR CONRblI R s - NRbC( NRc) NRbRc,

- NRbC( NCN) NRbRc, and - NRcSQ2Ra), hal o, cyano, nitro, oxo (as a substitutent
for cycloal kyl, heterocycl oal kyl, and heteroaryl), optionally substituted
acyl (such as -CORb), optionally substituted al koxycarbonyl (such as

- CO2Rb), am nocar bonyl (such as - CONRbfe), -000Rb, -0CQ2Ra, - OCONRbRe,

- 00O0ONRbRO, -0P(0)(ORb)OR, sulfanyl (such as SR'), sulfinyl (such as
-50R3), and sulfonyl (such as -SOQ2Ra and - SO2NRbRO),



where e is chosen fromoptionally substituted C1-05 al kyl, optionally
substituted al kenyl, optionally substituted al kynyl, optionally substituted
aryl, and optionally substituted heteroaryl; Rb is chosen fromH,
optionally substituted Cres al kyl, optionally substituted cycl oal kyl,
optionally substituted heterocycl oal kyl, optionally substituted aryl, and-
~optionally substituted heteroaryl; and IR is independently chosen from
hydrogen and optionally substituted C1-C4 al kyl; or Rb and Ft'

L R T A PR e e

group g deTmieddidw! IedilPe URGSRETUERY thosewkiledtin s av iith @@@péﬁt téraAg, such
as one, two, or _three, substituents | ndependently sel ected from G - C4

al kyl , 5Py COR@ining ang jor marg supstitaents, ﬂaﬁtsuctiar%wb%asﬂ natintendeqtye - | C1- 4

hal oal 001- C4

hal oal Mmd%‘%ﬁ%%& Mkﬂfr%géf%ﬁﬂag:%h?nﬁﬂ?ht aﬁ%f‘%l@ Wr‘?%l C4 al kyl),
- NH( C1-sgatheticslly) non—fdﬁib!%rﬁlkyhhetb]ﬁl@umta@lé phenyl ), -NH(G -C4

el AT IR R el i S5 bbb ln i P

al kyl') (rfahilet otlckition atofddNu6GatyFoml Kid 20 ca%ﬁ"ﬁoms’\'f&(@(hﬁge 340d Katbdn

_NHC( 0) ( phenyl N(CL- C4 al kyl )C(0) (G -C4 al k
al k§|( )) ) eg%;@)m 1$ Soatousa )C(d@%v( 6 @ahﬂsencemaa@saabatmw

oL R R o enyﬂoﬁ?@ﬁﬁ(%%éé*% 360 Fyrér o e

- SO2NH(aling4a apdxmflc) numﬁ@bﬁ‘mﬁens li9 namHHISﬁﬂZ b@ihcﬁédedridxdtbalghwﬁs&wmm;sl ),

?gldkyl )"H‘-Sa%C at P§ 0{2%*)23“5 e%?&w@cﬂl é&g%rﬁpg%?hl?sr fore: examp

(het er gy "‘?@H@Hn} 1neluce NYBQM'éécltﬂﬂ rgrs%iatw anattlb%@ﬁeqbré;sw #ﬁew@wt

structure "t hrough the carbon functionality, and wherein al kyl, aryl,
het er ogurgpyl aaddscvwopyloaww@"ml resers tgmlk}tbgmugs hawing pretegeven carbonsbed

(- but ol EaRBB oo BB Ay BRaR A BRBS bRl T cathonss ¢
gr oups E@Hﬁﬂé@bﬂﬂlkﬂ@oups mmdeambm athyl, prs, ngprobﬁf ﬁ-‘l’ﬁlt)ﬂ Osédﬂsutgr eiip-
0- acyl The term"am no” refers to the group - [ 30] The term

"subst |bUEME eaﬁn% Awenhd; ispeentyl, ﬂﬁepgmfdb@exmﬂd\aawl ﬁ\imé Sumetiyyipentyl, and
Rd
Subst it B ek Bisct M IR Tetehial §5 e $AE rBritiady as B, M hating
subst i t\:u? «pdmisp{ attaq:i‘trgamiaﬂllwleldogt naupaltmtﬂ usaalbdlla\m' igmytlzt toa20 omtb@nts:loms .

t SLJ ed ar 0 Itule e e r ona

o be | TR CaTIs g tod) ErbamasbmesueThas byt L 18 Briarhen alors o) el o Y
sul fi ny wﬂg |ﬁHicfatH§’é co?eﬂgnt bond and C1|3¢«ylén§i%0§ ﬁfétﬁ;{l@ﬁ‘é gmuponal ly
substituted , optionally substituted cgc oal optionally

subst i {QR20Gd ar'wlkerwbtrefmalw pngutsaturatedderanched oas;ralghhnhalnpﬂkyd)gmuw

yol oaPRyia al st Wk tpenefdpubiE kA deived by the BEPY e B8 Mot
al kyl , sucﬂd"@gbhmm aa)dcenheémbwatﬁfheaifkué paﬁemi alllefl. eThag oupWwhay Belin eleror

nor e as up to 5, for exa up to hydrogen atons are replaced by

a substhq gie tiﬁﬁ'&é‘&é‘ﬁaéﬁﬁpy amZE the douhie bﬂ@ﬂﬁﬁ) M%lrﬁkwl SIS inglUde ani no
| ggigp SPNRERs. é}ﬁp -

( :\IEEC?%@%?K'IR@B? %qul\;!g Lg‘% cian-g v It %N?)c(% Cprogﬁb%nt% %(ut ent

for cybut@avikysuch aﬁebletrb@lyéwb@lukwen-?ademﬁtw@mM “pn-1apthuba=an1ryls bgsd-en-it ed

 Slorny" BB 2ol ket U1, Bl SRk 8 P A U R b BB .
000 NRb centain e0BREG)EDRDL RO Bkenyg wréupiyds fiaueho 28 carion atems and/in gtbech as
- SORa) bmebodlments from 2 to 6 carbon atoms. "Lower alkenyl” refers to alkenyl groups
having two to six carbons.
[021] "Alkynyl" refers to an unsaturated branched or straight-chain alkyl group



WO 2008/ 016669PCT/ US2007/ 017235 sul fonyl (such as -802Ra and - SO2NRbRe) ,

wher e R8 is chosen fromoptionally substituted Cl-C6 al kyl,
optionally substituted al kenyl, optionally substituted al kynyl, optionally
substituted aryl, and optionally substituted heteroaryl; Rb is

chosen fromH, optionally substituted C1-05 al kyl, optionally substituted
cycloal kyl, optionally substituted heterocycloal kyl, optionally substituted
aryl, and optionally substituted heteroaryl; and Re is
|ndependentl chosen from hydr ogen and optlonally substituted Cl -Ca al kyl;
‘or Rb arftPviRg ablgastone %rbpaff@anrbtrmiﬁ bond Hesivedt by Hie rerhmah] of uvmrecules

opt i onal V d ere e optionally

subst i tu%f?ﬁ%pﬁ% urlnsu stl @%éf&gég)gﬁﬂgﬁm?y @pWP% one or

more, suotluds eﬂwyl mmpyrms $dvheas pmwwhtmwnﬁﬁ)p Mﬁpatewdsntyh lss.ﬁlcﬁ':ése\ﬁtf rom
eter oary

Cl-C4 al 1.Q -

&G4 h M‘%{l R‘& Bt b %) O@H‘%m ﬁcﬁ"@:@ "eﬁfl@\ﬂpbﬁdﬁmwmp@ynda |l geytairon,

- 0CL- C4 dhab G | kyl) (G - o4
alkyl), - NH%?Q&S :Fiaeg/lﬂsny' St 1M§Z4f’r%'|hk21 %%@’"‘ EPIE‘%Fp enyﬂﬂ%‘i NH( 5 b4

al kyl ph@mpgdimepis Fonhtte 6, Caﬁh@“l atonas “kotvst alkynghtefemr toclinyhbiodps havmg

het er oc I het er oar yl CO2H, 0)0C1-4 al kyl, -CON(C -
al kyl )(3‘%%‘2 Bﬁyéf?rP?ﬁS CONH( G yc; al kyl) . CC:(C]\I?-IZ - NHC( 0)%/01 c4 al( kyI)

\CLO) [B2Zy | )"Cyctdaty bl 3 Bk O calbor o . Geusly havipg iom 3,

Ea: oa: t@% (7p '@cﬁlﬁg’é g(“%xcﬂ‘]ﬂ fing H@Z(bﬂsmraiewrﬁave S%E%p@mmlga;bonﬁﬁa(b@]} 4
N pggz%ﬁ( 02(Cl-C4

a?k??) w&a&%ﬁeﬁéﬁ an gé’ %}%)'ﬂ F@%&%?J&?’QK&}%BW (

opt i onalcvﬂoﬂam WdDQenf&oyll pydphemheﬂd@cy&id#&txehm asl walllleeoriiyeacing caged

sul fi nyI (r#q @Q%@i{% ﬁé as defined herein. [31] The term’ substltut ed
am no" pg ? MR of the groups -NHRd, and NRdARd each as
descri b@mz:ﬂboverhd\te@mn "AROXPERIES tBRREBFGUD )L gkaP%dﬁ?tﬂﬁ%l or Oﬁ“io BYAon pondi ng

amno group with, for exanple, h}{ndrogen pero or nct per oxybenzoi c
acid. THBJTB%PEBﬁ’f@mthwanm.ed IR¥cli eorifiguratien angt combinatiens theveofcattubhetians

for car bonyI refers to
the or ot PRERSIRAGNPSGIES) SRyaert Eraplfs el mafiacy S baB6 R eRtBH G - Co
al kyl, soprepexyl wmmepy!bw aycloyekpekkshd trPfike MBébkr alkbky" refers to alkoxy
20081016669PCT/ SZOO?/ 7235 sr)gstl tuted heterocycl oal kyl”, optiona Py

subst i t HIARSHANANDE PNGHO BRGNS ubst i t ut ed heteroaryl and Re is
d | fur d Cl-C4 | kyl ;
|n epengz! ¥ Q*h@stéﬂn SR tﬁge%ottol roggr#h%ﬁc\?ﬂ%t Y

and | R c taken tog He‘[‘ 8y are
bound S@b&ﬂtl&ﬁddm i dh—d‘&llllg;stlﬁltbdlaik}m adheﬁemf'mﬁsﬂltlﬁﬁb@ﬂl@ﬁ refdrs g alkyPRRERSIMI NY

het er oc Q n udes or, 2 additional heferoatons
sel ect eéﬁé l‘r'ﬁh%é’ (%Eh%d 'grkfﬁ E’ﬁ@léﬂ EMEI%QS’QWQW gigms are replaced e e
each substistitusra thdbpendehty thskpemeiant | y substituted with one or nore
substituents i ndgpenq,ent |y selected fromCl-C4 al kyl, aryl, heteroaryl,

aryl - Cl- C4 al kyi= -Ofet eplinally sabsiitates apino, (irciudiag HdR&A@R&?J NRQTLREA al kyl
O AR L\ AN o B EAR RN, 8] B Shrg 2
2{1‘5!{?5’?}?22“"‘“‘&‘“ Lol Kyl bt or ooy S Lo Byl sty Referodivd) Spiighgfly (2 @
_ 0 0) oCHREN LQ‘F‘%?FWS@%\E é@Bmmypwtns@uénwa koxyfampnxh(smh as kyl ),
Akl %ﬁf’g%yﬁ oﬁ&ﬁﬁ&?@“@@&?@ OB -SephirEe “

RP
| 4 PR e Mmooy Gyt s rons S g
- p al, o, c - a
i soem%h%(f”a%éséﬁ’%l Sb&%lf* R): NHS02( phenyl ), and - NHS02( 01 C4
hal oal kyl').  [#hBere RF g chozeadram opRsnally substituted C;-Cg alkyl, optionally

substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl, and
optionally substituted heteroaryl;



6- menbered carbocyclic aromatic rings, for exanple, benzene;

bicyclic ring systens wherein at | east one ring is carbocyclic and
aromatic, for exanple, naphthal ene, indane, and tetralin; and

tricyclic ring systens wherein at |east one ring is carbocyclic and
aromatic, wwaroexacgpbe, fluorene. [34] For exanple, aryCT/iosmbudess

6- menbered carbocyclic aromatic rings fused to a 5- to 7-nenbered

het er ocycl oal kyl ring containing I or nore heteroatons chosen fromN. 0,
and S. For such fused, bicyclic ring systens wherein only one of the rings
is a carbocyclic aromatic ring, the point of attachnent nmay be at the
carbocyclic aromatic ring or the heterocycloal kyl ring. Bivalent radicals

LOV ”Edt froms llgg iﬁl 6H¢§éﬁ|tfm 3 &Qtlcﬂ%:ﬂym&@i&ﬁ@m EHikyB2Eenaly Eﬁtd%tltuted
erivatives an avi ng e val en rin ned, as

Subst | cHFBakgharypeAly susfused helf ool anioarly ey BRS AR ETh val ent
pol ycy@m.@ngngdgmfdmn@@bg@i @n‘ahose nanes end in "-yl by rem)val of one
hydrogen atom he car hon gto . 3@@' Oﬁ r %rf Jcrg

adding "-i dene isd” e Y &h ?% 85'“? 8%%PH§ BHPUAIYERIPS g., a
Rapht h;dlk%trdrup V\ntth two points of alttac_hrrent is termed na|toht hyl i Flene AryI
owever, does np o] S Qr _ove an

separately def n@ﬂfgel%‘%ﬁ%ﬁ&tﬁqeq @ﬁgh@;ayn%rls\éﬁgag obfgﬁag{g'rg%&rb&wc ri ngs
i's Lu;smﬂzb\a&imltecﬁhétetcmyo:bﬁmybgtduf!; amdonmatic ring, the resulti ng ring s%/sttehm
is heteroaryl, no r r 0 e
group -0-aral k‘f}’ﬁ?}es%#] %t@aﬂﬁﬁgggtﬂggrﬁaﬁ l%‘fr}j?( &é%gp@t?%lﬁf ﬁ‘\éearég‘g%ﬁ@

- 0- het esubatitaked/with baeyirwmyx‘é setheas ohe, wn},@rWreeasubstitu&!ﬁ@ﬁW@p?hmw refers

L0, A8 LS AR, b1 Sl of IS b e BB, o o an

aryl noie e par e re‘via an
Exanpl &3:- Cmbblma&ybeﬁﬁ)j’rc‘; Bhene@GyCq aitytpheinyl, ni-Ca st id b IQih @nﬂalphlbyll,l ke.

ot T nendHIGOR, NEE 55C) Q1 BRI e, ) MYE, &, LR QHEIE COLRYY, °
f ur any|-MéChes alfp&)u(cdcmdlwnepvl) MGl alyv!éhﬂwl) sHane, mztrp; e (as[a7]
" Hal Og%bsa{uée.ﬁ%fap%ycﬁo%fm Shét% cfcgwa%rkworﬁe e‘?c?é&ﬁ,{—é@ﬁ%‘?“ @‘EO% ci.egidnen,

Di hal oaryl etc

al kyl
subst i tﬁ@ﬂ(%@halﬁymﬂ%f@ alkyd), 09%“@&5““16% WHhem)(@ycaaﬁy%r ality

o LIe NHEX gﬁe D; NERYTAaRPIASHGr-EL IR S @) brichgnscope of
di hal oa Het er oar y member ed
ar onmat |'§y (O CCKQF%sCeEHWH’ihﬁ“;g %@COTC*WE#'%E“"Y‘OFO@@){%F% alkylom 1 to

4, 5 'Sog@iey élkﬁffbsdiztﬂwn% 1SORCT-0,hatoallya) esoamgsr&smmm-fm@mm, :

an W remai ni ring ar bo 1.C

ot 1 ocHADHIRGEYI bSO sy o U GO RY D1 D19 QNRHDRLSH G BiPRIY)- 4

in certrRB] e”bﬂ{jétﬂ’ﬁ@b‘l"nbcfd‘@a@”h{é ) s:iabsh@t@f ambﬁ,wgrc@ipqseﬁolyémw orGp-and S

with the remaining ring atonms being carbon angim I&ﬁast one

het er oa(PBHPE‘%"Y;ﬁ‘%Eﬁ‘I‘Fe Alkyleng)-&ertianally FrRptityR Ci"é’ic,q'] REPEP S8 0al Kyl

r lmr;gg_ Cﬁf&ﬁéﬂ@@HQ@Hg@CHHDﬁr&j résniu@@frgwc@: eﬂwre;a@“sdmmas bolyethyileheeycoh iand

enmbodi nent to et eroat en fro

500810 63 REH=Cs It MiEre 8° BaneaREP A AD, aioh e 2pe el Ena

wher ei nagsthkbesshstibited katadarbais Isydroegtitxyion -OCHOHEL O, whmga y is an
integer of 1-10, such as 1-4.
[026] The term "alkoxycarbonyl" refers to a group of the formula (alkoxy)(C=Q0)-
attached through the carbony! carbon wherein the alkoxy 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.



[ 39] For exanple, heteroaryl includes a 5- to 7-nmenbered heterocycl oal kyl,
aromatic ring fused to a 5- to 7-nenbered cycl oal kyl or heterocycl oal kyl
ring. For such fused, bicyclic heteroaryl ring systens wherein only one of
the rings contains one or nore heteroatons, the point of attachnent may be
at either worgos/oen the total nunber of S and O at onsPEHUSNE/MESEr oar yl
group exceeds 1, those heteroatons are not adjacent to one another. In
certain enbodi nents, the total number 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 |I. Exanples of

het eroaryl groups include,- but are not limted to, (as nunbered fromthe

| i nkage{0B@ki t i dhe dsrom @m&b@tipﬂ@d)alkpyyqa)'borgd preferd yo thedgropwpi (dybstitdiegyalitydly | |

2, 3-pyr Vi rd

2, 3- pyrgi% héeg @;{ éﬁ@é‘@ Jsaﬂg{:ﬁeuo?ésfgg &{ts’tm&%ﬁé@épb ﬁé@%’ Dngol i nyl,

t hi adi af,t_lomlmilty and whgosiny ISUbstﬁiJ@dy'BferbmtaﬂwthhﬁIﬁMﬂe of momysuch as up to

i nol 13" 1y AERE b STRRHEBh o Ry Ploceih S3ebeMiyent huakthyy

rad| cal ghasenifrasa: from uni val ent heteroaryl radicals whose nanes end | n

Lok Erovake CORENG NP BEB. RO AT g Rt Rregrral once

are naned by a or respondi ng unfvdl ent

r adi cal -NRECONRRS yNRd:WN@ﬁUBpRVM -NRR G%CEWR?% §ﬂdaNRa§QnBr)t hale, gyano,
ridyl n n
pyriay r'uﬂ‘S Gxo taLE‘é Quﬁ’salﬁMEn%‘?%yagélkﬁ ﬁ?@g&;@% [4ofm§bﬂ Bnau

cycl oal kyl', et eroc

het er oa-"fliﬂSt'B-lt% aPﬂdﬁ%l’é%S r@@& h@ﬂ'@lh%“)fsﬁ%iﬁuﬁﬁ elbowqahbmé (%#Chrﬂ*ﬁr e OXI de
(-0") sigasir™, Ltﬁﬁheca,%ﬁtt @845 LODNRCRY, Qéb@ﬁ?’- -obé%ha BhébRReRrecyc! oal kyl "

is neant_a si ITB.tI rmn usua

\i
Lont 2 MOR MR RS S NI BB cs Wi (ruba ae Sh Siry] Surbtas Sk hsand

i ndepenglarinl(steh asLsd,RP amy o¥pgQR"RYUI fur, and nitrogen, as well as
conbi nati ons conpri é{hng at |east one of the for egm ng heteroatons. The ring

may be sat ur at ¥#S5 RhiehG5e8 T ppfenai HesiiuisdbbrCe ol orioR8Y suit abl e

het er oce/tsﬂsmltéatauaehpuapnd;miytydesnftﬁd axml@ti(aaéuwsurmehﬂedfatﬁné:tdte l'i nkage
position asswned r| ori t 06%31' - pyrroli di nyl, 2,4-im dazoli di nyl

2, 3- pyr?&ttﬂ"ia Aypstitstegingdey 3-piperidyl, 4-pi perl dyI and
2, 5- pi peri zi nyRb @@mﬁmlfrmngi iORSlyEE hsiitaed CIT L4TRY nalijﬂﬁhb'@tltlﬂl@d

2- hol i /01 PCT/ 7/ 0172 I nmber ed
wher o nOXRAg KRR Sdi g?ﬁfﬁrBW IRy oopaliy ﬁtﬁ%@ﬂ%ﬁ%@'ﬂg §1 oal Kyl
al so |n6ﬂ>ﬁuiqeﬂyeum;tﬁmattm@rosqménd uted with one or nore oxo (= 0)_ or oxide
i oxo- 1t i oy PHSPPADRSSHIY SHoReRI LT BACG Ao pRUPT Sobsiibicd Ci,

10423" Haikgit ocycl oal kyl " al so i ncludes bicyclic ring systens wherein one

Carbon atoms i I ARARTHR 1 rdderdiePke ShePr R Rnad Ry ipBlianaliF r om

oxygen, suhstifuted hetedoa:;ictcraﬂgegrows awél | as conbi nations-conprising at |east
one of the for : t 3to7
ring atons, opt;'?' %hé;g?&ég{ﬁ%iﬁgﬁ Eg?n%gt%rs E)Jrllgl{sidn e g%ddéﬁﬁ\fdla}ﬂ M\ltlérnltyed from
oxygen, sndnﬂtttuted with@nsi arrrogeen saekl 2k 9Ngotwaa 100 ﬂuee,csut{s@tl-&]ms wﬁeeederatye
differe u f e i soners”
ar e [ so%r%ggﬁlgw gs C% h'ﬁl't‘ylhﬁﬁh%&ﬁﬁé@m rm'lh’eé %lﬁ#ﬁ %tgwaala%s‘% Eltﬁgl-’space.

" Enant i 6mér dralaalieyl,aOQsai s elkyls tQﬁe@h%wmt'@wha@v@m@ih%ﬁlttu@@nrfﬁmlaﬁe@lkﬂ.
! 1 t [
m rror hé‘ng-@l-lo Nl—?gaCtE -8} gﬁ% N? I\F(CEU(?S éﬂé@( Cge Q}r N (gn@ngllk rs is a

"racem c" m xt'ur nate a raceni’c mxture

wher e apHforsri aik!é)(Ctﬁ4@§imf@ﬁV§oM@1-%%“%‘?@?"@& §M$|'EQ NiFpaxoHas@ at | east
two asygugititentibP BPolodlidh, Métrdt osukt}ptor maferreéryr)rtw eot:(ﬁﬁﬁdm-et By, The

absol ute stereochenm stry i s spe accordin ngold Prelog
R-S systaN(Gnenaliyl ﬁ'hywvsc&)'ﬁ)'ﬂﬁ% ~enallyh, oFrg’rN‘t'heNE'Fépé@otFéaﬁ lylty  at
each chiNac(s m&i)cattdqmm@té@g:m BikYHEN(B,-Q, aFiyEROW V\@Hyifonpounds
whose absolute configuration I's unknown can be desi gnat ed (-)
depending on the direction (dextro- or Ievorotatory) whi ch they rotate

pl ane polarized |ight at the wavel engt¥® of the sodiumD line. Certain of

t he conpounds descri bed herein contain one or nore asynmetric centers and
can thus give rise to enantioners, diastereoners, and other stereoisoneric
forms that can be defined, in ternms of absolute stereochemstry, as (R)- or
(S)-. The present invention is neant to include all such possible isoners,

i ncluding racem c m xtures, optically pure fornms and internedi ate m xtures.
Optically active (R - and (S)- isoners can be prepared using chiral
synthons or chlral reagents, or resolved u5|ng conventlonal t echni ques.
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wi th a hydroxy protecting group. Likew se, am nes and other reactive groups
may simlarly be protected. [48] The term "pharnaceutically acceptable
salt" refers to salts that retain the biological effectiveness and
properties of the conpounds described herein and, which are not

bi ol ogi cal Wy 2es/aiédaer Wi se undesirable. In many cases, P¢EUSOMIOTRIES

descri bed herein are capable of form ng acid and/ or base salts by virtue of
t he presence of am no and/or carboxyl groups or groups simlar thereto.
Pharmaceutically acceptable acid addition salts can be fornmed with

i norgani c adds and organic acids. |norganic aci ds fromwhich salts can be

d d | ud ., hydrochl d | f
el U At Gty R e At e o) s G el Ay e )G B whi h
s?l t sI GL(0-Cd eilikyhe dsORpher), -B(D’z(waﬁfﬁb!@alk@!)e@@zh&% d.s.oglmaupa:pcn4 @m@gl d,
Col 1 r UVI C
gu%:/m ni goay}"g‘shéj 'gsg’é{cg C rlh@'f%(cd,’?(aﬂa'&ﬁ ﬁ"? h@'%‘s{? 21'2‘3133 %@f‘h
ci nniam[ozsp d, "A@“dé*ﬂé@tfﬁme‘bl ro[]p?s hlane:glpj (faum)ccm)l- ctary:t) Oe&npseﬂet@?aﬁjl)ﬁlcl d,
tolu ul C, acCl al.l Cl maceut,l ca
D topt TR phdthEisorinon SOk Agis BRI aURTs At sintRInE Bafor qant o
bases. stmotigathrouliasits chrbonyifanctiorsdity, anda\rhéﬁe:nmw vargl, m&trud@l afndr

e, DiisBryeiRhcl A BBy et AT ARE AR el $en L BRIR, LT
salts mety&hd)ephzbvacb;jimm}l slebutiy, temimmdcerquyl eenyyl ogwrzohokayl ylngiah@lllkeert iary
an nes v SHBSLLIIES A8 Td DS ROORAIIGR kb AU 00IRUORIL S ik

am nes, Cy¢ anm nes POR e an e resins, and
speci f igradip ©-gepdh as i sopropyl am ne, tr| net hyl am ne, diethyl am ne,

trieth I ne, i ol mne I n sone enbodi nents, the
phar ma)ctbfﬂ calT@é g%ﬁg% gp‘eibga%sgtaqupftﬂ% '\ﬂ-' IS chosen from ammoni um
pot assi[039] sodTherteroulsoibstitutethaming) mefsisitn th&lgrgup FX¥BIR TineNRERT " sol vat "

refers i gncompound (e.g., a conpound sel ected from Formula | and Fornul a

1, or ap arma eutically acceptable salt thereof) in physical associ ati on
with one or rmRelsmc@emfm biydepxyheptinnady svksiituipdadisem ablienaliyl vent .

w |

For it & Pﬁﬁéﬁ%@m el SRR o lodIyL bhtnaly “%t't@tew%wﬁﬂf’%“efor il a
I, an@ugétltué&cb@ar pmimistoyl, @ﬁwt;@@ﬁfagnvlagpmaﬂyaybﬁhtsetemwi oRéeydly. [50] The
terms <3 k I WO
5508, 07 L el heEradlibhsoralfy ARG o ree FacyBRf/R OfioREt 3 Aviisielisd

def i ne@lkaxyearbonys sulfipyhand sylfpryl. pd, cycloal kyl, aryl, heterocycloal kyl,

and het eroar yIRM@,eérraseanaﬁn wpt.aﬁéi?y s(lﬁiéﬁﬂlté’éaﬂkpl bBtiGnallyBuLRY@ARY . Up to 3)
hydr ogen atons are repl aced %?a Substituent |nde pendéently chosen from

-Ras - @wgloaliyt: |°(Eﬁ8‘|"?'i¥ shsditted ead ertionslly FH‘E%*G'&F?H@"E‘:WRE’@G?&P opfiedRs |
- NRc CONlBBtuted H{R@Fé(dyao)a'h@b@vd whEafd{ NCN) NRbFr, and - NRVM®2R3), hal o, cyano,

nitro, oxo (as a substl

heteroaryl), opashiftied ¢ '%’L%g”hoﬁ yb(%ﬁl oaI %QXE}? %Fr%tg%@ﬂ{ %fﬁglntjy

substi tragmbtﬁblyq&maﬁ heyidalidys, i, BSter ko (:) ﬁfﬁfﬁ@m ardzou ykhe(rsmods(}wlgasr

e
sul fanW‘)"z(esﬁt’ﬁh 25 %é“%o%%fﬁ’%%@? R?R% %%dm%‘?ﬂ/\fm"&%ar%[ﬁ %‘%ﬁ‘;’ (Ruch as
- SOleesL@BttueBmNBbéﬂ@éntIWsen from Ra is chosen from opti onal |y

Subet 1ot od ety <35 eptiona *‘é@% el b it R L NRREERRE LY
SUE:E: E—WGMR’&RWO#NR'@QNR?MR R suagt:(maNNR%m?landanm“smznanaaloycyano .
Subet | (TSP RTEEE Yt futert oy g velprbh, hetef o R A BT, BRERARR 1Y
subst i tsubetitubest acy ¢sudhoas IGOR" )oppttomﬁlyi substifoded alhbmbmibc)fhyl (amﬂt apt i onal ly

o ok SEARABovIB B CONHAER ORI YoRISEED daBRHAT 00c and

opti ona ute and t he
nitr ogeQQQNRFﬁ%c ROPHEY QRBORt st ol (sm;h s &R dpsuIWKNBl”s@ﬁ)s?@*RUt agd
het er ocycl oal kyl group; and where each optionally substituted

group i s unsubstituted or |ndependentl1y substituted with one or nore, such
as one, two, or three, substituents independently selected fromCl-C4

al kyl, aryl, heteroaryl, aryl-G-C4 alkyl-, heteroaryl-GC-C4 alkyl-, Cl1-C4
hal oal kyl , [0C1-C4 al kyI , -0C1-04 al kyl phenyl, -Cl1-C4 al kyl-0OH, -0Cl-C4

hal oal kyl , halo, -OH -NH2, -Cl1-C4 al kyl-NH2, -N(Cl-C4 al kyl)(C1-C4 al kyl),
-NH(G -4 al kyl), -N(CL-C4 al kYl) (C1-C4 al kyl phenyl ), -NH(C1-C4

al kyl phenyl ), cyano, nitro, oxo (as a substitutent for cycl oal kyl or

het er ocycl oal kyl ), -CO2H, -C(0)0Cl-C4 al kyl, -CON(C1-C4 WO

2008/ 016669PCT/ USZOO?/ 017235 aI kyI )(01 04 aI kyl ) CO\IH( G- al kyl),

m o1~ N\



[53] The term"sulfonyl"” refers to the groups: -S(02)-H, -S(04-(Optionally
substituted alkyl), -S(02)-(optionally substituted cycloal kyl),
-S(02)-(optionally substituted am no), -S(02)-(optionally substituted
aryl), -S(02)-(optionally substituted heteroaryl), and -S(02)-(optionally
substi t ut etvhawtsnesycl oal kyl ). [54] The term "t her apeBET/HIRNAOIEBS ect i ve
anmpunt"” or "effective anount" refers to that amount of a conpound sel ected
fromFornmula | and Fornula Il that is sufficient to effect treatnent, as
defined bel ow, when adm nistered to a manmal in need of such treatnent. The
therapeutically effective amount will vary dependi ng upon the subject and
di sease condition being treated, pe wei ght and age of the subject, the
sever i tSuifenYl(Ruching eSOeRT andiF S PIMR RIewheret i cul ar conpound sel ected from
Fornmula | and ﬁmfs”&Hd%ehlfrorﬁla tidRR b RR TR, 02 éﬂ@hfdﬁtﬂoaﬁﬁydalltfdtl[[*tg@ of

adm ni stration, the manner of adnmrnistration an whi ch can
readi | yawyaa@lpﬁa%wwm&ﬁ@ afityngk aptirenally supstituied ank aadrcptlopaisq " ATPase"
refers dubsailtéRy@Fodrpat hydrol yzes ATP. ATPases i ncl ude proteins
conpr|S|ng mol egul ar mot ors such as the osin [ 56] As used herein,

"frailty" is aRs{riiesee firmrhapépnalycubyt pm&ﬂﬂ*ffyééjlﬁpnﬁﬂbes'éﬁs“tqi%d
fol I owi gygidah ﬁ.bﬁamlﬁml}@a m&%aaémikwmhah,p&ﬂastm&ée laeynvmkness sl ow

vvaI ki ng spee exhaust i on, | ow physi cal "activit As used herein,

cachex‘?%"’”ﬁ%ﬁ'ébsé“%fl%@rpéwﬂé‘l@ct of ten associ at ed vvlth V\D

2008/ 016669PCTnUﬁaﬂeé,5&ild7e%m§ chBBER frohMfdrbgerr BAd @9{.&@@%1:9&@@@{ @%S' ve
wei ght |0 dlﬁ@rgo del efi on of adi pose tissue and skel etal nuscle.
6] Ao Reare R BApiae PrcRadHIILIEY ke BROSISHH o) S ORIPEENT on of a
nuscl e. sudstiuke AprRssBycBRlky Qﬁﬁupt an€§ WHERS eactt 59ﬂiodéﬂayls&5§mh&rdeg,raup is
"post-surgical scl l’t}%ﬁ refers to a reduction in strength of
one or tfﬂ?%b AT 5Sgaﬁf&PmW'Hr%%aumremr@%nmowt ree,

ge ger a:c sugbﬁdtu(ghtsandépérﬁeriﬂg@}é!é&@d(ﬁ&&ﬁféoﬁ alkQr; akyl Zlﬁiéteidhrﬁ é@ﬁ%-fc%g(éllé}ﬂ-e?
side o e S 0S aumati c
muscl e VS ﬁ@gg Q‘E?Igb IS (S‘och?E”aﬁ%’ bg |CffAS"F‘X'i 2?9@& h‘ylﬁ’lheg)‘l'e GrChor e

nmuscl esalkyHOOWOE),-G4 ha@ai®t, ihale pOsiodeHy, ecg@ﬁund;ﬂmu AN{C Y, an@@(lm@s may be

oot o A S, SRR e b SO, SRS b

di seasetyanmmanifroaoyo dassaaaelastltthtehtmfrﬁ:gaclbalkgunyemdyc&falnwne)rnmweaqmd muscl e.

o1 ol ongetAacy SRSREC & PRI SN - CAA Gy G ki TSRt 3D Y

i nfl ammmylz.dyhﬁﬂ)ﬁbt—(ﬂnglkﬂblWmmhangll)umatm al@MOﬂ(@p#ﬁ@aikﬁL eral

ciner ‘nevgCe BV SOBBAED JEORPCE iy AR AP b REREE

denyel i redoalky, M(@)édeGumbvieM@t By alkydr B30 dphemwl), FSOp(E o/ fmloalkg), -

di abet i hi e e t

muscl o Ot SBORHG L AR SONBIBHERy) RFRECH R CREBB: fidSoarRER.

