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WO 2006/ 021000 PCT/ US2005/ 029383 5 SUBSTI TUTED

THI ENOPYRROLE CARBOXYLI C ACI D AM DES, PYRROLOTHI AZOLE
w@2HRBOXY¥ C ACI D AM DES, AND RELATED ANALOGS ROT/BS2005/029383

I NHI Bl TORS OF CASEI N KI NASE |s Background of the

Invention 1. Field of the Invention 15 This invention

relates to a series of substituted

4H t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid am des,

4H pyrrol o[ 2, 3-d] t hi azol e-5-carboxylic acid am des,

6H t hi eno[ 2, 3-b] pyrrol e-5- carboxylic acid am des,

4H pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid am des and

rel ated analogs. Mre specifically the invention

relates to 3-arylthio-substituted and 3-

het er ocycl et hi o- substi t ut ed

4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid am des, 4H

20 pyrrol o[ 2,3-d]thiazol e-5-carboxylic acid ani des,

6H t hi eno[ 2, 3- b] pyrrol e-5-carboxylic acid am des,

4H pyrrol o[ 3, 2-d] t hi azol e-5-car boxylic' acid am des,

and rel ated anal ogs, and to nethods of neking the

CONRPRRIITOTED _THJEWPYRROITE € ARBOXNIRC Qhﬂ‘&MIDEs

i nvention are inhibitors of hunman casein kinase Is

PY&R&MH@AZMCGRBQXYMMCE AMIBES: AND RELAJXED ANALOGS
(hPER) and ar g thetef I eutica
agent 5, _espect TOIRITCRS B CasERR RIEASEIS:
prevention of diseases and disorders associated with
the central nervouBagksilofil of the IRRAGGPL i on of the Art
Rhyt hm ¢ vari ations in behavior are displayed by many
organi sns, ranging from single cells to man. Wen the
I . sts under constant conditions, and has a
L. ng%%35%§$’ %ﬂlabout one day, dependi ng I|ttIe on
t eThie lirmetiﬁ@n retlahes tbyseHEs ¢ﬁ‘subaithtedi 4HcthiepafHi, :ab]pyrrole 5- carboxyhc

( Konopk and Benzer 1971) Proc._Nat
acid aggjdes Lﬁkpmolo%i—ﬁ]t@_@;@y 5 wj)cgqy 6 /aglgfgg@es 6H-thleno[2 3 b]pyrrole 5-

carb ){7:{1/(: Qg%%%ﬁ%?ﬁ%% o?o[@fcﬂﬁﬁiéz%ﬁ- QX%B?ﬁlcaE[c?d Se1RE A Pllated

genous$ oglca pacemakers (circadi an
analagsodkary spaeifiail theriesemionirelaten st 3-arythigsubsyarddsme 3-

heterp Y i L] P 8JEPEL DU ol -3 G0% Hetd e, iy
pyrr3b[283-d]thths 9L ARoRINE T8 amidRs, 6I-EJﬂM§Ihd{Q QQMR@frole -5- carboxyhc acid

|ofog|cal Timng. In: Prosser ur al

amidesit4EparoloB, %d]thlazolerSFuaylmxah@ id ainedvsmrdkrelawdl a@ylogs,sigd to

9 435546 1
et S A R S B AES o i L o R Bt pyepon e
1nh15i%f:§dﬂhﬂlﬂ1ah%aseﬁ; Knagtle @hosﬂﬁ@@aﬁon% it iRenah/Gock piBRin/P&iod

et al 1997) Neuron, 19, 1261- 12692

(hPE&) @e%aﬁeéherfsfm hﬁ?ﬁulﬁ@@m@u%% PGS, SEPesially @bﬂ@t%{fﬁ ment and/or
prev&a\fﬁﬂ ofAfELseE JhE rdfR aQJ ¢ %d%ltﬁﬁ{e‘%gr?@ ne%hs

ynchroni zed ra ne new reglne by

enV|ronnentaI S|gnals such as |ight and tenperature

2. Description of the Art

Rhythmic variations in behavior are displayed by many organisms, ranging from
single cells to man. When the rhythm persists under constant conditions, and has a period of
about one day, depending little on temperature, the rhythm is called "circadian" (Konopka,
R.J. and Benzer, S. (1971) Proc. Nat. Acad. Sci. USA 68, 2112-2116).
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10 cycles (Pittendrigh, C S. (1993) Annu. Rev.

Physiol ., 55, 16-54; Takahashi, J.S. (1995) Annu.
woreons/oN@wr osci . 18, 531-553; Al brecht, U et abCT/(9995)29383

Cell, 91, 1055-1064). Circadian clocks are essentia

for maintaining biological rBythns and regul ate a

variety of circadi an behaviors such as daily

fluctuations in behavior, food intake and the

s| eupadirikehythyas ase generated by erdoghyaisdliaggicall pac¢raskgess(circadian

such hor mpne_secretion_and .fl.uct uations . n.bod )
clocks) . 12 prckehin Tn i i ing gReanyis infiGinE Rpimgns, fighi gsckss and bacteria
(Dun2éh, T45 919904 CeROPPETIL 2905 HibtiR ). Weav &Il Cirbadtan RARAAHY, The

Cell 89, 487-490). Cenetic and nolecul ar studies in

Physialeeyt offpiplaeicpl Driaap i IPA0ssen Sogdshevral and Intsgrative Animal
Py UL AL 00 STt RESe ABYE S0t Nph 88T 1-a0s
Kongattahay994) Scicnse 2664253 1204; Croslywhint, S andl. ¢HRT) Ssienke 276,

transcyiption | at i Qn- e egative fee
763-J6 Bueain binriah, U308 Nesond: ERTr 2645 CrpagfansGthms are sl
susta@ﬂﬂ% 8 cohsfant L3 AW AerVonHitioRE¥F tofaf ASknaR; bk 681 60 dynchronized
Hal T, J.C (1996) Neuron, 17, 799- 802). The cor’e
(entrainedieintagienf daymaghtiregimd ibarenviseriménialeignals sbelvsolpglitland temperature

eycl & QeI C VD oTh e R v BPEr S PR ety (4025) Ann.
Rev. 26euddscVEB ESS -{ ST WWrectd QU Qeta1. aneb 1 BMAL 9 o 5 a0k 4L rdiz@dian clocks

formng the transcription factor dCLOCK/ dBVAL t hat .
are epseptigifasmaipgyinias piphodieal thshye aed rogulataavaniebs ofptifcadian behaviors

Pori. . ) . o .
s SSRGS P TTBER el g oo
phystodogied] charget hiehpis hbanos sdéteomamd fiddthdtione spbelyi tedpygrature

For v ours.the protein products PE d dTI M
(Hasgpgs, E@rﬁf i@g i@f‘éﬁliﬁ?&r%ﬁ’ozﬁhﬁﬁy@f Beprait sl %@@E%#R (1997)
Cell B®aN-ogritical level, 30 and form heterodiners that

are translocated into the nucleus. Once in the nucl eus
dPER and dTIM function as negative regul ators of

t hai t i ption | at | f dPER and
TR AGEER PSR BTN B o TR e o
elucid SdAE SIBVRE tifel @t Sindglatd i ddtalian ritHmicist Thkse $dHEBkd to
Neuron 20, 1103-1110; Lowrey, P.L. et al. (2000) 288,

recogrgtaomofia pathiway dgkeis clpsely avip-zgwisied 2nd gomprised of a
transg{%t/}?e / g%igg-%géﬁlqegatn%sfem%kﬁ mﬁaﬁg ?Fﬁ(f{}?gf?gﬁ@ﬁ, 271-

In contro ng circadl an
290; Enintzpl DE. (1998RAemE RpenGenenf30; 529-80Ly Half, UC. {t9976) Neeron, 17, 799-
302 1 e o B S 5 W SRS ot ditatry
prot%i!sJ&L?ééﬁ)dBI\Dﬂaif(m%a%Q ﬁ‘xﬁliﬁ’iftorz/ %}Rﬁeiﬁg BPERNSD $4PER) and

el ther shorten (pers) ‘or | engthen ert) the period of
dTIMEEESS{EAAM)h O K wid BV Inheterodmeerimgtfatniog she(tpamsgription factor

rrhyt hm ci i n their,.behaviors (1, ). ,
acLORRIE AL o Raled ssBretsiendt B3GR s nid BrashmlicPersaeper)
and BrRb¥N BisdRlkd @it C RIimbtelythe AIRNAS frdf tBEdeWenes are transcribed to

hal amus are the site of a master biologica

afforg?ﬁapfgltwoteirﬁrdPrE&mmTé% respecitvebt Br seyepddpprsnie prodein products
gt 1R AR R, 1P v
and form heterodimers that are translocated into the nucleus. Once in the nucleus dPER and
dTIM function as negative regulators of their own transcription, accumulation of dPER and
dTIM declines, and activation of dper and dtim by dCLOCK/dBMAL starts again (Zylka, M.J.
et al. (1998) Neuron 20, 1103-1110; Lowrey, P.L. et al. (2000) 288, 483-491). The dper gene
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24 hour day by the daily light-dark cycle, with |ight
acting through both direct and indirect retina-to-SCN
w@aiohvzso (Kl ein, D.C. et al. (1991) Suprachi aBCEUSD05/029383

Nuclei: The Mnd' s Cock, Oxford Univeristy Press,
New York). In the SCN of rod@nts, three Per genes have
been identified and cloned, and are designated as
nmouse Per] (nmPerl), nPer2 and nPer3. The 15 protein
has bgen shpprstodte atttﬂ@@@alryeﬂimmtammgémél@g ¢iRE/ian rinERS jn adult eclosion

T T e R

R.J.,\6 Bbnzer (8. Qtsem Prabl. Maflj Zedd. 86i. dxsmam eSO as. ems%sndé’/h&tatlons of
(PAS is an acronymfar the flrstr%hree protei ns PER

the pieRe.AAB CSINIh AP Shienethem (e dbecearoat [cjrcadian rhythms, while

ron TS5 A8 Uy BRI B kb Sl BRI . g0 T
Neumscsskﬂg@é@ 2B0JAs (MRNAs) and 20 protein levels oscillate

during the circadian day and are intimtely invol ved
in both positive and negative regulation of the

bi Bl :p8hals, ﬂlle%ﬁﬁnaclﬂbﬁma?fél Mcﬁ?@ﬁN%ﬂhmagoﬂ%@b{Ha%ﬁls are the

in response to | g
site qfaunaster 2iplogie 3 lock (for revigwisez Pandalgt ale(2080) Na(ul@m 329 - 335;

Repp%gtl gfg &%Qgg@s Oﬁﬁea%émglp Ig 4%7 ﬂgq)oglhsfS(Cg[ﬁgl 2:k 1S entraited to the

24 h@mﬁp ph Itlheaddillym@t%tiak\@&edvﬁm tightdeeng esbasebRE dasctihd Mdirect
t here evidence for nPER-nTI M

retmf}i-,tﬁ §pglggalﬂaﬁays éﬁbﬁ“@)gﬂ)@s ettaé (tl AL eSuprrshiagmgti¢ Nuclei: The Mind's Clock,

t t
Ot AP e S A, RS Bt
identifiedeand clanedt dne amﬂcmgﬂamd aamduw g’erlo(fm}tdnE), e hndum Per3. The

protej progyerof oo el perps LoPERI T BPERS, MAERS HyFhifg erhregions
of h vidGabliEbtef, QhdtRBIRIhYSliard FSLH%‘?IE Enéo‘ﬁ@?§ gfd?@lfl with a protein

regu ate t he transcrlptlonal activity of
dlmeplzait@ dongaj designated aoRD BE Advisanasionymifor the first thrge proteins PER,

f h bo
ArRNIRESENRRESELRR, Bl Shl 5o DimRghi e SRR dormaiy s ey
homMega@Q@/cMm Qom&ih/ dBRCOFHIR ORB Per tddethQESRNALI(MRNA and

roles of the three nPer _genes in the manmal i an

protedn k¥liopeillata during:tg Ctrﬁ@ilgm@qyemd a5¢ intitrately irpedradgabpdrpositive
and q%%lfegégﬂg%ﬂf tHQ HR OtC§ nﬁlt ggnlgﬁf%ﬁi ?ﬁ&lﬁlm cﬁglﬁae n

e expect atl rotelr ns wou
respdnseiey light (Zﬁkmé@dt étab (6399987Ndusor120 1066 1 bE0Altirevht, U. et al., (1997)

conbE332 ok B o A8 R LITIEES 4 dmarn

homd16€ 8Pe Db hila P gén%%tclcﬁl\éﬂ ‘Aﬁ‘ﬂ‘ 9@81 i % Jzﬂtri tH(k}Wé\Qg there was

involved in” the input pathway I ngs,
no eVid9ge forpnRIcR - nNﬁIM intgxeetihns SoalongSAo Zl&)se ﬂzESbI\ledllEZJ_zﬁ)ophzla and it

was s@%?ézsmlds tﬁ‘?tr@img,l\é%ﬁ?u%gsa {ngg g{]elgrzeggﬁc{ tglg %ﬂﬂf@g PEEEH%/I dimers

in th@fmbtwuw wPEKifigsUT 0 mbuhehaRAScidld diRini AGdkd (cz)lsvn&owm Rt alnFY®H8)
rtened ci rcadi an gcle in nornual r k

Neur%?h Hds3; 1182 ArsbheraosHpHinmis dhat ghythme @hﬁEgﬂ @n@BERaé@,@ negative

I o
feedb;aglé rJeb g :f%)é?] Peglrugbot E%r%g%'rriﬁgh%aa Qﬁ@v&y"& t ékleck%g\rl% (via their PAS
domding}j whith,ng tirhadriveRergrepsign ofagthbndebontiP@er génes ($hearman, L.P. et al.
(199h & 181281 18bg), (1999) Nature 400, 169-



10

15

20

25

30

173). PER2 has been shown to have a dual function in
the regulation of the "gears" of the <central clock

w@ Sheazwen, L.P. et al. (2000) Science 288, 108GH1O18/029383
In that study, PER2 was shown to bind to cryptochrone
(CRY) proteins and transl ocate to the nucl eus where
CRY 15 negatively regulated transcription driven by

the CLOCK and BMAL1 positive transcriptional A
coklpfesaadingherroles of BwrtheearmRer gpmgdn ithe mpmmatian pleckwork has
P | oc i | abi .
ver RSP LARafl 20 NPty SR B i o
dPER el th tincexipoctatién RERBe nsPER prtdiys wodldrfanqiod;as hoyeive lements in

i n mPer 3. knockout mj .a subtle effect on circadi an .
the migprmgian fesdbacky (g, JER| 13 el I9VRR R PoIEOERD s geguis regulation of

- ' . . . : C oLl '
its owh @d8RtiBHord i A€ fdeA¥RUMEED, it fe@ﬁnt%{vfdé:?éjéa . nt% g% %&;@inﬁg{ij\.’olved in

20 out put ﬁathmays ( Shearman, L.
the ignit pathBap (Hastings, 044D -e62l7 6)999) ProkalSathetrad. SapOBAcS, 1 5izitl-15216).

rofeips, interact with eac her and tha :
PR fohe Bt Fel S R R el wRERLERD iepct Gbpna ) lacking
87 rekidaes atihecdrbexyd et of MY FEAS Uin@Gizhtibf @miial hdve@ shortened
eneration of _circadian S|gnals in the SCN (Kune, K

circagian gcle in naygyal bightrdagig settings, butsshow srdwyghmipity it coaplete darkness.
The (Bﬁ%@gﬁ alsb BRmnkRES @%?ﬁcéﬁ%tgn#peé(%gésgiég )8; bﬁrﬁ mPer] and mPer2 in the SCN,

orylatlon 0 n e Clrcadl an
indicatincthatvagerfonay poaltd mPed ihviva @hehgBe et dle(1999 pa@re 400, 169-

t cle. The first genetic evidence that a specific
173)5 PEFéi){’ﬁS E?ﬁ?égewn fﬁ% Ea‘feg& @?ﬁ fifnstipp Byihp Feguiation of i ‘ggars' of the
centr%{jﬁé{)%’lms\ﬁ@fﬁn{ahﬂ Bl SCAVRHY0)Hcidn2E 2891 3995‘@. dn i gfu'dg,BPERZ was

), encoding a protein serine/threonin€ Kinas
shownpe bowl t9 ctyptesthrethe ((RYDBiotedad 4ndarnsi®satd iy thvmssle8Owhere CRY

t .al. 998) Cell 9 97- 107 sense tations in . .
negafiel?sgeulallisigpung iR bt o S BT e N e Serptonal
compities] epofhuéibartentr9SPIER2 Erﬁtih&@ﬂ@%iﬁb@% af irer1k lﬁf&’%@tively

and arrhythm a. WO 2006/ 021000 PCT/ US2005/ 029383

regulgtieg | al franscptiomsiasa gsmidentfied pephanime dThofupgtioraefPER3 is
M e R e
observed,aind lthersforedPER3 has/itces Boggestel ad b&itvopla spthercyadigs controlled

bot%-nou? and human PERL (Price J.L. et al. &19982
outpiEgpihvys (saEn, ki SLalno00D) Mol GelloBis ke Pp6$4275). Thas been
reporgegil' t?lQJr)lPER Bréteipb Wi¥ral¥vith gﬁéﬁ?&}}e? %{%@?@?{Bh@égﬁ%e 293 Larrier of

S co-transfected wth w
mPEBh@ené thPER 2sto gming ithcam into thermeakees whighhie spitical fdrahé generation of

. evidenced, b ift n Lecul ar SS).. i S
circaf i FR% FErERSR SR o B R 3B Pl melangy . et
(200®PPEBS iLXRER! 477 W86y e2)hour s whereas unphosphoryl at ed

hPERI remai ned stable in the cell for nore that 24

hours, suggesting phosphorylation of hPERL | eads to a

d [ [ Id Kegsl e A et a

BBy LE AN it SRR s Sepe i o
regulgﬂeslm &h@(ﬂmﬂoﬁthg c}&ﬂ)ﬂ S"Elﬁi.lﬁﬂc @erlﬂfic PaRdncenhasippedifit gfdtéiﬁ kinase

c i nc)udes both cytoplasmc retention an )

regulﬁ%%ﬁ@%f)ﬁ?@f)gwww rhovhrB MR fer disqeveryrof e nquzbee dogbletime
(dbt),%‘él'égdingh BhoteihIerifIBBeohfR%inabe KBRQ 1.\ et &l (Rdog) C2H99) 83-95; Kloss
B. et al. (1998) Cell 94, 97-107). Missense mutations in the dbt result in an altered circadian
thythm. Null alleles of dbt result in hypophosphorylation of dPER and arrhythmia.
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Letters 477, 106-112). 15 There has been no

bi ochem cal reason to choose between CKIc or CKI8 as a
w@odosntioad regulator in mammals until Lowery BCT/EB2005/029383

[ (2000) Science 288, 483-491] found that in the

Syrian Gol den hanster, sem dém nant nutations in CKlc

(tau nmutation, Ralph, MR and Menaker, M (1988)

Sci ence 241, 1225-1227) caused a shortened circadi an

da¥hé¢ matntdhian hatasesarnyqolosely 28 atell ta DB Thasozyefokisadedd (K1) and

animals, In this instance, reduced |evels of CKIc 20

caseigdtinage {§, (Gl l0) Beth kipasephavepern phm@pmlw M PBRR Y ard several

B RT3 oSS s X0 FSE PR 1

(1998) wasu B3-5 K 16%-B.MPEIE (1998 LOLI 94, 97L107i) a$n HE@AY with human
suggested that CKI8 may al so be invol ved in regul ating

embltypm@d@qlw 2r9ﬁ3Vtcn1rhs - trgnsﬁaftedp\@@ln wildayise BEKEn hPERl showed a

mgmﬁlg%‘:téﬁ ¢ 'e(i)rlp lgosplﬂ_grm ipn ?Vlgenf?gb% Ol’gﬁggsnto ¢ arr énass In this

study} S &@bhor&ﬁ&d%l heldWshalf- 18I0 i lﬂbﬁl,mdtél kwélv @ Bow®ereas

mol ecul e 25 inhibitors, of manmali an or unan CKl ¢

unphgspijosylated hEERH acmaiacdstable an theesh ormorsihai@4diouss; suggesting
phoship Sl SRR A0 Rl LSBT ARL BN U8 511 oo

Neult)Repdirt ddt HEiRH5Hf Asiodep stody aisodhalvabihd eosseqiiénSe o RERMt
555, Bl dlscloses screening nethods in cells to

32
phosplafgﬁlaflpg» %x Bﬁl&ia Higtudesbothgxtoplastids regsnfign and ATty insability
di o Ly

(ViehEHETE ¥t oF (AT AT TR asRIso0raht, A il (0053 Peps
Lammhﬁgbﬂ06yﬂ&)e t he human cl ock proteins hPERL, hPER2

and hPER3. For exanple, HEK293T cells are

co-transfected with hCKlc and Perl or Per2. For the

PUTRQS BaPbeeh B bigihAgkal fh%scfrﬁb%ﬁ@&%%e%ee%l@ls' J K5 &k @Potential

and CKlc inhibitors to WO 2006/ 021000
regulp@OT ivsroTE19agdddweey efi al. d6H108) SpicntedkBB, 483-491] found that in the

Ao gy AR B RS
Men#keridr 6 988YISdiencéd @41 21228022 Buded mr@ﬁa@&lﬁﬁaﬁnlday in both
which circadi an rhythm coul d be nonitored in

heterpgygoup 22 )And hompgrais §%8/h):@*!@?]§t dn g¥s Ratance, reduced levels of CKIs
t

sy DL e AR SR SR IR Ut

PER peodteimdéading tofenhdu&e«ﬂ/bea:lharmnttmahé altctred tirsddivgh cyeleb.s Muye recently, it

dl f ty by .
has HeER T EA3E 1) U GIDS B0 Sl VB o e et rengien thytmicey by

post- ﬁﬁﬂ#ﬁ&%@&ﬁé&ﬂdﬁ cff%dﬁ‘%al?in ctl&% prat%ﬁﬁm1 i HPEROYCaacho, F.
roduci bl e assessnent of

etal. c@ﬁ@ é (1% Lotterd 48R SntS 9efﬁ‘5é c ﬂ'bus;ﬁnhlb‘,rmrs indihdibg swak nedecule

3 R A R SEB RSPl AL s i or

resetﬁhcﬁﬁﬁzadiaﬁ QIodRr &smscasdae @Blo(ivl fesdlfeta2idn iof tRcAdeda thi@inPhay find
categorles that include primary sleep disorders

utility §grdhe irpatesniislesn on srd idiseyderss| eep di sorders
associated with nedical/psychiatric disorders and a
category of proposed sleep disorders for sleep
di By gatest 6,555,328 B1 discloses screening methods in cells to identify compounds

that alter circadian rhythms based on a test compound altering the ability of human casein
kinase 1¢ and/or human casein kinase 16 to phosphorylate the human clock proteins hPER1,
hPER2 and hPER3. For example, HEK293T cells are co-transfected with hCKIe and Perl or
Per2. For the purpose of evaluating the relevancy of CKlg inhibition and CKlIe inhibitors to
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that cannot be classified due to insufficient data.

Primary sl eep disorders are thought to arise 15 from
w@bwenzmbo ties in the intrinsic systens responBtbis2008029383

sl eep-wake generation (honeostatic systen) or timng

(circadian systen). Dyssomi @s are disorders in

initiating or maintaining sleep and include prinary

i nsomi a, hypersomi a (excessive sJeeplness)

Clrcadmnmlégtsyi high-thaeughnyt eedluber eshay (6 pAdllll&b Mesting, Soc. for Neurosci.,
NOVglJ[l%e(i‘%di?QO{)? y}kgéprac S&gberé §$A{ 99’[8'4 f‘ 9?1? gﬁ%{ evFlé)lper‘ci gﬁwhlch

S€ "Spec P NS Al a

cncaﬁi&n&hﬁthﬁﬁd’tﬁﬂlcﬁb@ﬂ@ﬁxt({ré& 1rfﬁ)ﬂihh)1e imang&}. diht faksamticbisifé of Rat-1
nltla% and, mai ntai ning sleep_or of non-restoratjve
fibrobagis stably ¢xpressingieddpari lu%?fé’éHP‘ﬁgth&% seatiling ghe dgtermination of the
rhyﬂ?ﬁnlsg?{rl‘)r?gr??%? lenc erg %mgtgg/ tﬁll I%hé &r;érifg{bgb Ig};’e%%e{;i?f tlﬂ{atlng luciferase
activity tbgmbomtoriap di ghtamupmttdvat sevral Hagtsi Jle repediertmheasse formtu of the
det er.j oration nd noti vat G rcadi ap rhyt
assag P AP ST AARE UGS FerosImet o b RpemkeTects of
CKILSinﬁﬁﬁtogsl &P&F@Hran @HM%%Q pPOEER tROASK:s ?NJ}Graﬁﬂ%lcméi inhibition to
del ayed sl eep phase 25 syndrone (J. \Wagner
circadiggrperiodaliergtign. Heni ng, Annal s of Phar nacot her apy
(1998) 32, 680-691). Individuals in a forced sleep
par adi gm denonstrate a greater wakeful ness, as a
pesken Hﬁgﬁlefsfha% B&h dlasdHfied adito Q“@dirtrﬁz!g Br Mégo@l@§ thaf 1nclude primary
ci.rcadi an day j k and Lockl ey, J. . %SIO
sleepy diggydsrs é@yssmwsm DargsOmas).ISiEER dgs@ﬁéqrwswaé sfithe d
med1§:ﬁ13%sr\4¥n§1% Tic é&eegéa ark dd éaft rgl}a?f/ e@rﬁ]ﬁct?sgd is%e]? giég&k%g %1@5}) disorders
that sneefpbe( o@mnﬁe@idyas toinsficientideta.i Pudinadyedicep. dliﬁd)é}Q}treZB(ﬂJght to arise

E297- E303 hus,. sl eep occurrin ut, of cjrcadi an
from bty inhE HBHinsi, SCUEERS PRI Ie08 etk Ak EpIebon

(hon{e%Etﬁﬁe sﬁ&rﬁ)lﬂrtﬁ}ﬁ’ﬁﬁg @%&H&Eﬁ 134 Ef)’])y?sls&'ﬁﬁﬁg hRNBsdrfers h{eﬁﬁlatlng or
Ri ft "wor k d jet |ag. st'urbance of the human

mam@:amma dlean a@d tmkldc anrr@asumeorsm@elpypecﬁomaj(@xsesawd skgeiness),

narcél%ﬁstybgo 8@%@%%%0{55%%' 0(5 hyt1%n6;%|71%]¥yit ep%ssor&]er and dyssomnias
not JtKehwidS2PEB &R IBBmary/in€dthiBa ig@ardeeerize€ byl khefpetsidthee (>1 month) in
treatnment of sleep disorders, and particularly

dlfﬁ%xltwédﬁuaﬁlrr&mdﬁmm@u@%s eRPSUTOf @pB eV aslesy d%liffécuéﬁl@ in
s S5 AR S hurl SRSl LR g e

includapethytime étritadi biyy loshaf atientidbnuaked momtd!tlsn,r fd’&gueChnﬂ rhzﬂalae and
i cal Condltlonagnd sybst anc duced nood

deter r@%%%frmocrﬁwe@gﬁwoa. CoPubia e sndsadersindudeiet lag

syndfB#Q ShitERE R Shlel @it RP! MOhnced ¥RED pHAsE s%cﬁ@fng @hd @Elgyed sleep phase
depressi ve di sorder not otherw Se specified. Bipolar

syndefimeeo(d d Bfagners M.EuWegees ahd Ved. Henbigpdhuaals bf Bhasmadwsherapyd(1998) 32,
680-@ 1@ Ci !Il?J1v1§1ua1§ d Sgﬁ%ﬁ sg)egptpgfaﬁxgn? ggrﬁmgs ra gega\égrg%ttap at k%hllngsrs asa
percelﬁagféeﬂrs&ap tiMe, gt oaﬁmelq;@ﬁoash&tm@waﬁ asylmlﬁmndmme@ 1.hgppl.

epressive episodes I n bipolar

Physmls@P%r”aﬁ%? J@ﬁ%&ollbbas Ibeerygensrallyraccenteshihateyith agfetbgv is an advance
o PUFEISOTH iy Y SESE B0 000 A
Endoepinslddetabt diﬂt)2)c28duE297|—|E3a3)s o sidepprtireing out 6f dikadian phase

unel ear et her a seasonal pattern is nore |ike I.n
may ﬁlgf?%ﬁn quz\ﬁhcatgve and quantgatlove temli)s as Purther exemph%ed by altgrations in sleep
with shift work and jet lag. Disturbance of the human circadian clock can cause sleep

disorders and agents that modulate circadian rhythmicity, such as an inhibitor of CKle and/or
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depressive disorder that is recurrent or in bipolar
di sorders. However, within the bipolar 15 disorders, a
waemsor@mbo pattern appears to be nore |ikely i nP@i/psi0as/029383
Il disorder than in bipolar | disorder. In sone
i ndi vi dual s the onset of manic or hyponanic epi sodes
may also be linked to a particular season. The
nter-ty seasonal pattern agppears to vary with
CKI, 2033t bfchselul der the eatgent of slesp gnsorres. apd pastigudclyftreadian hythm
ﬂeqp&ggg&slatltudes younger persons are at higher risk
for wnter depressive episodes, and femal es conprise
60% to 90% of persons with seasonal pattern. 20

0 affective, djsor SAD) , ermco
a3 B3R Qe e oo 188 deBresbist By pBradf o Bt TSl bipolar
disoddBat addtwoltBsdali&g BQS%H'O% eﬁBR‘) V?tﬂ?e& hﬁd&%od@tﬂ&@ﬁex‘ﬁue toa general
Mental Disorders IV Ameri can Psychiatric

medisglswnilitiongnd sutstang er@mup@d @n@ld SlsaltdﬁSt De}abssmrdy%qrdm are

subcl%ﬁﬁ@& Jt:?n%]%g %%)rgs&meerd: Sc%g(?] t h EH-H' ? ?isgr L? \‘,g)ltrc?ssswe disorder not

otheﬂﬁ@iOépeb}ﬁed dBiyladifyddri @retsﬁbcmzssilﬂeﬂfas bﬁ)@mﬂ@ﬁsoﬁiﬁr tafd Bipolar II
when describing a seasonal  pattern of major

disorgety rl& bay Reen epsesvrdebat the presifiea eai sepseeLpaieay” caﬁubﬁéwaked to major

deprgsfsﬁfgrd%Fde% h.ﬁtez‘frg riéc%ﬂren{%ﬂg%é ﬁl%?ﬁﬁ@ﬁlsdfésaégxdd%%sglgg ég%ges in

b1poIEh édxstnaleamtdelmpe;lm Hdslisandkr. Brcmgnemasengy ldgprsesmiay evereatmg, weight

g R A R S BB G or e Bt cceur
ina sveﬁmnﬁdneaf fR & ncRhPWHERES d &%Qoﬂanp@@M is\Ynord @iké‘@tlh BEH S

suffering from maj or depressive disorders, including
depresaivedisqrder ghat etraeureant of inddpdlgr disarders eHoweegrs withingbe bipolar

dlsor%&lsse? ge ?naY‘BétFe%ll earré t{) re]ltmeorr% 112%‘%\/ El&(}ﬂ( ﬁ}f iﬂ{ger(%han in bipolar I

esponsi ve

dlsorﬂlelu rIﬂabmefindQ\f/iﬁﬁﬂﬁ theonisktsod Ih%i(Sor(h]y%&&)mré RpRddes may also be linked to
109- 117). The success of brlght 't ght treatnent for
a parigilapsepzony khe vantsT-AYRE s6a5087! RIEEMEPDEDH IAABTY 00y lavtude e and

sex. Waﬁgg ﬁx?p 2 tgﬁsﬁl%] h?gérq)ﬁ(ﬁjt{ug?sg y{)xﬁlg%pﬁeg SRS A hi er risk for winter

sever al eses Ty ng ant sm
depreskivaepisodes, :flrmifen‘labsmhmpaﬁreﬁﬁ% to 20% et persdnd wg]lnteasc'ﬁmkpettem.