Char cotangiN G’E(@M&d‘iaé@%ibtd) @wewheraisl usi on body nyositis, Kennedy di sease,
Lanbert - Eat on r : dl e,
Drchenne. Backartor el BUeRUREIAE opllil SlbsUd RGYdeodhy, cuiyr Shd
myopat HuWenylse s5sisfisedd@reipat hy, multifocal notor neur opat hy with
conductz{og i bl 0¢K§ terfY &tbEAbie %ﬁw"%;sor}%vg@@@wameés 5 th%%’r@b&%‘ MR 2,

neur opa epr osy nutritional neur op th , peri odi ¢ SEes, prl mary

| at er al ars%NBr Rspach %effwaeid\ﬁéquenb‘ %'%eéaesél b% Rre@rerd By éreahﬂemfézi tat hy,

Schwar tdorrb%ﬁbﬁcﬂm@)é'ﬂdh@@?ouﬁ@lﬂﬁl%r Ek@rﬁbl% ﬁwraﬁsupeﬁs;ddé oP@LSon syndrone,
thyroi d di sease,, traymat,i c_peri nerve lesions, vasculitic neuropathy,

among HRYPRErOXyReNZoGacid o e BE Skﬁlﬁgé” the antisfami 'I'PJW'FI‘gfeé'CB%y mass i ndex
(BM) gicﬁﬂitﬁnstf&ad‘arqrn@@uﬁhewoﬁi@awﬁe BM is defined as wei ght (kg)

di vi de he| t (nm2) gnconpasses per Lc obe an
|ncrea§@g¥h ra“aff“)?%f%’o\éﬁl [fersfpdhe ﬂi?%@é%&%e% @‘T‘?SGI'7235
hyper t rfeghitg dpiﬁeﬁaltyysubaﬂtméwcea}eealkyl dgiensily Sutsdtititbe ci/aba!k?ﬂ bﬁtwn@ﬂ?r wei ght
is defined as having a BM from 25 up to 30 kg/nR2; obesity as a BM greater

than or equal to 30 kg/n2, as stated above, and severe (or norbid) obesity
IS deflned as a BM greater than or qdallty to 40 kg/ n2. [63] As used
herei n, "sarcopenia" neans a | oss of skeletal nuscle nass, quality, and
strength. Oten sarcopenia is attributed to ageing, but is also associated
with HV infection. Sarcopenia may lead to frailty, for exanple, in the
elderly. [64] As used herein, "wasting syndronme" neans a condition
characterized by involuntary wei ght | oss associated with chronic fever and
diarrhea. In sonme instances, patients with wasting syndrone | ose 10% of
basellne body melght mnthln one nDnth [65] Cbnpounds of Fornula | and
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[67] "Pharmaceutically acceptable salts" include, but are not limted to
salts with inorganic acids, such as hydrochl orate, phosphate, diphosphate,
hydrobromate, sulfate, sulfinate, nitrate, and like salts; as well as salts
with an organic acid, such as malate, WD 20081016669PCT/ US2007/ 017235

mal eat e, f wnicas/@sesbartrate, succinate, citrate, acetatrey/usaot/alrss

net hanesul fonat e, ptol uenesul fonate, 2-hydroxyethyl sul fonate, benzoate,
salicylate, stearate, and al kanoate such as acetate, HOOC- (CH2) n- COOH wher e
n ranges fromO to 4, and like salts. Simlarly, pharmaceutically

acceptabl e cations include, but are not limted to sodium potassium
calcium alumnum Ilithium and ammonium [68] In addition, if the
conpounglisited ﬁu{e%mbymwalm,eo;ﬂmmwaabsﬂtutsdraml and bptisnAllyt aubstidteaas an acid
addi ti on tsalt hg free base can be obtained by basifying a solution of the
acid sa Wv% ely, if the product is a free base, an addition salt,
particul ar | y aRflhsindependéntyl dhoseadeph bipdegeddind aptiosally sutsjutee qureduced
by di ss%l(w nﬂ the free base in a suitable organic solvent and treating the
sol uti an acid, in accordance with conventional procedures for
preparing aci dl%dddtRcdakeatdgﬁtHemmrbtaemmmmvmdmchT!Imaratkmdridetbrmhm he art

wi | | recagn I’IOUS n et| Lhat pr epare
non- t oxiRABNAY suBe PR S e el BeGan D BB edGp R Wit above,
pr odr ugeptadnatly ira:llddeﬂ t1bra atdmtlosnabhﬂenfatmhe selmhediront OeN, ahd S iaxtbeapl e,
ester ives of the conpounds selected from Fornula | and
For nul gﬁ?t%%ﬁﬁlggﬁ(&r% ‘prodrug” includes any conpound that becones a
conpound of Fomimereaehcivsubstioiegqrndp &f infependeantlysunkiitategtivitniopeer etbreéo a

pat ! e sutftflientd PRAOERNANR) {ieRLAANT B Uil SR TR SHATELES afl-

prodrugs I nclu rmted t
li ke de!n¢temarvlﬁ1 -6t atkyhc Ci-dhdlalepiyip9 ¢ sbe blkyb @&&mlkwphml n&1gfoups) in

th F 7
cﬁelcg{q‘e)| Feﬁe?s {6t lgéuﬁmmﬁaéméﬁ NN rel Hh NETY 'gﬁl(évbm

cal entity forne e coor di oh of a
corrpoun@lkvl(h -BH(G1-43s allewl), aN(C B4 Ihyl)(ﬁ'xré) aibwiphegyls/ -[‘JHKPf-ﬂweﬂlkséWhﬁnyl)

i 21(:) gr ;g%lﬁorﬁﬁhtl%g%gé%oun to%fltglt%rﬁ(g%{]@ Wégﬁte%gﬁgkkkpﬁﬁgtﬁ ’W bond is
not f orQzHbhe CRIACHFe Aitp SN Gr@s alin) (Cot@calikd), -CENBIGINS) alkylbonpl exat i on
can 0cCy o, OWHe gc;ﬂe;a aw&@' mm&kﬂ' émﬁsmdﬂ,yér a&g?c{ﬁtgﬁé J@ﬂ’ail@r)d

electrostatlc inte tions The term

"act i ve-N{§arfie a’kﬂ)@:@ﬂohﬁﬁ‘ﬂ)ntﬁ(&i%% E&%nﬁd@DCe@maﬂKv Rirenh -RED DA ogi cal
acti Vi t ¥aiohiky p%b{’@fbﬁ@‘pgﬁg Qb%(cﬁ(ﬂ.; alﬁ(}l? 5O, AHRHy ACSUMRABElyRYI Ng

phar maceut | cal utr] erm er apeut i cal I ef fective ‘anmunt "
D Crabe SN Critar &kih ~SGeNb oY SUIBOP S EB0 0T DA NHSOHRBRRED:

effectlg,ed Mﬁqg@?_gg{p@;phg[&[@q to a human or non-human patient, to treat a
di sease g., ,a therapeutically effective amount nmay be an armunt
suffi mw to t‘?‘%’éte%oﬁ“%%’é% or disorder responsive to nyosin activation.

The tlherzgpeuu @q—hbmﬁé@ggtb\a@y@mt Enatraym@e m@;&ém@mmngémrl mental ly, for
exanpl e assayin ood conceptrati or .
Cheoreti ol Ly, DlyelEa PYFERT Wreiahrt HBF| 915 g BrarrBoevel gt diate. o
meant ae:yatdﬁs‘eeﬁﬁﬁﬂithalehl&angﬁnbhahd tstrafihaghgtical ly significant in a standard
parametrictestt of .stati st %nif' ance such.as tu nt ' sTte wher e
D005, [ 075 WEIEHRG VaraR Wi b RARESS HiS i SR b i plBthisehor e
a hurranexalhple fiasrebheen or will be the object of treatnent, observation or
exper R |0 o B SRR CAEh B e BeA MR SRl BB
marmal Sairde-meeredmmnalkyl mﬂs;ecqlﬂammm bs Muernheterpaioels’ dhasetfeam " or
treatl NgO 3@ F%?%u%ﬁ?@%&f%c ic ﬁn@'sigt@ I%EFPQIIII}J%PIE oftfq@ i %@Q% (a)

preventi hg't e di sease |n|ca
di seasecarbocydicdaomialbp ringbhe mmnmﬁatt@hmt mageigg et the carbocychc aromatic

ring or the heterocycloalkyl ring. Bivalent radicals formed from substituted benzene
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(c) slowing or arresting the devel opnent of clinical synptonms; and/or (d)
relieving the disease, that is, causing the regression of clinical
synptonms. [077] As used herein, "nodulation" refers to a change in one or
nore of skeletal myosin, skeletal actin, skeletal troponyosin, skeletal
troponi n Cyvoskediaé@? troponin |, skeletal troponin T, BEHULREIT283 nuscl e,
i ncl udi ng fragnents and isoforns thereof, as well as the skeletal sarconere
as a direct or indirect response to the presence of at |east one chem cal
entity described herein, relative to the activity of the nyosin or
sarconere in the absence of the conpound. The change nay be an increase in
activity (potentiation) or a decrease in activity (inhibition), and nmay be
due t o denivatiNasand haxieg the frem veleneereatiigpalents aiet emydes substitiled sar coner e,

o1 Jue dhfanbiBfic BUIEERCEI AR tad B8 BRASY AL UaIBRED SRR fyoRfochact or

that in turn effect one or rmrgo skel et osin actin
skel et dpdigplgpydippenames red én ay!" by spmeval Qforzeidyc@@@ﬁn glosphamihe cagtasl et al

t r oponiflorh witheSh! flighcddrrhsimed Bvlda@mgg-&:@ﬁ@"&%%r%%bﬁ%om t her eof,
as WO 2008/ 016669PCT/ us2007/ 017235 wel | kel etal sarconere.

[ 078] PreSVeaRendiag ynivelan fadipdl. elerd caphtavliareyr witbdwa mainjaof atindunenrt iof
For mul Qeﬂméﬁ‘ﬂaﬂﬂg?iﬁé?ﬂs A9, ﬁ&ﬂé@ér 3déés notN}nchn@asg %rr @Uéﬁad in &Fy WAy Wﬂh a |

and pharmaceuti c acceptabl e salts thereof, whe and R4

Care .nd@é@ﬁa%tﬁeyag%iﬁwe&ﬂeﬁmlﬁmmr&&ﬁon@aqrdﬂowewclvéaf%ﬁm wggs

substi tighiR@dasiH a heRirb&tibAiNy Svdhblid HAE And rkdtindP kg SPRbinYis ?tléﬁ%érﬂ(”h%fi
am no, optional I(%/d( substituted al kenyl, optionally substituted al kynyl,

opt i on&'W' ag deigd @& -cycl oal kyl, optional |y substituted heteroaryl,
opt i One[bisyj SUbS!trbﬂ(dhﬂd'eﬁérg@dihe gkbhbooaérb}kyﬁ %ﬁiéﬂwt'ﬁ&e%aréﬂé?"bef&é to

sul fony), sulf 4 tional substitute
21 koxy b BEHHA - Hrte ey altyt ¥ aPw AR - Der W aroe neRISaRPH refers e fhe
t oget hegronm t(b—l’@tafoarw ervenl ng atons, forma fused ring systemselected from

el e MO <R A R B A AT, e
het er occtomé kgl an alkgl residue. Examples include benzyl, phenethyl, phenylvinyl,
phenylaliyl and the like. "Heteroaralkyl" refers to a residue in which a heteroary! moiety
is attached to the parent structure via an alkyl residue. Examples include furanylmethyl,
pyridinyimethyt, pyrimidinylethyl and the like.
[037] "Halogen" or "halo" refers to fluorine, chlorine, bromine or iodine. Dihaloaryl,
dihaloalkyl, {rihaloary! etc. refer to aryl and alkyl substituted with a plurality of halogens,
but not necessarily a plurality of the same halogen; thus 4-chloro-3-fluorophenvi is
within the scope of dihaloaryl.
[038] "Heteroaryl" encompasses:
5- to 7-membered aromatic, monocyclic 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;
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 contalmng 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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R2 is is selected fromoptionally substituted alkyl, optionally substituted
cycl oal kyl, optionally substituted aryl, optionally substituted heteroaryl,
and optionally substituted heterocycl oal kyl; provided that RL is not

hex- 1-enyl; and further provided that the conpound of Formula I or the
conmpound ofwdramsreéesel | i s not PCT/US2007/017235
(S)-6-brono-1-(1-phenylethyl)-1H i m dazo[ 4, 5-b] pyrazi n- 2(3H) - one;
1,5,6-trinethyl-11-1-i m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;

1- et hyl - 1H-i m dazo[ 4, 5- b] pyr azi n-2(3H) - one;

6- brono-1- (3-ni trobenzyl)-1H i m dazo[ 4, 5- b] pyrazi n-2(3H)-one; WO

2008/ 016669PCT/ US2007/ 017235

5- (hy dr theyneateinihg rihg Gatelingdeingl edrblon mind aztedrdintatih gt ronei et@icatdm dspresent

1- (pi pe ) i m dazo[ 4, 5-b] pyrazin-2(31-1)-one. [79] In sone
enbodi n@l%{sgm é% ”r@'_‘l_ ected fromoptionally substituted | ower alkyl,

opt i onaf@3p} s ubﬁor examoles etayabiyy Includpesizofrdb| Arvenitsired inebztoaydiaailyl, and

col oot ol F R i 8B AT DRI bycpa o BB SRS Frs gty °

subst i t used. wmwdmtﬁer@ﬁaﬂ Iripg sybterms \uhemrrphelmyme dfjttle oings coptairenaid gr

bstit I bstituted
ot or och oar i patbmsplid petRt Shatbithpledehafnd &) Sthdhy b gt 0ot 1 U1 ©
1- (R) - phdmberph§ and O atyrs fhihwyhaseiogryl dreur 9xcesgse tingde hetem;mrylb,are not
4- et h%d;&cé?ﬁﬁ@'&%'d?%?é}t ﬁrnc@nam m%@xhs @@&%;ﬁﬂberw@% 8%tbms in
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[89] In some enbodiments, R4 is selected from hydrogen, halo, acyl,
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cycl ohexen-1-yl, methyl carbamoyl, dinethyl carbanoyl, nethylsulfanyl, and
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(R) -6-(nmet hyl thio)-1-(1-phenylethyl)-1H i m dazo[ 4, 5-b] pyrazi n-2( 3H) - one;

(R) - 6-brono- 1- (1- hydroxybut an-2-y1)-1H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one;

(R) - 6-brono-1-( 1- nor phol i nobut an-2-y1)-11-1-i m dazo[ 4, 5- b] pyrazi n-2( 3H) - one
; (R)-6-bronp-1-(1

- nor phol i newr wp&Emnesseyl ) - 11- 1-i m dazo[ 4, 5- b] pyr azi n- 2( 3PFT/U81087/017235

(R) - 6-brono- 1- (1- phenyl et hyl) - 1H i m dazo[ 4, 5- 11pyr azi n- 2( 3H) - one;

(R) - 6-brono- 1-sec-butyl-1H i m dazo[ 4, 5-b] pyrazi n-2(3H)-one; (5)-1 -(1
-phenyl ethyl )-1 Him dazo[ 4, 5-b] pyrazin-2(3H)-one; (S)-1 -(1 -phenylethy9-1
H i m dazo[ 4, 5- b] qui noxal i n-2(3H)-one; (5)-1 -(1

- phenyl et hyl ) - 6- (pi peridin-1-yl nmethyl)-1H i m dazo[ 4, 5- 13) pyrazi n- 2( 3H) -

one; ( Beteroafyl, unless otherwise expressly defined, refer respectively to alkyl, cycloalkyl,

h let.h 2(3
(5 o MRk RS P g ol o BB e T I ) S
- (1 - plesayipd, upl iHh-3-hydmdenidoims aiazreplapéd by pysubsiituent Bidependently chosen
(S)-2- ?%ins (1- phenyl et hyl ) -2, 3-di hydro- 1H i mi dazo[ 4, 5- b] pyr azi ne- 5-
carbonitrile;

(S) - 2- oxo- 3- ( HREhOR, apiphalivsubsititod amineHiniudimgoNR ‘SR HYNRICARS-
car bOXZﬁgdgg)pyra;ﬁ]\ﬂ%“gi( fr% *@Ylllﬁ”@?ﬁdé;ﬂﬁ\l@’éﬁ, YGRS HLRN! halo, cyano,

i dazo( oxylic ac
“(S) - 6- (hiido, mﬁy’qu&%&tﬂwtﬁoy@d@!l@l heterqcycivhtal laadhhetgroard), wptienally4, 5-

?]S?yga%tjgsé{é%?‘%&& ncﬁ'I et Qgib)loEHon%ig SUPStt'the@ al%mcar%pnzy : f%‘ cg at?l pyrazin2(3

H) - one-COzR"), aminocarbonyt (such as -CONRPR®), -OCOR”, -C)COgREl -OCONRR

(S)-6-( &- zin2(31
-1) - oneéd%ﬁﬁgﬁép Bﬁgt?%(éﬁbﬂ%R mﬂp@‘?’j%'f%%db%e ny e?%?c P)adg § a'{zog 4,

5- b] pyrsatfonyl (sth(FBasl)StafF& and -SO2NR

(S)-6- e[;(gt hyl pi per azi ne- 1-car bonyl) 1- (1- phenyl et hyl.)-1H i m dazo[ 4, 5-

b] pyrazi n- - one,

(S)-6-(net hyI slaT Tsarhps)enIrc(rQOphem@llyaub}tiMQd—Cmﬁa(ﬂM[@t@f@]lpyu%&ﬂhﬁieé(3H) one
;0 (S I

1 m oy oPTY el syl RERKLSIcahyL cptionaly substputed gkeny 1 (1-p
henyl etqulpyallﬂsubatntnt%g&{ynyksop)tgyatyzqugptgmgd.@ E -and optionally substituted .
(S)- 6 % Q@} i norret hyl)-1-(1- phenyl ethyl)-1 Himdazo[4, 5-b] pyrazin-2(3H)-
one; et 1- (1- phenyl et hy 1 Himdazo[4 b] pyrazi n-2( 3H) - one;
(S)- 6 br onmo- 1- I(* lsrsrmsewmm MdFPQFI') ORWQWéa%Wf%UB]er&M pgieBaliy- one;

(S) - 6- Iy, Bgﬁtuiec(éycm%ﬂ!gﬁ%[ﬁﬂmﬂyéﬂbgtatbf& he%eﬂd‘cv&bbﬂyl oRtlonaily substituted aryl,

azo[ 4,5-b razin- (1- nor pholi nopr opan- 2-y1) -
Himd [QPt@"fquW%EPtﬁdi(%Q@ﬁwlo?@ (S) 6- brom) 1- (1-phenyl ethyl ) -1

H-i m dazo[ 4, 5- R¥ RYiha&H éhc?e(n% 8861 frofl hxiBgeand optisRallusistiutét oRC,
i dazo[ 4, 5- b] pyrazi n- 2(3 o?)ech n cy%i[roaexeﬂqupTﬁ a%phe!nyl et hyI) 1

H-i mi d@ms: bl pyr azi n- 2( 3H) - one
(S) - 6-cycl ohexgliadd RE -yl rﬁi.trbyéri tolWhicHIteeZ afcfatbadplRY fadi & dpidhallgne;

(S)-6-ethox 1- phen th 11 1-im dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;

(S)-6- ét“ﬁ’ﬂ'%iecté FF&W?G@T'TW653“P 709 i dazo[ 4, 5- b] pyr azi n- 2( 3H) - one;

ggg g heXyl 1- \(vﬂaembrv]hl Qﬁtfbﬁ!{aﬂy sabﬁhkttnmdo%aobﬂsélﬁgwgmméd Br {dePenoattly
| enyl e [ azo razin

(S)- 6 rebRBidad with 5B R SNorResHigh 25 Soertyen SyEgns e B HE FePRp S Done:

(5) - MetsRyectdd vy 81-Clallpniy netdrpdist, Zard-Clhi-Oy diigh, heteroaryl-C1-Cy alkyt-,

HHim dazobey iahEY LBH 1E; SikyC B2, Aynenyl, -Ci-Ca atkyl-OH, -0C+-Cy4 haloalkyl,
halo, -OH, -NHj, -C1-C4 alkyl-NH3, -N(C1-C, alkyl}(C1-C4 alkyl), -NH(C-C,4 alkyl),
-N(C1-C, alkyl}C1-C4 alkylphenyl), -NH(C;-C, alkyiphenyl), cyano, nitro, oxo (as a
substitutent for cycloalky! or heterocycioatkyl), -CO2H, -C(O)OC-C4 alkyl, -CON(C4+-Cs4
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(S)-N, N-di et hyl - 2- oxo- 3- (1- phenyl et hyl )-2, 3-di hydro-1 Himidazo[4,5

b] pyr azi ne- 5-carboxam de; (S)-N, N-d inethyl-2-oxo-3-(1-phenylethyl)-2,3-d

i hydro-1 Himidazo[4, 5- bjpyrazine-5-carboxam de;

(S)- N benzyl- 2-oxo-3-(1- phenyl et hyl)-2, 3-di hydro-1H i m dazo[ 4, 5- b] pyr azi ne5
- car boxam 9@, 2008(0@66N- net hyl - 2- oxo- 3- ( 1- phenyl et hyl ) - 2, BEHUIf087233 - 1- i m

i dazo[ 4, 5- bl pyrazi ne5- car boxam de;

(S, E)-1-(1- phenyl et hyl )-6-(prop-1-enyl)-1Him dazo[ 4, 5- b] pyrazi n-2(31-1)-on
e;

(S, 2)-1-(1-phenyl et hyl )-6-(prop-1-enyl)-1H | m dazo[ 4, 5- bj pyrazi n- 2( 3H) - one;
(S, Z2)-6-(hex-2-enyl)-1-(1-phenyl ethyl)-1H i m dazo[ 4, 5- b] pyrazi n-2(31-1)-one
. (2) - BIKyH¢Di-Ea-abeyl) 195G ONHIE of4 Blilly IGONH: 1-NHE()61-8 4« BKyDpyr azi n- 2( 3H) - one;

(7)1 LS brai e AbIONE %é%ﬁg@%%?é;%iga *one:

(2) - 1- i-e(py@pd abyl, grEPCH-GralkylphenyliCdenGl-G, Salqaw aDHOIC 8H) abivb -

iy A Sl AP P oAt e o 7.1

-(1- nBS@nHH(M)aFNES@ﬂ 11Q4 alkykyi Mk&ﬁpz(p&emﬂwndzl‘l z$©|)-Cmii1@loaikv

:EBZRE{&& f; ?h%ﬁ SuRaRMr e@eiﬁi&{n%% | n%ﬂ} gfRRatly substituted alkyl), -S-

- (pe nt(antl@l%ﬁY)SUBsmqu cmilml)d pﬂ@aﬁy pybsiitutad m},ﬂ)—so(ﬁgtlonally

- (Pentaps yegrﬁ %ﬂrﬁ? ahid) B oot F? Rhéd B i&@w jg2( 3H - one;
- (pent an- tr1fluoroneth azo pyrazin- 2( 3H) - one;
- benz\[#58} ( el g karm "@pifimt” |fﬁfet!l%1 EDEE%y5Q H ﬁ (optienally substituted

- benzyge by bégfr‘)@(oiat‘bﬁéﬂf@k%ﬂxéi E}&Wéllg&flj US@Z‘)%UBH&II}/ substituted ammo) -

-cycl ohexy1l hi o) -1H 1 m daz yrazin-2(39
- cycl oii@piymquﬂméw w@w&tﬁa)ﬂm"ssswww&%h@iqeapd) ané ~S(0)-

- sopr(ggugﬂaﬁw(srrggm{é&h&gr&% Bikgpzol 4, 5- b] pyra2| n-2( 3H) - one;
(6-brono- 2- 0xo- f\édro 1H i m dazol 4, ra2| n- 1- za@but anoi ¢ aci d;

- 0X0- ][%ﬁ]ant aﬁh%i%m') 92" oyl FRfarsdothe igﬁ"?lﬂ’ézﬁ Hll%@@%‘i el ar boxyl i ¢

cid; substituted alkyl) -S(Oz) (optlonaily substituted cycloalkyl) -S(0»)-(optionally
oxoS(qSentan a2| eSC rbanltrlle

O TRt 2t R RNPna b SLBSHE aah)s - ST ISR svagg
- acet YetdrdaP@)) ond--8(IH)o ﬂbn@y%@b@ﬁtﬁt&ﬂliétewogz|bau<%3ki) one;

-b 1- t

O oioBa} ot RS K hatAPPHIALD i chva SR ArneBecip gt refers to

- E mst hbib{sa%uwdf)a é&hﬁbuﬂd aaeawbeftdmlF)mﬁ:hial lrﬂrdBlZ@irﬂxl{th]g?%S az:ffmea( &H) - one;
-(ne

m daz 5
- (et h%ﬁ‘fetqﬁ g t”ieétt 2% ﬁgﬁ(ﬁ‘ﬂ %é'l)gw_ Wpa da 19% d ?J DY Ska i fedd Of Stich
Him datZéxitﬁae@t bifteyihazd peulicaily) effatioe aﬁﬁdmﬁ) Wil ary gipelding pbohthe subject

6 b oA S35 candifer) P Riskieey tos WeldPh 1P4 Hos ot e SMRRE M Sl e

3H) - Onethe%ﬁa&mohd(tlbn( men;EIrhg\Mazni:m’nﬁ»@uﬂcamléetgadl)‘mm Formiuidd 2004 ormula 11,

5-b] pyrazi .
o br oo PETERITR s fIGvEs: U7y AR HRYeD S RESESF azi - 2( 319 - one:
6- br onadminfstraSiod ainktole dileyadi afpyeiici2 cgr yeaily be determined by one of ordinary
Himd yrazi n-2(3H)-one; 6-bronp-1 -(1-m et hoxybutan-2-y1l)-1
Him dg@[j’tﬁg%(?pyram n- 2( 3H) - one;
6- br onol055] 1- NN pRase” mefers mgbenaymeilyeﬁ)hyﬂrWZaﬁf&EQoFﬂpasQﬁ ipgludgi n-2(3H) -
on e;
6- br ono- rft‘“(’ﬁs comﬁnimﬂ mn%lt?%ﬂgr Wr?(t)opr?gggrr]]ai e Sny?ls—i-nlsm dazo[ 4, 5- b] pyrazi n2( 3H) -
one; 6-9%6ho- 1As(t@emr@rgﬁo‘rfraﬂbetlm|sync1romq ehataotefized by mgatagithegcd the one:
- bronog m.mg 5 flA 162, PrudchilveaRGsss, sl

br ono- fjlt %Itqglt rah ﬁvé/é lrlGUH;EIEr aLril %ém;' Vg%'@nﬁdazow 5-b] pyr azslsnsg\(NSI—D one;

-bronowammnﬂﬁéx%hallslqoﬂnﬂfh@&{!ahﬁ'%' pgivlYi n- 2( 3H) - one;

- br onopgkzycl apraRY deléini TEadAZab4neall BhaBbRICESkLt 8AGh associated with

-brono- 1-i sopropyl- 1H i m dazo[ 4, 5- b] pyr azi n- 2( 3H) - one;

-brono-1-tert-butyl-1Hi m dazo[ 4, 5-b] pyrazi n- 2( 3H) - one;

-cycl opropyl-1-(pentan-3-y1)-1Hi m d&o[ 4, 5- b] pyrazi n- 2( 3H) - one;

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

- hydroxy- 1- (pentan-3-yl)-1H i m dazo[ 4, 5- b] pyr azi n- 2( 3H) - one;

- met hoxy- 1- (pent an- 3-y1) - 1Hi m dazol[ 4, 5- b] pyr azi n- 2( 3H) - one;

-nmet hyl - 1- (pentan- 3-y1) - 1H i m dazo[ 4, 5- b] pyrazi n- 2(3H) - one; net hyl
- 0X0- 1- (pent an-3-yl) -2, 3-di hydro- 1H i mi dazo[ 4, 5- b] pyrazi ne-5- carboxyl at e;

VO 2008/ 016669PCT/ US2007/ 017235 met hyl

4 (2 (6 brorm 2 0X0- 2 3 d| hydro 1H—|mdazo[4 5- b] pyrazi n-1-

DO DUTUTTUTUIN D NI}JI—‘I—‘Hl—‘I—‘I—‘Hl—‘I—‘I—‘H

NCDCDCDCDCDCDCDCDCDCDCD



N, N- di met hy1- 2- oxo- 1- (pent an- 3-y1) - 2, 3-di hydro- 11- 1-i m dazo[ 4, 5- b] pyr azi ne-
5- car boxam de;

N- net hyl - 2- oxo- 1- (pent an- 3-y1) - 2, 3-di hydro- 1H i mi dazo[ 4, 5- bl pyrazi ne- 5-

car boxam de;

6- (1- met hy Wdlidogareeg2 ol - 4-y1) - 1- (pent an- 3-y1) - 1H i m dazef#uS200}/py2sazi n- 2( 3H)
- one; 6-brono-1-(heptan-4-0-1Hi m dazo[ 4, 6-b] pyrazi n-2(3H)-one;

(R) - 6-brono-1-(4-net hyl- 1- nor phol i nopent an-2-y1) - 1Hi m dazol[ 4, 5- b] pyr azi n-
2(31-1)-o0ne; 1-(pentan-3-yl)-6-vinyl-1Hi m dazo[4, 5-b]pyrazi n-2(3H)-one;

1- (pentan-3-yl)-6-(prop-1l-en-2-yl)-1Him dazo(4, 5-b] pyrazi n-2(3H)-one;

6-1i sopropyl - 1- (pentan-3-yl)-1Hi m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one;

6- chl oraantef tranisachaaste)izddby pratazsdive el yosszd ve (tAe)detation afradipose

6- (di met hyl am.ng): 1-(pentan-3-yl)-1Hi m dazo[ 4, 5- b] pyrazi n-2(3H) -one. [98]
The c%&ﬁﬁ&gdﬁél’%@ﬁﬁvﬁd? can be naned and nunbered (e.g., using
NamEXpdR68MVA aRsaiusel berdinpmiduerspaswatmicans an invidustanhooantractinafag feat ure
of Che a tra versi Q f.ro ri dge Soft Corporation) as

descri %5%31%%&?3?3%&1%%&!%9&8 ¢ rﬁggﬂnd: i.e., the conpound according

t o For 0B8] 1whAse:sBd heseifE)pgst-epmical yikiscROweskn(eSe- sefershtorretadpiciiomindth®d i s

i dar REBRL P oAt ol (s S alidlepiBgEdi e Wkkhbg may be
2008/ 0 lBeoFEEH B2 00T 0bTy 3®akness) artlecalisag o adpacifiordéapide ofiverhddy, |

wher e’ I?gmg Sor(r@s'c‘?ﬁOpe”' l1-yl, R is 3-pentyl, and Ry is H can be naned
(2)-1-(pertan-3-yI)-6-(prop-1-enyl)-1Hinm dazo[4,5- b]pyrazin-2-ol. [0100]
Si mi | arf0$8] t heAs aispdleteinofpdsbiraulratic mussle weakgasd refgts nuabrdusdol d dhe,

usi ng I\&tg?é . | ' i a | & anam n

feature o @ﬁéﬂ%‘%@yﬁﬂ"l{?? @gﬁiﬁé&?@@o gro@n&(&(gﬁgg’?g%g&gbpém@& ug)_pét i on)g as
descr i bdgalsagzs\marde gsnarplized (-petota) ooy vEaknes) or leealized ip arpgclie@eali ng
to For%é‘oﬂhé’ﬁ%fli%, be muskidPropen-1-yl, R2 is (3)-secphenethyl, and R4

I( Z Ej - ?138;6’ ghgﬁgﬁ@eﬁmeyeia, (srspmuseHangiseasayiaeat ansdispase that affectsivone.
part of the nerve and muscle. Neuromuscular disease encompasses critical illness
polyneuropathy, prolonged neuromuscular blockade, acute myopathy as well as acute
inflammatory demyelinating polyradiculoneuropathy, amyotrophic lateral sclerosis
(ALS), autonomic neuropathy, Charcot-Marie-Tooth disease and other hereditary motor
and sensory neuropathies, chronic inflammatory demyelinating polyradiculoneuropathy,
dermatomyositis/polymyositis, diabetic neuropathy, dystrophinopathies, endocrine
myopathies, focal muscular atrophies, hemifacial spasm, hereditary neuropathies of the
Charcot-Marie-Tooth disease type, inclusion body myositis, Kennedy disease, Lambert-
Eaton myasthenic syndrome, muscutar dystrophy (e.g., limb-girdle, Duchenne, Becker,
myotonic, facioscapulochumeral, etc.}, metabolic myopathies, metabolic neuropathy,
multifocal motor neuropathy with conduction blocks, myasthenia gravis, neuropathy of
Friedreich Ataxia, neuropathy of leprosy, nutritional neuropathy, periodic paralyses,
primary lateral sclerosis, restrictive lung disease, sarcoidosis and neuropathy,
Schwartz-Jampel Syndrome, spinal muscle atrophy, stiff person syndrome, thyroid
disease, traumatic peripheral nerve lesions, vasculitic neuropathy, among others.