SRR Bl R0 i 0, B B RELIESh e o
moodl HBBFdeEMd B (ReDRERO&G A G estiBal mnﬁéﬁoﬁmﬁﬁal D&omﬁ‘s IV (DSM-1V)

circadi an pacenaker relative to sleep mé Tam et
(American Psyehiatiic Apsgegdiioat f)iagngstiogsd Stdisti Maaneﬂ)of Mental Disorders”,

R S L ———

denoted byeth@teriewvidissehsonalthasieinttartien Gestedinga SRt of major
shift in_ circadi an phase and the clinica

deprespive episQdsiian ipglar | ﬂgﬂﬁfdef,rbepcawl dispulsr or feurguy Egorslgpressive

diort S N i, Ry R, BBl AP Yo TPEio0 I BBy end

diagr{oRes d!f deBlessi68Bis6dldrs, hejordeapressial dlsorédfrpimajoﬁdapressive episode,

bipo o g o s O A o iR ar R B ALY

ef fectiveness of the pharnacol ogi cal treatnent of
nzéér depressive disorders (Benedetti et al., J. Cin
P

tq:n@tsuﬁel(nm)ﬁery 182§ 01 GP8essigs Q)sordﬁh&u mcludntltg S)ADl tbat ipf

charac?é%e b% Ire?:aISrgrguc%graes%{ve épl%od%? gﬁncs;l}g éréwgﬁ?rf plajv el al&%wn to be
posutiv&ly ﬂ@k}idnglﬁe teRglasRethsy KripkeeToutll of AFREGRI Di¥odEfqT998)&49(2),

nmono-_or
109-117). The success of bright light treatment for patients with SAD and major depression
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conbi ned therapy for nood disorders. 15 It should be
noted that sleep disturbance is a criterion synptom

wo evosorryo psychi atric disorders (WV. MCall,POT/US10051029383
Psychiatry (2001) 62 (suppl 10), 27-32). Sleep
di sturbances are a conmon f8ature of depressive
di sorders and insommia is the sleep disturbance that
is frequently reported in depression, occurring in

resulisfdn tiroprppesatielsererabhly poshesesto §xpl|lwghe mh@gblmg]me@@msm of action
9 0 7 8z
for ﬂf t'h %F&i’écel?’fe%{e \r/flyl d?g)n Cgl?gse %ﬁ%étﬁgsgg) mcgurg_)rc% rt1 ﬁé f:%cg%%ﬁ&l}n%

hypditiggsisp thatBuiggebts sl anitiderostantedfRct sfpiphs BiMeodidtRrdsiciatéd with
has. been hypot hesi zed that corticotrophin releasin%) .
phasg-skifine heriradignpracamekerirelptiyetgelees ( eMgiF pig et al., Can. J. Psychiatry
[ [ t
e im G T
chmsdlbre;ﬁfecdveslngm zmayesin nzejor depeassivallisyrders camse al dosoomitant sh1ft in

di an r t.hm ecr tlon under 25
circaflgh i LI B Rasoof fighish HaPRaRrARTe drgsaitn the phase-
shlftﬁﬂg%%ﬂrty\@kﬁle@?gﬁfﬁ%ﬁb?gCﬁe%l§~e Chférﬁﬁﬁfél ofPsiolo zbo0) 526 (Part
in Psychiatry 001) 62

3), 6&§éﬁf,sTetrman ehalddireh. éBenan@h@itrarﬁz&ﬁylssm%ps)y Adcz;,monauy, light-
i nhibit of casel se | F

b
theraé)gs giﬂr)]eee% sﬁgvsvré tcl%cceierar%e a%d all%%efnu he c?\cegg%srf&n licli @?armacologlcal

treatdle@trcﬁsﬁaj yederesoin e arssrdétse(Heﬁe@faf ecdl $ 1. APl CREy @/ e 003). 64, 648-
of the references referred to herei nabove are

653)} F{@B& plahlhlﬁl@a of e3ssinkipase dg pnd/@irfagein kinag kS wowld bp expspted to cause
/;
o RO RY iU EeOn R ayd P alcd § cffective mono-or
cmnbnb$ﬂmumyédnﬂbbdhmmﬂe@S 2- b]pyrrole 5-carboxylic acid
am des, 4H pyrrol o[ 2, 3-d]t hi azol e-5-carboxylic acid
am des, 6H thieno[2, 3-b] pyrrol e-5-carboxylic acid

anj QE@uld HEMBA Rt Qledp alsﬂﬂrlgeﬂl'cézsoi &iteri GRERDIYhit6r ﬁﬁh}dpsychlatrlc
am des and rel ated anal ogs that are inhibitors

disor&lar§é“thM¢é?9§ AR éJhnTsth@b]yé%@Olalﬁa (mplpbtO)SZZ)BJ'Zbo%lsemdlsturbances
ent arent..from the detail.ed .
are gD YR ESTE R P o0 R e S sisapngnat i
freqﬁEhEy deE%HhQépTé’k@loﬂr@ﬁ:ﬁﬂIngl iA'6eEH 909 o PdPrésdi€bpatients (M.E. Thase, J.
ubstituted 4H-thi eno 2- b] pyrrol e-5-carboxylic acid

Clin 1R§yshwf@é§1992)rﬁ(b§s|upﬂ| 22833 3} ﬂﬁcwzl@la@nge@dm@ﬁypmtsmommon

pathggﬁmgﬁsc‘for M ?&F?%EB ]g{()e%{irr a%kf‘e]sgv%ﬁ 113%?(; ilit/ ?scl?e%h %apothesmed
that enictemophindeleediag Edta(@REY By mtactioityidue t6 Ig):neﬁmdarédlﬁpﬂsitﬁn or
possé»&ydgatr]é%?rgﬁsé Qg gttreesg Sﬁo <S:eg ge R@aﬁggﬁ%&%ggerateg g e([m rotracted sleep
distuPRAEER GV RlallY pAREAPINARKRIAS @lutc§d151t‘ flyRiRhicity 8 CRF sgcretlon under

i nhi bitors of human casein kinase |F, "activity, an
nonsfresshd dendationssnayplashe rade imptbe ndsnafslees-wabe exprassion) (GRdRichardson

o | Y b BRG0P 3815 10, b oot

cncaﬂﬁh?tﬂjétﬁmﬁdi@t Rifex&tiple bySnHibitioR vRoRER KBAE [8hsD6AQEESN kinase 15,
I ncludl ng nmaj O
may be useful fo? treat%nent of depressive disorders due to effects on CRF secretion.

All of the references referred to hereinabove are incorporated herein by reference in

their entirety.
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depressive di sorder, bipolar | disorder and bipolar I
di sorder, and sl eep disorders including circadian

wo byovlozmosd eep di sorders such as for exanpl e shpdt/uszmn029383
sl eep disorder, jet |lag syndrone, advanced sl eep phase
syndrone and del ayed sl eep pBase syndrone. The present
20 invention al so provides nethods for making the
compounds of fornmula (1) and formula (11) of the
i nVeustit ran obgacbeliihisghyegntian o p@dkbrmdbnefrﬁtubsﬁtmteﬂ @H-thieno[3,2-

' t di t.ed ound of _fornul L) or
e
thleno -lb]ﬂyrﬁld\/ﬁiﬂal@oxﬁhc &id arldes,(4H- )CJ) E—'dﬁht)ézd)lé SS:aQonyhc acid

WD 2006/ 021000 PCT/ US20 %/ 02 R1 H

armdsqs axd rebated anplogs taat pes lmmrs oRgasein larlgqe I@r Th@pmtw asher

objeé%é1 { thjs g]'t e%'l ﬁ%@ %&Xé ?’Pé)t fer ocquktﬁgzﬂa?ﬂ%dl?u%%lkx oyghe invention that

ﬂﬂb@& CBaIkoxy, aryl ( C1- Coal koxy),
het er ocycl e- (Cl - C6al koxy), CF3, hal ogen, SH,
Cl 6alkylthio, aryl-(C- C6a|ky|thio)

het er ocycl e- (Cl - Iﬂﬁi&WﬂﬁH? FRSRG
aryl-(Cl - Co6al kyl am no heterocycle- &

- Cblad peg$eatrinvedtjonoproXdss sbstiteiad 4XI-tnehofB 2 é pyrecde-deshartoaglic acid

amidRy o210 gy AR pc Amices) @4 Gpor.3-blpyrrole-s-

carb@yh%@b“é)ﬁ‘hdesl\/hHSpyﬁoldB Q[d]fﬂﬁ&owﬂ%@bﬁxﬁ& dcid dtnides
- C6al Kyl . aryl-(C -

and Iﬁl@teéra@@gegs ef ioemuh@dé)l qagﬂfyrrmﬁa (I pnd the stesecisamrers enantiongers,
racerfllatt?% zﬁ{detgﬁt%ﬁmwof s@f& c%%%hﬁ@%ﬁ theapﬁa?&g%%gali)y acceptable salts thereof,

onmer t
as inhibitors of human casein kmase I activity, and methods of using the compounds of

formula (1) and formula (II) as pharmaceutical agents for the treatment of diseases and
disorders of the central nervous system, such as for example mood disorders including major
depressive disorder, bipolar I disorder and bipolar II disorder, and sleep disorders including
circadian rhythm sleep disorders such as for example shift work sleep disorder, jet lag
syndrome, advanced sleep phase syndrome and delayed sleep phase syndrome. The present
invention also provides methods for inaking the compounds of formula (I) and formula (II) of

the invention.

Accordingly, a broad embodiment of the invention is directed to a compound of

formula (I) or formula (II):

x— Rs x—Rs
L
2
LT T
N 0 M N O
\ \
R, R

]
(I (1)
wherein

X is S or S(O)n;
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a pharmaceutically acceptable salt thereof. Another
enbodi nrent of the present invention relates to a
woredoboziiobor i nhi biting casein kinase |Ic acti vPE€HUSIW05029383
patient conprising admnistering to said patient a
therapeutically 20 effectivel@amount of a conpound of
formula (I) or formula (I1). Another enbodi nent of the
present invention relates to a nethod for treating a
R, ISdéPFGmﬁsakmlfferl ng froma di sease or disorder
orated by inhibition of casein kinase IF,
Rzlsewg}%ffty conprising admnistering to said pati ent a
R; istdigdrapetetdcsalel y ef fecti ve armunt of a conpound of 25
fornmula | or formula |1. A further enbodi ment

R ISdile‘%leﬁfaﬂfWén@eaélanwb |Cat%§lkffeylaarpﬂr6éle§saﬂf>6} hﬁﬁeec%aelﬁﬁgl éisalkyl)

B

aryl-(Gi-Esadloilharyeheterosy de-(er€yaditylther) N Os.SdHS, N R &) awls(ﬂrer S

i ndi vi dual ecul es that differ onl
Ceel YprBR b HelO e oLk ARG oS R Snerpi X i are as defined
above! er eoi somer WO 2006/ 021000 PCT/ US2005/ 029383 11
includes mrror inmge isomers (enantiomer s), mxtures
Rs isdfl onfCrCotlkyrage i soners (racemates, racemc
Rélsrﬂl)é}& %3331 ylgeometrl c (cis/trans or E/Z) isoners, and

i'sonet ¢ompounds with nore than one chiral center
Lis NtthIa,rvehdmh Ryl Hot Oﬁ@@k@rl of one anot her
(Sﬁl ast ereoi soners) . conmpounds of the pre
M isiS, (oot N dnWherginHBa g Phéfyrﬁﬁélﬂwl anddt-brakgh dh%r@aycl%récx -Cealkyl) or

lracemat es, 5 racem c m xtures, individual

‘di ast ereoi somers, or enantiomers, or may exist as
nlsgenzmirrl c isoners, with all isoneric forns of said
npounds bei E)%i ncluded in the ent.invention. As

asm{f%&“ﬁ&rz‘&eﬂam Crahifeeraate gF g 3 er&Eef&’%‘?’rﬁbnl y used in
a ph@hfasdlitab8deptab shRtidelpt € specific configuration of
a chiral center. The term"R' (rectus) refers to that
10 configuration of a chiral center with a clockw se

r eI at h onshi r-Qu

el RS B e e U e g 8 fting casein
kinage/ Te @ tiFidy 1@ranaﬂent'Ebﬁlph@ihgﬁadﬁlmstéﬁmg’ltosdaﬁi patieff £thsrabéutically

that configuration of a chiral center wth a
effectiye ameney S @apmpeundpiiorspagher dermuba db priorities

(hi ghest to second | owest) when viewed al ong the bond

toward the I owest priority group. The priority of

gr Anpther anbaseentigitie pespueinyentian rektashie a@nathod for treating a patient

riti atlonlsl first based an atonic number (in. .
suttefpidiors » SFeesP s SnBRarBAF =R R Gy btan oF St Hg A 1€ activiey
comﬂﬁsﬁ@&ﬁﬁﬁﬁtéﬁﬁ’lg R6 584 glﬂle%? a 'tl?er&‘&ﬁﬁé’dl@/@febﬂve amount of a compound of

St ereochem stry of gani ¢ Conpounds, Ernest L.
formplajlegr forgaadl H. Wlen and Lewi s N. Mander, edltors,
Wl ey-Interscience, John Wley & Sons, Inc., New

York, 1994. 20 In addition to the (R -(S) system the

ol Aﬁ’ﬁrtﬁl:rlenﬂibﬁtrﬁéﬁt oBthePr&sentifveitiof réleteCidla pRcesdEBOeparing a
absol ute configuration, especially with reference to

compaund ot furmyda (1) or fopmuladiiyt em a

acyl;

DETAILED DESCRIPTION OF THE INVENTION

As used herein, “stereoisomer” is a general term used for all isomers of individual

molecules that differ only in the orientation of their atoms in space. The term stereoisomer
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Fi scher projection formula is oriented so that the
nunber 1 carbon of the main chain is at the top. The
w@e@biox100D' is used to represent the absol ute PCT/US2005/029383

configuration of the isomer in which the functiona
(determning) group is on thelright side of the carbon

at the chiral center and "L", 25 that of the isoner

in which it is on the left. As used herein, "tautomer"

incluges mirzertivage issmiers (ehantionters)t extereerf wircrramagd isbmers((cacemates,

nore), C ounds t di fron1ea h other .only i i
recefiRa st O BT o o) SO e heS R fomfopnds with more
than @h& EHiF0 BerderSthad el hb@ﬁmcfr hagesTohe and’iEéerﬁE‘t@}emsomers) The

tautoners or tautonerism 30 As used herein, "a
compamds of the Peesenitinyention mayhaxe apimimetan epers @nd; pncur as racemates
racerﬁ r@%ﬁhg é@lgﬁﬁgﬁ%spe%bu%{ng&%e?%}{Mgn{eﬁé) 'ES} 81%? ex1s as é(eometrlc
1somlesomth pil |1sonmnic)tbrm§@ﬁ33abiﬂ(mhpouhé$’ belﬁglmyludam ih ﬂhb qbrésislktﬁnvention.

groups. Included within the nmeaning of "alkyl" are

"al kyl ene"” or "al kylenyl" as are defined herein bel ow
i V\DAg Qe %9 Oq{”Pa(ﬁE/ “%%Me@ %%9 l?y d HIS(?rgarhg 'E:ﬁénrﬁstry to
kyl'ene" or "al kyl enyl ers to a linea
denom @nmﬁe @tpn@gwali@mf a clmat cnr)aftre dhaltérpHR’] (meoculma refesfto dra¢

conf{g}lg%yp 8 Ei(r)aﬂ chgtﬁ{, \655 2 é: \Sm%ﬁtf:(}r%?@?/p 6]? PS}?%WKhlghest to

secotid ey wh meﬂ\%ﬁta‘i’dr%;thé bor@RART the §6Wdst ph@myl 260, Biterm «S”
used herein "al kenyl" refers to

the |
(smlaels Wfléfé to &a?g?%rg@r%@nmé aehblognten wéthtanonnistrlockiwigstygtationship of
des
R R A L T R

priority gedupy IThe |pr10ﬂf}0¢f@i§ﬂhps id baded tup oty kequ&nd&&ﬁ&@ Wh,erem prioritization is
2, 4- hexadi enyl , Ero peny

_ et hy| - 2-
first éasgﬁ 8{6@?%’?‘0 nzmge&(@h% er of dsg fﬁa@ﬁglatonaﬁeum &)} Aisting and
dlsCIQEBH B?prl&ﬁléﬁ?gorﬂﬁﬁ&i 1 S8l byWis t (?‘ (%'gaht’a@{lm hgc\isl, r];Z(\;{]'nest L.

branched nonoval ent unsaturate
Elielf Samue] Wb Widensand Ieeavih din Menders editdrk, \Hﬂey buesciome, TolingWVdey &

nd |nc ies et hynyl, 1- propynyl, 1-butynyl,
Sm“iﬁﬁe%% %$0pynyl 2-butynyl, 2-pentynyl and the
like groups As used herein, "al koxy" or "al kyl oxy"
refers to a nonoval ent substituent which consists of

a_Iniaddigiondp ﬂm@ﬁdﬁ)s%yswnk yhe @lﬁ@n Iﬁ Ihswtengmay alsp baasedherein to
denogén%)sﬁlgﬁﬁbc%gﬁgé@@r},g:éﬁé&gﬁ \;nlt]{ rgn&{l] 0 aci %qg r‘lhls system a

n ce
Fisclex pgﬁéﬁtioﬁlﬁ@h‘rﬁﬁa isrogietitd S o Mgt ﬂ@(t)umtﬁi h@xsbon I@If GHRO¥Y¥in chaln is at the

% ﬁﬁf but oxy, sec- butox¥ tert-butoxy and t
top. Thggre g8 usealdorepegseRbihgiahsolutg cpydigyrptipn qféh%ksgrr@bmawhwh the

funcmm@e%mmﬁ%;tgmha i %ﬁtthéﬂﬁ%m LUIHSLSbH at@he J;ﬂlfag 8nt&@ and “L>,

branched al al n havi ron1one to six ca

that ftthersomieninevhiti itosigin the 1efil fur atom and having its
free val ence bond fromthe sul fur, and includes
methylthio, ethylthio, 20 propylthio, isopropylthio,

bULy Lidddiereis e Caubdthet! bhtButofrRFibm P ik kiR c@@ﬁs&ﬂ@e dfith® (or more)
groups. As used herein "al kenyl oxy" refers to a |inear

compsoungy thatdifar fFomeach ether e i the posigion of one (or more) mobile atoms and

in electron distribution, for example, keto-enol tautomers or tautomerism.