[062]  As used herein "obe,sify" means having a body mass index (BMI) greater than
or equal to 30 kg/m”. 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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[ 0101] Likew se the conpound: i.e., the conmpound according to Fornula II
where R1 is (Z)-propen-1-yl, R2is 3-pentyl, and R4 is H, can be naned
(2)-1-(pentan-3-yl)-6-(prop-1-eny))-1Him dazo[ 4, 5- b]pyrazi n-2(3H)-one.

[ 0102] The chemi cal entities described herein can be synthesized utilizing

t echni quesw@ebts/okesewn in the art, e.g., as illustrated!TFEYVBWTRITEE ref erence
to the Reaction Schenes. [0103] Unl ess specified to the contrary, the
reactions described herein take place at atnospheric pressure, generally
within a tenperature range from-10 Cto 200 C. Further, except as enpl oyed
in the Exanples or as otherw se specified, reacti on tinmes and conditions
are intended to be approxi nate t at about at Rheri c

pr essuM¥PRRORNIF QPSR W@Q‘HﬁﬁgsﬁFé@ﬁjg‘t ‘69“5'5 1‘%3m)§\?gr a
A T P v *"é"e'%‘?aﬂ‘““eq“am'”ff The
a perlo of about our e
terns K@My @sstated 3hgye; NG BEVRIRHCF MY %??Q'r'qy 6&% g@ﬂ 4@%‘:’? }Paé"ol vent
i nert lbm(agghtg,lwa,gcp@g}h%l ons of the reaction bei ng described in conjunction
therewith [includin or exa benzenel 0 N acet nitrile

t et r ahfORFF ur o po Ee5e'"d?ﬁ@P W%W@&fﬁ@kﬂﬂea&mv&P BrOPTT eIy ene

chl or i ggd(siendit: lOreros@mtopash is ditsliyd tesdeing, hsmtmaisolassbblamdwiﬂpwv ol i done
ne and the | he contrary, the

(" NVP™) i SS_S i f.|
sol vent‘%feﬁé‘&j FCRRRNIR 5&&&'#6&5‘1 H@@rﬁ?ﬁaﬁgf z?reeg?r 6rt organic sol vents.
Unl ess [op4grci f i&elubed hbreis, Ontastingy sy:ﬁmbneameagmm@ﬁdmmecmmmugd bgagent,

t tlt. | t t
and Eﬁaé Riletofeight bFS SendAnit Wil fp ey Sigt b8 i soib falehage ot | O
her ei n patigntsavi Wesﬁ@syndronheslos@do%b:yf tmwlswbo@uom@éwhmmmmnth
i f d t

Cryot albpsby s bfSBaH0fis S FPuRTed ofH s iRy of Ebhbd Plecliicds | 0.
t hi ck- Imyﬁallmélmdmplaplhqforms of tbmﬁbwmptblmﬂsofncimb@ fpr %tfé‘miﬁes Specific

| tra ons., of I hadb
Iref g?er&o 'P?)Spﬁepsu'uf@?’kgncﬁgﬁ é\ké\%’el?{sb%ﬁégr g \fﬂfsent separ at i o%
or i sol athydrates)o cenforraatiarsa p@!wmprpbs mempm:r@e WW&OHBQQOQIPOUDHE FR) - and

S n t
for exalbd] & BTty HERESSthiiufiz 105> HAREh? JAoEve ety bR
be sepantrettingeablydeasipl and iaye orepet tol includeiaderysialting aﬂﬁﬁlﬁ%hws forms of
di ast N (22618 b
cr yot ar TR, B, e S 'Q[Pdlﬁ*ﬂ“?’%m?%%% T e act i on of
one enamydirateer umcd\ratafﬂl pelymrpbmﬁnc gpiagianhydr @%émnfomnwmwm mati c
oxi dat i gy Qr'hoF ‘b%tfbﬁﬂs Js%é!?&@ﬁ'uﬁﬁr etﬂéfe%tf'Lﬂﬂeé%fa bAgiciRA ichysestimnsr

unnodi fTed en romers; or gas-liquid or Iiquid chromatography in a chiral
envi rorﬂmntphoﬂérfmé&&rfﬁf%ﬂ%ma chiral support, such as silica with a bound

chiral fO'SGﬁr‘d Ehelricd! ré‘?mﬁﬁ@ﬁ@ﬂﬁi% Bfit #eGidt lu@a'lteﬁ% NVithpouNdsasT FRdininvRl Iy, a
speci fi ant i oner

nt hesi zed b mretric,.s esi s using
opti cal ¢%Mﬂd§@fféﬁ§@¥ﬂ U, anrg,gk PP%’t”é%ce”E %}??Eta&'e E"(ST\;\%R §or by
convert pﬁ&n%uﬁéa@té&@pfam@fdrhﬂ (gtﬂh@eoﬂwoaﬁ&m&éﬂ betdi ﬁﬁtﬁﬂiuﬂm&t i on.
[0107] Many of the optional %sub ituted starti

ounds ot
| oaot n B ERseutI AT IPRD gAY ShyeEsngcors B A BRse A e Es S any
(M1 WaUllﬁﬁ&ureth);er@bf Qﬂ%eh@inr@ﬁﬂd)cﬂsmelhtsﬁlﬂ@é ednbywﬁdmé&mbedlredem rare methar t

lr:;![ Egdgjooglggnf p%armngclzggltﬁ:gﬂf }e/lccep ;tlalg sa\é\g I-ZlgrQCSe/ %—6%%%2@1' gr%i%% t%ygr?‘ds
“chemical entities”" alsoc encompass 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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R2 -N H2 Step 1 REACTION SCHEME.; NNH2 RN NH 102 R2 R4 NN )--OH R N Th
/22 [0108] Referring to Reaction Schene 1, Step 1, to a conpound of

Forrmul a 101, wherein X is halo, is added an excess (such as about 2 to 20
equi val ents) of a compound of formula R2-NH2. The reaction vessel is heated
to about 1%® @odimeck®0 C over about 20 to 40 m nutes, opti/osmbly7wst h

m crowave irradiation. The product, a conpound of Formula 102, is isol ated
and optionally purified. [0109] Referring to Reaction Schene 1, Step 2, to
a solution of a conmpound of Formula 102 in a suitable solvent (such as THF)
I s added a di-activated carbonyl equival ent such as carbonyl diim dazole
(CD, phospgene, or triphosgene. The product, a conpound of Formula 103, is
I sol at aflaRatk, d@hbena) taytrats! sddchthte REWGIE| GbbiS(sFAtate, %thanesulfonate p-

) ShERR e R R A AR Bl ThRs Bty b el héste,

| eavi ngn@hmcdmes: mex(wzp.tcemﬂmharemmngamh Ootocd (ﬁndStkermth( a-e). | n
sone er@%qlla airmaceutlcaéhly acceptrabFe caq%ns lnctlugermout are not limited to sodium,
potassium, calcium, aluminum, lithium, and ammonium.

[069] In addition, if the compound of Formula | or the compound of Formuia 1l is
obtained as an acid addition salt, the free base can be obtained by basifying a solution
of the acid salt. Conversely, if the product is a free base, an addition 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
conventional procedures for preparing acid addition salts from base compounds. Those
skilled in the art will recognize various synthetic methodologies that may be used to
prepare non-toxic pharmaceutically acceptable addition salts.

[069] As noted above, prodrugs also fall within the scope of chemical entities, for
example, ester or amide derivatives of the compounds selected from Formula | and
Formula i. The term “"prodrug" includes any compound that becomes a compound of
Formula | or a compound of Formuia [| when administered to a patient, e.g., upon
metabolic processing of the prodrug. Examples of prodrugs include, but are not limited
to, acetate, formate, benzoate, and like derivatives of functional groups (such as
alcohol or amine groups) in the compounds selected from Formula | and Formula Il
[070] The term "chelate" refers to the chemical entity formed by the coordination of
a compound to a metal ion at two (or more) points.

[071] The term "non-covalent complex” refers to the chemical entity formed by the
interaction of a compound and another molecule wherein a covalent bond is not formed
between the compound and the molecule. For example, complexation can occur
through van der Waals interactions, hydrogen bonding, and electrostatic interactions
(also called ionic bonding).

[072] The term "active agent” is used to indicate a chemical entity which has
biological activity. In certain embodiments, an "active agent" is 2 compound having
pharmaceutical utility.

[073] The term "therapeutically effective amount” of a chemical entity means an
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[0111] Referring to Reaction Schene 2, Step 3(a), a conpound of Fornula 201
and about 0.05 to 0.15 equivalents of a suitable catal yst such as (Ph3P)4Pd
in a suitable solvent such as NMP or di oxane, a suitable base, and an
excess (such as about 1.5 to 32 nolar equivalents) of a suitable tin
reagent suwio zmes/oRsen(butyl)3 is mxed at from about 0 POI/E$20eF01260C f or
about 6 to 48 hours. The product, a conpound of Fornmula 104 wherein Rl is
selected fromoptionally substituted al kyl, optionally substituted al kenyl,
optionally substituted al kynyl, and optionally substituted cycloal kyl, is

i solated and optionally purified. [0112] Referring to Reaction Schene 2,
Step 3(b), a conmpound of Fornula 201 and WD 2008/ 016669PClI ATS2007/ 017235
an excesmo(istustfectige alioer administBrezttoi a/llimat ©F noh-hantampstierd, toftréshe f or nul a

NaSRx SR R1 d it abl I h ' d
About SUStsEs S Erate M e el Sk be si i Mo h R fav e
i rradi adisease divisgrded responaive dopoumsth adtivetomiTie thempshticallyefRitivg sul f anyl

St ep. 3(Ayoun ey BB e Rringa BB ThF dlarhBe Lol JBR ' 17% 00"

equi val eorceptratioraotihemhentdcal ferttihe of thaondticall| I8 Gy datigbbigavalabiity.o 0. 15

equi val of PE I Y X i ; about
2o 3 BR8T va By SOBTCATE § rapk b e e BBl Bl A Bla B R o A0
90 C f dn alendard paoadétrittestof SthtistisrbeiguificanceceughcamBtusiente T astawhese p

wher ei n_ Bjodqs selected fromoptionally substituted al kyl, optionally

substituted al kenyl, optionally substituted al kynyl, and optionall
substi ti978Y cyPasiEnkyiefersdo aparimeall suellas gtmamanalyfop gkampleda hpoangihat

Ref erri i 3 tal "OH
wher e (IS BoRBERH S BT of ropb Ao e At B B oo

equi val egrosibed heigin gbh debssiul(is beth hymaa Hyerppy and egtarisnoarrliceiions. ddbnpound
of For 'ff{?u;g iein® id 8 Alfthn neieN out
10 m mr]%g e@et% gr%ggﬁtsn%B ou§§n§ Ilér}?sorre éﬁgﬁﬂ?‘%ﬁ'ﬁg,éﬁi&ﬁ%ﬁ% on %ﬁfnﬁgsgt ed
for abo®m80 mi nutes, optionally with mcrowave irradiation. The product, a
conmpoun For R i t| histes pali&kaxy, 1S

i sol at eﬁ’@%q opﬁé%ﬁg%%omﬁﬂgdgﬁdﬁﬁ tkﬁﬁg%byﬂzaj?%bggicfi 8n %{gheme 2,

St ep( e) Incldi®ipound of Fornul a 201, an excess (such as about 2.0

equi val entg) OPr@eﬁﬂﬁ@wéiseésé,hﬁatfi@,réausfhgﬁﬁe oliRfcal szv,%t@ﬁﬁ‘.&ﬁ&hé giseRs@s
about 3 equivalents) of a suitable base (such as Cs ), a suitable anount
of (DPPF)PdCl2stirde¥®lefiout 0.2 equival ents), a suitable solvent (such as
di oxane ang) waifhiitih$tHe digfagdl; about room ternperature to about 100 C for
about 8 to 48 hours and the product, a conpound of Fornula 104 wherein Rl

i s sel ect 8 fr §ieMong Pbﬂﬁ??@@ﬂﬁﬁ“@@?@@"&%?‘f”}c%6‘%’7"8?%{[’?3/5‘ stituted

al kenyl, Qgf i ongievingStHe Hisdddbethadisk vayding Biedrcpédsisradf oinfdadsjrnpivined

| oal kyl..  is isolated . t | ified. [0116] A j i xt
2 opti By A eHeR. ASHATIR S VLB URROR O RE B Sa IREAL Ry - and
( S) - enanpiybemesiesletaPadif], skbets arpomydsindsisdietabedpdiein &, skalketal oppboind| | y

Conct Sl RS, TG S5 TR ol S RS Gs om0

[ 0118] Phvell emdiee skalalal gamoowné alsleedisxi dr mdieti reapserdd © e pressppoand sit of

F l a, | f JFor mul . t) L1y . j b
o for merREene SPEBHah ey drReBidersin bR Aoty AE R 4 2 P Poe
her ei n sadulrere iroihe absenoe of tife skapatral. Tingadiange shay ke ah ingreass inAAIVEL al

t T I Sy _ j ik T
and skefaiaiiRLBL T uekicPREM BefunyIERIHA SAPRRDIE due REPCTieS Nel 1 as

t he skelné¢rabtismotibemompand witlemyosihidr the saicathare, oridue i the intaragtion of

pot ent i g Lo dhSa e difh Ketot?%oq@fcthésfa&%?sdth'tapirhp'{ﬁeﬁﬁgt&fgoq,%%ddflsﬁhgt'al”Eans

ei ther 1'ncreasing or decreasing nmyosin activi reas "potentiate” neans
t 0 i ncr swoesinaskeletal actim gkeletai itiipomypsianskeletalisepenris £, skelelaltippopiwllp0] The
chem Cali Bt} trbfdnin AN BhHLKEIIAIGALSROTRASAR, FESNAMS BRE RRASHAREIdcRA her ei n
are use 0 treat obesity, sarcopenia, wasting syndrone, frailty, cachexia,
nmuscl e spasm post-surgical and post-traumatic nuscl e weakness,

neur onmuscul ar di sease, and other indic&gions in a mammal . [0121] Met hods to
identify the chential entities as binding to a protein or as a nodul at or of
t he bi nding characteristics or biological activity of a protein are
described in, for exanple, U S. Patent No. 6,410,254 and U. S. Patent
Application No. 10/987,165. [0122] For exanple, test conmpounds can be
assayed in a highly parallel fashion by using nmultiwell plates by placing

t he conpounds either individually in wells or testing themin m xtures.
Assay conponents including the target protein conplex, coupling enzynes and

o,y R - p— Y o o o



WO 2008/ 016669PCT/ US2007/ 017235 preparati ons. Such assays are known in the
art. See, e.g., Cheung et al. (2002) Nature Cell Biol. 4:83 and U. S. Patent
Publ i cati on No. 20020006962. [0125] The chem cal entities described herein
are adm nistered at a therapeutically effective dosage, e.g., a dosage

suf fici ent wm2epsadésde treatment for the di sease st at es por@sroousi7yss

descri bed. Wil e hunman dosage | evels have yet to be optimzed for the

chemi cal entities described herein, generally, a daily dose ranges from
about 0.05 to 100 ng/ kg of body weight; in certain enbodinents, from about
0.10 to 10.0 ng/ kg of body weight, and in certain enbodi ments, from about
0.15 to 1.0 ng/ kg of body weight. Thus, for admnistration to a 70 kg
person,wémaﬁﬂfetﬁdenetanm%m?és t he dosage range woul d be about from3.5 to

7000 nrb b 7 700
day. ~d878h cobtondrdimsdorm aie Snedite riBiisen T famebtnge B FomiyR e
anmount zrd &di'ﬁp@tli‘r&:lﬁ@?d*orﬂmmlfy adm nistered will, of course, be dependent on

t he subj ect and di sease state being treated, t he severity of the
affliction, the manner and schedul e of adm' ni strati on and the judgnent of

the prescribing phygiciap; exarrpl e, ki kel ose Hange for oral

adni ni stration woul d g out 70 to 706 Wnereas for
intravenous adm nistrgtionia |i 9Hdose rang vvoul about 70 to
700 ng per day dqu I g B anhpound phar ng C N[0126] Adm ni stration
of the chenical entities described herein can be Vi a a of the accepted
nodes of adm nistration for ag&hts that serve simlar | lities including,

but not limted to, oratdrmulsiblingually, subcuFamaoladiy, intravenously,
intranasally, topically, transdermally, intraperitoneally, intranuscularly,
intrapul nonarilly, vaginally, rectally, or intraocularly. In sone

enbodi nemd sharoraleuticalpeaceptatde saittherexdfy whemini s used.

| aui d and aor Bearodstabafigidlenyl 3R 10l PGl RaRs idradies *Doler s,
| i qui dsgptzumalheasbsiitsiedsagyh apticoallyesubstinited alkyl, optiomalyl substittidgbamiran cal

ot ! SRR T G SRR SRSl Slsfelgnse dosaoe
(i ncl udiyetpaiitybcintionabinsypbstityted deteresryl.aonfionhty swﬂxaittutedrallfnml optipealiand/ or
timed, sﬁﬁﬂ?ﬁﬂmnﬂéﬁrﬁé‘ﬁ Oéhlﬂ)tn sﬂrfﬁﬁﬁzﬁfdfﬂwecdarﬁ@iye Ugilgnﬁﬁrﬁbﬁuted

enbodi nen € Co 05|t ons a orns suitable
for si r@ik@wamqnystamﬂt%@mooanatrptf@cﬁlt%n@m@e Ra[20dX8]: m@mﬂﬁéﬁih@awﬁérmvu es

descri r |
2005101 CE0RLy BUEEE. P F BB TR Fito SRR R pllon) suhattod e

convent@Wha?lptlph%iWrm@@utut@*alfus(%ﬂrhﬁf@ﬁoaﬂéx%ﬂ’tmf@ﬁv sypstituled| fured cxclealkvinaithi t ol |
| act oseynRdriif Qubﬁ{g@asmgga PERAG A cfoaligPdidyn saccharine, talcum cellul ose,

sodi um cr osscarnel | ose | ucose, ‘gel at’in, sucrose, nagnesi um carbonate, and

the like). If Heds lse‘iﬁ'efftﬁﬁ froma pRtienally isubptitetachalkylk pefipnall subpstiutesnt ai n

m nor a«swtml@l%ptmml@éusstaueéularﬂr YpHeHul AnesHiuiatc Retdfoahplt bihd Bpaeeilys,
enul si fyi n? gents, solubilizing agents, pH buffering agents and the like

(e.g., %‘dﬂﬁ'iHW‘é&'@feaP%W e'um citrate, cyclodextrine derivatives, sorbitan
nmonol a%@v@edttﬁggt hanol am ne acet ate, triethanol am ne ol eate, and t he

i ke). Cenerally,, Eendl n B bnt ended de of adm nistration, the
phar maceut i cal hex-drf an YR 3r?1r°éﬁ988| Bt 005% to 95% in certain
enbodi nma:t@m@mwoﬁrcﬁ%m@i bPHebsormed gt offormmuth@ns eal entity. Actual

Those sk |1 6a a-omtema 1 CPRERackihT RN bl o dodEent ool

Sci ences, Mack 1B bltiiskthyg 1Ecimidazo[4 BasiporazirPe(@hydneani a. [0129] In addi ti on,

the chenical entj scrlb 0-adm ni stered with, and t he
pharrnatceutlcalcl ﬁkﬁ§4gkgﬂga%j hﬁéﬁ%ﬁé'ﬁ@%ﬁ(“&hed|0|nal agents,

phar maceut i cal Gagrentcs | -(adjitootsertzyl)-dchinitibeo[k| SklpyEarin-atadtd-onali ci nal and
pharmaceuti cal agents include nodul ators of one or nore of skeletal myosin,
skel etal actin, skeletal troponyosin, skeletal troponin C skeletal
troponin I, skeletal troponin T, and skeletal nuscle, including fragnents
and isoforns thereof, and the skel etal 28arconere and ot her suitable

t herapeutic agents useful in the treatnment of the aforenentioned disorders
i ncluding: anti-obesity agents, anti-sarcopenia agents, anti-wasting
syndrone agents, anti-frailty agents, anti-cachexia agents, anti-nuscle
spasm agents, agents agai nst post-surgical and post-traumatic nuscle
weakness, and anti-neuronuscul ar di sease agents, as well as the agents
described in U S. Patent Application No. 2005/0197367. [0130] Suitable
addltlonal nedicinal and pharnaceutical agents |nclude for exanple

- - g = 1 T T T I T o - T . =



[0131] O her suitable nedicinal and pharmaceutical agents include TRH,

di ethyl stil besterol, theophylline, enkephalins, E series prostaglandins,
conpounds disclosed in U S. Patent No. 3,239,345 (e.g., zeranol), conpounds
disclosed in U S. Patent No. 4,036,979 (e.g., sul benox), peptides disclosed
in U S Pawermosiasssdl, 411, 890 growt h hor none secr et agogeEBUR20E9178S GHRP- 6,
GHRP-1 (disclosed in U S. Patent No. 4,411,890 and publications WO 89107110
and WO 89/07111), GHRP-2 (disclosed in WO 93/04081), NN703 (Novo Nordi sk),
LY444711 (Lilly), MK-677 (Merck), CP424391 (Pfizer) and B-HT920, growth
hormone rel easing factor and its anal ogs, growh hornone and its anal ogs
and somatonedi ns including 1G--1 and | G--2, al phaadrenergi c agoni sts, such
as clonidine %-(Woﬁméﬂhyﬁ-‘lhﬁ'—ﬂim@hyi—ﬁﬂ&nimuom,%]mmna(ﬁﬁpnme;agent s whi ch

0L SO PGk ol 9 S8 SRR ERGL O e, Y] Gt Tom e

(al endrjorg} e) . In[€&h32 pBthodimentseR, susdladibd frvedoptiorsllly anbstithtedieweualkdal

R R e T L R 3 Q%Eoégﬁ&ﬁés?@%“uted
nodul athaeterocgelodikgls those di sclosed in Edwards, J. P. et. al., Bio. I\/Ed
Chem 3%912 ( 1@@%&3 %dgn]igﬁtg)R %dsé_@é@@%n{'hetgmﬂc oaﬂé(yl Fglyzﬁp Mgpio
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AI9677 o edal TBl AL BRARkImkABORDR LBk kort (RP3RLAARYLPI &81) . ot her

beta 3 "agohi sts as disc ose , 770, 615,
5,491, mﬂy&trm&@ml aremyl dchepid, 4-a16th!ﬂa1sfél0mhﬂfibppﬁfﬁtaﬂszrﬁlhswtﬂrI istat or

ATL- 962, r%(: n@c,o@m?gw %eﬁuﬂ,.(t %u@!}?ﬁ%r@ﬁ}l ﬁ%?&!&%utd?ﬁ?-@l Tt&FahyaH)Qh as

sibutra nson & Johnson) of axokl ne (Regéneron),

t hyr oi oﬂ"ﬂ-@&éﬁm-@nyl Hemgthmpgutaguw. ésafﬁ'nph‘ﬁaﬂr%ylr avd griserphaiapkutas- i*scl osed
in VO 9[%%9931;1 éfeﬁgg%%%ﬁ%enﬁnm ﬁ@@é&&é&% h?(ﬂ\'@géﬁorﬂ:ﬂété@l aBhaly such as

dexanphet a nt er m ne 1;!)IHen ropanol am ne or mazi nd

2008/ 01BHetitnted M@Mﬂ)ml@ﬁa tf-q* P"tb’ﬂqhé}P"?U?'ﬂYaﬁFté‘t'F%ﬁi’ ev'ﬁléP'Vbnd
phar macgifidnai s%ﬂt@d'd@d&ﬂ%p%yal%bﬁh%d BRYARI &Stionaly @u@@cttbt@d'lcﬁbﬁé’ﬂ r

sul fate saqul navi r, Qw navi r ylate, ritonavir, |am vudine,

zi dovudikexy. pagi-Suaphienaly sybstituins '@Wﬁbﬁ‘m{h ons, zal citabine, didanosine,

st avudi pea] andlr{@&ﬁétern%oo%ﬁéh%t Ry id 5186tk Stidh h?&rﬂ@én Shiibakdye optighaiynal and
phar maceut1cal agents include anti resorﬁtl ve a arhan%,([jlrmne r epl gcenment

t her api st 'W?%lﬁ“‘f?@'%éf'%’@ﬂ@g"”%laé‘ﬁﬁﬂts PStE%ﬁeE’ gruR ARG WET 2nent s,
cat hepsgrauﬁ chBBed frbar §Gyl l\&ﬂ?nbembbhyp é&oxydatruswcénmsmlmqpto@nomryagom sts,

Src SH.sub. t --1-1+- ATP |
P o bR padgov et akorestiad abeib gors e eobiltdBibbonans
i nhi bi t gftRorang sSetititedaswer athmb,c mﬂss-(bﬁﬂ@fﬂuy“éhesmbmdelowehemyn her apeutic

agents, ne Io edln tlon Wit gn scri bed
nor o . 1OH8] e RS Spafocipiilsy B f Reibhisd o piRlef bp BLpbl b

Physi ci akgnyl, Dawbr akbw mmlen(alﬂcﬂ)bsmtutai; aptifne rpwrwhd gtibstl’mtwdivlﬁylome albsyl,

or di nar k||| t.h r tions
w1 asstagneby s ded ot oM R Al SrROBREL ARG Aund e RAT Rl

cont ai n[ossuonglmsmmetdrm(a:hmms Rads seledtad fram diydnogen, Baioha% dlanybse,

sucr ose | I esi um
ot car at BErREel FhERY R it o s sSuBa i of Bty G145 28 AREE

pol yvi ngﬂop}brqi'lolselwmm agyd] aminocabeinyl akoxycarednyil mS@@ﬂW@Maﬁ’@Ql or the
like. | falelttalc] rUaﬂEr

suspe ns%@?‘ggg h'tﬁﬁ!r)l‘k’%rr %lgg'?(ﬁ ggﬁggﬁggﬂ%t e, v%%e CI))I I@A’%ﬁé!@& %]Tdylgxg}e f des)
i's encapkyl substituted withdlie.i n capsul e. [0138] Li qui d phar maceutical ly

adm ni Sfora%?' e ﬂ?g&ﬂé'érh%m%ﬁ{b R, %s@:éet@alfﬁ,m h%rrafgéﬁasr%@xehﬂsrésmlo% ng,

di spersing, etc. |'east one chem cal enti ty and optional pharmaceuti cal
adj uvants in a carrl er (e.g., water, saline, aqueous dextrose, glycerol,

gl ycols, ethanol or the Ii ke) to formZﬁ sol ution or suspension. |nject abI es
can be prepared in conventional fornms, either as liquid solutions or
suspensi ons, as emnmulsions, or in solid forns suitable for dissolution or
suspension in liquid prior to injection. The percentage of chem cal
entities contained in such parenteral conpositions is highly dependent on
the specific nature thereof, as well as the activity of the chem cal
entities and the needs of the subject. However, percentages of active

| ngr edl ent of 0 Ol%to 10%| n sol ut| on are errpl oyable, and will be hi gher
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[ 0139] Phar maceutical conpositions of the chemi cal entities described herein
may al so be adm nistered to the respiratory tract as an aerosol or sol ution
for a nebulizer, or as a mcrofine powder for insufflation, alone or in
conbination with an inert carrier such as |lactose. In such a case, the
particl es efo tdigoRéar maceuti cal conposition have di anetpeffs@h7hess t han 50
mcrons, in certain enbodinents, |ess than 10 m crons. [0140] The fol |l ow ng
exanpl es serve to nore fully describe the manner of using the
above-descri bed invention. It is understood that these exanples in no way
serve to limt the true scope of this invention, but rather are presented

for illustrative purposes. Exanple 1 Synthesis of

('S) - 6- hhetpr, iyl -PbEYIy hek bhitbrh ey, @ | freth MdzyBr N NH Me" L
Ph [0141 %é R FW% Y bep‘g@rm Né Wlﬁlﬁ en’él e?ﬁ]@m&s}leam ne 3 d| anine. A

thi ck- VENYEY Ay ;;w‘m'm &n (ﬁﬁ* E‘e‘ﬂ‘bﬁﬁ‘ﬁa ehierat hipedIuHaBERPSWI th 1. 0

equi v qbss, 5- lﬂulsimimmtfoaﬁrhéntg RmsﬂﬁeI@dﬁtéd Grofn ﬁ?ﬂtbgeﬁfbromo, chioro, fluoro,
um an

(3)-sec | ami ne, .The ca
SR L R TR R AT A R A S b
adsor bgdoperi-a-y2(orgpeii-2syl] viag, efHyaginnridiiaypetgsaphgtHyldifanyi>afe

Et OAc/ @aneﬁ% rovi ded the title conpound (60% as an off-white foam LCMS
mz (A 0 295.0 (M+H). [0142] Step 2:

(S)-6- t[ﬂB&b 1- Iﬁﬂsqmay'lb@dhyél)ntslm isnselactedl 4rotn bydwtas) iald: adyl, ctioAally\O

2008/ 0 0 7 Lon of . .

(S)-6- #@gg@tﬁ% %J?%p%gﬁggﬂeﬁ ﬁ@?’%ﬁ@%ﬁf?gﬂg%ﬁi ycipavlrptienaly sepititsted n ref | uxi ng
anhydr cusinde#ropByly slitaryi,eqiionaliesibsfitviad aedoe drcbofitamglidsubstdazal e (CD1) .
Successé o?(gggirbtowlns of CDlwere added until the staffing material was

consune pprox: 3.6 equiv total) as judged by TLC (50% Et OAc/ Hexanes) .
After dB89 et elnrssme eovbodithenisi Ry isr selectsd droot hytimgenpmtol acyheopdibnaky and

The i atoptttFiofer S, 18HEh k@R DobbRy o el 3T PERVL REMEAD s hea vi « n
3 x 7. Bubslityiad aginoraranyt soffangl epticnadly sulistituedvashineasd optieanaliyt s of

brine. s[henRtdpRhver Ly ried over anhydrous sodiumsulfate, filtered
and concentrate |F1 vaggcmépgsh chr omat o% aphy (Biotage MPLC 5% - 40%

Et 0Ac/ HB&®¥nes) Infioine gewodimaenist Re iscesipuiad drops Bygrogsn ahalhi agyl dovedalkylCVS nf z
(APC) 1owerl8kEnyl ki dhikyViddtionally substituted aminocarbonyl, sulfany!, and lower
alkoxycarbonyl.

'and

[091] In some embodiments, R, is selected from hydrogen, bromo, chloro, fluoro,

acetyl, methyl, ethyl, vinyl, cyclohexen-1-yl, methylcarbamoyl, dimethylcarbamovi,

methylisulfanyl, and methoxycarbonyl.

[092] ~ Insome embodiments, R, is hydrogen.

[093] In some embodiments, R, and R4, taken together with any intervening atoms,

form a fused ring system selected from optionally substituted fused aryl, optionally

substituted fused cycloalkyl, and optionally substituted fused heterocycioalkyl.

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

substituted benzo group.

[085] In some embodiments, R4 and R, are taken together to form a benzo group.

[096] In some embodiments, the compound of Formula 1 is chosen from
1-((1R)-1-methyl-2-morpholin-4-ylethyl)-8-bromoimidazo[4,5-b]pyrazin-2-ol;
1-(ethylpropyl)-6-ethynylimidazo[4,5-blpyrazin-2-ol;
1-(ethylpropyl)-6-methoxyimidazo[4,5-bpyrazin-2-ol;

27



Exanpl e 1(a)

[0143] (S)-1-(2- hydroxy-1-(1-phenyl et hyl)-1H i m dazo[ 4, 5- b] pyrazi n- 6-

yl ) et hanone. An oven-dried scintillation vial equipped with a stirbar was
charged with (S)-6-brono-1-(1-phenylethyl)-1Him dazo[ 4, 5-b] pyrazi n-2-ol
(1.0 equi vivo aebi¢seh3P) 4Pd (0. 07 equiv). The bottl e waBCGHRSTOI™ME t h a
sheet of Parafilmand purged with nitrogen for 5 mn, and anhydous di oxane
(13 volune equivalents), triethylamne (3.0 equiv), and
tributyl(1-ethoxyvinyl)stannane (1.5 equiv) were added by syringe. The
resulting mxture was heated to 80 C overnight. The reaction was quenched

with 1 N KHS d stirred for, 30 The. pi Xt ur e .wa n. di ] with

Et 0Ac, washed t@qe@“W*‘P!H??Nﬁ‘ﬁtiﬁﬂ?:?’ahg%ﬂt@‘%gf%“%‘m'ﬂ%’%"%ﬁg"ﬁB’f%%}ﬁ‘r%‘%'ayer was

dried over sodi(yr5a|3d-niagol-4-y)iietetit/iprapyl)iotdari Seti]pgrazin-2-atua. Fl ash

conpound " ( 3505 GOVE AR FElLptP e e REa By Vo

2008/ 016669 PCT/[(4890D{mBfptin-4arnsthye)pidiy)]-tNetiynylimidazo[4,5-bjpyrazin-2-of;

ot 1xgetnytprop -8 Sty lirdy2 hyaRGa Bl ol Ml 6 - P mENVP,

[ 0144] (S, E) - lylidthpimgpmidziziofd, $-bipyrpzing@-dl; eny1) - 11- 1-i mi dazo[ 4, 5- b] pyr azi n- 2-
| . A thick-walled n ' ' Shinb h d

N ih (9 6 br P BrNEEC R bI R Bl BRR Shibulf adil® 9% 1%

equi v), and (BhRam)I4R(ethgphpybipidaiol4,Blelppeizin-2-okas covered with a sheet of

Parafi|l mand ] L kI f ] rolidone (14

vol ume equi va ﬁ?'z‘g?lw? IP'ithe- k&l_@gﬁlﬁfeeﬂg Q-E%m é@ﬁ?%‘gé;}ﬁ@ F(ASM-EH' (

tri b:,lt yl ( pr op{E)-tweybipbesyifaipeor-3-anydelii-imidaseld, abilkyeray-259)r i nge. '(Ij'hﬁ .

resul ting mx [ . S and.cap and heate

t0 120 Cin J%‘i"E‘P@’@m%%dﬁf@%?'@%ﬁ#ﬁwﬁS’j{%%%b.f%‘ﬁs @gg@hﬁg% "uted wth |

Et 0Ac, washed (Ebtrisanrepy-Grprop-daanattd-imisgzoMamCimyrama2oflce with brine. The

organic |ayer é@%ﬁéﬂfdp@-aﬂgﬁgt—@é’tﬁdﬂﬁm&ﬂi—l‘:@fﬁn-&i 1)-§ ALiRthaRMls HpwankAat ed in

vacuo. Revers Se prep ve HPLC provided the title conmpound (54% as
a foam LCVs ®hz (APCI) = 281.1 (M+H). Exanple 1(e) NN Na8ve N MeS N N

(R)-8-(methylthio)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-of;
(R)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-imidazo[4,5-bjpyrazin-2-of;
(R)-6-bromo-1-(1-morpholinobutan-2-yl)-1H-imidazol4,5-b]pyrazin-2-ol;
(R)-B-bromo-1-(1-morpholinopropan-2-yl)- 1H-imidazo[4, 5-blpyrazin-2-ol;
{R)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol;
(R)-6-bromo-1-sec-butyl-1H-imidazo[4,5-b]pyrazin-2-ol;
(S)-(2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-6-yi)(4-
methylpiperazin-1-yl)methanone;
(S)~(2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-bjpyrazin-6-
yh(morpholinoymethanone;
(S)-(2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-6-yl)(piperidin-1-
ylimethanone,

(8)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(S)-1-(1-phenylethyl)-1H-imidazo[4,5-b]quinoxalin-2-of;
(S)-1-(1-phenylethyh)-6-(piperidin-1-yimethyl)- 1H-imidazo[4,5-b]pyrazin-2-of;
(8)-1-(1-phenylethyl)-6-propyl-1H-imidazol4,5-blpyrazin-2-of;
(S)-1-(1-phenylethyi)-8-vinyl-1H-imidazo[4,5-b]pyrazin-2-of;
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-LPh MW NWP, 180C Me'.

[0145] (S)-6-(nethylthio)-1-(1-phenylethyl)-1H1im dazo(4, 6-b] pyrazin-2-ol. A
t hi ck-wal l ed m crowave bottle equipped with a stirbar was charged with
(S)-6-brono-1- (1-phenylethyl)-1Him dazo[ 4, 5-b] pyrazin-2-ol (1.0 equiv),
sodi um t hi swetdhoxicebe (4.5 equiv), and N-net hyl pyrrol i deA@/USA07/¥iGE3me

equi val ents). The bottle was fitted with a septum and cap and heated to 180
t in a mcrowave for 30 mn. The reaction mxture was then diluted with 100
vol ume equi val ents of EtOAc and washed with 4 x 100 vol une equival ents of
water and 1 x 100 vol une equival ents of brine. The organic |ayer WO

2008/ 016669PCT/ US2007/ 017235 was dried over anh drous sodi um sul fate,
filtered, and{(ebtdériveapent(irrhseyigthyRelikiaidag Iveagin-Seyiethagene: (209 -

80% IVECIEV H20) ¢ s-gmya&dg;hmiphbhﬂeﬂwmwdmé%ﬁﬁm y?aﬁﬁ'é—BEba‘iﬁdJmﬂde LCVE nf z
f('zb\g%) D|_0>2<23e (S)Jg droxy—? rq) p%en&le hyl)- 1H %IGQ;O[‘iI\?b?;y}ézlme- c%'i gxgln%deeq

0146] (S, Z) - 14 103 pheh HirRidaZo [ 18bipraladebadr 2-
|[. . ]sfn ntl)”?SjL;nﬂeIm&yeal J("l/pg):E é:imwm m:‘itﬂlﬁ o abipyratanek B bd)&dl@)ab@zm 0
(5) -6 br om- 1 EXSgwekMeRyeFhet i abefuebul i TrisPRo b b et )
(Z)[prop- f1_— f?warm?ﬁﬂu§ acid (2.0 equiv) and (DPPF)Pdd 2 (:) 10 eq]lcu v)5 '{ge
vial was fi a u ca ra or 5-
Mo Toothi s dokemaranRinai-n beueaRe s MR etk Sl aatER- ana
degassed 2 N KafBdkafid@ vol ume equival ents) by syringe_ The resulti ng
femper ature,  deM ARG At PEBHET TRtV st fPoa b o
NaHCOB, and orbq;mymtmm bli ne. The organic |ayer was dried over sodi um

| f at fi It h Bi ot
e o SR RS BB KBSt e D 2RSS BRI 8 °t 20°

of f-white foaml LCVS niz (APCI) = 281.1 (M+tH). Exanple 1(e)

[S 2};‘3] |( lsét }Og 1sPBEBY RO prafan Ll 1 HiphBhflad9h 4 firhiBY6@%- Bl rdbin-2 2,
(8)-6-(2-methyiprop-1-enyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
{S)-6-(methylsulfonyl)-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol;
(8)-6-(methylthio)-1-(1-phenylethyl)-1H-imidazoi4,5-blpyrazin-2-oi;
(S)-6-(morpholinomethyl)-1-(1-phenylethyl}-1H-imidazo[4,5-blpyrazin-2-of;
(S)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-imidazo{4,5-blpyrazin-2-of;
(S)-6-bromo-1-{'t-marpholinobutan-2-yN)-1H-imidazo[4,5-b]pyrazin-2-ol;
(S)-6-bromo-1-(1-morpholinopropan-2-yl}- 1 H-imidazo{4,5-blpyrazin-2-of,
(S)-8-bromo-1-(1-phenylethyl)-1H-imidazo{4,5-blpyrazin-2-o;
(8)-6-bromo-1-sec-butyl-1H-imidazo[4,5-b]pyrazin-2-ol;
(5)-6-cyclohexenyl-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
{8)-6-cyclohexyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-oi;
(S)-6-ethoxy-1-(1-phenylethyl)-1H-imidazol4,5-bjpyrazin-2-ol;
(S)-6-ethyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol;
(8)-6-hexyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol;
{8)-6-isobutyl-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(S)-6-methoxy-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-o;

(S)-methyl 2-hydroxy-1-(t-phenylethyl)-1H-imidazo[4,5-b]pyrazine-6-
carboxylate,;
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vial equipped wth a stirbar was charged with
(S)-6-brono-1-(1-phenylethyl)-1I-1- im dazo[ 4, 5-b]pyrazin-2-ol (1.0 equiv),
vinyl boronic acid (2.2 equiv), and (DPPF)PdC 2 WO

2008/ 016669PCT/ US2007/ 017235 (0.10 equiv). The vial was fitted with a
septum | i ne® wefpieaedl purged with nitrogen for 5- 10 m PCT/UROAIEIM xt ure
was added di oxane (16.6 vol une equival ents) and degassed 2 N K2CO3 (4.2

vol une equival ents) by syringe. The resulting m xture was heated to 90 C
overnight. The m xture was cooled to roomtenperature, diluted with 12

vol ume equi val ents Et OAc, washed with twice wth saturated ag. NaHCO3, and
once with brine. The Olaﬁam c layer was dried over sodiumsulfate, filtered,

and concent r afSxNiNdisd @hWr%YT"dﬂr%}?BV'G&VQpW"PH%PB’g@'bM?L@'B@@“ 40%
Et OAc/ Hexanes amoryii®sl the title conpound as an off-white solid (54%.

LCMS rn/z (AP = 267
[0148] (S) - 53 ngéi]'eba?nfw(% hyﬂ@%ﬂéﬁh@@@w&fmﬁﬂ ﬁazmrd@@lﬁﬁmlpﬂzz'nezﬁ ol . A
t hi ck- wal | edcaivoxammage bottl e equi pped with a stirbar was charged with
152" M R S b ke, 70 >0
then added to & Z’*’“e”““*’E’r'?"“""“‘“?‘r’@"“"'“*ﬁm“‘]’m‘ﬂmaﬁféﬂl““‘ Carely )
fitted with a‘é?ﬁtﬁ ?de'&%\)p?gﬁﬂ’t"ﬁeﬁ?gﬂ'ﬁfﬁ# 586'36064% EJHW@%%e for 30 min.
The reaction yEs1-{feertacishyll-6dpmipt hehyiPAb-imidsdigd stpg@zin-2-bl;sat urat ed ag.
sul fate. 111t Baio dRRYETeR DT i rBHERIs RV T bRdle. or epar at i ve
gsliclpz (I\)/r\: il_igied(Z)Frbcya!opmpngpmp? —(gﬁjg%l Ham;dza—zad[u Bm}pylérbzmi-z-bﬂvs rn/ zt (éﬁﬁe 2)H=
. . ro :
23C [0149] (S %%B%Pg’ig R ;e%eﬂﬁ%a@?rﬁ@% é(cg'leyr azin-2-ol. A
scintillati on(Z/)I-E‘b{preqm-pmmv(tettta@ds}iﬁbxyramﬂql)%rngpmmb]pyrazm-2~ _
(S)-6-vinyl-1- (1 pheny)et hyl)-11-1- i mdazo[ 4, 5-b] pyrazin-2-ol (1.0 equiv),

met hanol (280 Vol ume equi val ents), and catalytic Pd/C. The resulting
m xture was pl’jf(@@intmpbhtahy?!.‘ivh@ebform1H€im|'rdazotde§;b]mhrazinf2ao!ti on was conpl ete

i at ommceous ddTRoRHg it 3R bl S SRa AT e Bhed v ce i th

MeOH. The sol dt(2dydueey- bmﬁréaﬂfwi)aélHﬂmldﬁaeiﬁa5—bﬂmashnfﬁwi&ﬂthammeap hy (Biotage

E/CP:II;/E r5‘;/? k ?gg%l% Q%E{%§qq 95% e Pg,gg ntd E'l e conpound (86% as a foam

-(pentan-3-yl)-1H-im 1dazo[4 S-b]pyrazme 2,6-diol;

1-(pentan-3-yl)-1H-imidazo[4,5-bjquinoxalin-2-ol;
1-(pentan-3-yl)-5-vinyl-1H-imidazo{4,5-b]pyrazin-2-ol;
1-{pentan-3-yl}-6-(prop-1-ynyi)-tH-imidazo[4,5-b]pyrazin-2-ol;
1-(pentan-3-yl)-6-(tfrifluoromethyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
1-benzyl-6-(methylthio)-1H-imidazo[4,5-b]lpyrazin-2-ol;
1-benzyl-6-bromo-1H-imidazo[4,5-b]pyrazin-2-ol;
1-cyclohexyl-6-(methylthio)-1H-imidazol4,5-blpyrazin-2-oi;
1-cyclopropyl-6-(methylthio)-1H-imidazo[4,5-b]pyrazin-2-ol;
1-isopropyl-6-(methylthio)-1H-imidazo[4,5-b]pyrazin-2-of;
2-(6-bromo-2-hydroxy-1H-imidazoj4,5-b]pyrazin-1-yl)-1-morpholinobutan-1-
one; . .
2-(6-bromo-2-hydroxy-1H-imidazoj4,5-blpyrazin-1-yhbutanoic acid;
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-blpyrazin-1-y)propane-1,3-diol;
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Synt hesi s of 6-brono-1-(pentan-3-yl)-1Hi m dazo[ 4, 5-b] pyrazi n-2-ol [0150]
Step 1. 6-brono-N2-(pentan-3-yl)pyrazine-2,3-diamne. The title conpound
was prepared in a manner anal ogous to Exanple 1 Step 1 except that

3-am nopentane (2.6 vol une equival ents) was substituted for

(S) - sec- phwerohgdiawdne. LCVMS rniz (APCI) = 259.0, 260. BCENFWNNT017280
20081016669PCT/ US2007/ 017235 [0151] Step 2;

6- br ono- 1- (pent an- 3-y1) - 1Hi m dazo[ 4, 5-b] pyrazin-2-ol. The title conpound
was prepared by treating 6-bronp$l2-(pentan-3-yl)pyrazine-2,3-diamine in a
manner anal ogous to Exanple 1 Step 2 LCMS nu z (APCI) = 285.0, 287.0 (MtH).
Exanpl e 2(a) - i L

[ 0152] (E) - 1- ( femasysIy(rentgndsyy Hrimidgzol4. frhlpyieginsof-garhovlis 26l n-2-0l . A

thi ck- wai | ed 20hy@r&3RY]pERahl RyBaAv- RNzl b Byslzindbdtaysmithiear ged with
6- brono- 1- (pentan-3- y1)-1H i m dazo[ 4, 5- bl pyrazi n- 2- ol gl. 0. eqéu v) and
(Ph3P) 4Pd (0. ?sh)é’cﬁawi(‘:, -fipethyt-dilee §“%H?fé¥*e’ﬂ“9\ﬂ‘?i4é-%1 WEeingrS-par af i | m and

purged wi th nichrigemid®r 5-10 min, and Nnet hyl pyrrolidone (11.7 vol une

ri buty! ( pr bp 2y SeBfinha Gomtoncil Uy Rt Tk Beliouper onge. The
resul ti ng m xhuftg;x\aﬁﬁdé;mredi at el y fitted wit h. a septum and cap and heat ed
Er 0o, washed SHTAVIES  Tperaanuy T Ui A SGIEU AT e  ne. The or gan ¢
| ayer was dri &doroves-1gpehntam Syl)-Hét-imidazd[4 S-isidyraahd2ofincentrated in vacua.
LOVB 1 2 ( ARCEBIB S oert By B Bt oGRS NES Lo Y VB,
180C Et FEt 6-(methylsulfinyl)-1-({8)-1-phenylethyl}-1H-imidazo[4,5-bIpyrazin-2-0l;
B6-(methyithio)-1-(pentan-3-yl}-1H-imidazo[4,5-blpyrazin-2-of;
8-(methylthio}-1-(tetrahydro-2H-pyran-4-yi}-1H-imidazo[4,5-b]pyrazin-2-of;
6-bromo-1-(1-(4-(methyisulfonyl)piperazin-1-yl)butan-2-yl)-1H-imidazo[4,5~-
blpyrazin-2-of;
6-bromo-1-(1-(4-methylpiperazin-1-yl)butan-2-yl)-1H-imidazo[4,5-blpyrazin-2-
ol
6-bromo-1-(1-(dimethylamino)butan-2-yf)-1H-imidazo[4,5-b]pyrazin-2-ol;
6-bromo-1-(1-(methylamino}butan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
6-bromo-1-(1-methoxybutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2-ol;
6-bromo-1-(2-methyi-1-morpholincpropan-2-yl}-1H-imidazo[4,5-b]pyrazin-2-of;
6-bromo-1-(2-morpholinoethyl)-1H-imidazo[4,5-blpyrazin-2-o;
6-bromo-1-(pentan-3-yl)- 1H-imidazo[4,5-blpyrazin-2-ol;
6-bromo-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo{4,5-b]pyrazin-2-ol;
6-bromo-1-cyclohexyl-1H-imidazo[4,5-b]pyrazin-2-ol;
6-bramo-1-cyclopropyl-1H-imidazo[4,5-b]pyrazin-2-of;
6-bromo-1t-isopropyl-1H-imidazo[4,5-b]pyrazin-2-oi;
6-bromo-1-tert-butyl-1H-imidazo[4,5-blpyrazin-2-ol;
6-cyclopropyl-1-(pentan-3-yli)-tH-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-imidazol4,5-blpyrazin-2-ol;
6-methyi-1-(pentan-3-yi)-1H-imidazo[4,5-b]pyrazin-2-ol;
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[ 0153] 6- (net hyl t hi 0) - 1- (pent an- 3-y1) - 1H-i m dazo[ 4, 5-b] pyrazi n-2-ol. The
title conpound was prepared by reacting

6- br ono- 1- (pent an- 3-y1) - 1Hi m dazo[ 4, 5-b] pyrazi n2-ol (1.0 equiv), sodium

t hi onet hoxide (1.4 equiv), and N-nethyl pyrrolidone (5.9 volume WO

2008/ 01666WBCHWHROD 71017235 equi val ents) in a manner BERURHUOGE7280 Exanpl e
1(c). LCMS mz (APCI) = 253.0 (M+tH). Exanple 2(c) M B(OH) 2 EtFEt eq.
K2CO3 Di oxane, 90 C

[0154] (2) - 1- (pentan- 3-y1)-6-(prop-1-enyl)-1Him dazo[ 4, 5- b] pyrazin-2-o0 I.
The title conmpound was prepared by reacting

?Z?r ngpll( gﬁnkﬁ%gdﬁ%"’%? ép%ﬁaa%[éh?v?% %géﬂﬁ’ %P? Q-@aqggxsgﬁig, v) in a

manner anal agmeshyil d-@X B romb-2hydtdxy8 Hﬂrﬁdéﬁﬁﬂ&b}py%ﬁn §- (MrH).. Exanple 3

Synt hesi s of ﬂl)bmﬁ?plperazm\é ?-carboxylagazo[ 4, 5-b] qui noxal i n-2-0l N NH2) 1: 2NH2
1-(ethyipropyl)-6-(1-methylpyrazol-4-yl}imidazo[4,5-blpyrazin-2-ol;
8-bromo-1-(propylbutyl)imidazol[4,5-blpyrazin-2-ol;
1-[(1 R)-3-methyl-1-(morpholin-4-yimethylhbutyl}-6-bromoimidazo{4,5-
bipyrazin-2-ol;
1-(ethylpropyl})-8-vinylimidazo[4,5-b]pyrazin-2-ol;
1-(ethylpropyl)-6-(1-methylvinyllimidazo[4,5-blpyrazin-2-ol;
1-(ethyipropyl)-6-(methylethyl)imidazo[4,5-b]pyrazin-2-ol;
6-chloro-1-(ethylpropyl)imidazof4,5-b]pyrazin-2-ol; and
6-(dimethylamino)-1-(ethyipropyl)imidazol4,5-bipyrazin-2-ol.

[097] In some embodiments, the compound of Formuta Il is chosen from the
following tautomers of compounds of Formula I:

(R)-6-bromo-1-(1-morpholinopropan-2-yl}-1H-imidazo(4,5-bipyrazin-2(3H)-
one; _
g-ethynyl-1-{pentan-3-yD-1H-imidazol4,5-b]pyrazin-2(3H)-one;
6-methoxy-1-{pentan-3-yl}-1H-imidazo[4,5-b]pyrazin-2{3H)-one;
B-bromo-1-{2-methyi-1-morpholinopropan-2-yl)-1H-imidazo{4,5-bjpyrazin-
2{3H)-one;
1-(pentan-3-y1)-6-(1H-1,2,3-triazol-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(pentan-3-yi)-6-(trifluoromethyl)-1H-imidazo[4, 5-b]pyrazin-2(3H)-one;
(R)-6-ethynyl-1-(1-morpholinobutan-2-yh-1H-imidazol4,5-b]pyrazin-2(3H)-
one;
8-((2-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-6-yl)ethynyl)-1-
(pentan-3-yb-1H-imidazo{4,5-b]pyrazin-2(3H)-one;
B-(dimethylamino}-1-(pentan-3-yl)-1H-imidazol4,5-blpyrazin-2(3H)-one;
B-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-imidazol4,5-blpyrazin-2(3H)-one;
(E)}-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
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EtEt MV 120C [0155] Step 1: N2-(pentan-3-yl)quinoxaline-2,3-diamne. A
thi ck-wal | ed m crowave bottle equi pped with a stirbar was charged with
3-chl oroqui noxal i n-2-am ne (1.0 equiv) and 20 vol ume equi val ents of

3-am nopentane. The bottle was fitted with a septum and cap and heated to
120 Cin awoxwrmmesse for 30 mn. The resulting sol uti oRCRAS200TMCEAt rated in
vacuo. Fl ash chronmat ography (20% - 60% Et OAc/ Hexanes) provided the title
conmpound (78% as a yellow solid. LCVMS mx (APCI) = 231.1 (MtH). WO
2008/ 016669PCT/ US2007/ 017235 [0156] Step 2:

1- (pentan-3-yl)-1Hinm dazo[ 4, 5- b] qui noxal i n-2-ol . The title conpound was
prepared by treating N2-(pentan-3-yOqui noxal i ne-2, 3-di am ne in a manner
anal ogous to ExahpiPrapybdeiprorieind '"'Q‘Ma@PVf 5b1¥573§n@@ﬂ{)-0nﬁxanpl e 3(a)

OH Et/Lt KMVe@ERsf8ropChafiR 10t r0-90-Syrah 31AY h WAL 8- nyrazm-
%ﬁg ntg

(2)-1-(pentan; (prop-1-enyI)-1Hin dazo[ 4, 5- b] pyr azi
scintillation? ®&yui pped vmthastlrbar was charged wth

6- br oro- 1- (pe(RﬁM&etwmm Hry -waé\id[mﬂs%zjgyre(z% Q; #f4ng)  KF3BME

i iced with alREREEP h@hﬂﬁgxﬁﬁ%ﬁ@f Ao SRS GHI ORI - To

E gl s Imxt ure YRp6adsas- ﬂ(mimh&I%bmarm@nemumabzausa-b%ﬂ%ﬁ?@edﬁ‘vat S(r) c

vol ume equi n syrin was heat'ed to
over ni ghit . . QB‘{%’%’ é“ﬁés“%’d%h‘gd’ MB&%E&QFE?‘@sEﬂWER%ZWH)h 15 ni
Et OAc, washedohm ce with saturated ag. NaHCO3 and once with brine. The

ic | dd di |fate, filtered, trated i

Vacua Flach cHRDRTBPashyPre OryE W8 e Sy el salifss) pr ovi ded
t he t: tle gomymréﬁ?%smbatwmHtimiaa&d[ds-m@@zmzw%b) = 221.1 (M+H).
Exa e 4 nthesi - .
o ot hyny - 1. ( BORTARPBendistyiy |HHrmideapls SolprR2 o0

{S)-1-(1-phenylethyl)-1H-imidazo[4,5-blquinoxalin-2(3H)-one;
(S)-1-(1-phenylethyl)-6-(piperidin-1-yimethyl)-1H-imidazo[4,5-blpyrazin-2(3H)-
one;
(8)-1-(1-phenylethyl)-6-(piperidine-1-carbonyl)-1H-imidazo[4,5-blpyrazin-
2{3H)-ong;
(S)-1-(1-phenylethyl)-6-propyl-1H-imidazo[4,5-blpyrazin-2(3H)-one;
(S)-1-{1-phenylethyl)-8-vinyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-2-ox0-3-(t-phenylethyl)-2, 3-dihydro-TH-imidazo]4,5-b]pyrazine-5-
carbonitrile;
(S)-2-0x%0-3-(1-phenylethyl}-2,3-dihydro-1H-imidazo[4,5-blpyrazine-5-
carboxamide;

(5)-2-oxo-3-(1-phenylethyl)-2, 3-dihydro-1H-imidazo[4,5-b)pyrazine-5-
carboxyiic acid,;

(8)-6-{{(4-methylpiperazin-1-yl)methyl)- {-{1-phenylethyl)-1H-imidazo[4,5-
bjpyrazin-2(3H)-one;
{8)-6-((dimethylamino)methyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
(5)-6-(2-hydroxypropan-2-yl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;

(S)-6-(2-methylprop-1-enyl)-1-(1-phenylethyl}- 1H-imidazof4, 5-b]pyrazin-
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Exampl e 4(a) WO 2008/ 016669PCT/ US2007/ 017235
1-(pentan-3-yl)-6-((trinmethylsily)ethynyl)-1Him dazo[ 4, 5-1apyrazin-2-ol. A
m xture of 6-brono-1-(pentan-3-yl)-1Him dazo[4, 5-b]pyrazin-2-ol (3.75 g,
13.2 mmol )), trinethylsilylacetylene (2.8 nL, 19.8 mmol), PdCl2(PPh)2
(0.93g, 1.9®2a9M8l13669Cul (0.5 g, 2.64 mmol) and tri et hyPErV52807(08785 nl., 39.5
nmmol) in DMF (50 nL) was purged with N2 for 30 seconds followed by stirring
at 80 C. After 3 hours the reaction m xture was diluted with Et0Ac, washed
wi th NH4Clsol ution, dried over Na2804, and concentrated in vacuo.
Purification with over silica gel (Biotage MPLC 10 - 80% Et OAc/ hexanes)
provided the title conmpound (3.2 g, 80% as a brown solid. Exanple 4(b)

6- ethynyl 1- (Bé’?ﬂa‘?ﬂ% y1) - 1H-i m dazo[ 4, 5- b] pyrazi n-2-ol . A m xture of

S B b e

was stirred aP]RVéSQﬁﬁ"t P'&%ure Upon corrpl ete conversion by LCMS, the
sol ution was %Eirﬁﬁlaﬁﬂfohﬂ?l)ylﬁﬁ%er@!éth‘}lﬁ@HWﬁth’é[@%]p%ﬁheﬂsm bheNHAC

sol ution, dri e over concentrated in Puri f i on over

silica gel (BlBrad@etmibiord-(tsposnrieing)-LE-rusazsl4 ghleyraziprawh)-9Bri d, whi ch

was washed wi ol f%ﬁéhﬁ-é%%ﬁl -9- [ { Hlid@idzo Hhd as a
white solid (gg)gég, ?7% Exa y% \% S008] €0“6669PCT/ ng00%3017235
Synthesi s of GIEMRnhyl ani no) 1 (pent an- 3-y9- 1H i mi dazo[ 4, 5- bj pyr azi n- 2- ol

Exanpl e 5(a) (s sxtﬁqtormlmbmethyl)-1 -(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2(3H)-
5- br ono- 2- oxo- 3- (pent an- 3-yl ) - dlphydr0| m dazo[ 4, 5- [b] pyrazi ne- &
carboxyl ate. ?8%a sol ution of

6- br ono- 1- ( peqspB-adeiyl-i=-(1 prighyiaml #-Smbjap (02 blpyath-2(SHPoge; 17.6 mml) in

(7.0 g, 55 mrdProomEcr Lo bR e il el S AP o HBE S ur o

over ni ght, wagfpd-bndinb-INaHE@Bpisainob utan.2- gln41ed|nﬂdazo[maﬂ@ﬂfaghd2(®®nm?ﬁt rat ed
in vacua. Puri tion r sili,ca qge 50% exane
Gave s he deo #%iag BB Encbigibaten oy Fois s bt 3. Nexanes)

(S)—S-b romo-1-(1-phenylethyl)-1H-imidazo4,5-blpyrazin-2(3H)-one;
(S)-6-bromo-1-sec-butyl-1H-imidazo{4,5-blpyrazin-2(3H)-one;
(8)-6-cyclohexenyl-1-(1-phenylethyl)-1H-imidazo[4,5-bjpyrazin-2(3H)-one;
(S}-6-cyclohexyl-1-(1-phenylethyl)-1 H—imidazo[4,5-b}pyrazin-2(.3H)-one;
{8)-6-ethoxy-1-(1-phenylethyl)- 1H-imidazo[4,5-blpyrazin-2(3H)-one;
{8)-6-ethyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2(3H}-one;
{S)-8-hexyl-1-{1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
{8)-6-isobutyl-1-(1-phenylethyl}-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(8)-6-methoxy-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;
{8)-methy! 2-oxo-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-
carboxylate; _

{8)-N,N-diethyl-2-o0x0-3-(1-phenylethyl)-2, 3-dihydro-1H-imidazo[4 ,5-
blpyrazine-5-carboxamide;
{5)-N,N-dimethyl-2-oxo-3-{1-phenylethyl)-2,3-dihydro-1H-imidazo{4,5-
bipyrazine-5-carboxamide;
{S)-N-benzyl-2-oxo-3-(1-phenylethy!)-2,3-dihydro-1 H -imidazo[4,5- b]pyrazme-

5-carboxamide;
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Exampl e 5(b) Boc ,k Pcl3(dba)2, NaCGBuMCl '>-OH Brl'1--Bi PhP(Cy)2, Tol uene,
120C. """ NN 6- (di met hyl am no) - 1- (pent an- 3-y9- 1H-i m dazo[ 4, 5- bl pyrazi n- 2-ol .
A m xture of tertbutyl

5- br ono- 2- oxo- 3- (pent an- 3-yl ) - 2, 3-di hydr oi m dazo[ 4, 5- b] pyr azi ne- 1- car boxyl a
te (200 ngwdnebsoipeswl ), di nmethylamine (0.5 ni, 2Min TeEr/wi2007/0mD}) ,
Pd3(dba)2 (48 ng, 0.052 nmol), Bi PhP(CO2 (37 ng, 0.10 nmol) and NaQ:Bu (150
ng, 1.56 nmmol) in anhydrous toluene (4 nL) was purged with N2 for 15 second
and then stirred at 120C for 20 minutes in mcrowave. The m xture was
diluted with Et OAc, washed wi th NaHCO3 sol ution, dried over Na2504, and

t hen concentrated in vacua to give a dark nuddy residue. The residue was

di ssol ved in @bﬂ'm?ﬁ‘yhgjoxarﬁi(glaE‘a'i‘)é%FhW)'t?hH?'hﬁ*’QtM"Hmid&@[@ﬁcbiawezinﬂ% ter
one hour, thest@aséishideas concentrated, diluted with EtOAc, WO
2008/016669PCT$U 2007/ 017235 washed wi th NaHCO3, dried over Na2SO4, and
concentrat ed (RREUarherkethyd-8Emp-dwsw)sin-nidageld. 3-bBlryragie-2@onn - 70%

Et 0Ac/ hexanes)s; Lervidthe)-6 RTTAN E g 4 ,
329 Exanpl ei\g -%aé'g‘? Gth ) SIBR. hend- EL- i bR BT,