As used herein, "alkyl" refers to a saturated linear or branched chain aliphatic
hydrocarbon group having from one to six carbon atoms, and includes methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, tert-butyl and the like groups. Included within the meaning of

“alkyl” are “alkylene” or “alkylenyl” as are defined herein below.
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al i phatic chain having fromtwo to six carbon atons
i nked through an ether oxygen atomand having its
wo ewe/oymbence bond fromthe ether oxygen, and PeDUSZNEs029383
et henyl oxy (al so known as vinyl oxy),
1- et hyl et henyl oxy, 1-nethyl121 -propenyl oxy,
1- but enyl oxy, 1-hexenyl oxy, 2 25 nethyl -2-propenyl,
2, 4- hexadi enyl oxy, 1-propenyl oxy, 2-propenyl oxy,
2- BeusstyHensiy “alRylep&horeialidyteny]” rafeds tohelideiak er lynnehed, didagent,

used,.herein "alkynyl axy" .refers. to,a |inear or
s AT Bin R CBR e S Carpps it S hetby g egayienyl, propyleny,
isoprapylefd, butORh{WMbsb@ryfeh¥l, EBLERAYR leW Lt sopt t 1
woP;??pﬁg bggd fingedy tEroug a% g?ﬁgfﬂ%xgggﬁngggﬁ1g%§%nyzmd
ﬂWIﬁa@ﬂNQ&its free val ence bond fromthe ether oxygen
an i -ud et.h I . 1-pr | ,0x
1 lsJ ﬁgerc]lylfégé)%i}', gl%e éxgeg%s gé % ,llneza_r %F g%%eidon)}%ovﬂem unsaturated
aliphati¢ yhmin bawing Fropetioynto ¥ixooeybaandorhfiend inkkded @hi@s/l (A3 known as
. 2006/ 021000 PCT/ US2005/ 029383 13 As used herein the
vinyh) ol-frethyletenyt | lomethy -1 maerengl, d putenyhilchexend, Pryratad = prepenyl,
Al t1 g iy t ' n
24-tiklilon, EHORER, SRR, DUl OMLIRRE fdHhe SRR
cy4b opertteydin “alicghydh ea/lineac ychrahaet yhgnosaledntt unsaturate alipbatic
.used herein, "aryl" or "Ar" neans a st abl e :
havinge g iP e Sselinbir it A legR e uise beria P gL I
propyy 1 SE¥ERnHIE MRk $nyl D-BRGInY1 AButyED&eRtyRY] ARIBRE 1RO Broups.
ring is aromatic and unsubstituteéd or substituted

W KB ugédq{@ré?ﬂ,e‘ah&x&'h?xe‘%é%y ”ir&fgfsg@ ﬁ%@gkﬁﬁsﬁm&%ch

group consisting o ene oXY,
consGts-ofadinkaxgr, brivavhed eliry] QbirOgaiing/from@2e @bsik kerbph atddss linked
throuf@%lﬁg}{]eﬂﬁtﬁtéegléé(gpl ki u%r”? g};&ilﬂﬁt%ﬁer I a%%%{t;%)ggtfg?x ’eg_ggﬂl\l%)’(}ég?a, and
inchrdBY fadthoRa| dhidxy afbbox EXRFRIRSy, Wutoxd! ¥dc-biRbxy, Mri-bhtBEY MedFthe like

phenyl, 2 10 ch or ophenyl ; 3-chl orophenyl ,
grougs.chl or ophenyl, 2-fl uorophenyl, 3-fluorophenyl, 4-

fl uorophenyl, 2-bronophenyl, 3-bronophenyl,

4' | ", .n I LS g . .

£+ RS A op S HAR O B b s consiss o
linea? enirtahichey aliathyhain Bavimg froxy@iean wix, cadbonmesho Kylddahydugh a sulfur

N T T L T I R —
13b Lk Hhio, batykhid, SRIGTYIthio AeRitutydih he fi :
mﬁp%ich“é%gp enf?, 9@%—dichlo¥éﬁﬁbﬁyl, RPib the k€ grodps
3,5-dinethylﬁhenyl, 2-trif|uoyonethox¥£henyl, 3-
t r A8 pspdrhsrain hakgptexy Irefers to pjlineaorrdwaniched oheyalent unsaturated

.. h Jekr r.anapht.hyl . and.. bi.pheny] . used
lipH PRl b OB SRR R i an ety prom an
havingyf i fpeental et iboad fralotie ethet hks@en iyndandladed @theyloRy ad1sdBbwn as

. al kylene chain containinﬁ one to six carbon atons and
vinylexy) Agnetbylethenylpxin d -gihyh tprepsaglory.oirb@aeylexy, fpkexenyloxy, 2-

- L : = -1 1. -
e R A e
pentgnytoty handytbe hikg roups.f | uor obenzyl, p- chl or obenzyl and

the |ike groups.

As used herein “alkynyloxy” refers to a linear or branched monovalent unsaturated
aliphatic chain having from two to six carbon atoms with at least one triple bond linked
through an ether oxygen atom and having its free valence bond from the ether oxygen, and
includes ethynyloxy, 1-propynyloxy, 1-butynyloxy, 1-hexynyloxy, 2-propynyloxy, 2-
butynyloxy, 2-pentynyloxy and the like groups.
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As used herein, the term"aryl-(Cl-C6al koxy)" refers
to an aryl group as defined above |I|inked by a |inear
wa@eoobzmehed al kyl ene chain contai ni ng one to BCRUS2005/029383

carbon atons |inked 25 through an ether oxygen atom

and having its free val ence tibnd fromthe ether

oxygen. Exanpl es of aryl-(Cl-C6al koxy) i ncl ude

phenylnethoxy (benzyl oxy), hen | et hoxy, and the |ike
6@[356 hegeip shegteye 1(hcyql<ppé tlaefers to a saturated hydrocarbon ring

efe s to an aryl oup._as
Stmc&%? ?é!)nté&i'n ovelﬁ%(reg‘gI N tf Eué{)olnl et m%%%cﬁ%'g[ﬁ’pgﬁ’@Icgﬂgbutyl’
cyclapeatyh, cyoloheky)j dy@lohsstyt, anéthe 1kar bon atons |inked 30
through a nitrogen atom and having its free val ence
bond frq?1the nltrogen wherein said nitrogen is

opfF Y3ed hegein BT PLTAE SRS 2Ry Hablg é‘PPQ?Py(dlCd}_EMQ qryticyclic

carbﬁﬁfgbieﬁ) f%fse%ryxlneﬁlﬂgrs ea%gqg{#o%grgﬁn ef gélr%s#?%% Q285381ic and

) | am no) 1 nclude phe
unsupsinted IOamhsDyutedp\M@m frbmt dnglta |thrn@$ubISt~m1entb yeledted from the group

d the. like oyps. use rein, . the
consRERE YL AR rRB el B o RS o B S gkem, o
Ceallmyll&fifli@emeBRD tBiThdrBiethoRy, -Nd,i NS, -RH(OJ- @E‘éli?;ﬁl? -N(C;-Cgalkyl),,
al kyl ene_chai n containing one to siXx carbon at

'NH1aFY11k@%ﬁ -N( Gy trsadigbacy. sﬁxarmplea@%‘iﬁrzdﬁerhév inglude Bhemrvbé-

t
chlonbBhiRE .- ARG R4 ORI 2 REATRAES) SinBhdatichid 4-
ﬂuorpplmmyl ét-lhyinbbhemyl 8Fi§fotn|’(b§hérlyﬂgei @bﬁi&}pﬁenyﬁsz-ttﬁﬁﬂrdiﬁétﬁylﬂhenyl 3-
term' a? refers to a

®)
tr1ﬂu@@ne%}é)rlR]§qny é__t{»ﬂuorog?eﬂylyl@_n@ 2- methz)xyphenyl 3-methoxyphenyl, 4-

eSS SRl iy A SSHEL S e
methah)}llen)dn@n‘reét}épmyh Bentno;ﬁwa;sl defitropdnyied-@itrophamg, 24V i ng

PRI SR E R T NS AN

trlﬂu@ﬁﬁﬁdﬂlloxyphéi@ﬂ aniifluordibktdé¥iphertyd ARSI Y totrahydronaphthyl and
trlfluoroacetyl trlchloroacetyl benzoyl and the Tike

biph @B%ups As used herein, heterocycle or
"heterocyclic" means a stable 5- to 7-nenbered

rmﬂg) Y6 Hefeif? rthes{eﬁﬁ\;‘%n@ IQC %%hl;}”i%ﬁé?? egl z{%gl Oé{'gup gslqseﬁned above

het erocyc 1 C ri ng er sa ura
linked by aitlineat @chrarached ity lehe cleis coitsingdg @rndsin caibofmtangdand having

th t t | ected_f th
ts S RHGE DR BPGTe! SHAIS B Rhapihar aqth. EREMAIE PLan
C6all§)l1‘j”f1ﬁkﬂu NEFIRAPA AR (bFBW) %feh?l@f—ﬂyl H@thQ%}élﬁg%ﬁdp ﬂ%qu)banzyl, p-

t he nltrogen het €r oat om ey opt i onal 'y ternize
chlorgbenzyl ang thellikggwups.bi cyclic group in which any of the
above-defi ned heterocyclic rings S fused to a

be T o} C ,Ln ttache
an@gﬁetagreléea (t):lrlﬁ %fmcgrfyg 8@ & lllﬁgfx ergg)\/ ?neegﬁ %rgu}i) as t?eﬁﬁxed above
linked bgatlinesr @fbranchtdhikelesé Ehlﬁﬂi Uérﬁalm-ﬂgfbn@% 6ik @I iaforfd Iked

nﬁy bﬁ@unsubstltuted or substituted with fromone to
through ap gther,peigen gtom andshaving kuires walsnch éogql §ap the AdELENEgN.

B A A ROT, ELAR hesons,n

hkegwmmﬂuoronethoxy, -NO2, -NH2, -NH(C 1- C6a|ky|) -N(C
1-CBaIkyI)2 -NH acyl, and N(C I - C6a|ky|)acy|

Ex I uch hete lic.elemgnts includ

i %sg%eg?xﬁ %]b tsg? ggry’:@(?]?/ EgzalkylammnEnre?ers to an ar)"/a'l group as defined
above linked by a hnear or branched alkylene chain containing one to six carbon atoms linked
through a nitrogen atom and having its free valence bond from the nitrogen wherein said

nitrogen is optionally substituted by a hydrogen or a C;-Cealkyl. Examples of aryl-(C;-
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25 oxopi perazi nyl, 2-oxopi peridinyl,

2-oxopyrrolidinyl, 2-oxoazepinyl, azepinyl, pyrrolyl,
w@os0kioch nyl , pyrazolyl, pyrazolidinyl, im daeol/yk2005/029383

i m dazol i nyl, imdazolidinyl, pyridyl, pyrazinyl,

pyrimdinyl, pyridazinyl, oXezolyl, oxazolidinyl,

i soxazol yl, isoxazolidinyl, norpholinyl, thiazolyl,

thlazolldlnyl |soth|azolyl qU|nucI|d|nyI
Ceallydasninp hingluidd iphgtlylmethylaming (begzylaminionyhenylebylaiming, Nryrethyl-N-
t hi adi azol yl , benzopyranyl,
benZgﬁnzo ?gé%hk?gﬂgﬁ benzoxazolyl furyl,
tetrahydrofuryl benzof ur anyl , tetrahydropyranyl,
t hAgnsdd hebﬁﬁl,ztbé fbinﬁr‘l‘yiyl -(Ct- Ekﬁh‘jdﬂ}i)d)‘l)mréfﬁw/to aA@yl group as defined
oxadi WO 2006/,021000 PCT/ US2005/ 029383 15 As
abovg bpke %plear ©ORbrapghed, al Wg?r@r%éw%tae@g @geaqoksyf c)'arb(gﬂr atoms linked
through%tsﬁffﬁpé’tgn' (}1%1n$§|f}@¥| lencd 65 Forh easu Ie%%ﬂaﬁjsseof aryl-(C-

het er oc c icri |ned above

Coalltyilthey nn@udehﬂany:lhmdiylmi&@bmthmf)aphenybﬂtykhm augyl ﬂnﬁélkt @roups.
SIX carbon atons to anot her carbon aton1or to a

DS LR A6 R el RS I B R T By a0,

aryl(C?—U%zilla@ly-QCEOQ h@@@by&b JC20)-het leertaﬁwﬁﬂé(c( Osallhizl(k3D)- group,
are 4- pyrldlnylneth 3- py r|d|nylnet
wherpinelkeyl ol andeie 1>cy<>§zam Pudgfined ppreig a@%ﬁﬁwg its free valence bond

fom s G IRL ST B S R PR bR O R gt g rovions

butytyll, psabutirg; fifloetdagbtyh mdcHltreaddtWcbanzovipsd tislikesg@dups.
herein, t he tern1"heterocyc|e-(C | -C6al koxy)" or -
"heterocyclic-(Cl-C6al koxy)" 10 refers to a
heterocycl e or heterocyclic ring as defined above
| i Akegedhprean,|’ Pﬁ‘é&CY%}P o ‘Bstercycli| means gstablsat-fo 7-membered

monééc?r ﬁéabxnétg}ge 9% 11%m er%ﬁ ?f@h@ﬁ&%ﬁdhﬁ%ﬁl \Llﬂ&?fé%hgpsaturated of

er oxygen aton1an Its ee valence b
unsaturased, tahe \Aéiidhedonsxxty oé narbd)matbmd @dd fiohhone tb hiereerbataroa®nas selected

from e i90 KPRl R e 2p MORp e oAgEen and Sulfur Fetckdatoms
may 8ptﬁd%faﬁ? lssbtafaa%d B ﬁ?@ﬂ&g&@ﬁéﬂpoaﬂmpﬁﬁﬁ%' Gbﬂi‘dﬂaﬁ%@ Q]Ebltemlzed and

3-pyridinyl met h oxy, pyri di nyl net hoxy and
includingany bypkc gresp irs wHichenk iofi thetabeva-defined heterocyclic rings is fused to a
et er ogy Coeal k ni terocyclic-
benegk G, PRS0l BB ey B it 3L gy B GP AR an Gty Bfapm which
resulfsiift theagedlhi of@dtablRost@icturd) KBk HiYeracycllib @k mBbedirmisi@dded or
al kyl ene_chain containing one to six carbon atons

subsqltrlmééfﬂth fiemogR tathire ubgihent secol faorg thragrone consisting 08 C1-
c6a1ﬁ6§¥/§g&§ ﬁgpﬁog&gu g*f‘},lﬁltk aqgéﬁme}?ﬂ;gf c éaéﬁﬁiafi’ RhLERERMy,

trlﬂuﬁion%abdyyijOj R Hy d-NH(@l]malkyl)W(GMaalkgl)gf-NH-acyl and -N(C;-
C@lk@l&g‘glggﬁ\{fl eff,é)o_f at%ﬁlyk( PHYS g,p]?qa%%&;ﬁ%lﬁ Qg%&dig)glcpilperazinyl 2-
oxopgﬂ%k&m&ll @B)&)ﬁﬁk‘i‘?dﬁ@l ﬁo{dﬂy%ﬁgﬁmpb’ bafoRaep yl az%pmyl pyrrolyl,

f ur annet hyl am no, yfidiny nethylam
pyrrobidiniydlinyydzett yiraaelidiny, Zmpw_wldl m;aidmlmyll anmdvaolachdylt heridyl,
l.i ke aro 25 As used h the.t
pyrezifudy iR R Bally REepR S d i abilsalyt fsozeqatiiny.
moxpﬁsalhyhyﬂhtahm?) ‘thibed1Rlisy] L iSothiabelV E lgRMEliEn Al isB@ILbREMS, irfdoly],

. rjn? as defined above linked by a |inear or
quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazolyl, benzopyranyl, benzothiazolyl,

benzoxazolyl, furyl, tetrahydrofuryl, benzofuranyl, tetrahydropyranyl, thienyl, benzothienyl,
thiamorpholinyl, and oxadiazolyl.
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branched al kyl ene chain contai ning one to six carbon
atons |linked through a sulfur atomand having its

wo ewe/oy@bence bond fromthe sulfur. |ncluded wahiszon$e93s3
meani ng of heterocycle(Cl 30 C6al kylthio) or
het erocyclic(Cl - Coal kyl t hi 0)1&re 2-t hi enyl net hyl t hi o,
3-thienylnmethylthio, 2- furannethylthio,
3-furannet hyl t hi o, 4-pyridinyl methylthio,
3- Py miadi rep¢ingthé armtitheteratycley(Ci-disaly g ohiHetanpay ciodCt-Realkyl)”

| i K . 2006/,02:1000 [ 005/ 383
rfens G RER e or RPROUNR e deTicd SRP Bk lngeg ofBranched

alkyRBEBIRIin edntdiimgloaritd ¥ix@hrboh |atb%si taemombll éﬁ'rbdiﬁatoﬂﬁrd?ﬁfd) A Beteroatom
or_iodine. Wien any variable heterocycle :

seleqted frem thergrouprgonsising R6 O, Rrand Inxl)ud@fé:whglt proYeaning af

hetex%@fclé(}d‘%(éf RyR o Pg@ﬁ%&&ﬁcﬁ )béag{cyl e &gfﬂ?ﬁa&g h‘}i 3-pyridinylmethyl,

-pydéi‘nlyhndthydm-cﬁuiramaetﬂ’nyb Qethenyéd (mmmpilenadethgl)ﬁixnttroei thetnyl, 5 (2-
initian at ery other occ ence unl ess i ndi cated
Chlow %W\)-%- appey. dpBsIHORY-dH RS- Ptraf'éﬁ)ﬂsa"gﬁlaq ke groups.

vari ables are permssible only if such conbinations
result in stable conpounds. As used herein, "treat",
"t Aeasddfg?relo,rthe termathatenacycledCerGalkoxy)( oy “Iptaverlic{§ & salkoxy)”

di sease condi tiop fram occur in .ln a
referd ¥ B rop i SRt i s d BneeL Ve B bdhe B branched
alkyléhé et Eoradiflingons €6 stk ch®dn atvuts IAed AFbupein &B&bxygen atom and

di agnosed as having it; (ii) inhibiting a disease,

havigg %fr@l@valwe bendifromathe ethepoxygspy dslyded within the meanmg of

heter%‘é}\/c%(%p r@}gltkoxﬁror h(:f’ei'c%:cgﬁfécﬁg b— élﬂgx agé > %ﬂ?r?yhﬁlgfhggg 'Sase,

sion 0O
thienyiraethobey, 2€ﬂlt‘h(nﬁretlmyd3 flhranirnet]h5xy°x§ pisiihyheethory, 3-paidieyintethoxy,
"Ratjent" refers . to a warm bl ooded ani nal such as a
2-py ethepiyi 10 thelikg #10PPS ed with a particul ar di sease,
di sorder or condition. It is explicitly understood
t hat gui nea pigs, dogs, cats, rats, mce, horses,
cafs uegd f@ln@'a,phe temah ‘ﬂmmcs/claf(éh@ealkplaeéncof or dritaratyslic-(Ci-

Wi,t hi n.t scopge .of the ni n t he ter As e .
oty RfirS BLE herels o TP rinb s o Grhanats gy o tinear
or brafdhRA lalkigldne Bhaifi @6St@iniPlorRto skathonait6ifs lidfedREYigh a nitrogen atom

functions, systens or organs. As used herein,

and hayingoisfege valdare pend Gom the BXTeepmpberess said pigpEemis optionally
subsg elrﬂ;l%)l“%lgi %eg(qr r@%ﬂiafg Vﬂﬁghfde&) (Dn%@t%@ﬁ gﬁlnn lof heterocgcle(Cl-

oprrent
C6allf:)&ﬁ:t1ﬂb$ or Bdﬂérbcﬁﬁlc(ﬁ),l-@@ﬂkylarmmu)’ yre dFthfélnym&SIWIalﬁﬁlouSed

“condj tion efers 0 te of Dbei ealth,
thlenaffmi}hQ S hiengsin arpist 2 hiratind ARINP, 4-113@13 %t ylgmino, 3-
yrld’lﬁ}frlﬁ{eﬁ’t eﬁ’nlhg‘:'? Bfr?(ﬁﬁyrlkleﬁ{}lagﬁmg Lh§& BRAike B0 ed her ein,

he te m "sl’eep” di sorder” eep disord or sleep
dlsturbance nmeans i nsomi a.

As used herein, the term “heterocycle-(C;-Cgalkylthio)” or “heterocyclic-(C;-
Cealkylthio)” refers to a heterocycle or heterocyclic ring as defined above linked by a linear or
branched alkylene chain containing one to six carbon atoms linked through a sulfur atom and
having its free valence bond from the sulfur. Included within the meaning of heterocycle(C,-
Cealkylthio) or heterocyclic(C-Cgalkylthio) are 2-thienylmethylthio, 3-thienylmethylthio, 2-
furanmethylthio, 3-furanmethylthio, 4-pyridinylmethylthio, 3-pyridinylmethylthio, 2-
pyridinylmethylthio and the like groups.
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As used herein, the term"insomia" neans the
inability to sleep in the absence of externa
wo aed2oent s, such as noise, bright |ight, etcPCT/UsS20DFI0R9383
the period when sleep should 30 normally occur and
the inability to sleep may vy in degree from
restl essness or disturbed slunber to a curtail nent of

the nornal length of sleep or to absol ute wakeful ness,

Théstggdereing %@}ﬁgﬁ % “hal op daado’ piefarnio e mamberoighe family of
fluotims QRBL &:%ﬁhﬁ&%%rhﬁ. ment al di sorder, substance-

|nduced i'nsomi a and c¢ircadi an rhythn1insonnia that is

| n§\d’rm|aay carkattio(eqg. cdrah etetaeytlheR VR, D) R 0251(RQCR7, Rg, X) occurs

/ US2005/.029383 .17 nornal sle
morg AR PRC WS HYy &Y, coglﬁﬁltrlrmwcsw&agmaeﬁur@% %%k%‘ﬁa Iaﬁ?@f fqrgylaflD) of this
inveht®dn, (88efiMiOW6R BRh REérrdnce 'ﬁsmﬂé&ﬁdé}ﬁ e ite dEMBtibEL Byery other
‘primary insommia’ means difficulty in initiating

occumee@pmlm indiesitert ethervwige. shleapombinativinef substitoerds andéor variables are

ntal di,sorder or due
pernssfG a4 Steb p B in=G P Y SOl BRR P o4 PSC har awi ng
f r aBusaIiicadin, ‘st araaag shrhange: ifdyeed | nsomia).
As used herein the term"circadian rhyt hm sl eep

di €br dePreveHgigadiseape disogder oF cqnélﬂthndfgom SYITIBEEN 2 Baient that may

work sl seepreefs &%Q% theqﬁgég&cagoﬁ' £ERY ARG U BIE AWt been

delayed (S ase rone erern
term eﬂthgutsed/eshammgmi ory anount of a conpound or

ect cas n Ki i nhi.bi tory anmpunt
{’rﬁounjkﬂ%e%%% : S5 eré)reawﬂts%d &, Hirtngais iueopment; or

b' aayai lablifg ta'@l‘ié%ﬂé?:h disBRIARRIRRIHoAL Fe.] QULiRe Qefgressmn of the disease,
adimnistration to treat a patient afflictéd wWth

d|seasedw@mhmmmﬁncmndm@ndlt|on amenabl e to such

ot R8sl BT e ATt obp Bipodsd AR iR § mammal

whichhé sfflidted *fth @@aiticalar distasRadikorder dt@ondifiBA. Hiis@aiRitly understood
di sorder or condition. As used herein, the phrase

that gyingagiae IPEy Coff. Tetss BasH horses gatienshesn, aet hyraansrase examples of
m“nﬁEQhﬁﬁﬁh?%E%H§0hﬂéﬁkxahgpgh1 8%lsen1nal events in a

process occurs reg y wth a frequency of

apps nxe'drl’&t@h,y dixease” edfersyto 24 ilhewy, SickAss WS el it @ition, dedeition or
. phr ortenln of circadian rhythm period" refers
dISO‘l% %%rfcﬁlﬁns SOS'HRE Y PrEdPSval bet ween seminal events

| NAR URIIORASH, RBIALERHLS td EGHbﬁﬁzin)éeMﬁfﬁcﬁ‘orf SRAUERGY bBth
apprOX|nater once every 24 hours. As used’ hereln t he

resultipg finotnpdhgenetic et cmblaflomgmfademla deeclegrhert, drdrim exogtedus factors

appl a whet her previously known or future
S“°*‘<§‘?§8‘§%r“é‘b“>y?rh‘§?ea?és used by one skilled in the art

t hAL usddshedeiRORoAdINGE RFGHY L£LstAE of BEhGAHeaRh BEphfsicANfitness.
salt which is suitable for use as a pharnaceuti cal .

25AF ppadderain “Peonbakais” ipfetstio thernreeantion of diseaset s

' nféL ng H’ifi‘l th {%msle dguﬁ%lﬁ nﬁee%acflgc!}d&?t &I “sleep disturbance”

hyd? oxi des such as $6 um  potassrum calcrumo
nmmnﬁgnmﬁumn1hydrOX|des; anmoni a and

As used herein, the term “insomnia” means the inability to sleep in the absence of

external impediments, such as noise, bright light, etc., during the period when sleep should
normally occur and the inability to sleep may vary in degree from restlessness or disturbed
slumber to a curtailment of the normal length of sleep or to absolute wakefulness. The term

“insomnia” includes primary insomnia, insomnia related to a mental disorder, substance-

induced insomnia and circadian rhythm insomnia that is insomnia due to a change in the
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aliphatic, cyclic or aromati c am nes such as
nmet hyl am ne, di nethylam ne, triethyl am ne,
wale@bloyloeon ne, i sopropyl di et hyl am ne, pyri di nePemnts2005/029383
picoline. Illustrative acids which form suitable
salts include inorganic acid¥ such as, for exanple,
hydrochl oric, hydrobronmc, 30 sulfurlc phosphori c and
i ke aci ds, .and organj c carboxylic aci ds such as, for
normg) sl wake schedule (shift spangas: shifigvgidoileep, disosdsr; jet lag or jet lag
gdeMﬁ&%nF mal oni ¢, succinic, fumaric, malic, tartaric,
tric,” ascorbic, nmaleic, hydroxynaleic and
dl Ay ds@d}eumh ehectﬁ:rril) épdoby, inpheny! meatsi difficulty in 1mt1ating sleep, in
benz benz ant hr n|

mam&qlﬂlﬁlgﬁf €EP OF ngv?%%,f'qs@@{gzg gﬁ%ﬂ B@éﬁ% lé pt c@luse ya mental disorder or due

to phésRNPINAX VISR 6f t8king omltg@ﬁﬁ/n@gzﬁ'%(beﬁgy sHRARRS @%9§§1§:e induced
8 acet oxybenzoi c, nmandelic and |ike acids, and

InsowRGANI C sul fonic acids such as nethanesulfonlc

benz ulfo c and tol u fon c; ed .

nenaned begoiR Rectef oo dBRR ce Mishghey kiR e Ty e e
syndeifi€ Qhﬂb\kf&k@w ?Idﬁisrorder raQva@ﬂicﬁzdtsIéeiS PR spﬁt&bﬂi&(aﬁdl ideladdd sleep phase

ex0|p|ents use in formul ati ng pharmaceutically
syndgipg-ve 5 conmpounds for administration, and which are

0 I I ” (13

SRS A0 I O BOPIS SRS AL RE o efecive

casei{dngse éninbibiterydeh@mtiofie dotapouna® nsaahs badughpf ardmpound that

o PSS B L P bl SRR SR B8R

affliROPHITR & RKeh i llisBfdRE ST ©Rditloll aReatble ¢ ARhiRGmIERE hods of
this invention, the active ingredient is preferably

i ndsugrskhereid therfern &mrqpo@tnqallmffwmeamnmg’ means an amount of a

com B BA TG e e R Bk BHeike, ISprfRTp UAGR0A"

t hagwmeddMesein, théphraseailehgthidhen s faRRbdia® Fhy#im petibd Grefers to
i ngredi ent can vary from about 1% to about 90% by

incregging Hhe intepyal befaiecm Prspiagh erents s a PrRsEsstAgt aspiye apgulailyt itk a

t | owi ng neanings: 15 Me

frea RSy pERpHEraRR, oncl PV Boh L 1) " an

(t Ak ebdayHeasinthy phqase'l"Ssmﬂ'tc{mﬁg‘ of dirhdian eh)shldnfpanbd" refas tb) decreasing

.ITsCl ar a- tqu nesul f on chlor|d%2 P %1 ?
the 1Wak Wg?qﬁﬂn}l%q ?ﬁtﬂg) a grﬂws t ai ocCCurs regu arly wit requency of
approﬂﬁiaﬂ:‘l'}l' orfceRYERyO4 hupone or N- mst hyl - 2-pyrrolidinone),

| PA (i'sopropanol or isopropyl alcohol), DBU
(1A8 u@ﬁddpa@n,dy@ te@[ns ‘Phardlagentselly a@mpl)able[sBN is intended to apply to any

salt, (Vilﬁﬁglglg %?éi?)gélg ﬁ*turk g}ﬁgg\(eﬁcﬁ I,tlg%t 1S ﬂ%g ronﬁ]s]ﬂllgé trlg]e art that

isa r(di’ﬂ-tﬁklib Q)‘Bgam(fbr(lh&lgﬁm@ addiflof €alf which WSLﬁtldblerfalVlh@a@ ta)pharmaceutlcal
i qui d chronatogrggﬂy mass_spectronetry),

- Boc
Illus@q&tlvgd@sescylgplt fosom syitglla seEsrinelyde gkall msipd o1 9lkalgneB@§1rth metal
hydré)hﬁést #u@ﬁ ¥s Qtfth )CpotéssB%B th?_%%[ QP%L%I%esﬂ-lﬁﬁlcydé?mdﬁf &moma and

uor oacet |
aliph@et, vytliceaetramatic mﬂnﬁ@sx(oﬁlaetﬂeyﬁﬁmhme) dinetiPkhngiaé tasthlJamine,

d1ethé'!f.n'(113e golﬁaléots %}Br}(/l!q.g%r?% n‘émga%q Wplé%ﬁ’ dyustrativgacids which form

sultaPDgé‘},gﬁ)é:fﬂl:ﬁGé ﬂ%}%an%}_ds(s%cg Xé(j :%&’(ﬁé%g{ﬁg@h&d@élﬂbﬁé 'hydrobromic,
sulﬁl(lnapf@gﬁw anglik¢ mzllds |a|n’dtoga)1;c q_arl((mybp ofids euch, as] for example, acetic,
er or nanc.e.