[0158] Actin exrasanyyy (i mhenyletipdl 1Hdmidezethablnsariar2(ak)-eng:di ac
nuscl e (Zot HERnebditah oy le Rordol HBAY) Tt ERREELIS SR Th i NorkL: 381- 395)

as descri bed ?élfgw Sﬁbs %uentli, actin was cycle etween the filanentous
and sol ubl e stQrEeYHP ffaﬁ rEiPRI - EiPidegeld: b -Bleysran-@@iiyenss ( Spudich J
A and Watt S. (Z)lﬂéﬂdloﬁmpﬂ—&(pﬁibemanﬁiﬂﬁFﬂﬁﬁ@aﬁz.@b]pbﬁazmﬁ(ﬁ?f&r@g in the
filamentous s t,g.at 4 g ({pOng] TFO g%/lpm nqﬁg extracted ro_mthe et her
powder and se@r‘ SR RSB PrRP- t‘%’)*@?— iezel 4w Sly AN pipidepatident

pr eci pi t at i on&Z) e propetichyl)-{tstessydre2 B4 s uH iRt Zo, 6-tagyrgaft and 65%
(Smllie LB. %(13?%13 vet hods Enzyne! 85 Pt B:234-41). The troponins were

i sol ated as af“i niact conplex of TnC, TnT, and Tnl. Ether powder is
extracted in a-(hiayhinshlitank2H{/f)&-broSus ¢ Hsiriidez Bt byraeput Ga)oneyt s of 30%

and 45% wer e : . L Pif was . sol pbi l.i zed. b Lalysis into a | ow
2t butfer - and TR ABIRRERR A THR AR B e RSl m ot a
25- 350 n1t\/l KCl 1gpadﬁaem—yl):nlhi_eim?dags[4jﬁeb}mml' -A(BHY-okEPase | In an%/ of I tR‘?‘P .
conponent s exge Fo OWQS| 1 a very | ow basa ase in
t he absence qu ?g%?tlfaﬁ.s%%ﬁ)F’]'}ég%&gfélj%ﬂin%xé%?'ggﬂ'inﬁﬂ?e’t he actin,

t ropomyosi n, arpeniaopbui)F-dovipl imisiaecd Scblbvragei@)-ome;t he desired ratio
(e.g., 7:1:1) 4t 12Ve naxi gl | Gl um 1 | af.j on of actin filament.
The screen is1é§ﬁ§%§t€gﬁm6%a§%35& #ﬂf“é ‘%‘i‘@ﬁ?&.‘%ﬁ'ﬁ@iﬂﬁ’f%??'on is in the
physi ol ogi cal 1r(pegiencryi)-Geltifiunrbrmethybt tdnidezol4, D-blidirado-2ddsane t he
generati on of 4/ Uk i s heact i D 2,k Rasel.l actate
dehydrogenase;%ﬁ%&@%@@ﬁz?ﬁ%‘g?ﬂ%%ﬁﬁ%z{%ﬂa ed to the actin.
The nyosin i slegpeyisEpiemedHimifazolfifabloyrazie2(Hadonea real tine so that

Ki netic cur veQ_G@E@hg%@_@ﬁ?mgg@g&gPﬁ%gﬂb?g&{ﬁa h&%d wer e al ready

spotted onto thé bottons o g/ M final

concent r at i on1-cYQloprasPeredegi ibinuiazo72bipwazmaA(@H)one;
1-isopropyi-6-(methyithio)-1H-imidazo[4,5-b]pyrazin-2{3H)-one;

2-(6-bromo-2-ox0-2, 3-dihydro-1H-imidazo[4,5-b]lpyrazin-1-yibutanoic acid;
2-oxo-1-(pentan-3-yl)-2,3-dihydro-1H-imidazo{4,5-blpyrazine-5-carboxylic
acid;
2-0x0-3-(pentan-3-yl)-2,3-dihydro-1H-imidazo{4,5-blpyrazine-5-carbonitrile;
5-(methylthio)-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazin-2(3H)-one;
S-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-b]pyrazin-2(3H)-one;
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Actin Preparation 1. Extract powder (as prepared in Exanple 6 or 7 bel ow)
with 20 m buffer A (see below, add BME and ATP just prior to use in each
of the follow ng steps) per gramof powder (200 ml per 10 g). Use a large 4
L beaker for 150 g of powder. M x vigorously to dissolve powder. Stir at 4
C. for 30 wowroognic@eparate extract fromthe hydrated pB&ES204701R§Ueezi ng

t hrough several |ayers of cheesecloth. Cheesecloth should be pre-sterilized
by m crowaving danp for 1-2 mn. 3. Re-extract the residue with the sane
vol ume of buffer A and conbine extracts. 4. Spin in JLA1O rotor(s) for 1 hr
at 10K rpm (4 C ). Collect super nat ant through 2 Iayers of cheesecloth 5.
Add ATP to 0.%n1\/|ar]d }V&CIZ ir on stir plate at 4 C for

mnutes to al Pdmeiyisyfiigy)- Bé(%%PP?%Y'?‘&V%"b'a&’%!dﬁ%’%[é@aPlPWGm"%ﬁ%W%ﬂeadd
solid KCl to 9-(&%3(1%)W-xper&new-1 H-:.%da%[&slbmwazuﬁ—z(ﬁm-ané :n JLAL0

1P v B Brepie AP VAT el ctbibregagiat *°° ©
pre-incubatiosnen ice with small amount of buffer Ain each tube (use |ess
hand f1rst wi PIORT LS SEr S enH T pager 1w fen Y ihiaiieth Soxt r 2"
buffer using a;@ﬁazmw-zmm)ema and notorized pipettor, aggressively renoving
TG NI N e ST L RN
buffer A wt h2(Blt)harmges over 48 hour period. 10. Collect dialyzed actin and
Zglpgrlrlgt ;2? ? -Igg{n?’h (1 @%\(Pee Kl %@Jt?%?qgﬂgﬁH%ﬁ‘é&%@%%ﬁ?ﬁggl@%&m'nati on of
protein concepteati on. [01621 To pol ymerize G actin forost]?r age ag/dS:(ngg o]
Store a4 C CoEoRBE NS Rt Bo b s We SR R R AR IS B er
A 2 nMtris/ Bdiromezi M@Wc@prhr&p:ﬂwﬁ@& hbinhidpz@l4p® bimypa Aie2{ZHedne; 0. 2 v
Preparation 10 e ons A BR 33028 s By S By AR e o 2.
Pre-cut and b6itiromiget§toiaspholirer1-o8obutani2ryiwdtiemidaaoi,6-tdoptading?(3H)-

one;

6-bromo-1-(2-methyl-1-morpholinepropan-2-yl)-1H-imidazof4,5-blpyrazin-

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;

B-bromo-1-(tetrahydro-2H-pyran-4-yl}-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

8-bromo-1-cyclohexyi-1H-imidazo[4,5-blpyrazin-2(3H)-one;

8-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;

8-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-yi)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

6-hydroxy-1-(pentan-3-yl)-1H-imidazo[4,5-bJpyrazin-2(3H)-one;

6-methoxy-1-(pentan-3-yh-1H-imidazo[4, 5-blpyrazin-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-

carboxyiate;
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3. Mnce chicken breast in a prechilled nmeat grinder. 4. Extract with
stirring in 2 L of 0.1 MKC, 0.15 M K-phosphate, pH 6.5 for 10 mn at 4 C
Spin 5000 rpm 10 min, 4Cin JLA Collect the pellet. 5. Extract pellets
with stirring with 2 L of 0.05 MNaHCG3 for 5 min. Spin 5000 rpm 10mn, 4
Cin JLA @alteemdiséche pellet. Repeat the extraction oneermszosr/018235Ext r act
the filtered residue with 2 L of 1 nM EDTA, pH 7.0 for 10 mn with
stirring. 7. Extract with 2 L of H20 for 5 min with stirring. Spin 10000
rpm 15min, 4 Cin JLA Carefully collect the pellet, part of which will be
| oose and gel atinous. 8. Extract 5 tinmes with acetone (2 L of acetone for
10 mn each with stirring). Squeeze through cheesecl oth gentl Al'l acetone

extracti ons anethybd-{2+«(@rbriomb-2-oxmeidetibydier UidnidazetbRPIRABHN G be prechill ed

to 4 C. 9. Drying; he L] d residue spread on a cheesecloth in a

| ar ge gl ass tﬂ%&wgﬁﬁﬁgg\?éhﬁeﬁégbﬁw&%' overnight. Wen the residue, is.dry,

put in a w deNnbdmtbyia%pk@%mem‘-@'%rﬂﬂ'%3’6‘#"@’%‘?'1m‘m‘@zﬁﬁéﬁé%m@n&r Yernate

Powder Prepar%&g%mged on Zot & Potter (1981) Prep. Biochem 11(4)

pp. 381-395. 17Drssect Teft ventricles of the cardiac q:gc} e. Rern‘))ve as nuch
P RIPY AR

of the peri caNdnethyk?-oxadl -tnantanB-yis2, grikydsed H-tpidago 1ed neat
grinder. WO BLANRR69PCT/ US2007/ 017235 Weigh. 2. Prepare 5 vol unes of
Extract buffer (see befow). Be sure the pH=8.0. .Then eni z meat
in a bl ender ,641metbzl—n%pyaw)ﬁ-v&rH@W?ﬁ-&?@é%&?#[‘ggmﬁ?m%&Pﬁ“i s with
1 vol une wei volunme) of buffer taken fromthe 5 volunes already
prepared. Add tHRe honpgenate back .to th xtract, r and stir until well
m xed (5 m nu@-ég‘ymogl—(fﬁnt%ﬁ-xlh?%ﬂwa&ﬁ§4v§"§\§‘@1’aﬁ‘r"?§3§%g‘88‘é1 oth in large
pol ypropyl e“e(ﬁﬁé-%?&ﬁb—1-Pemw%bmlihw@wténmmmgnﬂdamm,5aﬁpyrbziﬁf er as
o]

above. 4. Repeat Step 3 ur nore tinmes. At the end, do not resuspend in
extraction bu€dD-M% proceed to Step 5. The pellets should be yel |l ow

white. 5. Resyspepgdniily-evahyres-iroiieecpac-nipyrario2(3fipanewei ght) of 95% col d
Fuo mor e t1 med-(6nEer i tomieRTe Pl Had Aot a IR SaRaNs, [P
(new wei ght / vglissgbp @t 1-gedrianizefipyH-imidezol4,5-blpyrazin-2(3H)-one;
6-chloro-1-(pentan-3-yl)}-1H-imidazo[4,5-blpyrazin-2(3H}-one; and
6-(dimethytamino)-1-(pentan-3-y})-1 H-irmidazo[4,5-blpyrazin-2(3H)-one.
foes] The compounds of Formula | can be named and numbered (e.g., using
NamExpert™ available from Cheminnovation or the automatic naming feature of
ChemDraw Ultra version 10.0 from Cambridge Soft Corporation) as described below.

Ne—N
o
st N N

i.e., the compound according to Formula | where Ry is (E)-propen-1yl, Rs is (5)-sec-
phenethyl, and Ry is H, can be named (S,E)-1 -(1-phenylethy})-6-{prop-1-anyt}-1H-
imidazo[4,5-b]pyrazin-2-oi.

{099} Likewise the compound:

N\.
L
D~

For example, the compound:
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7. Repeat Step 6 a total of three tines. 8. Leave overnight in a single
on a cheesecloth in a glass tray. 9. Wen dry, collect the powder,
wei gh and store in a wide-nouth jar at 4 C. EXTRACT BUFFER 50 nM KCI, 5 mM

| ayer

Tris pH 8.0 Prepare as 50 tines concentrate: For 2L 250 mM Tris pH 8.

0.

Tris Base wibostdeagp nol, 60.69) pHto 8.0 with conc. NE&rT/Usemwizxs: 2.5 M
KCl (74.55 g/mol, 372 g) Exanple 10 Purification of Skeletal Miscle

[ 0164]
55- 58.

Myosi n

See, Margossian, 5.5. and Lowey, S. (1982) Methods Enzynol. 85,
55-123 and Gol dmann, WH. and Geeves, M A (1991) Anal. Biochem 192,

WD 2008/ 016669PCT/ US2007/ 017235 Solution A: 0.3 MKCl, 0.15

pot assj um ho hate, 0.02 M EDTA 0.005 M MyCL2, 0.001 M ATP, pH 6. 5.
b xnd ageqidingip EsTRulay wWheri fds 4€5pioReptiowpRated-pertys. 5.

Sol ut i
Sol uti
M KCl ,

phosph

and &, i9 M B&lnanfed L h | ution
é{r; ' I\%H@ogft aSSIn'Sm phgﬁgpﬁ/gﬁﬁﬁg 9206 mggﬁutéﬁ)g)nﬂé%a%g[ﬁgpot ass
T

phos phpr10] 0. mimMﬁT% chipbufids SOF srm @A 1Gandbdvhiihby aﬂd%n%é} ng(‘é gl u

phosph

skel et

roc durei are carried out at tarn

lg%lﬁ%\%gﬂéxpeghc ngg ablgdre Chepyigaouatinn o¢ fhe automatlc naming feature of

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

For example, the compound:
H
Na N
S N N

~
-

i.e., the compound according to Formula il where R, is (E)-propen-1-yi, R is (8)-sec-
phenethyl, and R, is H, can be named (8,E)-1-(1-phenylethyl)-8-(prop-1-enyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one.

[0101] Likewise the compound:

Ne N
(L Lo
W

i.e., the compound according to Formuia I where R is (Z)-propen-1-yi, R; is 3-pentyl,
and R, is H, can be named (Z)-1-(pentan-3-y}-6-(prop-1-enyl}-1H-imidazo[4,5-
bipyrazin-2(3H)-one.

[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
Reactlion Schemes.

{0103] Uniess specified fo 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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2. Gind twice; extract wwth 2 L solution Afor 15 min while stirring; add
4 L cold H20, filter through gauze; dilute with cold H2O to ionic strength
of 0.04, (about 10-fold); let settle for 3 h; collect precipitate at 7,000
rpomin GSArotor for 15 mn. 3. Disperse pellet in 220 m solution B;

di al yze ovevormbdisemai nst 6 L solution C slowy add - 4@@/ustooeeuads vol une
cold distilled 1-120; stir for 30 mn; centrifuge at 10,000 rpmfor 10 mn
in GSA rotor. 4. Centrifuge supernatant at 19,000 rpmfor 1 h. 5. Dilute
supernatant to ionic strength of 0.04 (-8-fold); let myosin settle
overnight; collect about 5-6 L fluffy nyosin precipitate by centrifuging at
10,000 rpmfor 10 min in GSA rotor. 6. Resuspend pellet in mninmal vol une
of sollmiren G dialyze overnight against 2 L solution D; centrifuge at
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herein can be effected, if desired, by any sujtable separation or purification procedure
such as, for example, filtration, extraction, crystailization, column chromatography, thin-
layer chromatography or thick-layer chromatography, or a combination of these
procedures, Specific illustrations of suitable separation and isolation procedures can be
had by reference to the examples hereinbelow. However, other equivalent separation or
isolation procedures can also be used.

[0106] When desired, the (R)- and (S)-isomers may be resolved by methods known
to those skilled in the art, for example by formation of diastereocisomeric salts or
complexes which may be separated, for example, by crystallization; via formation of
diastereocisomeric derivatives which may be separated, for example, by crystatlization,
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 (Miiwaukee, WI) or
can be readily prepared by those skiiled in the art using commonly employed synthetic
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(S)-6-brono-1-(1-phenyl et hyl) - 1H i m dazo[ 4, 5- b] pyrazin-2-ol 319.0; 321.0
[Mi-H; [MH "' 0.45 (S)-6-brono-1-(1-phenylethyl)-1Him dazo[4, 5-

b] pyrazi n-2(3H)-one 319.0; 321.0 [ MtHr; [ MtHr 0. 45 _

(R) - 6-brono-1-(1-phenyl ethyl)-1Hi m dazo[ 4, 5- b3pyrazin-2-ol 319. _0; 321.0
[1VI-1-Fl rwo[zestnecBA (R) - 6- br onp- 1- (1- phenyl et hyl ) - 1H-RGH/EREG(047285

bl pyrazi n- 2(3H) - one 319. 0;

methodology.
REACTION SCHEME 1
R.‘IN:ENH;; — : I INHZ I :I: \>__OH
R N X Step 1 Step 2
101 102
[0108] Referring to Reaction Scheme 1, Step 1, to a compound of Formula 101,
~ wherein X is halo, is added an excess (such as about 2 to 20 equivalents) of a
compound of formula Rz-NHz. The reaction vessel is'heated to about 110 °C t0 190 °C
over about 20 to 40 minutes, optionally with microwave irradiation. The product, a
compound of Formula 102, is isolated and optionally purified.
[0109] Referring to Reaction Scheme 1, Step 2, to a sclution of a compound of
Formula 102 in a suitable solvent (such as THF) is added a di-activated carbonyl
equivalent such as carbony! diimidazole (CD1), phaspgene, or triphosgene. The
product, a compound of Formula 103, is isolated and optionally purified.
REACTION SCHEME 2

Ry~ ~Noy N Ry
O Son II%W
x” N7 N
Ra

Step 3 (a-g)
104

[0110] Reaction Scheme 2 illustrates reacti'ons for further converting compounds of
Formula 201, wherein X is a 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 R, Sn(butyl)s is mixed at from
about § to about 200°C for about 6 fo 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 cycioalkyl, is isolated
and optionally purified.
[0112] Referring to Reaction Scheme 2, Step 3(b), a compound of Formuia 201 and
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321.0 [MtHr.; [ MtHr 24 1-benzyl-6-brono-1H i m dazo[ 4, 5- bj pyrazi n-2-ol 307.
305.1; [MrtH 23.5 1-benzyl-6-brono-1Hi m dazo[ 4, 5-b] pyrazi n- 2(3H)-one-
305.1; 307.1 [ MtHr; [M+H 23.5

(S)-6-(nmethylthio)-1-(1-phenylethyl)-1H m dazo[ 4, 5- bj pyrazin-2-ol 287.1

[ MEH] 1.1 woO 2008/016669 PCT/US2007/017235

an excess (such as about 4 to 5 equivaients) of a compound of the formuia NaSR,
where SRk is Ry, and a suitable solvent (such as NMP) is heated to about 50 °C to 200
°C over about 10 min to 24 h, optionally with microwave irradiation. The product, a
compound of Formula 104 wherein R is sulfanyl, is isolated and optionally purified.
[0113] Referring to Reaction Scheme 2, Step 3(c), a compound of Formula 201, an
excess {(such as about 1.9 to 2.3 equivalents) of a compound of the formula R;B(OH),,
about 0.10 to 0.15 equivalents of (DPPF)PdCIy, a suitable solvent (such as dioxane)
and about 2 to 3 equivalents of a suifable base (such as 2N KzCOs) is heated to about
90 °C for about 6 to 24 hours. The product, a compound of Formula 104 wherein R; is
selected from optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyi, and optionally substituted cycloalky!, is isolated and optionally
purified.

[0114] Referring to Reaction Scheme 2, Step 3(d), about 2 equivalents of R,OH
where OR, is Ry and a suitable solvent (such as NMP), and about 2 equivalents of
suitable base (such as NaH) is added followed by a compound of Formula 201. The
mixture is heated to about 50 to about 200°C for about 10 minutes to about 48 hours. In
some embodiments, the reaction is heated for about 30 minutes, optionally with
microwave irradiation. The product, a compound of Formula 104 wherein R, is
optionally substituted alkoxy, is isolated and optionally purified.

[0115] Referring to Reaction Scheme 2, Step(e), a compound of Formula 201, an
excess (such as about 2.0 equivalents) of a compound of the formula KR:BF3, an
excess (such as about 3 equivalents) of a suitable base (such as Cs;CO,), a suitable
amount of (DPPF)PdCL (such as about 0.2 equivalents), a suitable solvent (such as
dioxane and water) is mixed at about room termperature to about 100 °C for about 8 to
48 hours and the product, a compound of Formula 104 wherein R, is selected from
optionaily substituted alkyl, optionally substituted alkenyl, optionaily 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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WO 2008/ 016669PCT/ US2007/ 017235 Nanme I nk Ion SKM MF ACl1.4 (PM
(S)-6-(nmethylthio)-1-(1-phenylethyl)-1H m dazo[ 4, 5- bj pyrazi n-2(3H) - one
287.1 [IVI+H 1.1 1-benzyl-6-(nethylthio)-1Him dazo[ 4, 5-b] pyrazi n2-al
273.0 [M H 22.6 1-benzyl-6-(nethylthio)-1Him dazo[ 4, 5-b] pyrazi n2(3H)-one
273. 0 [ MrHWO2B08816669 PCT/US2607/017235
(R)-6-(nethylthio)-1-(1-phenylethyl)-1H m dazo[ 4, 5- b] pyr azi n- 2- ol

[0118] Pharmaceutically acceptable acid addition saits of compounds of Formula | or
compounds of Formula 1l are optionally contacted with a base to form the
corresponding free base.
[0118] The chemical entities described herein modulate one or moare of skeletal
myosin, skeletal actin, skeletal fropomyosin, skeletal troponin C, skeletal troponin |,
skeletal troponin T, and skeletal muscle, including fragments and isoforms thereof, as
well as the skeletal sarcomere, and are useful to bind to, inhibit and/or potentiate the
activity thereof. As used in this context, "modulate” means either increasing or
decreasing myosin activity, whereas "potentiate" means to increase activity and "inhibit"
means to decrease activity.
[0120] The chemical entities, pharmaceutical compositions and methods described
herein are used to treat obesity, sarcopenia, wasting syndrome, frailty, cachexia,
muscle spasm, post-surgical and post-traumatic muscle weakness, neuromuscular
disease, and other indications in a mammai.
[0121] Methods to identify the chemcial entities as binding to a protein or as a
modulator of the binding characteristics or biological activity of a protein are described
in, for example, U.S. Patent No. 6,410,254 and U.S. Patent Application No. 10/987,165.
[0122] Forexample, test compounds can be assayed in a highly parallel fashion by
using muitiwell plates by placing the compounds either individually in wells or testing
them in mixtures. Assay components including the target protein complex, coupling
enzymes and substrates, and ATP can then be added to the wells and the absorbance
or fluorescence of each well of the plate can be measured with a plate reader.
[0123] Insome embodiments, the method uses a 384 well plate format and a 25 pL
reaction volume. A pyruvate Kinase/lactate dehydrogenase coupled enzyme system
{(Huang TG and Hackney D D. (1984} J Biol Chem 269(23):16483-501) can be used to
measure the rate 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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287.0 [M+r1-11 2.9

(R)-6-(nethylthio)-1-(1-phenyl ethyl)-1H m dazo[ 4, 5- bi pyrazi n-2(3H) - one

287.0 [MtHr 2.9 _

(S)-6-(2-nethyl prop-1-enyl)-1-(1-phenyl et hyl)-1H m dazo[ 4, 5- bi pyrazi n- 2- ol

295. 1 [ MrHw (22068016669 PCT/US2007/017235

(S)-6-(2-methyl prop-1-enyl)-1-(1-phenyl ethyl)-1H m dazo[ 4, 5-b) pyrazi n- 2( 3H)

-one 295.1 111/ 1+4H. 2.7

(S)-6-cycl ohexenyl-1-(1-phenylethyl)-1H m dazo[ 4, 5- b] pyrazi n-2-0l1 321.1

[ MtHr 31.0

(S)-6-cycl ohexenyl-1-(1-phenyl et hyl)-1H m dazo[ 4, 5- b] pyrazi n- 2(3H) - one
preparations. Such assays are known in the art. See, e.g., Cheung et al. {2002) Nature

Cell Biol. 4:83 and U.S. Patent Publication No. 20020006962,

[0125] The chemical entities described herein are administered at a therapeutically
effective dosage, e.g., a dosage sufficient to provide treatment for the disease states
previously described. While human dosage levels have yet to be optimized for the
chemical entities described herein, generally, a daily dose rénges from about 0.05 to
100 mg/kg of body weight; in certain embodiments, from about 0.10 to 10.0 mg/kg of :
body weight, and in certain embodiments, from about 0.15 to 1.0 mg/kg of body weight.
Thus, for administration to a 70 kg person, in certain embodiments, the dosage range
would be about from 3.5 fo 7000 mg per day; in certain embodiments, about from 7.0 to
700.0 mg per day, and in certain embodiments, about from 10.0 to 100.0 mg per day.
The amount of the chemical entity administered will, of course, be dependent on the
subject and disease state being treated, the severity of the affliction, the manner and
schedule of administration and the judgment of the prescribing physician; for exampie,
a likely dose range for oral administration would be from about 70 to 700 mg per day,
whereas for intravenous administration a likely dose range would be from about 70 to
700 mg per day depending on compound pharmacokinetics.

[0126] Administration of the chemical entities described herein can be via any of the
accepted modes of administration for agents that serve similar utilities including, but not
limited to, orally, sublinguaily, subcutaneously, intravenously, intranasally, topically,
transdermally, intraperitoneally, intramuscularly, intrapulmonarilly, vaginally, rectally, or
intraocularly. In some embodiments, oral or parenteral administration is used.

[0127] Pharmaceutically acceptable compositions include solid, semi-solid, liquid
and aerosol dosage forms, such as, e.g., tablets, capsules, powders, liquids,
suspensions, suppositeries, asrosols or the like. The chemical entities can also be
administered in sustained or controlied release dosage forms, including depot
injections, osmotic pumps, pills, transdermal (including electrotransport) patches, and
the like, for prolonged and/or timed, pulsed administration at a predetermined rate. In
certain embodiments, the compositions 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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321.1 [MrHr 31.0

(S, 2)
[ MEHr

-1-(1-phenyl et hyl)-6-(prop-1-enyl)-1H m dazol[ 4, 5- b] pyrazi n- 2- ol

1.0

281.1

(S, 2)-1-(1-phenyl et hyl ) -6-(prop-1-enyl)-1H m dazo[ 4, 5-b) pyrazi n- 2( 3H) - one
281. 1 [ MrHVD 2008®14689 - 1- ( 1- phenyl et hyl ) - 6- vi ny1- 1H i m dBZGESEHE17235
b3pyrazi n-2-ol 267.0 [1V1+H 2A

(8)-1-(1-phenyl ethyl)-6-vinyl-1H i m dazo[ 4, 5- bl pyrazi n-2(3H)-one 267.0
[MkH + 2.4

more typically in combination with a conventional pharmaceutical carrier, excipient or
the like (e.g., mannitol, lactose, starch, magnesium stearate, sodium saccharine,
talcum, cellulose, sodium crosscarmellose, glucose, gelatin, sucrose, magnesium
carbonate, and the like). If desired, the 'pharmaceutical composition can also contain
minor amounts of nontoxic auxiliary substances such as wetting agents, emulsifying
agents, solubilizing agents, pH buffering agents and the like (e.g., sodium acetate,
sodium citrate, cyclodextirine derivatives, sorbitan monalaurate, triethanolamine acetate,
triethanolamine oleate, and the like). Generally, depending on the intended mode of
administration, the pharmaceutical composition will contain about 0.005% to 95%; in
certain embodiments, about 0.5% to 50% by weight of a chemical entity. Actual
methods of preparing such dosage forms are known, or will be apparent, to those
skilled in this art; for example, see Remington's Pharmaceutical Sciences, Mack
Pubilishing Company, Easton, Pennsylvania.

{01291 in addition, the chemical entities described herein can be co-administered
with, and the pharmaceutical compositions can include, other medicinal agents,
pharmaceutical agents, adjuvants, and the like. Suitable medicinal and pharmaceutical
agents include modulators of one or more of skeletal myosin, skeletal actin, skeletal
tropomyosin, skeletfat troponin C, skeletal troponin |, skeletal troponin T, and skeletal
muscle, including fragments and isoforms thereof, and the skeletal sarcomere and
other suitable therapeutic agents useful in the treatment of the aforementioned
disorders including: anti-obesity agents, anti-sarcopenia agents, anti-wasting syndrome
agents, anti-frailty agents, anti-cachexia agents, anti-muscle spasm agents, agents
against post-surgical and post-traumatic muscle weakness, and anti-neuromuscular
disease agents, as well as the agents described in U.S. Patent Application No.
2005/0197367. .

[0130] Suitable additional medicinal and pharmaceutical agents include, for
example: orlistat, sibramine, diethylpropion, phentermine, benzaphetamine,
phendimetrazine, estrogen, estradiol, levonorgestrel, 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-steroidat anti-
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(S)-6-ethyl-1-(1-phenylethyl)-1H i m dazo[ 4,5- b]pyrazin-2-ol 269.1 (MHr
17.4 (S)-6-ethyl-1-(1-phenyl ethyl)-1Him dazo[ 4, 5- bl pyrazin-2(3H)-one
269.1 [MrHIt 17.4 (S)-1-(1-phenyl ethyl)-6-propyl-1Him dazol 4, 5-

b] pyr azi n- S«oleodB8&64 [ MtH] 29. 7 PCT/US2007/017235
(S)-1-(1-phenyl et hyl)-6-propyl-1Hi m dazo[ 4, 5- b]pyrazin-2(3H)-one

inflammatory drugs, and botulinum toxin,

[0131] Other suitable medicinal and pharmaceutical agents include TRH,
diethylstilbesterol, theophylline, enkephalins, E series prostaglandins, compounds
disclosed in U.S. Patent No. 3,239,345 (e.g., zeranol), compounds disclosed in U.S.
Patent No. 4,036,979 (e.g., sulbenox), peptides disclosed in U.S. Patent No. 4,411,880
growth hormone secretagogues such as GHRP-6, GHRP-1 (disclosed in U.S. Patent
No. 4,411,890 and publications WO 89/07110 and WO 89/07111), GHRP-2 (disclosed
in WO 93/04081), NN703 (Novo Nordisk), LY444711 (Lilly), MK-677 {Merck),
CP424391 (Pfizer) and B-H1T920, growth hormene releasing factor and its analogs,
growth hormone and its analogs and somatomedins including IGF-1 and IGF-2, alpha-
adrenergic agonists, such as clonidine or serotonin 5-HTp agonists, such as
sumatriptan, agents which inhibit somatostatin or its release, such as physostigmine,
pyridostigmine, parathyroid hormone, PTH(1-34), and bisphosphonates, such as MK-
217 (alendronate).

[0132]  Still other suitable medicinal and pharmaceutical agents include estrogen,
testosterone, selective estrogen receptor modulators, such as tamoxifen or raloxifene,
other androgen receptor modulators, such as those disclosed in Edwards, J. P, et. al.,
Bio. Med. Chem. Let., 9, 1003-1008 (1999) and Hamann, L. G. et. al,, J. Med. Chem.,
42, 210-212 (1899), and progesterone receptor agonists ("PRA"), such as
levonorgestref, medroxyprogesterone acetate (MPA).

[0133]  Siili other suitable medicinal and pharmaceutical agents include aP2
inhibitors, such as those disclosed in U.S. Ser. No. 09/519,079 filed Mar. 6, 2000,
PPAR gamma antagonisis, PPAR deita agonists, beta 3 adrenergic agonists, such as
AJ9677 (Takeda/Dainippon), L750355 (Merck), or CP331648 (Pfizer), other beta 3
agonists as disclosed in U.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-962 (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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283.1 [MrHr 29.7 (S)-6-nethoxy-1-(1-phenylethyl)-1Him dazol[ 4, 5-

bj pyrazin-2-ol 271.1 [MtH 8.8 (S)-6-net hoxy-1-(1-phenylethyl)-1Him

i dazo[ 4, 5- b] pyrazin-2(3H)-one 271.1 [ MtHr 8.8

6- br ono- 1- cycl ohexyl- 1Hi m dazo[ 4, 5- b] pyrazin-2- ol 296.9; 298.9 [MtHt;
(ML- H 10. wocodsrosso® 1- cycl ohexyl- 1H i m dazo[ 4, 5- b] pyr aP¢HUS22{7BH)23pne 296. 9;
298. 9

[0134]  Still other suitable medicinal and pharmaceutical agents include HIV and
AIDS therapies, such as indinavir sulfate, saquinavir, saquinavir mesylate, ritonavir,
lamivudine, zidovudine, lamivudine/zidovudine combinations, zalcitabine, didanosine,
stavudine, and megestrol acetate.

[0135]  Still other suitable medicinal and pharmaceutical agents include
antifesarptive agents, hormone replacement therapies, vitamin D analogues, elemental
calcium and calcium supplements, cathepsin K inhibitors, MMP inhibitors, vitronectin
receptor antagonists, Src SH.sub.2 antagonists, vacuiar -H -ATPase inhibitors,
ipriflavone, fluoride, Tibo lone, pro stanoids, 17-beta hydroxysteroid dehydrogenase
inhibitors and Src kinase inhibitors.

[0136] The above other therapeutic agents, when empioyed in combination with the
chemical entities described herein, may be used, for example, in those amounts
indicated in the Physicians' Desk Reference (PDR)} or as otherwise determined by one
of ordinary skill in the art.

[0137]  In certain embodiments, the compositions will take the form of a pill or tablet
and thus the composition will contain, along with the active ingredient, a diluent such as
lactose, sucrose, dicalcium phosphate, or the like; a lubricant such as magnesium
stearate or the like; and a binder such as starch, gum acacia, polyvinyipyrrolidine,
gelatin, cellulose, cellulose derivatives or the like. in another solid dosage form, a
powder, marume, solution or suspensicn (e.g., in propylene carbonate, vegetable oils or
triglycerides) is encapsulated in a gelatin capsule.

[0138] Liquid pharmaceutically administrable compositions can, for example, be
prepared by dissolving, dispersing, etc. at least one chemical entity and optional
pharmaceutical adjuvants in a carrier (e.g., water, saline, aqueous dextrose, glycerol,
glycols, ethanol or the like) to form a solution or suspension. Injectables can be
prepared in conventional forms, either as liquid solutions or suspensions, as emulsions,
or in solid forms suitable for dissolution or suspension 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 wili be higher if the compasition is a solid which
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[ MtHr; [ MtH] 10. 4 1-cycl ohexyl-6- (et hyl thio)-1H i m dazo[ 4, 5-

bj pyrazin-2-ol 265.1 [MtH 13.9 1-cycl ohexyl-6-(nethylthio)-1Him dazo[ 4, 5-
b] pyrazi n-2(3H)-one 265.1 [ MtHr 13.9 (2)-1-cycl ohexyl-6-(prop-1l-enyl)-1

H i m dazo[ 4, 5- bl pyrazin-2-ol 259.1 [MtH 6.0

(2) - 1- cycl wloezoystorbeed pr op- 1- enyl ) - 1H- i m dazo[ 4, 5- bl pyr agtms@(3Hy23one 259. 1
[MH 6.0 (E)-1-cycl ohexyl-6-(prop-1-enyl)-1Him dazo[4, 5- bl pyrazi n-2-ol

will be subsequently diluted to the above percentages. In certain embodiments, the
composition will comprise from about 0.2 to 2% of the active agent in solution.

[0139] Pharmaceutical compositions of the chemical entities described herein may
also be administered to the respiratory tract as an aerosol or solution for a nebulizer, or
as a microfine powder for insufflation, alone or in combination with an inert carrier such
as lactose. In such a case, the particles of the pharmaceutical composition have
diameters of less than 50 microns, in certain embodiments, less than 10 microns.
[0140] The following examples serve to more fully describe the manner of using the
above-described invention. it is understood that these examples in no way serve to limit
the frue scope of this invention, but rather are presented for illustrative purposes,

Example 1
Synthesis of (S§)-6-bromo-1-{1-phenylethyl}-1H-imidazo[4,5-b]pyrazin-2-ol

NH,

Ny _-MH;
Ny e M *“‘l\Ph /[ l

/[ ,I ki Br” N7 “NH

Br” "N” TBr o

MW, 180 °C

[0141] Step 1: (S)-G-bromo-!\lz-('! -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 te 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, N\ ;\{\
/[ I excess CDI /[ /j: >~OH
Br~ "N~ "NH ~ Br’ N NL
- THF, 67 °C & Ph

Me® “Ph Me
[0142] Step 2: (8)-6-bromo-1-{1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol. To a
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259.1 [MrHr 6.1 WO 2008/ 016669PCT/ US2007/ 017235 Nanme m z |on SKM NW ACL1. 4
(PM (E)-1-cycl ohexyl-6-(prop-1-enyl)-11-1-im dazo[4,5- b]pyrazin-2(3H)-one
259.1 [M+tHr 6.1

(S, E)-1-(1-phenyl et hyl ) -6-(prop-1-enyl)-1H m dazo[ 4, 5-b] pyrazi n-2-ol 281.1
[ MFH] 1.6 WO 2008/016669 PCT/US2007/017235

(S, E)-1-(1-phenyl ethyl)-6-(prop-1-enyl)-1H m dazo[ 4, 5- b] pyrazi n-2(3H) - one

solution of (S)-G—bromo—Nz-ﬁ-—pheny!ethyl)pyrazine~2,3—diamine (1.0 equiv) in refluxing
anhydrous THF (5 volume equivalents) was added carbonyldiimidazole (CDI).
Successive portions of CDI were added until the starting material was consumed
(approx. 3.6 equiv total) as judged by TLC (50% EtOAc/Hexanes). After complete
reaction, the mixture was cooled to room temperature and quenched by the careful
addition of water until gas evolution had ceased. The mixture was diluted with 25
volume equivalents of EtOAc and washed with 3 x 7.5 volume equivalents of water and
1 x 7.5 volume equivalents of brine. The organic layer was dried over anhydrous
sodium sutfate, filiered and concentrated in vacuo. Flash chromatography (Biotage
MPLC 5% - 40% EtOAc/Hexanes) provided the title compound {66%) as a white solid.
LCMS m/z (APCI) = 319.0, 321.0 (M+H).

Example 1(a)

Nel _N Sn(n-Bu), Nao ~N
L & D
" OEt o = N

Br N - N
S\\\ph Et,N, Dioxane Me \\-‘LPh
Me 8O °C Me

[0143]  (S)-1-(2-hydroxy-1-(1-phenylethyl)-1H-imidazo{4,5-b]pyrazin-6-
yllethanone. An oven-dried scintiliation vial equipped with a stirbar was charged with
(8)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol (1.0 equiv), and (PhyP),Pd
(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 KH8O, and stirred
for 30 min. The mixture was then diluted with EtOAg, washed twice with NaHCOs 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 tile compound (33%) as a white solid. LCMS m/z (APC!)
= 283.1 (M+H). ) ' '
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81.
H

1 [MtHr 1.6 6-brono-1-isopropyl-1Hi m dazo[ 4, 5-b] pyrazin-2-ol 259.0

r 6.0 6-brono-1-isopropyl-1Hi m dazo[ 4, 5-b) pyrazi n2(3H)-one 259.0 [ MtHr
1-isopropyl -6-(nethylthio)-1Him dazo[ 4, 5- b]pyrazin-2-ol 225.1 [ MtHr
1-i sopropyl-6-(methylthio)-1Him dazo[ 4, 5- b]pyrazin-2(3H)-one 225.1

Hr 6.7 @4 2088/41860r opyl- 6- (prop- 1-enyl) - 1H i m dazo[ 4 p&1/uktopyeazisn- 2- ol

Example 1(b)

NN NN
N
/[ I S—OH |\ - Snlr-Bu)y /\/E I >—0H
Br~ "N~ N - Me” X N~ N
-
&—Ph
e

Mph EtN, MW

o

Me NMP, 120 °C

[0144] ({S,E)-1-(1-phenylethyl}-6-(prop-1-enyl)-1 H-imidazo[4,5-b]pyrazin~2~oi.. 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), and {Ph3P).Pd (0.12 equiv).
The bottle was covered with a sheet of Parafilm and purged with nitrogen for 5 min, and
A-methylpyrrolidone {14 volume equivalents), triethyl amine (2.0 equiv}, and (E}-
tributyl{prop-1-enyl)stannane (3.0 equiv) were added by syringe. The resulting mixture
was immediately fitted with a septum and cap and heated to 120 °C in a microwave for
20 min. The reaction was then diluted with EtOAc, washed four times 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 (54%) as a foam. LCMS m/z (APCI) = 281.1 (M+H).

Example 1(c)

N N N N
I Y—o0H JI i[ S—0H
| NaSMe 2N
Br~ "N~ N - MeS” "N

Q“Ph MW, NMP, 180 °C @“\‘Ph
Me Me

[0145] (S)-6-(methylthio)-1-(1-phenylethyl}-1H-imidazo[4,5-blpyrazin-2-ol. A
thick-walled microwave bofttle equipped with a stirbar was charged with (5)-6-bromo-1-
(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol (1.0 equiv), sodium thiomethoxide (4.5
equiv), and N-methyipyrrolidone (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 orgaﬁic layer
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219.2 [MtH 4.6 (2)-1-isopropyl-6-(prop-1-enyl)-1Him dazo[4, 5-

b] pyrazi n-2(3H)-one 219.2 [MtH|t 4.6

(S)-6-ethoxy-1-(1-phenyl ethyl)-1Him dazo[4,5- blpyrazin-2-ol 285.2 [ MH|t
10.6 (S)-6-ethoxy-1-(1-phenylethyl)-1Him dazo[ 4, 5- b]pyrazin-2(3H)-one
285. 2 [ MrHNV®O 20@3/086@&9 br ono- 1- ( pent an- 3-y1) - 1H- i m dazo[ 4PGL/H2p8roazsn- 2- ol
286.0; 288.0 [ M+2E1l] 2+; [ M+2E1] 2+

was dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. Reverse-
phase preparative HPLC {20% - 80% MeCN/H20) provided the title compound (24%) as
a white solid. LCMS m/z (APCI) = 287.1 (M+H}.

Example 1(d)

~ph DPPFPACly, aq. K,COs
Me Dioxane, 90 °C

Ny N Me Ne—N
o /[N,IN%OH s B(OH); UNII\{}:OH
M Ph
[0146] (S,Z)-1-(1-phenylethyl)-6-(prop-1-enyl)-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)-
{H-imidazo[4,5-b]pyrazin-2-ol (1.0 equiv), (Z)-prop-1-enyl boronic acid (2.0 equiv) and
(DPPF)P4CI, (0.10 equiv). The vial was fitted with a septum-lined cap and purged with
nitrogen for 5-10 min. To this mixture was added dioxane (16.6 volume equivalents)
and degassed 2 N K,COj; (4.2 volume equivalents) by syringe. The resulting mixture
was heated to 90 °C overnight. The mixture was cooled to room temperature, diluted
with EtOAc, washed with twice with saturated ag. 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 (63%) as an off-white foam. LCMS m/z (APCI) = 281.1 (M+H).

Example 1(e)

Mph aq. KzCO,

~
-

NN Ny N

o mom (o

Br N N N N

Q*-Ph
Me Dioxane, 90 °C Me

[01471  (S)-1-(1-phenylethyl}-8-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)PdCI,
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0. 25 6-brono-1-(pentan-3-yl)-1Hi m dazo[ 4, 5- b] pyrazi n- 2(3H)-one 286. 0;
288.0 [ M+21-1144; [ M2H 2+ 0.25
6- (et hyl t hi o) - 1- (pentan- 3-y1)-1H i m dazo[ 4,5- b]pyrazin-2-ol 253.1 [MFir
0.4 WD 2008/ 016669PCT/ US2007/ 017235 . Nanme niz lon SKM MF ACl1.4 (PM

WO 2008/016669 PCT/US2007/017235

{0.10 equiv). The vial was fitted with a septum-lined cap and purged with nitrogen for 5-
10 min. To this mixture was added dioxane (16.6 volume equivalenis) and degassed 2
N K:CO3 (4.2 volume equivalents) by syringe. The resulting mixture was heated to 90
°C overnight. The mixture was cooled to room temperature, diluted with 12 volume
equivalents EtOAc, washed with twice with saturated ag. NaHCO;, 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 as an off-white solid (54%). LCMS m/z (APCI} = 267.0 (M+H).

Example 1{f}

N 1\{‘ N\ N\
/[ ,I 70N NaH, MeOH, MW l I )—OH
Br~ ~N~ N MeQ” "N” TN
,\Lph NMP, 200 °C .\L"Ph

Me Me'

[0148] (S)-6-methoxy-1-(1-phenylethyl}-1H-imidazo[4,5-b]pyrazin-2-o). A thick-
walled microwave bottie equipped with a stirbar was charged with MeOH (2.0 equiv)
and NMP (20 volume equivalents). To the resulting solution was added NaH {2.0 equiv),
resulting in gas esvolution. (S)-6-Bromo-1-(1-phenylethyl)-1H-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 ag. 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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yl thi o)-1-(pentan-3-y1)-11-1-im dazo[ 4, 5- b]pyrazin-2(3H)-one 253.1
0.4

pent an- 3-y1) - 6- (prop-1-enyl)-1H m dazo[ 4, 5- b] pyrazi n-2-ol 247.1

h
ir
- (
(penWM@lfyG_G)ﬁ96 (prop-1-enyl)-1H m dazo[ 4, 5- bl pyPGRHUSHOP(OBHPS one 247. 1
0.4 (2)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H m dazo[ 4, 5- b] pyr azi n- 2- ol
[ MtHr 0.6

- (pentan-3-y1)-6-(prop-1l-enyl)-1H m dazo[ 4, 5-b] pyrazi n-2(3H)-one 247.1
0.

(o]

Example 1{g)

MeOH, 23°C
Me : Me

N
\/[ I \>“OH Hp (1 atm), PAIC o /EN:I:\}-OH
\‘Ph
[0148]  (S)-1-(1-phenylethyl)-6-ethyl-1H-imidazo[4,5-blpyrazin-2-ol. A scintillation
vial equipped with a stirbar was charged with (8)-6-vinyl-1-(1-phenylethyl)-1H-
imidazo[4,5-b}pyrazin-2-ol (1.0 equiv), methanol (280 volume equivalents), and catalytic
Pd/C. The resulting mixture was purged with hydrogen for 45 minutes; the reaction was
complete as judged my LCMS. The mixture was then filtered through a pad of
diatornaceous earth and the pad of diatomaceous earth was washed twice with MeOH.
The solution was concentrated /7 vacuo. Flash chromatography (Biotage MPLC 5% -
40% EtOAc/Hexanes) provided the title compound (86%) as a foam. LCMS m/z (APCH)
= 269.1 (M-+H).

Example 2
Synthesis of 8-bromo-1-{pentan-3-yl)-1H-imidazo[4,5-b]lpyrazin-2-ol

NH N NH,
o T ¢
B
l Et Et =~
= Br N N
Br N Br o,

MW, 150 °C Et Et

[0150] Step 1: 6-bromo-N’-(pentan-3-yl)pyrazine-2,3-diamine. The fitle 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. LGMS m/fz (APCI)
= 259.0, 260.0 (M+H).

Ng_-NH,
. Y
/[ ;[ excess CDI /[ j: »—OH
Br NH

N
THF, 67 °C )‘Et

Et Et
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6- net hyl - 1- (pentan-3-y1)-1H 1 m dazo[ 4, 5- bjpyrazin-2-ol 221.1 [MH] 0.53
6- et hyl - 1- (pentan- 3-y1)-1Hi m dazo[ 4, 5- b] pyrazin-2(3H)-one 221.1 [ MtHr
0.53 (S, 2)-6-(hex-2-enyl)-1-(1-phenylethyl)-1H m dazo[ 4, 5- b] pyrazi n- 2- ol
3.1 2-hydroxy-1-(pentan-3-yl)-1Him dazo[ 4, 5- b)pyrazine-6-carbonitrile
232. 1 [ MrHWw@Binel1gecox0- 3- (pent an- 3-yl) - 2, 3- di hydr o- 1H- iPrwaiazof/dL7%ss

b] pyrazi ne-5-carbonitri le 232.1 [MH 36.4

[0151] Step 2: 6-bromo-1-{pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol. The title
compound was prepared by freating 6-b_romo-Nz-(pentan-S—yl)pyrazine-z.3-diamine ina
manner analogous to Example 1 Step 2 LCMS m/z (APCI) = 285.0, 287.0 (M+H).

Example 2(a}

— & =
EtzN, MW
Et NMP, 120°C

iN\IN‘}—OH Sn(n-Bu) /\/[N\IN\}—OH
Br~ “N° N Me : NZ N

e e
[0152] (E)-1-{pentan-3-yl}-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol. A thick-
walled microwave bottle equipped with a stirbar was charged with 6-brome-1-(pentan-3-
yl)-1H-imidazof4,5-blpyrazin-2-ol (1.0 equiv) and (PhsP)sPd {0.15 equiv). The bottle was
covered with a sheet of Parafiim and purged with nitrogen for 5-10 min, and N-
methylpyrrolidone (11.7 volume equivalents), triethyl amine (2.0 equiv), and {E)-
tributyl{prop-1-enyl)stannane (2.0 equiv) were added by syringe. The resulting mixture
was immediately fitted with & septum and cap and heated to 120 °C in a 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)

Ny -N N N
L L

,E /:E »—OH NaSMe | _J_ D—oH
Br~ "N~ N ~ Mes” "N~ N

N c t
E':)‘Et MW, NMP, 180 °C Et)\E

[0153] 6-{methylthio)-1 ~(pentan-3-yl)-1 H-imidazo[4,5-b]pyrazin-2-ol. The title
compound was prepared by reacting 6-bromo-1-(pentan-3-yi)-1 H-imidazol4,5-blpyrazin-
2-ol (1.0 equiv), sodium thiomethoxide (1.4 equiv), and N-methylpyrrolidone (6.9 volume
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(R) - 6-brono-1-sec-butyl -1H i m dazo[ 4, 5- b] pyrazin-2-ol 273.0 [MtHr 1.5
(R)-6-brono- 1-sec-butyl-1H i m dazo[ 4,5- b]pyrazin-2(3H)-one 273.0 [MtHr 1.5
(S)-6-brono-1-sec-butyl-1H i m dazo[ 4, 5-b] pyrazi n2-ol 272.0 [ M2F1] 2+ 0.8
WD 2008/ 016669PCT/ US2007/ 017235 Nanme m z 1on SKM NW AC1. 4 (01)

WO 2008/616669 PCT/US2007/017235

equivalents) in a manner analagous to Example 1(c). LCMS m/z (APCI) = 253.0 (M+H).

Example 2(c)

Na N Me No. N
~ Me -
U0 A aom, Mo S-on
Br- "N~ N - N~ N
.E )\ Et aq. K;CO, Et')\ Et

t Dioxane, 90 °C -

[0154] (Z2)-1-{pentan-3-yl)-6-{prop-1-enyl)-1H-imidazo[4,5-blpyrazin-2-ol. The title
compound was prepared by reacting 6-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-bjpyrazin-
2-ol (1.0 equiv), (2)-prop-1-eny! boronic acid (1.5 equiv} and (DPPF)PdCI; (0.15 equiv)
in a manner analagous {o Exmple 1(d). LCMS m/z (APCI) = 247.0 (M+H).

Example 3
Synthesis of 1-{pentan-3-yI)-1H-imidazo[4,5-blquinoxalin-2-ol

NH N.__NH,
cre e O0X
; = Et” “Et e

Et” “Et

MW, 120 °C

[0155] Step 1: N’{pentan-3-yhiquinoxaline-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-amincpentane. 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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S) - 6- brono- 1-sec-butyl-1H i m dazo[ 415- 131pyrazi n2(3H)-one 272.0 [ M+21-112+

8 6-brono-1-tert-butyl-1Him dazo[ 4, 5-b] pyrazin-2-ol 272.0 [ Mt2H) 2+ 0.8
brono-1-tert-butyl-1H i m dazo[ 4, 5-b] pyrazi n2(3H)-one 272.0 [ MW2F1)2+ 0.8
(6-brono- 2- hydroxy-1H i m dazo[ 4, 5- b] pyrazin-1- yl)butanoic acid 299.0

M Hr >49 2« Hednr164n- 2- 0X0- 2, 3- di hydr o- 1H i m dazo[ 4, 5- PCT/US2007/017235

b] pyrazi n-1-yl)butanoic acid 299.0 EmFir >49

(
0.
6-
2.
[

N. _NH, Neo N
— - 3
SRS G u
N NH . N 3\
Et/l\Et ES o

THF, 67 °C

[0156] Step 2: 1-{pentan-3-yl)-tH-imidazo[4,5-blquinoxalin-2-ol. The title
compound was prepared by treating N2.(pentan-3-yl)quinoxaline-2,3-diamine in a
manner analogous to Exampie 1 Step 2 LCMS m/z (APCI) = 257.2 (M+H).

Example 3(a) ‘
KMeBF3

N N N N
= I aq. Cs,C04 = 2
/[ /:E >—OH Dioxane, 90 °C L »—CH
Br” "N~ N > Me” N7 N
)\ Et Et)\Et

Et

[0157] Synthesis of (Z)}-1 -{pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo{4,5-b]pyrazin-
2-ol. A scintillation vial equipped with a stirbar was charged with 6-bromo-1-(pentan-3-
yl)-1H-imidazo[4,5-blpyrazin-2-ol (1.0 equiv), KFzBMe (2.0 equiv}), CsCO; (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 equivaients)
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 ag. 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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2- (6- brono- 2- hydr oxy- 1Hi m dazo[ 4, 5- b] pyr azi n- 1-

yl)-1-nor phol i nobut an-1-one 370.0 [ MtHr >49

6- br ono- 1- ( 1- nor phol i no- 1- oxobut an- 2-y1) - 1H m dazol[ 4, 5- b] pyr azi n- 2( 3H) - one
370.0 [MtH >49 (R)-6-brono-1-(1-hydroxybutan-2-y1)-1

H m dazo[ 4Ve-2098y66@2i n- 2-ol 285.0 [MH 1.1 PCT/US2007/017235

(R) - 6-brono- 1- (1- hydroxybut an-2-y1) - 1H m dazo[ 4, 5- b] pyrazi n-2(3H)-one 285.0
[MH 1.1 (S)-6-brono-1-(1-hydroxybutan-2-yl)-1H m dazo[ 4, 5-b] pyrazi n-2-ol
285.0 [MH 19.1

(\/

1-(pentan-3-yl)-6-({trimethylsilyl)ethynyl)-1H-imidazo[4,5-b}pyrazin-2-ol. A mixture

S PACH(PPhg) N
/E ,IN\>—0H + =—TMS - | /I $—OH
Br™ "N Cut, NEt;, DMF, 80 °C N7 TN
TMS (\\/

of 8-bromo-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol (3.75 g, 13.2 mmol)),
trimethylsilylacetylene (2.8 mL, 19.8 mmol}, PdClx(PPh). (0.93g, 1.32 mmot), Cul (0.5 g,
2.64 mmol) and triethylamine (5.5 mL, 38.5 mmoli) in DMF (50 ml) was purged with N3
for 30 seconds followed by stirring at 80 °C. After 3 hours the reaction mixture was
diluted with EtOAc, washed with NH4Ci solution, dried over Na,S0,, and concentrated
in vacuo. Purification with over silica gel (Biotage MPLC 10 - 80% EtOAc/hexanes)
provided the fitle compound (3.2 g, 80%) as a brown solid.

Example 4(b)

(- Y,

OH =

/(N/ N KF /[ :I/:N\>—OH

™s" = N
MeOH/THF/H0

6-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5-b]pyrazin-2-ol. A mixture of 1-(pentan-3-yl}-
6-((trimethylsilyl)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/H0 (60 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;S0., and concentrated in vacuo.
Purification over silica gel {Bictage MPLC 10 - 80% EtOAc/Heaxanes) gave a brown
solid, which was washed with 15% EtOAc/hexanes to give product the title compound
as a white solid (0.9 g, 37%).

Example 5
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(S)-6-brono-1-(1-hydroxybutan-2-y1)-1 H m dazo[ 4, 5- b] pyrazi n-2(3H) - one
285.0 [MH 19.1 6-brono-1-(1-nmethoxybutan-2-yl)-1Hi m dazol 4, 5-

b] pyrazin-2-ol 301.0 [M+tH 4.9

6- br ono- 1- ( 1- met hoxybut an- 2-yl)-1Hi m dazo[ 4, 5- b] pyrazin-2(31-1)-one 301.0
[ MtHr 4.9 ™ Zesorssv@but an- 2-yl ) - 6- br ono- 1H- i m dazo[ 4, 5eChjupywaali7zss2- o}
287.0 [M2H) 2+ 1.1 WD 20081016669PCT/ US2007/ 017235 Nanme mi X.

Synthesis of 6-(dimethylamino)-1-(pentan-3-yl}-1H-imidazo[4,5-blpyrazin-2-ol

Example 5(a)

N poc
Br~ N TN - /[ I =0
r Br” "N~ N
8\/ NEt;, DCM (\/

tert-butyl 5-bromo-2-oxo-3-(pentan-3-yl)-2,3-dihydroimidazo[4,5-b]pyrazine-1-
carboxylate. To a solution of 6-bromo-1-(pentan-3-yl)-1H-imidazo{4,5-blpyrazin-2-ol
(5.0 g, 17.6 mmol) in DCM (80 mL.) containing triethylamine (7.34 mL, 52.8 mmol) was
added Bocz0 (7.0 g, 35 mmol). The reaction mixture was stirred at room temperature
overnight, washed with NaHCO;3; solution, dried over Na;S0O, and concentrated in
vacuo. Furification over silica gel (Biotage MPLC 10 - 50% EtOAc/hexanes) gave the
desired product as a white solid (1.7 g, 25%).

Example 5(b)

Boa
NN N
= N
/[ ;E =0 , N Pda(dba),, NaOtBu HOl )[ \I § o
o
Br” N7 N SNOTSNETTN
|

BiPhP{Cy),, Toluene, 120 °C (\/

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 mmoi}, 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>;S0O4, 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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lon SKM MF ACl.4 WMVO 1-(1-am nobutan-2-y1l)-6-brono-1Him dazo[ 4, 5-

b] pyrazi n-2(3H)-one 287.0 [ Mt2H 2+ 1.1

6- br ono- 1- ( 1- (et hyl am no) but an- 2-y1) - 1H m dazo[ 4, 5- b] pyrazi n-2-ol 300.0

[ MtH]  45: 7

6- br ono- 1- WD-20988K16pp% am no) but an- 2-y1) - 1H m dazo[ 4, 5- b] PYFHEIA0H2T23H) - one
300.0 (M+Hr 45.7

6- br ono- 1- ( 1- (di net hyl am no) but an- 2-y1) - 1Hi m dazo[ 4, 5- b] pyrazi n-2-ol 315.0
[ MF2H12 43.8 : _

washed with NaHCOs3, dried over Na;SO,, and concentrated in vacuo. Purification over
silica gel (Biotage MPLC 10 - 70% EtOAc/hexanes) gave the title compound as a light
yellow solid (42 mg, 32%).

Example 6
Preparation of Sarcomeric Proteins from Skeletal Muscle

[0168] Actin was purified by first preparing an ether powder of cardiac muscle (Zot
HG and Potter J D. {1981) Preparative Biochemistry 11:381-395) as described below.
Subsequently, actin was cycled between the filamenious and soluble state through
rounds of centrifﬁgation and dialysis (Spudich J A and Watt 8. (1971) J. Biol. Chem.
246:4866-4871). It was stored in the filamentous state at 4 °C.

[0159] Tropomyosin was extracted from the ether powder and separated from the
other proteins based on pH dependent precipitations followed by successive
ammonium sulfate cuts at 53% and 65% (Smillie LB. (1981) Methods Enzymol 85 Pt
B:234-41). The troponins were isolated as an intact complex of TnC, TnT, and Tnl.
Ether powder is extracted in a high salt buffer. Successive ammonium sulfate cuts of
30% and 45% were done; the precipitate was solubilized by dialysis into a low salt
buffer and then further purified on a DEAE Toyopear column with a 25-350 mM KCl
gradient. There was no measurable ATPase in any of the components except for
myaosin which naturally had a very low basal ATPase in the absence of actin.

[01601  Jusi prior to screening, the actin, tropomyosin, and troponin compiex are
mixed together in the desired ratio {e.g., 7:1:1) {o achieve maximal calcium regulation of
the actin filament. The screen is conducted at a pCa=6.5. This calcium concentration is
in the physioclogical range during muscle contraction.

[0161] To measure the generation of ADP during the reaction, a pyruvate
kinaseflactate 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 DMSQO and were already spotted onto
the bottoms of 384 well plates at 10 to 40 ug/mil final concentration.
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6- br ono- 1- ( 1- (di net hyl am no) but an- 2-y1) - 1Hi m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one
315.0 [ M+2H] 2+ 43.8 6- brono- 1- (1- (4-net hyl pi per azi n- 1- yobut an-2-y1) -

1H i m dazo[ 4, 5- b] pyrazin-2-ol 369.0 [MtHt 14.9

6- br omo- 1- (1- (4- net hyl pi per azi n- 1-yl ) but an- 2-y1) -

1H i m dazojvblbedadipyss azi n- 2( 3H) -one 369.0 [ M+Hr 14.9 PCT/US2007/017235

(R) - 6- brono- 1- ( 1- nor phol i nobut an-2-y1)-1H i m dazo[ 4, 5- b] pyrazi n- 2- ol
356.0; 358.0 [MtH]; [M+H]' 0.3 (R)-6-brono- 1-(1-norphol i nobutan-2-yl1)-1H
I m dazo[ 4, 5-b] pyrazi n-2(3H) - one 356. 0;

Example 7
Actin Preparation

1. Extract powder (as prepared in Example 6 or 7 below) with 20 ml buffer A
(see below, add BME and ATP just prior to use in each of the following steps)
per gram of powder {200 m! per 10 g). Use a large 4 L beaker for 150 g of

. powder. Mix vigorously to dissolve powder. Stir at 4 °C. for 30 min.

2. Separate extract from the hydrated powder by squeezing through several
layers of cheesecloth. Cheesecloth should be pre-sterilized by microwaving
damp for 1-2 min.

3. Re-extract the residue with the same volume of buffer A and combine
extracts.

4, Spin in JLA10Q rotor{s) for 1 hr at 10K rpm (4 °C.). Collect supernatant through
2 layers of cheesecloth.

5. Add ATP to 0.2 mM and MgCl; to 50 mM. Stir on stir plate at 4 °C for 60
minutes to allow actin to polymerizeffiorm para-crystals.

6. Slowly add solid KClI to 0.6 M (45 gfl). 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 celi scraper and combine pellets.
Wash tubes with extra buffer using a 25 mi pipetie and motorized pipettor,
aggressively removing actin from sides of tubes. Homogenize in large dounce
in cold buffer A on ice. Use 3 mi per gram of powder originally extracted.

Q. Dialyze against buffer A with 4 changes over 48 hour period.

10. Coliect 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 KCl to 50 mM (from 3 M stock), MaCl.
to 1 mM, and NaNaj to 0.02% (from 10% stock). Store at 4 °C. Do not freeze.
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358.0 [MtHr; [MtHr 0.3 (S)-6-brono-1-(1-norpholinobutan-2-yl)-1H

I m dazo[ 4, 5- b] pyrazi n-2-ol 356.0; 358.0 [ MtH]; [ MrH >49
(S)-6-brono-1-(1-norpholinobutan-2-yl)-1H i m dazo[ 4, 5-b] pyrazi n-2(3H)-one
356.0; 358.0 [ MtHr ; [MtFir >49

(E) - 1- i sopwoypds/Bedspr op- 1- enyl) - 1H-i m dazo[ 4, 5- b] pyr ae¢THvR200101239. 1 [ M-Hr
7.1

[0183] Buffer A: 2 mM tris/HCI, 0.2 mM CaCl,, 0.5 mM (36 pi/L) 2-mercaptoethanol,
0.2 mM Nap ATP {added fresh), and 0.005% Na-azide; pH 8.0.

Example 8
Powder Preparation

Volumes are given per about 1000 g of the minced muscle.

Pre-cut and boil cheesecloth for 10 min in water. Drain and dry.

Mince chicken breast in a prechilled meat grinder.

Extract with stirting in 2 L of 0.1 M KCI, 0.15 M K-phosphate, pH 6.5 for 10

min at 4 °C. Spin 5000 rpm, 10 min, 4 °C in JLA. Collect the peliet.

5. Extract pellets with stirring with 2 L of 0.05 M NaHCO; for 5 min. Spin 5000
rpm, 10min, 4 °C in JLA. Collect the pellet. Repeat the exiraction once more.

6. Extract the filtered residue with 2 L of 1 mM EDTA, pH 7.0 for 10 min with
stirring.

7. Extract with 2 L. of H2O for 5 min with stirring. Spin 10000 rpm, 15min, 4 °C in

JLA. Carefully collect the pellet, part of which will be loose and gelatinous.

HWN S

8. Extract 6 times with acetone (2 L of acetone for 10 min each with stirring).
Squeeze through cheesecloth gently. All acetone extractions are performed
at room temperature. Acetone should be prechilled to 4 °C.

a. Drying: Place the filtered residue spread on a cheesecloth in a large glass
fray 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.
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(E)-1-isopropyl-6-(prop-1-enyl)-1Hi m dazo[ 4, 5- b]pyrazin-2(3H)-one 219.1
[MH + 7.1 1-(pentan-3-yl)-1Hi m dazo[ 4, 5-b] pyrazin-2-ol 207.1 [ MtH 16. 01"
WD 2008/ 016669PCT/ US2007/ 017235 Name m z 1 on SKM NW AC1. 4 (PM

1- (pentan-3-yl)-1Hi m dazo[ 4, 5- b] pyrazi n-2(3H)- one 207.1 [ M+tHr 16. Ot

WO 2008/016669 PCT/US2007/017235
Weigh.
2. Prepare 5 volumes of Extract buffer (see below). Be sure the pH=8.0. Then,

homogenize the meat in a blender, 4 times 15 sec on blend with 15 secs in
between. Do this with 1 volume weight/volume) of buffer taken from the 5
volumes already prepared, Add the homogenate back to the extract buffer
and stir untit well mixed (5 minutes).