pI‘Oplg)ﬁi %lbc iaﬁﬁy)py &mqlfn&lc oCqnie, %Lﬁﬂqrﬁz, [ngyg,rtartarlc, citric, ascorbic,
malefd) hpdBkaaslarl dity/dioxlyBaldi® beefoit,iphefiylaceBt 02 aminobenzoic, 4-

hydroxybenzoic, anthranilic, cinnamic, salicylic, 4-aminosalicylic, 2-phenoxybenzoic, 2-
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(silicagel), L/mn (liters per mnute), nL/mn
(mlliliters per mnute), mol (mllinole), M
w@ ewb@aziopo MM (m | linmolar), M (mcronolar), nMPCT/US2005/029383

(nanonolar), G (mcroCurie), CPM (counts per
mnute), rpm(revolutions per8§ mnute), nmm
(mllimeter), m(mcroneter), 30 (mcron), nm
(nanoneter), ppm (parts per mllion), psi (pounds per

acetaxybenzoid, memiclicsapd lke aeigls, and organiuisutfonérdcids sidh as methanesulfonic,

t.. on es Celsius), and K (Kelvin).
lmméﬁf 6@?6 Bﬁ&eéﬁﬁﬁﬁéé %%$%29383 19 Accordingly, a
dt
A A

refeth(ﬁgnolggl &lﬁﬁnﬁeu{lcﬁ%x%le?%sN&lguMSnQﬁngkla g ?%eé’f’r%y{t{tlc@ 'cllcstlve

wher ei n
comMRBRS for RGmiingsteatiph, o1d Witk pecybstantiald nostokic BH-ohakhsitizing under

condﬁ2 ({néofoglgl | e(eégztc%%ﬁq{g%? th thef%reég)&g Gl J%etenxjx)ec’i by the solubility and

chendléal Iprdgettids@ikietntlive cHRpAMACHES |cﬁo§e§|r01§§ ak K@iﬁﬂﬂstraﬁﬁ% as well as
hal ogen, SH, Ci- C6a|ky|th|o aryl - (Cl1- Ceal kyl t hi o),

standqed phaseequacloractisel kypresticng thromthodsf thusaswennon the active

mer R st e A RO soappositioncanaining B phergagspcnbpamier

althoagle tl&s:odfpfouﬂdsChre affectiee a%calﬁbév'\dhqcﬁﬁmﬁier@&hh kd of t%nbéivéd That
Cl- Ceal k L.is Nor CR7 erein IS
said, & YQQP“IOM°¥ actiye ipgrgdienirean wawr e aheut 196 f9 almu %"éwwelght
aryl - (Cl- Céal kyl ), heterocycle-(C 1- C6al kyl) or acyl;
and nis 1 or 2. 15 A further enbodi nent of this
i nvention relates to conpounds of formula (1) or
fornula (I'l) wherein Mand X are each S. Anot her
errabhireyationsithatimayeappeamin this appdisation guliheunthe following
meal{ggnula (1) wherein L is CR7 and Mand X are each S.
A%%Urther enbodinent of this invention relates to
conpounds wherein of forrmula (1) 20 wherein Mand X

Me (methybaEh(efhyl), Ph{pieRyl), Bisl (fRéthydartdne)l peTSOH (2ina-Rgduene sulfonic
acid)  SgRR P to e slBBA AR B KBS I Firmsiby Frmamide), NMP
(1 -métﬁ 122?}/1%511&196& o NG "Me*ﬂ%)ﬂQl );}rcﬁﬁllug)n@WI OR 6(1sgprtcj>fanol or fsop%)pyl

uor ophenyl - sul frany 4Ht hien
alcol@é)g p&Y/ (1, &dmahjc;a:ﬂn[dé Olundec-7-ene), DBN (1 5-diazabicyclo[4.3.0]non-5-

ene), (?'%(grzr b l Sk ?%Fgqul r lt%%«%/r}t%elg%qr%ngﬁq Ialél orégm (minutes), h (hour or
hourﬁ 0%- (am‘zﬁﬂﬂét}? rmMs gllcﬁtﬁﬁyhrbnﬁf&gtriﬁlﬁﬂﬁiﬁ specRbR P lt880e o Boc

(tert-butgx;/(géllrl;o%yﬁclgg (benzyl) t-Bu (tertiary butyl), i-Pr (isopropyl), TFA (trifluoroacetic
acid), HOAc (acetic acid), EtOAc (ethyl acetate), Et,O (diethylether), EtOH (ethanol), DIEA
(diisopropylethylamine), EDC (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride); HOBT (1-hydroxybenzotriazole), g (gram), mg (milligram), ug (microgram),
ng (nanogram), mL (milliliter), uL (microliter), L (liter), HPLC (high-performance liquid
chromatography), TLC, tlc or Tlc (thin layer chromatography), g/L (grams per liter), SiO»
(silica gel), L/min (liters per minute), mL/min (milliliters per minute), mmol (millimole), M
(molar), mM (millimolar), uM (micromolar), nM (nanomolar), uCi (microCurie), CPM
(counts per minute), rpm (revolutions per minute), mm (millimeter), pm (micrometer), p
(micron), nm (nanometer), ppm (parts per million), psi (pounds per square inch), eq. or equiv.

(equivalent), Ry (retention time), °C (degrees Celsius), and K (Kelvin).
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6- (pyridin-2-ylsul fanyl)-4Hthieno
[ 3, 2-b] pyrrol e-5-carboxylic acid am de,
w®2@enpioyd sul f anyl - 4Ht hi eno[ 3, 2- b] pyrr ol e- 5- cEEHUK20h5/€29383
acid am de, WD 2006/ 021000 PCT/ US2005/ 029383 20
6- (t hi ophen-2-yl -sul fanyl)- 4%t hi eno[ 3, 2-b] pyrrol e-5-¢
arboxylic acid am de,
6- (3, 5-di chl or o- phenyl sul fanyl ) -4H-t hi eno[ 3, 2- b] pyrrol
e 5-carboxylic acid am de,

‘& yri din-4-ylsul fanyl)-4Hthieno[ 3, 2- b] pyrrol e-5-car
géardinglyi o bmad@glbodlment of the invention is directed to a compound of

formgfa, toc%lfx u%gﬁ‘ﬁyl 4H t hi enol[ 3, 2- b] pyrrol e-5-carboxylic
acid am de, :

6-o-tol yl sul fanyl -4Ht hi eno[ 3, 2- b] pyrrol e-5- car boxylic
acid am de,

6- (2, 3-di chl oro-pheryl sul fanyl) - 4H-t hi enqksz&b] pyrr ol
e- 5-carboxylic id am de,

pheny) Byl fanyl) 27/ ' 3, 2- 'prrrol

e-5-Ri yl || m de,
6- ( 2- ét hy sulNanyl ) - 4H-t hi e 0
[ 3, 2- b] py -carBbxylic acid am de,

6- ( 3- br ono- phen
arboxylic acid de,
6- (3, 5-di net hyl - phenﬁpsulfanyl) 4H t hi eno[ 3, 2- b]pyr@%l
her@inX $28 BPFMLR 3 HlorPL-E8ikyl; R, is NRsRg lorh
whe ln( 3- net h%gjy) phleny %u ]fa%y N 4‘7H-SI\{1 I[{3.315'5I)E>]()r eterocgdg
Ry is-I, ¢ 1HGsallyl.(CoalCiatkeap, die-C6alkynyl aryl-(C;- C(,alkyl) heterocycle-(C;-Cgalkyl),

T I B S SR A AR o, s, -

c6a116y11ﬂ1?a bfylf(tp%aﬂﬁuﬁaj h@t@ﬁ)@yéléietf @@Mkﬁﬂf}b}r NO,ERPL,, NRsRs, aryl-(C;-
rrole -carboxylic acid

Csalltyiﬁergmp} lhleﬁem%hl@r(ﬂ Suhlkslapiine)der XRB @/hg[eam X -apj By arexdsalefined

C

obor 3 O H o P SRR 1 oPERCPBt s o Slbeasips ity Cr
Coallpyy Mah 8; 6-o¢ Fyoadydréia Rads H, @[F(Iéﬁkyl AYD{OLC ok thiet¥rstlycle-(C) -

of this i na/entl on relates to conpounds of formula (I)
Coallgphlreacyl: and pas Nohd M and X are each S. The fol | ow ng

conmpounds are representative exanples within the

scope of this enbodi nent: 20

6- pHenthdr suibbdimyent dfthpyinveitiop 2¢18tesl jd dringaainds 6f foamblaxi)l dr formula

(D “@’e?f’%‘llgf %‘bﬂg%ﬁ%%"r‘fih sul f anyl ) - 4H pyrrol of 2, 3-d] t hi azol e-

5- car poxyl.ic.acid_anm de, and i
f& B?roﬁnawﬂwg of ﬁaﬁmvymmrﬁg%qsa@ spmpaurgs ohforpwialswherein L
ISC}@,raQQMldh(an&égacﬁrg de. Anot her enbodi nent of this
invention relates to conpounds of formula (l11) wherein
L 25 is CR7 and Mand X are each S. A further
end daithes ntnbodlmemt ef thipiawverition r¢leﬂeatoe@mppuod$rwbmijwsof formula (1)

wherdEHA s RS i and BT T R it &

repref@RdtBReRaBpleY vidikathp k&speWf ikls Bmbbdinfeape of this
enbodi nment :

6- phéhy(slamﬂum anéﬂowgqu@»ﬁale St oROhdd dmhdedyr r ol e- 5-car

ylic acid am

6-(3- ﬂufqrshwrglufamalr);AH-ﬂemt[Méﬂm[rzolgstqamawac ecig-agaddoxyl i

6- (4GB e s iany)4H thicnol3 o pympley-carbaxylis agid aoyidey . 5.
6-(2- maﬁbpk@dyl-eulﬁaﬂyt) AH{nt}d&;o[MkﬂQﬁ%l%l&ﬂﬁbxylic acid amide,

/ US2005/ 029383, . i
6-(py in-2-ylsulfanyl)-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,

sulfanyl) 4H t hi eno[ 3, 2- #@] pyrrol e-5-c

6-p-tolylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,
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4- (pyridi n-4-yl sul fanyl)-6Hthieno[ 2, 3-b] -pyrrol e-5-ca
WO bwxyprioeo aci d am de, PCT/US2005/029383

4- (3, 5-di chl orophenyl - sul fanyl ) - 6H-t hi eno[ 2, 3- b] pyrr ol
e-5-carboxylic acid am de, 20
4- (t hi ophen- 2-yl -sul fanyl ) - 6Hthi eno[ 2, 3-b] pyrrol e-5-¢
arboxylic acid am de,

6- (thﬂgr(l@nﬂridmkih@rlwklstbiehaﬁyﬂ blpsHioteRt -earbpRylR-dojdamide] e- 5- ¢

66 3P s ERTD B Renqsp p-mrsle S B ppg A 5

6- (pyrﬁ?cﬁﬁ-hoywﬂlfaﬁyl@mll—ﬂtlﬁ’éﬁo@&? -b]pyrrole-5-carboxylic acid amide,
4- ( 2- met hox hen - sul fanyl )-6H-t hi eno[ 2, 3- b] pyrrol e-5
6- m-.t(ggll,s Ely 3adrblpyrrolé-5-carboxylic acid amide,

6-0-£01 aﬁg.ony(lomms 5@@&9&)43).03%3,}}51' 60Qlafuide b1 pyrrol e- 5-

i c acl
6-(2,3- cﬁ&lmfﬂi&hﬂbﬁf@dyl)%ﬂ-ftlﬁé\%d[} 2&']?&@16*{3@@5[;&@[1]: agﬁ;iraﬂ{ﬁ@e 5-
arhoxylic acid anm 10 Anot her e 0|rrentot|s
6-(2 Srf{}@ﬁ? O&bepglﬁ‘&?@g[ﬁﬁf Hiensd S yroleSreathoxvhe pyid pidei n
O B P e S STo R emids,
6- (3@mpb¢ny{ls{mﬂfgn3elbﬂ§l:{dﬂhmn[3 2-b]pyrrole-5- carboxyhc acid amlde

6- (3% égl%t@)&{/})l?egggg[%nyéi]% ﬁﬂe%oﬁ%%no -4 Larboxy ilctarc]:ida g Olldg >

6- (3&&%@%@%@ mhrmlémyb)b]gyrmmyéarwdiynya&alaﬁ{l&; 2-d
]t hi azol e-5-car ‘él[r:tc acid am de,

6- (21;16@13»%%@15191?%&@9/1) HienpfB.P- bjpmlmircaanxx;m peil ofrdde- d)

O A P R iy A byl sypbols iz

6- (2-ﬂhbﬂ)2piieﬁyf§uh‘a’ryib)34@4thlen(a{e12db]i§mrldlfe 5- carboxyhc ac1r<]i %mlde and
3-trifluor sulfan met hyl - 4H pyr
-G G R RTBID STkt BORAPP - R IR molent g@boxs i acid amide.
2, 6- bi s-phenyl sul fanyl - 4H-pyrrol of 3, 2-d] t hi azol e- 5- car
oxyI I C aC| d am de, 20
2, Bofiher Lot BhOR O URDGRARS LR b cORpBAds Y Wt ) Wlerein
is N 6adpiveany IX aiefeanly Sd He hyltovahg cEmpewhids ez pleserfbatb@reRaxples within
C_aci . an
the S%OQeSOf%E? ﬁ‘ﬁ‘g%}%’ﬁﬁ?l sul fanyl ) -4H pyrrol o[ 3, 2-d] t hi azol e
5-carboxylic acid am de. Another enbodi nent of the
-Ph?}wé%léﬁ%ylr%%r@mrpbﬂ ?@ﬂtétaéglet%caabwthﬁ@@ldfamlde,nhi bi ti ng

i ¥ .
60 S8 e A i D2 B S i, nd
6-(pytrivén-a paad fanwl) -4 -pyetfdle@t 3-dhiamderitcatfoxslic acip amidk. of
formula (1) or formula (I1) that results in a
| engt heni ng of circadian rhythm peri od. Anot her
enbod| nent. of the present invention relates

mef AACr Rbadiragrtioh hia nygriieielatesdo sempeynds of fcrrmwaa(ll) wherein L
is Cl@;iaﬁg_"l\ﬁ%‘.ﬁ@ﬁ( i spider aneliorated by inhibition of

casein kinase I'F, activity that conprises
adm nistering to said patient a therapeutically
ef Adurthey embodiument of this iOMmumdatefs tONOMRBBAORhOGH of formula (IT)

wher Y A 2 50t s Re s S ol e oy

repreb@fativeexhmpRs wWiRoth @,&bpag)f@ﬁls emb6digiean rhyt hm peri od.
The conpounds of the present invention can be prepared

4-(py?MiRD SELHERT)-BRMRABHS3-bPpyrrole-5-carboxylic acid amide,
4-(phenylsulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,
6-(3-fluorophenyl-sulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,
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5 those known in the art. Reaction schenes 1, 2 and 3,
and the correspondi ng descriptive text, describe the
w@e@par@bo on of the vari ous conpounds of the | POENE20051029383

The di scl osed nmet hods and exanpl es are provided for

illustration purposes and i 2o way limt the scope of

the present invention. Alternative reagents, reaction

condi tions, and other conbi nations and pernutations
4-(pyofdin Hedsdhpsl)-iéﬁ éﬁanoﬁle%{bﬂ'ipbedletfeceabmxsx}ie agid einnidé,vi dual

45 SRR SL St A0 ROl -l 3708

4- (thwmﬁ%uﬂénﬂjﬂ@{ tEXAGTR]3eb [pPHPRLIIE b0/ abidanfaé, cal

data for exanple conpounds of the invention is

4-(3 bmmmﬂlﬁmécsuifﬁnyﬂhéHeth@m@kEMm eSyYraTESIIS acxlsaxmiherre 1

G- gl By PSS SR Bl e Groad i i Gl

4-(2- B%thdi&bhe\ny@sulﬁn&l)@f&thlﬁa)[ﬁé H]p&(rrcﬂla-érdarﬂ‘dxwlé)aﬁﬂhhﬁd@l ly
Schene. 1 descrj bes the

4- 6@%{%@% S&}%falmlh ?Hrtélﬁafe’? 3zb]@y59lfer%%r§0wc|a§1d§)ml e, and
O SR B B R R ey g
formula (1) wherein L |s CR7 and the synthesis of
6FLthieno[2,3-b]pyrroIes (Mis S),
6 HAfhothed éintbdihpiytrof dhie inveidrsrelites tardmpounds of formula (II) wherein L

di hydr opyrr 2, 3-bl.pyrroles (Mis NR8) of
isN mw@fme%g e TRl hERmpe e S 'SBISBT GG sBAmples within
ﬂwsgggky§g9g§5g§g§ﬁg 23 known or conmercially avail abl e

esters or carboxylic acids 1 and 3, respectively,

2-me\fm-r6€f)ﬁén$l-§lﬁfan9 -m-lpy%lo'_g,2-d]th1azole-5-carboxyhc acid amide,
6-(3-methoxyphenyl-sulfanyl)-2-methyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide,
6-(3-fluorophenyl-sulfanyl)-2-methyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide,
6-(3-chlorophenyl-sulfanyl)-2-methyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide,
6-(3-trifluoromethoxy-phenylsulfanyl)-2-methyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid
amide,

2,6-bis-phenylsulfanyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide,
2,6-bis-(3-methoxy-phenylsulfanyl)-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide,
6-phenylsulfanyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide, and
6-(3-methoxyphenyl-sulfanyl)-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide.