3. Filter through one layer of cheeseclioth in large polypropylene strainer.
Resuspend back into & volumes of extract buffer as above. _

4, Repeat Step 3 four more times. At the end, do not resuspend in extraction
buffer but proceed to Step 5. The pellets should be yellow white.

5. Resuspend in 3 volumes (according to original weight) of 95% cold ethanot.
Stir for 5 min and squeeze through cheesecloth as above, repeat two more
times.

6. Weigh squeezed residue and then resuspend in 3 volumes (new

weight/volume) of cold diethyl ether.
7. Repeat Step 6 a total of three times.
8. Leave overnight in a single layer on a cheesecioth in a glass tray.
9. When dry, coliect the powder, weigh and store in a wide-mouth jar at 4 °C.

EXTRACT BUFFER: 50 mM KCI, 5 mM Tris pH 8.0
Prepare as 50 times concentrate:
For 2L
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)

Exampie 10
Purification of Skeletal Muscle Myosin

[0164] See, Margossian, S.8. 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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met hyl 4-(2-(6-brono-2-hydroxy-1Hi m dazo[ 4, 5-

bl pyrazi n- 1- yObut yppi perazi ne- 1- car boxyl ate 414. 0 [ Mt2H] 2+ 0. 9t net hyl
4-(2-(6-brono-2-o0xo- 2, 3-di hydro- 1H m dazo[ 4, 5- bl pyrazi n- 1-yCout yl ) pi perazin
e-1- carboxylate 414.0 [ Mt21-1]2+ 0.91.

6- br ono- 1- Wo-20e8/01682 hy| sul f onyl ) pi per azi n- 1- PCT/US2007/017235

yl ) but an-2-y1)-1Him dazo[ 4, 5-b) pyrazi n-2-ol 434.0 [ Mt2H] 2+ 3. 2t

6- br ono- 1- (1- (4- (et hyl sul f onyl ) pi perazi n- 1-

yl) butan-2-yl)-1Hi m dazo[ 4, 5- b] pyrazi n-2(3H)-one 434.0 [ M+2H] 2 3. 2t

5- brono- 1- (pent an- 3-y1)-1Hi m dazo[ 4, 5- b] pyrazin- 2-al 285.0; 287.0 [ MtH) ;

Solution A: 0.3 M KCI, 0.15 M potassium phosphate, 0.02 M EDTA, 0.005 M MgCls,
0.001 M ATP, pH 6.5.

Solution B: 1 M KCI, 0.025 M EDTA, 0.06 M potassium phosphate, pH 6.5,
Solution C; 0.6 M KCI, 0.025 M potassium phosphate, pH 6.5.

Solution D: 0.6 M KCl, 0.05 M potassium phosphate, pH 6.5.

Solution E: 0,15 M potassium phosphate, 0.01 M EDTA, pH 7.5.

Soiution F: 0.04 M KC/, 0.01 M potassium phosphate, 0.001 M DTT, pH 6.5.
Solution G: 3 M KCI, 0.01 M potassium phosphate, pH 6.5.

All procedures are carried out at 4 °C,

1. Obtain ~1000 g skeletal muscie, such as rabbit skeletal muscle.

2. Grind twice; exiract with 2 L solution A for 15 min while stirring; add 4 L cold
H-0, filier through gauze; dilute with cold H2O 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 peilet 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 fiuffy myosin precipitate by centrifuging at
10,000 rpm for 10 min in GSA rotor.

6. Resuspend pellet in minimal volume of solution G; diaiﬁze overnight against 2
L solution D; centrifuge at 19,000 rpm for 2 h, in celiulose nitrate tubes;
puncture tubes and separate myagsin from fat and insoluble pellet.

7. Ditute 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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[ MFH|t 11.5 5-brono-1-(pentan-3-0-1Hi m dazo[ 415-Db] pyrazi n- 2(3H)-one
285.0; 287.0 [M+Hr; [MrH 11.5

1-(pentan-3-yl)-1Hi m dazo[ 4, 5- b] qui noxal i n-2-0l 257.1 [ MtHr 19.8

1- (pentan-3-yl)-1Hi m dazo[ 4, 5- b] qui noxal i n2(3H)-one 257.1 [ MtHr 19. 8

6- et hyny1- $ pesaiasse 3- y1) - 1H- i mi dazo[ 4, 5- b] pyr azi n- 2- ect@8%ko2oipMsH 0. 1t

liter); collect 10 ml fractions; pool myosin fractions (>0.1 M KCI); concentrate
by overnight dialysis against solution F; centrifuge at 25,000 rpm for 30 min;
store as above.

8. The myosin is then cut with chymotrypsin or papain in the presence of EDTA
to generate the 81 fragment which is soluble at the low sait conditions
optimal for ATPase activity (Margossian supra).

Example 11

[0165] Using procedures similar to those described herein, the compounds in the
following table were synthesized and tested.

SKM MF
Name miz fon AC1.4
(s} .

(8)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5- 319.0; [M-+HHT;
blpyrazin-2-ol 321.0 [M+H]" 045
(8)-6-bromo-1-(1-phenytethyl)-1H-imidazo[4,5- 319.0; IM+HY";
bjpyrazin-2(3H)-one 321.0 [M+HT 0.4
{R)-8-bromo-1-(1-phenylethyl)-1H-imidazo[4,5- 319.0; M-+H]";
blpyrazin-2-ol 321.0 [M+HT 24
(R)-6-bromo-1-(1-phenylethyl)-1H-imidazo[4,5- 319.0; [M+HT":
blpyrazin-2(3H)-one 321.0 [M+H]" 24

. . 305.1; [M+H]™;
1-benzyl-6-bromo-1H-imidazof4,5-blpyrazin-2-ol N 23.5

3071 [M+H]

1-benzyl-6-bromo-1H-imidazo[4,5-b]pyrazin- 305.1; [M+HT;
2(3H)-one - 307.1 [M+H]* 23.5
.(S?-S-(methylthio)—1 ?(1 -phenylethyl)-1H- 287 1 IM+H* 11
imidazo[4,5-b]pyrazin-2-ol .
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6- et hynyl-1- (pentan-3-yl)-1Him dazo[ 4, 5- b] pyrazin-2(311)-one 231.2 [ M+Hr
0.1* 1-(pentan-3-yl1l)-6-(trifluoronethyl)-1H1im dazo[4,5- 131pyrazin-2-ol
275.2 [MrHr 10.4t 1-(pentan-3-yl)-6-(trifluoronethyl)-1H i m dazo[ 4, 5-

b] pyrazi n-2(3H)-one 275.2 [ MtHr 10.4t WD 20081016669PCT1US20071017235 Nane

m z | on SKWK26M/AGE? 4 ( PM PCT/US2007/017235
SKM MF
Name miz lon ACt14
(uM)
S)-6-{methylthio)-1-{1-phenylethyi)-1H-
f ) (methytthio) _( phenylethy) 287.1 [M+HT" 1.1
imidazof4,5-blpyrazin-2{3H}-one
1-benzyl-6-(methylthio)-1H-imidazo[4,5-bjpyrazin-
e yithio) [ ey 273.0 [M+H]" 22.6
2-ol
1-benzyl-6-(methylthio)-1H-imidazo[4,5-blpyrazin-
[4.5-bipy 273.0 | [MsHT 22.6
2(3H)-one
(R)-8-(methylthio)-1-(1-phenylethyl)-1H-
o »-1-(1-phenylethy) 287.0 | [MeHJ" 2.9
imidazo{4,5-b]pyrazin-2-ol
R)-6-(methylthio)-1-(1-phenylethyl)-1H-
_( ) ( Y _( phenylsthy) 287.0 [M-+H]* 2.9
imidazo[4,5-b]pyrazin-2(3H)-one
5)-6-(2-methylprop-1-enyl)-1-{1-phenylethyl)-1H-
f ) ( yip p. yD-1-(1-phenylethyi) 295.1 [M+HT 07
imidazo[4,5-blpyrazin-2-ol
8)-6-(2-methylprop-1-enyl)-1-{1-phenylethy!)-1H-
F ) ( ylp p._ yD-1-(1-phenylethyl) 295.1 [M+H]" 07
imidazof4,3-blpyrazin-2(3H)-one
(S)-6-cyclohexeny!-1-(1-phenylethyh-1H-
. ) Y Y . t1-phenylethy) 3211 IM+HT" 31.0
imidazo[4,5-b]pyrazin-2-oi
S)-6-cyclohexenyl-1-(1-phenyiethyl}-1H-
,( . y y . (-phenylethy) 321.1 IM-+H]" 31.0
imidazo[4,5-blpyrazin-2(3H)-one
8,Z)-1-{1-phenylethyl)-6-(prop-1-enyl)-1H-
F ‘ )-1-(1-pheny 'v) (prop yh 284 1 IMHH]' 10
imidazoj4,5-b]pyrazin-2-ol
S,Z}-1-{1-phenylethy)-6-(prop-1-enyi)-1H-
F . )>-1-(1-pheny _y) (prop yi) 281 1 (M+H]" 10
imidazo[4,5-blpyrazin-2(3H)-one
8)-1-(1-phenylethyl)-6-vinyl-1H-imidazo[4,5- ,
(S) (-p ylethyl) y { 267.0 [M+HT" 04
blpyrazin-2-ol
8)-1-(1-phenylethyi)-8-vinyl-1H-imidazo[4,5-
® {_p viethyD Y { 267.0 [M+H]" 2.4
blpyrazin-2(3H)-one :
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6- br ono- 1- ( 2- net hy1- 1- nor phot i nopr opan-2-y1)- 1H i m dazo[ 4, 5-b] pyrazi n- 2- ol
356.0; 358.0 [ MtHr; [ M+H 16. 4*

6- br ono- 1- (2- met hy1- 1- nor phol i nopr opan- 2-y1) -

1H i m dazol[ 4, 5- b] pyrazi n-2(3H)-one 356.0; 358.0 [ MtH]; [ MtHr 16A*

(S) - 6- br onmsdl200dewemphol i nopr opan-2-y) - 1H i m dazo[ 4, 5eNpysawioSsol 342. 0;
344.0 [M+H]; [ML-H >49 (S)-6-brono-1-(1-norpholinopropan-2-yl)-1H

i m dazo[ 4, 5-b] pyrazi n-2(3H) - one 342.0;

SKM MF
Name miz lon AC1.4

(UMW)
(8)-6-ethyl-1-(1-phenylethyl)-1H-imidazo[4,5- .
blpyrazin-2-of 269.1 [M+H]) 17.4
(5)-6-ethyl-1-(1-phenylethyl)-1H-imidazo[4,5- 269 .
blpyrazin-2(3H)-one 1 (M=) 174
(8)-1-(1-phenylethyl)-6-propyl-1H-imidazo[4,5- 283 .
b]lpyrazin-2-ol . (M+H] 29.7
(8)-1-(1-phenylethyl)-6-propyl-1H-imidazo[4,5- .
blpyrazin-2(3H)-one 283.1 IM+H] 29.7
(8)-6-methoxy-1-(1-phenylethyl)-1H-imidazo[4,5- . ,
bjpyrazin-2-ol 271.1 [M+H] 8.8
(8)-6-methoxy-1-(1-phenylethyl)-1H-imidazol4,5- .

) 271.1 [M+H] 8.8
blpyrazin-2(3H)-one
B6-bromo-1-cyclohexyl-1H-imidazo[4,5-blpyrazin-2- | 296.9; IM+HT;

10.
ol 2989 [M+H]* 4
6-bromo-1-cyclohexyl-1H-imidazo[4,5-b]pyrazin- 296.9; [M+H]";

10.4
2(3H)-one 208.9 [M+HT*
1-cyclohexyi-6-(methylthio)-1H-imidazol4,5- .

i 265.1 fM--H] 13.9
bjpyrazin-2-o}
1-cyclohexyl-6-(methyithio)-1H-imidazo[4,5- 265.1 AT
blpyrazin-2(3H)-one ' [(MH] 13.9
(£)-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 >9- [M+H 8.0
(E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5- N

. 259.1 [M-+H] 6.1
blpyrazin-2-ol - : -
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344.0 [ MtH]; [ MtH >49 6- net hoxy-1-(pentan-3-yl)-1H i m dazo[ 415-

b] pyrazin-2-ol 237.1 [MA-H 2.2s 6-net hoxy-1-(pentan-3-yl)-1Him dazo[ 4, 5-
bi pyrazi n-2(3H)-one 237.1 [ MtHr 2. 2s

(R) - 6- brono- 1- (1- nor phol i nopr opan-2-y1)-1H i m dazo[ 4, 5- b] pyrazi n- 2- ol

342. 0; 344wW0 Ydsikcs9 (MrH) 5. 2s (R)-6- brono- 1- ( 1- nor phoP¢FORPGPATR- y1) - 1H
I m dazol[ 4, 5- b] pyrazi n-2(3H) -one 342. 0;

SKM MF
Name miz lon AC1.4
()
{E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo{4,5-
) _ xy-G-(prop v [ 259.1 [M+HT 6.1
blpyrazin-2(3H)-one
8,E)-1-(1-phenylethyl)-6-(prop-1-enyl)-1H-
F . )-1-(1-pheny .y) (prop yh) 281 1 IMHHT 18
imidazo[4,5-hlpyrazin-2-ol
8.E)-1-(1-phenylethy)-6-(prop-1-enyl)-1H-
f . )>-1-(1-pheny .y) (prop yi) 251 4 [M+HT 186
imidazo[4,5-blpyrazin-2(3H)-one
6-bromo-1-isopropyi-1H-imidazol4,5-blpyrazin-2-ol | 259.0 [M+HT 6.0
6-bromo-1-isopropyl-1H-imidazol4,5-blpyrazin-
propy [ Py 259.0 [M+H]" 6.0
2{3H)-one
1-isopropyl-6-(methyithio)-1H-imidazol4,5-
.py ( yithio) [ 225.1 [M+HT 8.7
blpyrazin-2-ol
1-isopropyl-6-(methyithio)-1H-imidazo[4,5-
. ¢ ) [ 225.1 [M+H] 6.7
blpyrazin-2(3H)-one
Z)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo(4,5-
@ .p Pyt-6-(prop ¥ [ 219.2 [M+H]" 4.6
blpyrazin-2-ol
Z)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-
¢ -p pyl-6-(prop ¥h [ 219.2 [M+HT 4.6
bipyrazin-2(3H)-one
S)-6-ethoxy-1-(1-phenylethyl)-1H-imidazo[4,5-
(S) ] *y-1-(1-phenylethy) [ 285.2 [M+H] 10.86
b]pyrazin-2-ol
S)-6-ethoxy-1-(1-phenylethyl)-1H-imidazo[4,5-
) ) y-1-(1-phenylethy) [ 285.2 [M+HT" 10.6
bjpyrazin-2(3H)-one
8-bromo-1-(pentan-3-yi}-1H-imidazo[4,5-b]pyrazin- | 286.0; | [M+2H]"; 0.5
2-ol 288.0 [M+2HP )
B-bromo-1-(pentan-3-yl}-1H-imidazo[4,5-blpyrazin- | 286.0; | [M+2H]"; 0.25
2(3H)-one 288.0 | [M+2HP '
8-(methyithio)-1-(pentan-3-yh-1H-imidazo[4,5- - :
( 'y »1-(p vh [ 5531 IMH]" 0.4
blpyrazin-2-ol
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344.0 [ MtHr; [M+H 5.2* 1-(pentan-3-yl)-1H i m dazo[ 4, 5-13] pyrazi ne- 2, 6-di ol
223.2 [ M+tH >49 6- hydr oxy-1-(pentan-3-yl)-1H i m dazo[ 4, 5-
b] pyrazi n-2(3H) - one 223.2 [ MtHr >49

1- (pentan-3-yl)-6-(prop-1l-ynyl)-1Hi m dazo[ 4, 5- b] pyrazi
>49 1- ( penwarpo@/ordess 6- (prop- 1-ynyl) - 1H i m dazo[ 4, 5-

n-2-ol 245.2 [ MtH|
b] PYT/HEINLATBH) - one

245. 2 [ MtHr >49

SKM MF
Name m/z lon AC14
(uM)
6-(methylthio}-1-(pentan-3-yl)-1H-imidazo[4,5-
(methylthio}-1-(p YD [ 2531 | [M+HT' 0.4
blpyrazin-2(3H)-one
E)-1-(pentan-3-yi)-6-(prop-1-enyl)-1H-
_( ) ® ¥ _ (prop v 2471 [M+H]" 0.4
imidazol4,5-blpyrazin-2-o}
E)-1-(pentan-3-yi)-6-(prop-1-enyl)-1H-
.( ) ® ¥ ) (prop v 2471 [M-+H] 0.4
imidazo{4,5-blpyrazin-2(3H)-one
Z)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-
_( ) (_p v _(p P ¥ 247.1 [M+HT 0.6
imidaZo[4,5-blpyrazin-2-ol '
Z)»-1-{pentan-3-yl}-6-(prop-1-enyl}-1H-
_( ) ® ¥ . {prop v 2471 [M+H]" 0.6
imidazol4,5-b]pyrazin-2(3H)-one
8-methyl-1-(pentan-3-yi)-1H-imidazo[4,5- .
3_’ P v L 2211 [M-+H] 0.53
bipyrazin-2-o}
6-methyl-1-{(pentan-3-yl)-1H-imidazo[4,5-
3_’ {(pent D [ 2211 [M+HT 0.53
blpyrazin-2(3H)-one
(S.Z2)-6-(hex-2-enyl)}-1-(1-phenylethyi)-1H- 3.1
imidazo[4,5-b]pyrazin-2-ol )
2-hydroxy-1-(pentan-3-yi}-1H-imidazol4,5- .
Y .xy (p . .y) t 232.1 [M+H] 36.4
bjpyrazine-6-carbonitrile
2-oxo-3-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-
_ ® y,) , 4 [ 232.1 [M+HT 36.4
bjpyrazine-5-carbonitrile
{R)-6-bromo-1-sec-butyl-1H-imidazof4,5- n
) . 273.0 [M+H] 1.5
blpyrazin-2-ol
(R)-6-bromo-1-sec-butyi-1H-imidazo[4,5- .
) ‘ 273.0 [M+H] 1.5
blpyrazin-2(3H)-one
S)-6-bromo-t-sec-butyl-1H-imidazo[4,5-blpyrazin-
.(2 :)JI Y [ oy 272.0 [M+2H)** 0.8

67




1- (1- nor phol i nobut an-2-y1)-1Hi m dazo[ 4, 5- b] pyrazin-2-ol 278.0 [rvi-ffi]
>49 1-(1-norpholinobutan-2-yl)-1 Himdazo[4,5- b]pyrazin-2(3H)-one 278.0
>49 WD 20081016669PCT/ US2007/ 017235 Nanme mz ton SKM NW ACL. 4 (pM

1- (et hyl propy1) - 6- ( 1- net hyl Pyrazol - 4- yhi m dazo[ 4, 5- b] pyrazi n-2-ol 297.1

[ MEH] 15 WO 2008/016669 PCT/US2007/017235
SKM MF
Name miz lon AC1.4
(M)
S)-6-bromo-1-sec-butyl-1H-imidazo[4,5-blpyrazin-
©) v [ lpy 2720 | [we2HP 0.8
2(3H)-one
6-bromo-1-tert-butyl-1H-imidazo[4,5-b]pyrazin-2-ol | 272.0 [M+2H}" 0.8
6-bromo-1-tert-butyl-1H-imidazo{4,5-b)pyrazin- -
272.0 {M+2H} 0.8
2(3H)-one
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-blpyrazin-1-
L yarexy { Iy 299.0 [M-HT >48
ylbutancic acid
2-(6-bromo-2-ox0-2,3-dihydro-1H-imidazo[4,5-
. . . 299.0 M-HT >49
bipyrazin-t-ylbutanoic acid
2-(6-bromo-2-hydroxy-1H-imidazol4,5-b]pyrazin-1-
( . 4 Y [ Iy 370.0 [M+HT >49
yh-1-morpholinebutan-1-one
6-bromo-1-(1-morpholino-1-oxobutan-2-yl}-1H- N
o ) 370.0 [M+H] >49
imidazol4,5-bipyrazin-2(3H)-one
R)-6-bromo-1-(1-hydroxybutan-2-yl}-1H-
.( ) ( y XY vl 285.0 [M-HT 1.1
imidazo[4,5-bjpyrazin-2-ol
R}-6-bromo-1-(1-hydroxybutan-2-yl)-1H-
_( ) ( y e V) 285.0 [M-HT 1.1
imidazof4,5-bjpyrazin-2(3H)-one
8)-6-bromo-1-{1-hydroxybutan-2-yi)-tH-
‘( ) ( y e ¥ 285.0 [M-H] 19.1
imidazo{4,5-blpyrazin-2-ol
S)-6-bromo-1-(1-hydroxybutan-2-yl)-1H-
_( ) ( y Y ¥ 285.0 [M-H) 19.1
imidazof4,5-bjpyrazin-2(3H)-one
8-bromo-1-(1-methoxybutan-2-yl)-1H-imidazol4,5- .
] 301.0 [M+H] 4.9
blpyrazin-2-ol
6-bromo-1-(1-methoxybutan-2-yi)-1H-imidazol4,5- .
] 3010 [M+H] 4.9
blpyrazin-2(3H)-one
1-(1-aminobutan-2-yl-6-bromo-1H-imidazo[4,5- 2y
i 287.0 [M+2H] 1.1
blpyrazin-2-ol
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6- br ono- 1- ( pr opyl but yhi m dazo[ 4, 5-b] Pyrazin-2-ol 313.1 [MtH 4 0.7

1-[(1R) - 3-net hyl- 1- (nor phol i n-4-yl net hyl ) butyl ] - 6-

br onoi m dazo[ 4, 5- bl pyrazin-2-ol 384 [M-H 4 0.5

1- (et hyl propyl) - 6-vi nyti m dazo[ 4, 5- b] pyrazin-2-ol 233.1 [MH 2.3

1- (et hyl prepyeb)sidsded - met hyl vi nyhi mi dazo[ 4, 5- b] pyr azi np@r/ob20240d 70334 H14. 0. 6
1- (et hyl propyl)-6-(nmethylethyl)imdazo[ 4, 5- b]pyrazin-2-ol 249 [ MtHr 29.6

SKM MF
Name m/z lon AC1.4
, (pta)
1-(1-aminobutan-2-yl}-6-bromo-1H-imidazo[4,5- 25
) 287.0 [M+2H] 1.1
blpyrazin-2{3H)-one
6-bromo-1-(1-{methylamino)butan-2-yl)-1H- . .
L ) 300.0 [(M+H] 457
imidazof4,5-blpyrazin-2-ol
6-bromo-1-(1-{methylamino)butan-2-y)-1H- .
L ) 300.0 [M+H] 457
imidazo[4,5-blpyrazin-2(3H)-one
6-bromo-1-(1-(dimethylamino)butan-2-yl)-1H-
o (- ) Y ) b 315.0 [M+2H]* 43.8
imidazof4,5-bjpyrazin-2-ol
6-brome-1-(1-{dimethylamino)butan-2-yl)-1H- : e
L ] 315.0 [M+2H] 43.8
imidazo[4,5-blpyrazin-2(3H)-one
6-bromo-1-(1-(4-methyipiperazin-1-yl)butan-2-yl)-
o -t yfap ¥ v) 369.0 [M+H]" 14.9
1H-imidazo[4,5-b]pyrazin-2-ol
6-bromo-1-{1-(4-methylpiperazin-1-yhbutan-2-yl)-
o (-t y!:p v ¥ 369.0 IM+H]" 14.9
1H-imidazo[4,5-b]pyrazin-2(3H)-one
(R)-6-bromo-1-{1-morpholinobutan-2-yN)-1H- 356.0; [M+H]"; 03
imidazo[4,5-bJpyrazin-2-ol 358.0 [(M+H]" '
(R)-6-bromo-1-(1-morpholincbutan-2-yf)-1H- 356.0; [M+H]"; 03
imidazo[4,5-blpyrazin-2(3H)-one 358.0 IM+HT" '
(S)-6-bromo-1-(t-maorpholincbutan-2-yl)-1H- 356.0; IM-+HT; 49
>
imidazo[4,5-b]pyrazin-2-ol 358.0 [M+H]
{5)-6-bromo-1-(1-morpholinobutan-2-yl)-1H- 356.0; [M+H]"; 49
=,
imidazo[4,5-blpyrazin-2(3H)-one 358.0 [M+H]*
E)-1-isopropyl-6-(prop-1-enyl)-1H-imidazol4,5-
(= .p pyl-6-(prop 12 { 219.1 [M+H]' 71
blpyrazin-2-ol
E)-1-isopropyl-8-(prop-1-any!)-1H-imidazo[4,5-
(E) 'p pyl-6-(prop yh [ 219.1 [M+H]' 71
blpyrazin-2(3H)-one :
1-(pentan-3-yi)-1H-imidazo[4,5-blpyrazin-2-ol 207 1 [M+H] 16.0°

co



6- chl or o- 1- (et hyl propyhi m dazo[ 4, 5- b] pyrazin-2-ol 239.1 [MtH 4 0.7

6- (di met hyl am no) - 1- (et hyl propyhi m dazo[ 4, 5- b] pyrazi n-2-ol 250.1 [ MH 2.2
1-((1R) - 1- met hy1l- 2- nmor phol i n-4-yl et hyl ) -6- bronoi m dazo[ 4, 5- b] pyrazi n- 2- ol
342, 344 (M¥H), (Mr2+H) 5.19

1- (et hyl pr »192098/866% hynyl i m dazo[ 4, 5- 1Apyr azi n- 2- ol 22BCT/NA2)7/00723%
1- (et hyl propyl) - 6- net hoxyi m dazo[ 4, 5- b] pyrazi n-2- ol 237
SKM MF
Name mfz fon AC14
(uha)
1-(pentan-3-yi)-1H-imidazo[4,5-bjpyrazin-2(3H)-
(p yh (4,5-bjpy (3H) 507 1 (V] 16.0"
one
methyl 4-(2-(6-bremo-2-hydroxy-1H-imidazo[4,5-
v ) y_ xy [ 414.0 [M+2H]* 0.97
blpyrazin-1-yhbutyl)piperazine-1-carboxylate
methyl 4-(2-(B-bromo-2-ox0-2,3-dihydro-1H-
imidazol4,5-b]pyrazin-1-yl)butyl}piperazine-1- 414.0 [M+2H)* 0.97
carboxylate
6-bromo-1-(1-(4-(methylsulfanyl)piperazin-1-

(1 (. Y Ybpip _ 434.0 | [M2HP* 3.2
yhbutan-2-yl)-tH-imidazo[4,5-b]pyrazin-2-ol
6-bromo-1-(1-(4-(methylsulfonyl}piperazin-1-

(1-{4-(methy yhpip 4340 | [M+2HP" 3.21
yhbutan-2-yh-1H-imidazo[4,5-b]pyrazin-2{3H)-one
5-bromo-1-(pentan-3-yl)- 1H-imidazo[4,5-b]lpyrazin- | 285.0, (M+HT"; 15
2-o0l 287.0 [M+H]" '
5-bromo-1-(pentan-3-yi}-1H-imidazo[4,5-blpyrazin- | 285.0, [M+H]"; 115
2(3H)-one 287.0 [M+H]" '
1-(pentan-3-yl)-1H-imidazo[4,5-bjquinoxalin-2-of 257.1 [M+H] 19.8
1-(pentan-3-yl)-1H-imidazo[4,5-b]quinoxalin- .

(pentan-3-y) i4,5-bla 2571 |  [M+H] 19.8
2{3H)-one
B-ethynyl-1-(pentan-3-yl)-1H-imidazo[4,5- .
ethynyl-1-(pentan-S-vi [ 2312 | [M+H] 0.1*
blpyrazin-2-ol
8-ethynyi-1-(pentan-3-yh)-1H-imidazo[4,5-
sthynyh-1-(pe vh [ 2312 | [M+HT 0.1
blpyrazin-2(3H)-one
1-(pentan-3-yl)-6-(trifluoromethyl)-1H-imidazo{4,5- Y
(pentan-S-y)-6- ¥ [ 2752 | [M#H] 10.4*
blpyrazin-2-ol
1-(pentan-3-yl)-6-(trifluoromethyl)-1H-imidazo[4,5- .
(p ¥-6-( v [ 2752 |  [M+H] 10.4%
blpyrazin-2(3H)-one :
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(MH 2.20 1-(1, 1-di nmethyl-2-norphotin-4-ylethyl)-6-

br onoi m dazo[ 4, 5- b] pyrazi n-2-ol 356, 358 (Mtl), (M+2+H) 19.11

6-(1H 1, 2,3-triazol-4-yl)-1- (ethyl propyhi m dazo[ 4, 5- 10] pyrazi n-2-ol 274
(MtH) + 46. 64 1-(ethyl propyl)-6-(trifluoronethyhi m dazo[4,5- bl pyrazin-2-ol
275 (M+rH) WO 2808/¢keds¢ 1R) - 1- (mor phol i n- 4-yl met hyl ) pr opy 1Pe€BUS2007/017235

et hynyl i m dazol[ 4, 5- b) pyrazi n-2-ol 302 (MtH) 0.13

SKM MF
Name m/z lon AC1.4
(uM)
6-bromo-1-(2-methyl-1-marpholinopropan-2-yi)- 356.0; [M+H]" 16.4%
1H-imidazof4,5-b]pyrazin-2-ol 358.0 [M+H]" '
6-bromo-1-(2-methyl-1-marpholinopropan-2-yl)- 356.0; [M+H]" 6.4
1H-imidazo[4,5-b]pyrazin-2(3H)-one 358.0 [M+H] '
(S5)-6-bromo-1-(1-morpholinopropan-2-y-1H- 342.0; [M+H] 49
=2
imidazo[4,5-b]pyrazin-2-o! . 344.0 [M+H]
(8)-8-bromo-1-(1-morpholinopropan-2-yi}-1H- 342.0: [M+H]; 40
>
imidazo[4,5-b]pyrazin-2(3H)-one 344.0 fM+H]
6-methoxy-1-{pentan-3-yI)-1H-imidazo[4,5-
‘ P ¥ [ 237.1 IM+H] 2.2%
b]pyrazin-2-ol
6-methoxy-1-(pentan-3-yl)-1H-imidazo[4,5-
_ y-1-p v [ 237.1 IM+H]" 2.2%
b]pyrazin-2(3H)-one
(R)-6-bromo-1-{(1-morphotinopropan-2-yl)-1H- 342.0; [M+H]"; 5 o
imidazo[4,5-b]pyrazin-2-ol 344.0 [M+H] |
(R)-6-bromo-1-{1-morpholinopropan-2-yl)-1H- 342.0; [M+HT, 5 oF
imidazo[4,5-bjpyrazin-2{3H)-one 344.0 [M+H]" '
1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazine-2,6-diol | 223.2 M+H] >49
&-hydroxy-1-(pentan-3-yl)-1H-imidazol4,5-
Y ,xy (p ¥ [ 223.2 [M+H]* >49
blpyrazin-2{3H)-ohe
1-(pentan-3-y1)-6-(prop-1-ynyl)-1H-imidazo[4,5-

(p . y)-6-(prop-1-ynyl) t 045.2 [VHT* 49
blpyrazin-2-ol '
1-(pentan-3-yl)-6-(prop-1-ynyh-1H-imidazof4,5-

(p . yh)-6~(prop-1-ynyl) [ S4B IM+HT* 40
bjpyrazin-2(3H)-one
1-(1-marpholinobutan-2-yl)-1H-imidazo[4,5- .