Another embodiment of the present invention relates to a method for inhibiting casein
kinase Ig activity in a patient that comprises administering to said patient a therapeutically
effective amount of a compound of formula (I) or formula (II) that results in a lengthening of

circadian rhythm period.

Another embodiment of the present invention relates to a method for treating a patient
suffering from a disease or disorder ameliorated by inhibition of casein kinase I¢ activity that

comprises administering to said patient a therapeutically effective amount of a compound of
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In schene 1, step a, starting esters 1 or 3, wherein R
is alkyl, are converted to amdes 2 or 4,
wo ewpoziodvel y, by net hods wel|l known to one skpP¢T/e@820051029383
the art. Thus, treating a m xture of 5 about 7M
amoni a and ester 1 or 3 in22 suitable polar solvent,
such as for exanple nethanol or ethanol; with a chip
of |ithium hydroxi de and heating the resultant m xture
formula (3 qrrfemsula 1) whesial saih inkibdion of 0aseid kinasedbectivitygesults in a
ours pr.ovi.des t er. chromat ographic purification as
kng$§mn%§ f”%ﬁgﬁﬂh¥@nl gkllled inthe art, primary
am de 2 or 4, respectlvely. Al ternatively, other
reaction conditions well known to one skilled in the
aFhe ¢pampayadeefighe pregent danentian cary keaprepagediby prosesses anslpgeps to

thosegé{ao 1?1 thd ?ﬂ;)ano c"f)ioﬁ gél‘ieﬁﬁlﬁgr P %@5 agﬁgt % girrqésﬁﬁdgnéﬁeg&?ﬁtive text,

descrihd mmpsm]iamusn lofi themarlbmsr ccﬁnlqmmhdsmhhd awehtiora bbhit disdiosed methods
days. at anbjent tﬁgperature or heatln t he
and 5 G PGV far 16 retipl PURBEIENd 1 o e, mm B iserps of the
presé?l'i id@ﬁﬁforﬁ %ﬁl@mgnv%rrefgen{sel%ﬁﬁﬁ}d éﬁﬁhiﬁon@faﬁlﬁ rotHe§ Q(I)rﬂ&h%br@énd
hods well known to one skille
pemmta‘tlenﬁ af the eteps hgsinalesaribed t@amuy abmdsu@uplé n@teplounds are readily

nix ure of concentr.ated 1 rOXI e soluti

Pl grEAD SPLTE B DR - Lo aBY AFDH 498 B the

exanip¥é €dnpaunalnll bidly@cal daFotddahlpld ErhpduAdE6f the invention is
chronatographlc anal ysis, or other suitable

summaizsddR dgblaphi ¢ anal ysis as is well known to one
skilled in the art, indicates that the reaction is
substantial ly conplete. Primary am des 2 or 4 are
isolated fromthe r [ ' nmet hods wel |
known to one skill @ﬁlﬂf{?ﬁ@ggﬁﬁ‘&& i mary or
secondary Ci - C6al kyl am nes are enployed in place of 20
ammoni a or anmoni um hydr ogtlétepe I here i s obtained the

corresponding secondary and tertiary amdes 2 or 4
wherein R2 is NRBR6, R5 is H or Cl-C6alkyl and R6 is —R,

Cl- C6al kyl . As shown in scheme |, skgp b, conmmerci al R
M nBwa car boxMeaci dy' T er 3 ( 2
Rai C &t OF—4>1 &%

wed | ®kRown kill@d in the ar
Wher e desjred, carboxylig acidg 1 or °Zomq s may \
al sb be prepared 25 by hydrol ysis of the corréypondi Rg
esters 4 or 3 (Ris alkyl) 1 nmethods well known to m
one skilled in the art. For exanple, a suitable base,
such as for exanpl e potassi um hydroxide, sodium

hydr oxi de, |ithium hydroxide and |i ke bases, is added

tgp a mxture of ester 1 g 3 in a suitable sol Vent X/R3R

Eh as for exanple a nmixture of te&Rsahydrofuran and 2
SRuse is a t about @0 C.to ghoyf A\
R, f 0 >5 Rou t oll abgt hours, The o
0~Necover ed®'@s a sal My Nil tr@ticptonaing t he \
filtratlg is concentrated to priovi de additi onal R

material as a residue. The filter cake and resi due 1)
are cdnbi ned and acidified By nethods well known to

one skilled in the art, such as for exanple

acidification with a suitable acid such as acetic acid

| NSchefldl It AREFLS Ahe/SRtheSid G 4BShIBIENE p,ynstee ?IOQ'S SR -furo[3,2-
| i ke solvents, to provide carboxylic acid

blpyoles s O0mPIH- d@z@@sml%’e%b]mm&qs ® 1srhé1§qa of forgailay(T) wherein
Lis (\Bﬁ ag{i rthe%gh %_' 5 Pﬁ%}'ﬁﬁ }/1\612 3%]%9&81%? ™M 1s§ %@I-Rfro[fZg-b]pyrroles Mis

Ion O
0), and 1,6-dihydropyrrolo[2,3-b]pyrroles (M is NRg) of formula (IT) wherein L is CR; from
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carboxylic acid 1 or 3 in a suitable solvent such as
dinmethylformam de is treated with a base such as
waledosoproopyl et hyl ami ne, a carbodii m de such asPé¢DUS2005/029383
exanpl e (1-(3-dinethylam no-
propyl ) -3-ethyl carbodiim de 2@drochloride, 1
- hydr oxybenzot ri azol e and amoni um chl ori de. 5 Wen
the reaction is conplete as determ ned by thin | ayer
knoweih Dmmmrogniil;timavaihatblmslms osuirbadylie acidhil andiBogsaetively, wherein R is
alk ? 3{y3|s as is well known to one skilled in the art,
'mxture is diluted wwth a suitable solvent, and
thih Rhedu ! stepa, sotiad @s‘i’er@‘i%r 8RR A 1C AL Icl?fnverte:d to amides 2
purified by nmet hods ~wel | known to one skilled in the
or 4,gegpeetevepy. Gy intshersi well knoan tdese skiled in the egpdins, wehimg a mixture of

LTI T S AT O8O ———
or ethdﬁiod),rwldEa chipef éithism el tiRixiRthnt heattpf the 30t Rt xture in a pressure
secondary and tertiary amdes 2 or 4 wherein R2 s
vessqya; ot 0 7% Tou abpuic R RipVidgh aftrechrematpgraphiciprification as is
r es
well gpgwfeﬂ édcﬁnesﬁagéaaﬁi} l:l'l’éet %E%gitn&f%M¥% 2’%2‘ t?ésg n&f%@ Al%ergitlvély, other
reactaom ahediyeas wel) kpgwnod ene $khkj]edly1 thnairhnﬂy bmfﬂplddeVWCh as trea‘ung a
one skjlled,in the art r exa a su on of
soluffetalieSletl 3 T EHGALIE bilarsopygnt SGq] 441 SN Briangh gsthanol,
with@BotGM Patuami %ﬁmﬂbﬁﬁtsmﬁltlf)ﬁ’ fdf%%ﬁ’t%n@ rda?'NPabdu? t}fréee@elyg d

with a suitable base, such for exa sodi um
ambigpifemgeratire, |qr1bmh@mrrgytb¢ SQiQthTatO abobi %ﬁﬂc fo ﬁb@-ﬂdﬂd‘loexs provides

prlmést %ﬂﬂ?? é)?gt{;:s e%h Eﬁ% ésola ‘RH UI tefﬁ'h d% ed l di S%l e sklﬁed in the

art. Altemagekl@tesRiog Btmayt R GuEscated B 4 MiaRewf c&ﬂ&@trﬁt@ﬂ ammonium
about 12 hours to about 20 hours. The course of the

hydrexide selution andl lthumyglibleridn atiambient syanerasmicdmatoyt e te about five
R T
is wetll'imonwao tOIne skilled wnthk art; mphcbtﬁs that theatdctien 1§®bl§t@ﬁh$al}3&0mplete.

an&]pi_ V\ﬁ Qreﬂ'%cg ilgqo %kﬁ%gpéry @})Pt&re rytmethh:fs 1?. roe“(ltln to one

shllé’d‘infth’é at. 3If%‘r1}ﬁ1=ﬁ§’ bf @c@%&?’b‘ TMkylafits are em loyed in place of
, 4-di hydr opyrrol o[ 3 yrroles (Mis d%

ammpgrarm lamnganyum fdroaide, theiegs @ﬁme({the@oﬁemdﬁ& sesomia_yyl and tertiary

annd%%epﬁ ST 0 Y EEL i e i

R PP LASP E(%v R Plebbbprrts oéﬁig peids Lor

3 (wﬁﬁrelheﬂ BITDGHS Be ccﬁfv@rt&ﬁ@"hmﬂi&oi &t @‘iles%@@hvely, by methods well known
chronato%@aphlcally purified b thods ds are well

to ong slk\ed iothgaet. SKhére desited, @amboxyac acidal pedfBtis M@ may also be prepared

' f [
by il B Bl bt B LR el bwpebgds vl bppvpo one
sk1lleziaa ithenare. aF (b@lxain@lel, B switabld a3k sﬁcl‘ﬁ@ﬂ 16€ BkamSel §Btadsurh %&dromde
le dimethyl formamde  or NMP, is treated with
sodlurnh ggc?r

ﬁ@&pdft@ug}ﬁwﬂéogd% ﬁnChhkf‘ab?éeSe keaddedhto amixturecofiester 1or3ina
SUItabl% §Bﬁ'gnt%'ilc o > o e§é}ﬁ lgatn‘ﬁxapé) b tetjrglﬁ@réiﬁfanaagﬁ %ate?n %h% Ghixture is

about six e reactron is tore
heateldaty ebout én r°6 ealogit 46 JC dor abbhtel. 5 hburcrabog r?d‘[d'mrs: T‘l’&:t;hﬁﬁ&t is
skilled in the a

reco tﬁ%%}%ﬁ@dg? §§@§gg co%ntmtgd &égqoyg]&\/\@dltlonal material as

a resibk.t ’['h@ﬁ@érf’cai%e Bl 2610t 8% oMbired2hd acidified by methods well known to
4H-furof 3, %Pyrroles SM is 0) and 1, 4-
one skilled in the art such as for example acidification with a suitable acid such as acetic acid

in a suitable solvent such as methanol, ethanol and like solvents, to provide carboxylic acids 1
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di hydropyrrol o[ 3, 2-b] pyrroles (Mis NR8) of fornula

(), wherein L is CR7, Xis Sand R3is aryl or
whetenpoyc| e, and 6Ht hi eno[ 2, 3- b] pyrrol es (M PGI/6$2005/029383

6Hfuro[ 2, 3-b] pyrroles (Mis 0) and

1, 6-di hydropyrrol of 2, 3-b] pyr2bles (Mis NRg) of

formula (Il1), wherein L is CRS; Xis S5 and R3is

aryl or heterocycle, are each isolated and
or 3. dRRSARYOY MjsFriR is . ol shoveinisghams hsign b, fesiexarkplewnsaletion of
carGATCSHId 1 85 'y LGl SOVl ARG ks BRALOUR a b
suchafs dilscrpm;b)detbyl)mmte ﬁ@aﬂhmﬂl&n(dels)lch afer eXamn;R&( 1-63- H‘LmdtlSylammo-

prop%%ﬁ} | at Sj)dla%;ldtpglgla{ﬂ gl%(laf b«%&%{%%ﬁl% ql_g)rg?ﬁgnnlggrlillﬂr% chloride.

Wheithd RBEFonS i
e?qsé % r;[got 3kc}(rﬁﬁfgteségﬁltfégﬁfnae&%grﬂg_ﬁ)i%@ kﬁrg}r}lra]tor%r%qhgb%reother suitable

chomatdgr@h@lar@WSdlaallkyblé khdwen » eneckilledsutteadnt, ehebaeyre sudiluted with

o s BB 0B 5 SRRl SSRR3R) SvBluBB By purined by metrods
well ka6Wh €3 b skdlfedtin €hd RGLHroVide Brif@lyedmidBed obY, &gﬁe@tﬂ/é}y &Vherein R,
chr omat ogr aphi ¢ anaIyS|s or ot her chronatograp :

is NHpt i geigagsotseeondary Ckhotlkylamings aresaplpyad inpldca of hr@momum

o ool ERONDY i Eor SRR R R T il St prin v
is NRJRs) Rydsetl or €6,-Rialky aod RgealCkykalkd. i sol ated and purified

by nmethods well known to one skilled in the art.
AI Ae sR&tn edclerné Destéy &, ﬁ@t@ﬁﬁbdqﬁte hieieR 2o ql &e éa\dﬁqm@ary?ated at the
henme 1 conpound of fornula 20 or formula (11

3- poslgmapﬁwéf%e Bearing @xeTpleging tpyrrlﬁ pdewelbknewntp erfe skilled in the art.
For GRS R 0 S LLb 0080 1 B o
exangu¢ dinixtleyl foanemideadr NMIB, i areated avithl cesuitable base; atidhadbeexample

T TN TN AT T
suitaBRIYE& Fd'is@ﬂtﬁﬁ Jr@lm&gﬁ%dlﬁ%eeﬁcf @eh gl dﬂxﬁ?e SRl abamblent

acet a Concentration and subsequent purification
temperatuant dgluaybwoéf feeatroiti $2 heuratealRit 3@ hbudkn dhe cd)lﬂse:)@]iéthe reaction

oS P BT G B SO
well Govab tadreyskilleAdfl kel 00 aWhyn chinFbleyihatréRuoR (s \K/&Qe@-)df) b9leRtractive

ring nitrogen of a conpound fornula (l) or fornu

methods 3s agp aielkpown to §n¢-F1i11éeda1@ﬁh<‘eW‘édThﬁldQ§trh‘éf‘Hrtbteh9@s2 blpatroles (M
is )AL fMi%Li %'6 %ESREI\P{%%JSEM §%in 8%9%5)?%) {Lg 2315]%y5r£18£ (M is NRg) of

fa conpaou
fonnﬁkar([bu%el(eiri 1) isnBiRy,&{ i3 Rindi Rg islafyh oRh&eriot vdié, eanfl Glithieno[2,3-

bloyif sl SPaL2 Sioue bt 5.5 884 by GoREt tldn3-blpyrroles
M IJ‘MQEY (ﬁffo&'iul@ G‘i)a%bfém L @@R%t s arﬁﬂ% igfé%g off hg{%ﬁ%@@l& K¥L each

de such as for exanple, propyl Is a
lsola@d ntpd ehiopratagrapthivally pavfiedhy imsthods es merveadu KOwn to one skilled in the
art 2006/ 021000 PCT/ US2005/ 029383 26 by thin | ayer
" chromat ogr aphi ¢ anal ysis or other chromatographic
nmet hods well known to one skilled in the art. Wen
conﬁlete the reaction mxture is diluted wth water