) 278.0 [M+H] >49
b]pyrazin-2-ol
1-(1-morpholinobutan-2-yl}-1H-imidazol4,5- : :

. 278.0 49
blpyrazin-2(3H)-one
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WD 2008/ 016669PCT/ US2007/ 017235 Nanme raiz lon SKM M- ACLl.4 (pM

1- (et hyl propyl)-6-{2-[1- (et hyl propyl)-2- hydroxyi m dazo[ 4, 5-ej pyrazi n- 6-
yliethynyl }im dazo[ 4, 5-b] pyrazi n-2-ol 435 (M+H) 19.32 6-(d

i met hyl am no) - 1- (et hyl propyl )i m dazo[ 4, 5- b] pyrazin-2-ol 250 (M1-1-1) 2.79
6- et hyl - 1- V@ 2098/03666Dy | ) i m dazo[ 4, 5- 13] pyr azi n- 2- ol 235PETAHHPOTYLIRES

SKM MF
Name miz lon AC1.4
| ()
1-{ethylpropy-6-(1-methylpyrazol-4-
(ethylpropyl}-6-(1-methylpy 287 1 IMH]* 15

ylirmidazol4,5-b]pyrazin-2-ol
6-bromo-1-(propylbutyl)imidazol4,5-blpyrazin-2-ol 3131 [M+HT 0.7
1-[{1R)-3-methyl-1-(morpholin-4-yimethylbutyl]-6-
brofnoimidazo [4,5-blpyrazin-2-ol

1-{ethylpropyl)-6-vinylimidazo[4,5-b]pyrazin-2-ol 2331 [M+HT 2.3
1-(ethylpropyl)-6-(1-methylvinyljimidazo[4,5-

384 [M+H]" 0.5

. 247 [M+HT 0.6
bipyrazin-2-ol

1-(ethylpropyl}-6-(methylethyl)imidazo[4,5- .
( y‘p Pyl)-6-( y ¥D E 249 [M+H] 29.6
blpyrazin-2-ol
8-chioro-1-{ethylpropy)imidazo[4,5-b]pyrazin-2-ol | 239.1 IM+HT™ 0.7

6-(dimethylamino)-1-(ethylpropyllimidazof4,5-

250.1 [M-+H] 2.2
blpyrazin-2-ol
1-((1R)-1-methyl-2-morpholin-4-ylethyl)-6- 342, (M+H), 519
bromoimidazol4,5-b]pyrazin-2-ol ' 344 (M+2+H) '
1-(ethylpropyl)-6-ethynylimidazo[4,5-b]pyrazin-2-ol 229 (M-H) 0.15
1-(ethylpropyl)-6-methoxyimidazo[4,5-b)pyrazin-2-
(ethyipropyl) Xy [ Ipy 037 (M-H) 220
ol
1-(1,1-dimethyl-2-morpholin-4-ylethyl)-6- 3586, (M+1), 1941
bromoimidazo[4,5-bipyrazin-2-ol 358 (M+2+H) )
6-(1H-1,2,3-triazol-4-yi)-1-
) i 274 (M+H)+ 46.64
(ethylpropyl)imidazo[4,5-blpyrazin-2-o!
1-(ethylpropyl}-6-(triflucromethyl)imidazo[4,5-
(ethylpropy})-6- v [ 275 | (M+h) 10.37
blpyrazin-2-ol
1-I(1R)-1-(morpholin-4-yimethyl)propyl]-6-
[(TR)-1-(morp y yl)propyl] 302 (M+H) 0.13

ethynylimidazo[4,5-blpyrazin-2-oi
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Mean val ue. *Medi an val ue. [0166] Using procedures simlar to those
descri bed herein, the conpounds in the followi ng table were al so

synt hesi zed and tested. Name

(S)-1-(2-hydroxy-1-(1-phenyl ethyl)-1H i m dazo[ 4, 5- bl pyrazi n- 6-y1) et hanone
(S) - 6- acet wo fog/disgaenyl et hyl ) - 1H- i m dazo[ 4, 5- b] pyr azi mCR2USp#auIzss
(S)-6-isobutyl -1-(1-phenyl ethyl)-1H i m dazo[ 4, 5- bl pyrazi n- 2- ol
(S)-6-isobutyl-1-(1-phenylethyl)-1Him dazo[ 4, 5-b] pyrazi n-2(3H)-one
(S)-6-hexyl-1-(1-phenyl ethyl)-1Him dazo[ 4, 5- 14pyrazi n- 2- ol

(S)-6-hexyl-1-(1-phenyl ethyl)-1Him dazo[ 4, 5- b] pyra2| n-2( 3H) - one
(S)-6-~cyclohexyl-1-(1-phenylethyl)-1Him da 13l pyrazin-2- ol
(S)- 6+ cycl ohexyl- 1- ( 1- phenyl et hyl ) - 1Hi mi dazo[4, 5 lp] pyr azi n- 2( M bife
(S)- 1} (1-phenyl et hyl) - ks | Ni dazo[ 4, 5- 13] pyr ggin- 2- 0l 1op AC1.4
(8)-1t (1-phenyl ethyl)-1Hi m dazo[ 4, 5- b] pyr agi n- 2(3H) -one
(S) - 2} hydr oxy- 1- ( 1- phenyl et hyl ) - 1H-i mi dazo[ &, 5- bi pyr azi ne- 6- clar &} i ¢| aci d
(S)-2F Q.g@mg?(-aﬁmqﬂ@}m&dpw;gl hydro- IH| m dazc44, 5- TApyTazine-5-car boxy
l'ic agj
2. byl O ODTNERATIRIGRN-EH | ni dazol 4, 5-| 8Fbyr atiMeHS- car Holg P2t e
(8)- fﬂeﬁlj&hynyl}lm:dazo[ﬁs b]p;rrazm-2~ol o .
2- oXxop3=L1=-phenv| et 13-di hydro-1H-im dazol 4 54b]lpyrazing-5-carhow ate
6-(dimethylamino)- f-(ethylpropyi)imld azo[4,5- '-
250 (M+H) 12,79
bipyrazin-2-ol
8-ethyl-1-(ethyipropyl)imidazo[4,5-b]pyrazin-2-ol 235 [M+H] 8.58

T Mean value.
* Median value.

[0166] Using procedures similar to those described herein, the compounds in the
following fable were also synthesized and tested.

Name

(S)-1-(2-hydroxy-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-6-yl)ethanone
(S)-6-acetyl-1-(1-phenylethy!)-1H-imidazo[4,5-b]pyrazin-2(3H)-one
(S)-6-isobutyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol
(S)-6-isobutyl-1-(1-phenylethyi)-1H-imidazo[4, 5-blpyrazin-2(3H)-one
(S)-6-hexyl-1-(1-phenylethyl)-1H-imidazo[4,5-blpyrazin-2-ol
(5)-6-hexyl-1-(1-phenylethyl)-1H-imidazol4,5-blpyrazin-2(3H)-one
(8)-6-cyclohexyl-1-( 1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol

(S)-6-cyciohexyl-1-(1-phenylethyl}-1H-imidazo{4,5-blpyrazin-2{3H)-one
{S)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-of
{S)-1-(1-phenylethyl)-1H-imidazof4,5-blpyrazin-2(3H)-one
(S)-2-hydroxy-1-(1-phenylethyl)-1H-imidazo{4,5-b]pyrazine-6-carboxylic acid

(8)-2-ox0-3-(1-phenylethyl}-2, 3-dihydro-1H-imidazol4,5-blpyrazine-5-carboxylic acid

(S)-methyl 2-hydroxy-1-(1-phenylethyl)-1H-imidazo{4,5-bJpyrazine-6-carboxylate

(8)-methyl 2-oxo0-3-(1-phenylethyl)-2,3-dihydro-1H-imidazo{4,5-blpyrazine-5-carboxylate
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(S)-2-hydroxy-1-(1-phenyl ethyl)-1H i m dazo[ 4, 5-b] pyrazi ne-6-carbonitrile
0x0- 3- (1- phenyl et hyl ) - 2, 3-di hydr o- 1H i m dazo[ 4, 5- b] pyr azi ne- 5- car boni

(S)-2-

trile

(S) - 2- hydr B®208801d6s%henyl et hyl ) - 1H i mi dazo[ 4, 5- b] pyr azPFEUBIEA BEX ani de

(S)-2-o0x0-3-(1-phenyl ethyl)-2,3-di hydro-1Himid azo[ 4, 5-b] pyrazi ne-5-ca
r boxam de
(S)-2-hydroxy-N-nethyl -1-(1-phenyl et hyl )-1Hi m dazo[ 4, 5- b] pyr azi ne- 6- car box
am de
P 2 Qderbhanul At bl N 9 9 A by, Ay L 4.5 b}gyr:zine-

(S) g{

ey TP haﬁsﬁa‘g}i—iﬁﬁﬁ%qézﬁ&ﬁﬂbv&é@@gﬁ“ﬁ%{yﬁéf‘rﬁéfkf

H- i m d(&)ﬁ‘:[—éxdiall]l -mrfea?lewﬁz csad;bymam Hifrmdazo[4 5- b]pyrazme—s carbonltn!e

o]l pyr az

d&) -6&&131(1%)‘@%) iGldfh%ﬂm-ﬁﬁiﬂﬁkﬁdld‘b]dﬁéﬂi’élﬁba%d?daﬁﬁééz' ne-

6-car

@cﬁ BYd-D-FeBvkd (d -phivawiataihyHymidazolt, nhipsazipeitsarhoxaids- b] ¢

yrazi

- phen‘veatmugamwlmméﬂ{m i{’t%ﬁ&nﬁr@ﬁﬂ Naﬁﬁ?da%@ﬁ 5 b]pyrazme—s carboxamide .

SN e l@eoxos 1-phenylethyl)-2,3-dihydro-1H-imidazo[4,5-b -5-
édroxgy -(1- ph(enp I etyhy )5) H-|ln¥(§gzo "m ﬁ[pyra]zﬁyaazmeyl)(m)rphd

CRTBOXAINIYE- (nor phol i ne- 4- car bonyl ) - 1 (1

| i no)

- hvdroxv 1-nhenvl et hvl

S-bl pyrazin-6-y1) (plperi

din-1

- y1) peéDhNodimetinyl 210)(%3%@5%%(@%);2 8- ot-lravqrseﬂmlrﬁaéa;o[éeﬁ -blpyrazine-5-
1Qarbbkarigdazol 4,

tW)aN‘.NoWSthY"Z hydroxy-1 (1~phenyle hyl)-1H- imidazo[4 5—b}pyrazme-6-carboxam|de

A ‘
L gathoxamidlehy dr oxy- 1- (1- phenyl et hyl ) - 1H i ni dazo[ 4, 5- b] pyr azi ne- 6- g

5-b] pyrazin-2(3H) -one (S)-(2-hyd roxy- 1

(S)-

S P et Sy par Sl

5- Ca&y@yﬁaﬁn@r@holme-df-carbonyl) 1-(1 phenyiethyl) iH- |mtdazo[4 5—b]pyrazm~2(3H)-one

(S)-6
- ol

yiimethanone

{S)-1-(1-phenylethyl)-6-(piperidine-1-carbonyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one

(S)-(2-hydroxy-1-(1-phenylethyl}-1H-imidazo[4,5-blpyrazin-6-y}{4-methyipiperazin-1-
yhmethanone

(5)-6-(4-methylpiperazine-1-carbonyl)-1-(1-phenylethyl)-1H-imidazol4,5-b}pyrazin-
2(3H)-one

(S)-N-benzyl-2-hydroxy-1-(1-phenylethyl)-1H-imidazof4,5-b]pyrazine-6-carboxamide

{S)-N-benzyl-2-oxo-3-(1-phenylethyl)-2, 3-dihydro-1H-imidazo[4,5-b}pyrazine-5-
carboxamide

(8)-6-((dimethylaminoymethyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2-ol

(8)-6-((dimethylamino)methyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one

(8)-6-{morpholinomethyl)-1-(1-phenylethyl)-1H-imidazo[4, 5-blpyrazin-2-ol

(S)-6-(morpholinomethyl)-1-(1-phenylethyl)-1H-imidazol4,5-blpyrazin-2(3H)-one

Zi ne-

Zi n-2
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E?S,%-D 6- ((di et hyI am no) net hyl ) - 1- (1- phenyl et hyl ) - 1H i m dazo[ 4, 5- 131pyrazi n-2

one

(S)-6-(norphol | nonet hyl ) - 1- (1- phenyl et hyl ) - 1Hi m dazo[ 4, 5- 13] pyr azi n- 2- ol

(S)-6-(norpholinomethyl)-1-(1-phenyl ethyl)-1H i m dazo[ 4, 5- b] pyrazi n-2(31-1)

-one WO 2008046669 PCT/ US2007/ 017235 PCT/US2007/017235

(S)-1-(1-phenylethyl)-6-(piperidin-1-ylmethyl)-1

H i m dazo[ 415- b] pyrazi n- 2- ol

gag -1-(1- phenyl et hyl ) -6- (pi peridin-1-yl nethyl)-1Hi m dazol[ 4, 5- 13] pyr azi n- 2(
- one

(S)-6-((4-nethyl piperazin-1-yOrethyl)-1-(1-phenylethyl)-1H im dazol4. 5 bl py

razin 83)91 (1-phenyiethyl)-s-(plperzdln- -ylmethyl) 1Fl-1m|dazo[4 5- b]pyrazm—2—ol

pyra
(S)- 6 (a).w@r mﬂmmpamzmy-w)mbtmﬂ}-mmleewaww) ﬂ%mW&M'@IWfﬁ’Wr@m h-2- 0
| dé%[ )56,5% N DRy P EReRy I R-hHida2bi4 5 blpyrazin-

g-grret |2Y3}$)=|d>rﬁe nyl) 1 ((8) 1- phenyl et hyl) 1H-im dazo[4 5- b] pyrazi n- 2- ol
-(ne Ins I T1- L JI‘I 1

) 6 T IPORPP RN Z PO DR PO L e opuragro et 11 2 50 One
S) - S' QSFGJIETMH)WW-W pmmmmvn)—%mlgammmwmmammw 2(3H) -on
O G T g T S T e e e

M

l \

6- brorn@-wéthﬁtsﬂmhywqisrh@weamemmm lrl'ﬁdalznﬁiai-blipfﬁéab-]aﬁyﬁ}mna 2-ol

(8)-6-(methylsuifo nyl) -1-{1-phenylethyl)-1H- lmldazo[4 5-bjpyrazin- 2(3H) one
6-cyclopropyl-1-(pentan-3-yl)-1H-imidazo[4,5-bjpyrazin-2-ol
6-cyclopropyl-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-ol
B-bromo-1-{tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one
1-cyclopropyi-6-(methylthio)- 1H-imidazo[4,5-b]pyrazin-2-ol
1-cyclopropyl-6-(methylthio)-1H-imidazo[4,5-b]pyrazin-2(3H)-one
B-(methylthio)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo{4,5-bjpyrazin-2-ol
8-(methylthio)-1-(tetrahydro-2H-pyran-4-yi)-1 H-imidazo[4,5-b]pyrazin-2(3H}-one
(E)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-blpyrazin-2-al
(E)-1-cyclopropy!-6-(prop-1-enyi)-1H-imidazoj4,5-b]pyrazin-2(3H)-one

[ (E)-8-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2-ol
(E)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3 H)-one
(2)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol
(2)-1-cyclopropyl-6-(prop-1-enyl)-1H-imid azoj4,5-blpyrazin-2{3H)-one
(2)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl}-1H-imidazo[4, 5-bjpyrazin-2-ol
(Z)-8-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4, 5-b]pyrazin-2(3H)-oné
6-bromo-1-cyclopropyl-1H-imidazo[4,5-b]pyrazin-2-ol

6-bromo-1-cyclopropyl-1H-imidazo[4,5-blpyrazin-2(3H)-one
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1-cycl opropyl-6-(methyl thio)-1H i m dazo[ 4, 5- b] pyrazi n-2(3H) - one
6- (nmethylthio)-1-(tetrahydro-21-J-pyran-4-yl)-1Hi m dazo[ 4, 5- b] pyrazi n- 2- ol
6-(nmethylthio)-1 -(tetrahyd ro-2H pyran-4-yl)-1

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

(E) - 1- cycl »or2ogsy016662 (pr op- 1- enyl) - 1H i mi dazo[ 4, 5- 13ThyPGEVFPIMMT2ZE) - 1
-cycl opropyl-6-(prop-1 -enyl)-1 Himdazo[ 4, 5-b)pyrazi n-2(3H) -0 ne
(E)-6-(prop-1-enyl)-1-(tetra

hydr o- 2H pyran-4-y1) - 1H i mi dazo[ 4, 5- b] pyr azi n- 2- ol
(E)-6-(prop-1-enyl)-1-(tetrahydro-2H pyran-4-yl)-1Him dazo[ 4, 5- 13] pyrazi n-
2(3H)-one (Z2)-1 -cyclop ropyl-6-(p rop-1 -eny1)-11-1-imid
azo| S{m]agbwyna@p-ﬁ-(geotan 3-yl)-1H-imidazol[4,5-bipyrazin-2-ol

(2) - 1f T W one |
(2) -6t Eﬁg E‘H%%ﬂ @eﬁ tety pahvﬁﬁﬁaﬂ‘tbqurﬂggfa% ?L Hi1m

|( g;iz g[ Q—eﬂiy]:fi-:I(pgentan+31—yﬂ—1cb—l—in3|d3;:2[f$ .5- E]Ryrazm-Z—ol .
(31 - DT RO YR b Do T MR RE IV pvr agi nozoor o 4

6-bronv=(ﬁerﬂaﬁ439;ur Bwrhd-1 Hmidazafd Betplpyazin-ppl azi n- 2(3H) -one WO

2008/ 16660DCTLLISONNZI N1 792L

5- (mef ﬁﬁﬁ%’rﬂ?a)ﬁ-sﬂl?awéﬁ' migazol4 S-HIRY a2 Py 1 azi n- 2- ol

g-( trrﬁ hwtﬁVnzaaydiowpe-mma&w) 4&fhhﬁltdnzzb&t,5{b49ﬁahhp>ﬁ earbox@faH) - one
-e

5-eth y{“eii.;ys Eémoahigerﬁ?é 31¥_p_ ?n}?ﬁi@ azﬁ %—lrgidéé?@'ﬁ hlpé{{%q_ﬁe S-carboxylate
1- ( penpaydrnyIN, Nodiviatbiyl- L ipantara 30t vH-imidlapy 4t bipy2azdhe-5-carboxamide

N,N-dimethyl-2-oxo-~1-{pentan-3-y})-2, 3-dihydro-1H-imidazo[4,5-b]pyrazine-5-

carboxamide
2-hydroxy-N-methyl-1-(pentan-3-yl)-1H-imidazo[4,5-blpyrazine-5-carboxamide
N-methyl-2-oxo-1-(pentan-3-yl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazine-5-carboxamide

1-(2-hydroxy-1-(pentan-3-yl)- 1H-imidazo[4,5-blpyrazin-5-yl)ethanone
5-acetyi-1-(pentan-3-yl)-1H-imidazeof4,5-b]pyrazin-2(3H)-one
(S)-1-(1-phenylethyl)-1H-imidazo[4,5-bjquinoxalin-2-ol
(8)-1-{1-phenylethyl)-1H-imidazo[4,5-blquinoxalin-2(3H)-one
2-(6-bromo-2-hydroxy-1H-imidazo[4,5-b]pyrazin-1-y)propane-1,3-diof
8-bromo-1-(1,3-dihydroxypropan-2-y)-1H-imidazof4,5-blpyrazin-2(3H)-one
6-bromo-1-{2-morphaolinoethyl)-1H-imidazo[4,5-b]pyrazin-2-ol
6-bromo-1-(2-morpholinoethyl}-1H-imidazo[4,5-b]pyrazin-2(3H)-one
2-hydroxy-1-(pentan-3-yl)- 1H-imidazo[4,5-b]pyrazine-5-carboxylic acid
2-oxo-1-(pentan-3-yi)-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 he{einafter be construed in any way narrower than the
fiteral language thereof, and it is thus not intended that exerﬁplary embodiments from
the specification be read into the claims. Accordingly, it is to be understeod that the

76



-(pentan-3-y1l)-5-vinyl-1 Himdazo(4, 5-b)pyrazin-2 (3H)-one nethyl
2- hydroxy-1- (pentan-3-yl)-1Him dazo[ 4, 5- b] pyr azi ne-5-car boxyl at e net hyl
2- 0x0- 1- (pent an- 3-y1) - 2, 3-di hydro-1H i m dazo[ 4, 5- b] pyr azi ne- 5- car boxyl at e
2- hydroxy- N, N-di net hyl-1- (pentan-3-yl)-1Hi m dazo[ 4, 5- 13] pyr azi ne- 5- car boxa
m de WO 2008/016669 PCT/US2007/017235
N, N- di net hy1- 2- oxo- 1- (pent an-3-y1)-2, 3-di hydro-11-1-i m dazo[ 4, 5- b] pyr azi ne-
5- car boxam de
2- hydr oxy- N- net hy1- 1- (pent an- 3-y1) - 1Hi mi dazo[ 4, 5- b] pyr azi ne- 5- car boxam de
N- et hyl - 2- oxo- 1- (pent an- 3-y1) - 2, 3- di hydro- 1Hi m dazo[ 4, 5- b] pyr azi ne-5-carb
oxam de 1-(2-hydroxy-1-(pentan-3-yl)-1Him dazo(4, 5-bl ra2| n-5-y1l) et hanone
5- acet present rantEen é@!??eflﬁeﬁﬁﬁf '@i[‘lfaﬁﬂf)]"ti?tfﬁtﬂma'ﬂ B rmt@tuons on the
(S) - 1- Ldsgihertybeidik) - 1H i m dazo[ 4, 5- bj gui noxal i n- 2- ol
(S)-1-(1-phenylethyl)-1H i m dazo[ 4, 5- bi gui noxal i n-2( 3H) - one
2- (6- brono- 2- hydr oxy- 1Hi m dazo[ 4, 5- b] pyrazi n- 1-yl ) propane-1, 3-di ol
6- brono- 1- (1, 3- di hydr oxypr opan-2-y1) - 1H i mi dazo[ 4, 5- b] pyrazi n- 2( 3H) - one
6- br ono- 1- ( 2- nor phol i noet hyl ) - 1Hi mi dazo[ 4, 5- 13] pyr azi n- 2- ol
6- br ono- 1- ( 2- nor phol i noet hyl ) - 1H-i m dazo[ 4, 5- b] pyrazi n- 2( 3H) - one
2- hydroxy-1-(pentan-3-yl)-1Him dazo[ 4, 5- b] pyr azi ne-5-carboxylic acid
2- 0x0- 1- (pent an- 3-y1) - 2, 3-di hydro-1H i m dazo[ 4, 5- b] pyrazi ne- 5- car boxyl i c
acid [0167] While sone enbodi mrents have been shown and descri bed, various
nodi fications and substitutions may be made thereto w thout departing from
the spirit and scope of the invention. For exanple, for claimconstruction
purposes, it is not intended that the clains set forth hereinafter be
construed in any way narrower than the literal |anguage thereof, and it is
t hus not ‘i ntended that exenplary enbodi nents fromthe specification be read
into the clains. Accordingly, it is to be understood that the
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present invention has been described by way of illustration and not
limtations on the scope of the clains. Wat is clained is: 1. At |east
one chem cal entity chosen from conpounds of Forrmula | and conpounds of
Formula Il: OHO NR R2R2 Formula I Formula Il and pharnmaceutically
acceptabl e salts thereof, wherein RL is selected from al kenyl and al kynyl ;
R4 i s hydWVbgtis clamedds: | s sel ected from 3-pentyl, 4-heptyl,

4- et hyl - 1- nor phol i nopent an-2-y1 isobutyl, cycl ohexyl, cycl opropyl,

sec- butyl N : I -

tot r ahyar b/ 5L b8 Mermb AR cser N TCHUINAARr orilia | and coppopmas o
nmor phol i niclrotden:2-y1; provided that Rl is not hex-1-enyl. 2. At |east one

chem cal entity of claiml1l wherein RL is selected from butenyl, propenyl,

vinyl, and ethynyl. 3. At |east one chemcal entity of cl @f m 2 wherein Rl

is selected frofskso n-ANyl, (Z)- propen-1-Rg r n-1-yl,

and ‘et h |. 4. At | east one ¢ghem dal I toy chosen

-6-} hynwl i nPHazol [ 4, 5- b] pyr aZi n- ;

1-[(1R) - 1-(norp | meNhyl ) propyl ] - 6- et h)f.\q i myg¥dzo[ ™4, 5- b] pyrazi n- 2- ol
(E)-1-(pentan-3-yl)-6-(prop-1l-enyl)-1H i m dazo[ 4, 5- b] pyrhzi n-2-ol ;

E)- 1- (pent an- 3-y1) - 6- (prop- ®2eny1) - 11- 1- i m dazo[ 4, 5- b] pyr &2i n- 2- ol ;

E) - 1- cycl ohexyl-6- (prop-1-enyl)-1Hi m dazo[ 4, 5- 13] pyr azi n-2-ol ;

E)-1-cycl opropyl-6-(prqp-1-enyl)-1Hi m dazo[ 4, 5- razi n-2-ol;
Eg -1-i goprgpyEYG- ( pﬁgp%ri)’f"gﬂ@[l]gl-)ll-l-i mI dazo[Z4F 5- b]%ﬁéiﬁf\l 2-0l ;

E) - 6- - o -yl1)-1Himd 4, 5- bl in-2
Lol oy AR bl ek AR e e ncteltr ) S e byr azi ol ¢
(2) - 1- cycl ohexRlis Beleptedgrom elkgnyl anthalkgnyaz o[ 4, 5- b] pyr azi n- 2-ol ;

(2)-1-cycl opr . ? RaJ- enyl) - 1H-i m dazo[ 4, 5- b] pyr azi n- 2- ol ;
(2)-1-i soprop;c/)@/%:h %r&;@%r?,%nédnyl) -1H i m dazo[ 4, 5- bl pyrazi n-2-ol ;

(Z) - 6- ( pr op- 1-Rnip Selettegtfem 3pedtyb 42heptylr&methy) 1 mdrpholimopentan-2:ybisopuyk azi n- 2
- | 1 1_ t _12_ _ 6_ _1. . . L el | 1
et hynyhot-  pRRoR R RORR SR b B60l RSB 3

1- (et hyl pr opy | {etréhydrovizHi-pyrare4of, 4 ;15etbpyhutarn-2-yR - edmineimdan-2-yl, and 1-
1- (et hyl pr opyl%aghgﬂﬁorgﬁ{alp]yi_y]i nyl )i m dazo[ 4, 5- b] pyrazi n-2-ol ;

provided that

propen-2-yl, vinyl,
from 1-(ethyl propyl

NN N

R, is not hex-1-enyi.

2. At least one chemical entity of claim 1 wherein R, is selected from butenyl, propenyl,

vinyl, and ethynyi.

3. At least one chemical entity of claim 2 wherein R, is selected from isobuten-1-yi, (Z)-

propen-1-yl, (E)-propen-1-yl, propen-2-yl, vinyl, and ethynyl.

4. At least one chemical entity chosen from
1-(ethylpropyh)-6-ethynylimidazol[4,5-b]pyrazin-2-ol;
1-[(1R}-1-(morpholin-4-ylmethyl}propyi]-6-ethynylimidazo[4,5-bjpyrazin-2-ol;
(E)-1-(pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(E)-1-{pentan-3-yl)-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(E)-1-cyclohexyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol,
(E)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2-ol;
(E)-1-isopropyl-6-(prop-1-enyl)-1H-imidazo[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;
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or pharmaceutically acceptable salts thereof. 5. At |east one chem cal
entity chosen from

6- et hynyl-1-(pentan-3-yl)-1Hi m dazo[ 4, 5- bl pyrazi n- 2(3H) - one;

(R) - 6-ethynyl-1-(1-norpholinobutan-2-yl)-1Him dazo[ 4, 5- b] pyrazi n- 2(3H) - one
; (BE)-1-(pentan-3-yl)-6-(prop-1- enyl? 1H i m dazo %4 5-b] yra2|n 2(3H) - one;
(E) - 1- cycl ohext@-1dpepaas: )CD-%HVQB 199y )iHigydaze[45 lRYWZin 952 3H) - one;
(E)-1-cycl opr \v; gl n- 2(31- 0- one;
(E)-1-isopr opy yd]! c?gl&)@%@ﬁlsj(pr%ri} 11@,'_{1)':‘[!11 az%Z(ﬂMsa ﬁ%@gﬁ 2(3H) - one;

(E) - 6- (prop- 1- @wic)vclmpl(oww mwratﬂce-nxnﬂthpyqimww ragin-2+91:dazo[ 4, 5- b] pyrazin

-2(3H) - one; 1-isopro 1-6 ro 1-en 1H1mdazo45 razm-2 ol;
(2)-1-(pentan- (3) ?p py (p f 1H-L ]py zé)ﬁ}razm 2(31 1) one;

(2)-1- cycl oheﬁﬁlﬁdp'(qﬁr’bﬁnsd} bﬂ?ﬂ?h mﬁmmmﬂal)ﬂfbwga

%%% I fggkfgm%" #?&?_(ﬁfﬁﬂ*’"%vﬂfm'lrﬂ?dgi‘glﬁls%]@fr%.%@ﬁl g(g(mar% ngne
(2) - 6-(prop- 1-@APYYL- @‘laf‘é%ﬂgiﬂﬂ-'m%?[ﬂeﬁwbmyww 2% (i dazol 4. 5-b] pyr azi n- 2

(3H) - one; A .
1-(pentan-3-yl (et&ropyl)ﬁvg "mé:z‘ﬂt“r’blﬁ’ér?‘é' 20] ]pyr azi n-2(3H) - one;
6- et hyny1- 1- ( pkfst FQPXMW 'FPqt i\d@)ﬂwpmasompptglpﬁﬂﬂnmlsm one;

1- (pent arb R\& :Ia témgmg eof O] pyrazi n-2(3H) -one; and
1- (pentanr 5 p-caéﬁen- 2-y1)- IrH—|mdazo[4 5- b] pyrazi n-2(3H) - one; or

phar maceut i cal |y accept able salts thereof. 6. A pharmaceutically
accept ab'@ﬁ&%{%%ﬁé&fﬁh&&@ﬂﬁﬂy% g&fﬁaﬁ&har maceutically acceptable carrier and
em cal en P

at | east one aim1 7. A pharnaceutical conposition

of claim 6, \M‘%ﬁt@yhy'ﬂh(@eﬁ@ﬁﬁ’oﬂ) {iidmidazolf &-bloyragia(BiH)-ang.or m chosen from
tablets, CapSU(’]q?%,.etpﬁ-\W?. ?-mclrbl%*hg utar- ‘2%‘3‘“? '|rﬁ|B§zo[§ B%gﬂhiuﬁ@k%&ﬁd

aerosol s. | east one chem cal enti't [alm 1 wherein

sel ect ed from®&{<nentpn- 34#‘)'@*&@!3' -myl)ﬁ%m@a@{%&bmymalmamto@ﬁr 2-yl,

i sobutyl, sec-dyhy, i I I

tet rahydro 2H—§1 égCIOE@)M BQHI:% %ehﬁ ﬂ?gﬁwh?oﬁﬁ%%@nﬁﬁo ut an- 9)2/ yl, and 1-
mor phol i nobut &= %YP'OPTOSI?Y'-@((PTP@?&SQ"YBTW @H@aﬁ%ﬁ biyraan23H)»enai m 1 wherein

R2 is select engiﬁ%‘B (%'5}0# Ze@fl)oﬁHllmldai@[QlSt-Mb¥ra§|ﬁf‘2(MéM tert-butyl,

i sopropyl, em cal entity of
claiml wher e.ﬁ)ﬁﬂpt@-bemﬂbm@tmmmﬁv -Hpran,f-yhAhispdagol4. b-biyrazin-2(3H)-

sec-butyl, terd, ebutyl and isopropyl. 11. At |east one chemcal entity of

claim 10 whereln'R is et hynyl .
(Z2)-1-(pentan-3-yl)- 6—(prop 1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

(Z)-1-cyclohexyl-6-{prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(Z)-1-cyclopropyl-6-(prop-1-enyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(Z2)-1-isopropyl-6-(prop-1-enyl}-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(Z)-6-(prop-1-enyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;

1-(pentan-3-yl)-8-(prop-1-ynyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-ethynyl-1-(pentan-3-yi)- 1H-imidazo{4,5-b]pyrazin-2(3H)-one;
1-(pentan-3-yl)-6-vinyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one; and
1-(pentan-3-yl)-6-(prop-1-en-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

or pharmaceutically acceptable salts thereof.

6. A pharmaceutically acceptable composition comprising a pharmaceutically acceptable
carrier and af least one chemical entity of claim 1.
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7. A pharmaceutical composition of claim 6, wherein the composition is formulated in a
form chosen from tablets, capsules, powders, liquids, suspensions, suppositories and

aerosols.

8. At least one chemical entity of claim 1 wherein R; is selected from 3-pentyl, 4-heptyl, 4-
methyl-1-morpholinopentan-2-yl, isobutyl, sec-butyl, tert-butyl, isopropyl, 1-hydroxybutan-
2-yl, tetrahydro-2H-pyran-4-yl, 1-methoxybutan-2-yl, 1-aminobutan-2-yl, and 1-

morpholinobutan-2-yl.

9. At least one chemical entity of claim 1 wherein R is selected from 3-pentyl, 4-heptyl,
isobutyl, sec-butyl, tert-butyl, isopropyl, and 1-hydroxybutan-2-yl.

10. At least one chemical entity of claim 1 wherein R; is selected from 3-pentyl, 4-heptyl,
isobutyl, sec-butyl, tert-butyl, and isopropyl.

11. At least one chemical entity of claim 10 wherein R, is ethynyl.
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