¢rRatiebn anpixfure pbvkg dipadisaliids ordibgteregycledisplfidmand about one
equi\éag;aln)c oMISRA an%naltesln%jsu%l |§¥1|veljlt, sdcﬁ% U egial% % Rt {hylfe rmamide

or NMP, is treated with intermediate amide 2 or 4, and then the mixture is heated at about 80
°C to about 120°C for about one to about six hours. The reaction is monitored by thin layer

chromatography or other chromatographic methods as are well known to one skilled in the art.
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nmet hods well known to one skilled in the art. 5 As is

wel | recognized by one skilled in the art, when Mis
WORBcan®oR8 i s H, under the above described cpomiUs2005629383

N-al kyl ati on may al so occur on the aforesaid NR8

nitrogen to provide schenme 25 conpounds of fornmula (1)

or formula (11) wherein RL and R8 are each the sane

Cl- | kyl group. The preparation of starting esters
The desind B a0l fmyqolesp@& 180, 4¢P A9 BarIPyFolavI (VDisiQ) aurid 4

I f.
e
aryl elsheaaerrs%'cdfs and; 6HLthmnstB:-b]ﬁyﬁdles loMsle Eerm{-ghubﬁl S}W]p(yHoles Mis O)

t shber Kni t t el em 97
and Q’gélc TOpyyA) %gﬁ%lpgt%tﬁ i gs ks bl Jormpla 0] i horqia LR X is
[
B e
well Ehowo teressk{lied inftlerast.n Mis NR8, R8 is Cl- CBaIkyI and
Rl is Hor Cl-C6al kyl and 15 wherein said R1 and R8
Cl- Coal kyl groups may be the sane or different. This

menb ektol0BYschéme &) cﬁﬁmﬁﬁ'@t@%ﬁ Ghd SitrBgaVéfARe HYHdIE %hk)bf a compound
substituted esters 3 that are converted as described

of forrqulagbos kermula dawhereoRinig Ibfis Noalkylptad by npatiges sglutiqzeof the
coméo}lng}"%%gﬁ QX h%ﬁ%% @II{) %vhﬁre%xﬁ léﬁtls Ig:gﬁlcli }éﬁtéltatbﬂéqé%l\yg% rsgtl:ﬁ]as for

exantfilé 1 8rdimethyR0, 4M@4tdftﬁahmtol-z(lﬁ) pjbxﬁlﬂnimmﬂleaf'lt}f @Cﬁ‘ﬂﬂ@hz(lk))lsulfate and
.ot formnul chene | wherein RL is or
a suifablecigsg, ksy& %aqfl&r secaapl geesiun Gabppg,| at m@atemrwe dor about 12
hour$td RGE2Phos. S@blfnﬁl’éhgﬁ om% rr@dcﬁoﬁ(d (fete%n ed b Hﬁll lgyérs 1
or 2, respectively, by nethods wel o one
chromkfotaplici anakykig oapther shromatogradpbic methadnpﬂseue ek &howg t@one skilled

sol uti,.on of i ound. fo or formla
in tn Bt Wb, ner o coiaPirag s i byt s dipgund of
form@la (B @ffoselE (T8 &hérémﬂ(ﬁ@b‘f-@ﬂ\l‘k&ns MO AEY Al 14 by methods well
chloride, 25 an arylsulfinyl | oride, a
km“ﬁb@éﬁ@é&%k@@hﬂ?@ﬁyl chl oride or a heterocycl esul finyl
chloride (used in place of the diaryldisulfide or
di heterocycl edi sul fide) as described in step c¢c above,

t oAltpmanrvedl the siebgereoflthe pym@lu mﬂhg off afsetiomy Iacc(dn)o@lﬁ of formula (D
S( nis 1 or and

or foggﬁlg:f{}fisglﬂ%mgg%g%}% a é@ldsmg#éloz of a5omme %feﬁogwla (D) or
formgﬁs(% 'x?l?e?elmﬁ @M%&tﬁ%' G-6 alg?‘ HRAYile ﬁ&%% e’éegrl cJS a%ﬁﬁ%}ﬁé base such

H-pyrrol of 2, oxazo
as fon¢>mnml¢1ye$rmn pybo@top/ﬁhsleat]nglﬁod alzapit QéZS(}Mtxr s) abkst%a hodrs. The

reactﬁ%tﬁs %@Y@e@ﬁtgc? glitblsv&%r(o?ﬂgg%c}eg&aéx to ryness arfd extracted with
ethyl@'detﬁt\ér [CUneEntratio bAk azRé@Rent Mriffcaldn b Bl‘ﬁ'omato'%R 8Phlc methods as are
4- di hydr o- Eyrrolo [2,3-d]imdazol es” (M WO

well Em)m wxr5o6ilpd i Us2008pvidesds sciemet beompeund IOIf)foImvéar & or
1bnnﬁh(ﬁ Nhﬁgﬁpgkgquai@FéconnerC|aIIy avai l abl e starting

d in the art readily understands
that mhen Lis N Mis NR8 and R8 is H, that the

gﬂé ng ca eﬁl in tautoneric forns
ysNeagkbéaﬂ HB% BY @R yde ngregen pf agome@wuietqgeala @) or
formWat(fI) %&&?RPQ% Fsta%flﬁvgds}:}ef)tggrsx‘ef‘[@l‘%gé fhafhrk Svel Bln th Bne skilled

presence of a suitab
in the art for example by treatment of a compound formula (I) or formula (II) wherein R; is H

in a suitable polar solvent such as for example dimethylformamide or NMP, with a suitable
base, such as for example sodium hydride or potassium t-butoxide, and then a C;-Cgalkyl

halide such as for example, propyl iodide is added. Completion of the reaction is determined
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5 such as for exanple potassi um hydroxi de, sodium
hydr oxi de or |i ke bases, to provide the corresponding
WwQ@2@aiziopr openoi ¢ acid ester 8 or 11, respectiRPel/y$2005/029383
wherein Ris alkyl. Scheme 2 O RA R4 :J1 HON1S5
a N3-1,ARORaH ON3-"260- 0, Ra M CH=C(N3) CO2R
~ Ran{ N N : ~CH:C(NCI:02R 8 optionally ¢ 11 b Ra | ~
optionally c MNH-~ZNNOIR 9 HO12 0 dd
by tmlawpq@nqmﬁogmqph@ applpsis oppther ghyomatggnaphis metheds well known to one

sklll%liiﬁ'ztﬂé‘%kll\lw&n(wﬁlbfé@ kleVrebctioRniVhute iR IRd with wiler abli 82 scheme I

compound of formula (I) or formula (IT) wherein R, is C;-Cgalkyl is isolated and purified by
methods well known to one skilled in the art.

As is well recognized by one skilled in the art, when M is NRg and Rg is H, under the above
described conditions N-alkylation may also occur on the aforesaid NRg nitrogen to provide
scheme 1 compounds of formula (I) or formula (II) wherein R; and Rg are each the same C;-
Cealkyl group. The preparation of starting esters 1 wherein R is ethyl, R4 and R is each H, M
is NRg and Rg is methyl ié known by thermolysis of 2-azidoacrylates (also known as 2-
azidopropenoic acid esters) as 1s also described in scheme 2 below (H. Hemetsberger and D.
Knittel, Monatsh. Chem. (1972) 103(1), 194-204). Starting ester 1 wherein M is NRg and Rg
is Cy-Cgalkyl is prepared as described and then converted as described in scheme 1 to a
compound of formula (I) wherein M is NRg, Rg is C;-Cgalkyl and R, is H or C;-Cgalkyl and
wherein said R; and Rg C;-Cgalkyl groups may be the same or different. This methodology is
also employed to provide similarly substituted esters 3 that are converted as described in
scheme 1 to a compound of formula (II) wherein Rg is C;-Cgalkyl and R; is H or C;-Cgalkyl

and wherein said R; and Rg C;-Cgalkyl groups may be the same or different.

Additionally a compound of formula (I) or formula (II) of scheme 1 wherein R, is H or
Ci-Csalkyl and X is S, is optionally oxidized to a sulfone or a sulfoxide wherein X is S(O),
and nis 1 or 2 respectively, by methods well known to one skilled in the art, such as for
example, treating a solution of said compound of formula (I) or formula (II) with H,O, and
Na,COj3. Alternatively, compound 2 or 4 of scheme 1 is treated with an arylsulfonyl chloride,
an arylsulfinyl chloride, a heterocyclesulfonyl chloride or a heterocyclesulfinyl chloride (used
in place of the diaryldisulfide or diheterocycledisulfide) as described in step ¢ above, to
provide a scheme 1 compound of formula (I) or formula (IT) wherein X is S(O),, nis 1 or 2

and Rj is aryl or heterocycle.

Scheme 2, as shown below, describes the synthesis of 4H-pyrrolo[2,3-d]thiazoles (M
is S), 4-H-pyrrolo[2,3-d]oxazoles, (M is O) and 1,4-dihydro-pyrrolo[2,3-d]imidazoles (M is
NRg) of formula (I) wherein L is N, and the syntheéis of 6H-pyrrolo[3,2-d]thiazoles (M is S),
6H-pyrrolo[3,2-dJoxazoles (M is O), and 3,4-dihydro-pyrrolo[2,3-d]imidazoles (M is NRg) of
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RXO (I) R 3 (Il) 10 WO 2006/021000
PCT/ US2005/ 029383 28 As shown in schene 2, step b,
wo bmsoploysi s of 2-azi dopropenoic acid ester 8 PET/L92005029383
effected by heating a m xture of 2-azidopropenoic acid
ester 8 or 11 in a suitable %0blvent such as for
exarrpl e xylene at about 120 C to about 140 C for about
to 90 mnutes to provide, after chromatographic
fomﬁlﬁr@@ mhsteinh 1), fremrgwsmpsicommseially avasiablestariingwaterials. One
esten
skl B b £ oy S BRERRARAAN IEENE M R 10 R indifbthe
imid&olcm:ing cmnaimsituemummeaﬁ:tfenng Inrsclﬂén@b,tsﬁdpnae dalfbbﬁaﬁtl&tyﬁﬁ Sor 7is
nown to on

d od; [
condgiRee P 4 HapHetcare ‘f%erﬁewg?fa% K ol indBe iRt of @ suitable base
such‘%@ R IpR [ﬁ)@ds%u% Wdr(;eade rs@&\’lﬁﬁlq{)ld\’&!ﬂe of’ﬁl&rlﬁk& {% ;5r§v1|de the

For exanple, a suitable Base, such for exanp
corrgsperskng 2razidgphopstioieacié o&tem&@myld r@pcqle'elyl hiareimR is alkyl.
hydroxi de and |i ke bases, is 10 added to a m xture of
ester 9 or 12 and a suitabl e solvent, such as for
exanple a m xture of tetrag%r(ilégfuran and water. The
mxture i s heated at about® to about 110 C for
about 0.5 hour ®o 2 hours. The product is recovered
as a Balt fidtration and the filtragg i SMm
concentraled// toHrovide additional mat e?i‘@ S a
resi due. filtey cake and residue are cauj ngd and
acidified b rreth s well known to oneQskifledlin the
art, such e aC|d|f|cz,\f|on 15 w{gfa
sui tabl e a(:ld suctP as acetic acid PAvdgait abl’e
sol vegt sugh as mst hanol et hanol and |like solvents,
to pro ‘l\dﬁ’]ﬁ NJGRRd 9 or 12, rRespesti vel y,
wherein As shovvn in schene 2, \tﬁp , ester 9
or 12 V\,her in Ris alkyl, is converted g—zm de 10
or réspgctively, as was descri bed ag ve Ter=GdnemeR
1, spletpndlyc ternatively, carboxylic acld Bfor 12,
S H is converted to the centipradipondi ng
respectively, 20 by ryet hou as fare
wel | kn 0 RRI 1 ed in the art and) asjdéscri bed
in scheme 1,Nstefl b. For exanple, a sol 0
carboxylYc agid ® or 12 in a suitable solven? su
di met hyl forF&m de is treated with a basézsuc% as O

wherrRgln
am de 1B or

di i sopropyl et hyl am ne, a carbodiim de suchdas for
exanpl e

(1RS3 dimret hyI am no- propyl)-3-ethyl carbodiin'de
hydr otcqjl o hydr oxybenzotria ammni um
chlori Wh t nBzreaction is conpl et i
s 25 diluthed th a suitable solvent,

N oduct

i s isol a0 ed, andOchr omat ographi cal l'y purif4ed by
net hods weljle known to one skilled in the art |t afford
the corres Ay AHpyrrol o[ 2,3- d] thiazole|( S
4- H pyrrol gqg)qs d| oxazole, (Mis 0) or °pt'°”a”y2
1, & di hygr o- pyX+eRp[ 2, 3- R
4 \ R4 M y, 1
N [\ Re \« / \ R,
N N Y%
| o) \
m = -
oo
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d]i m dazole (Mis NR8) primary am de 10, or
6H pyrrol o[ 3,2-d]thiazole (Mis S), 6H

w@s0tiopB, 2- d] oxazole (Mis 0), or PCT/US2005/029383
3, 4-di hydro-pyrrol o[ 2,3-d]imdazole (Mis NR8) prinmary
30 amide 13, respectively, wferein R2 is NH2. If a
primary or secondary G -C6al kylamne is enployed in

pI ace of ammoni um chlorjde, there is obtained the
ldpl 5Benae & oHeRab: ghwo@g%@%wnmc acid ester 8 or 11 is

effec?eg;—l{ e ?%g@ﬁ% rfe?l'z%l rB%@l'E\)’ﬁ %([)ﬂ Qsaeg:hoor 191% 'suitable solvent such
as fodxaBfa¢ kyllentaaIdabRﬁt 120 °Clto ab6atl 1491°C félsatmluoﬂ\mw 90 shudgseo provide,
nte nedi at e r 13 is t ar | at e
afer SheopAgbRs SO BN OB B o SR AR et B i A e
cone@ﬁoﬂam%:é%@ﬁ 9ad}al|2oﬁ%!e°cubay WEerBRR pdgkdescri bed 5 above
for sc Step c, to provide

4H-pyrro|o[2 dthlazole(Mls S), 4-Hpyrrolo[2,3
d] % Bprmein seiwmg mptigpal step ¢, ester 9 or 12 obtained from step b may be

il NPT AT PR v

carb&ylic Gidyorrid, efspeRivellyowhaeineR (isNHJ Fobgxanipld a‘buﬁaﬂi‘lyﬂﬁsé such as
rroI023 ]i.m dazole (Mis 8). .am de of for
for cfgmple PP%%%I@%YG@X@ Sinbianedde. by hydroxide aaml}ke Bases, is

added & %Hb@nﬁfé StesttPoWPES 6hda Rfitdbfe DY %ﬁch %%P eRRnf10h mixture of
exanple Br, in internedi ate amde 10

tetraln)rﬁrfafarzyll aatliveateratThe eixBurpsdictticd at afout ﬁ@ °@1m atwube i IGifpr about 0.5
oY S a0 B BRI My HwoR SRR e s concenrae

to pré8€ hddieshal GRRGRANES aRkidudl $hE ARENRRE afd rdsilie afedioRfhed and
hal ogen frominternedi ate am de 10 or 13 under

acidifigfh by medivs's wetildapmpde Oﬂ%iileQCblﬁ the abpyeh asdor eyampje acidification
with g 5%&@1@'5&&1‘ Elﬁ(%hda% agét décli]fﬁjtee{ sQﬁ:tXQI %gfé%}gj sféllc gs fn%tiltag eti]ignoé1 and like

vant ageou cohpou
solvents, f(me‘vida cé.rlb))xyiic dcid ot 22 (rbdp)actlvel\i] evirrdin RdisiEE an

arylthlo or a heterocycl ethio noi ety (that is, XR3)

fmg% é‘%q?"rge%esg I 3 a#sofﬂtmé,,egteg iglw ?lg l>(§< yb 1s cor}(/erted to amide
10 o’ e ikds F&@ﬁf’e vy as wild §é%t:ﬁ5é?f%@§ze ﬁfr sElliB?n@f %'Eéi)sﬁ' Qlté}ﬁét%ﬁn carboxylic

atom from internmediate am de 3, from an
acid 8 ar 12,evhargin& wéﬂuacqpvgﬁgd]toghe f:@resngm‘pg emah 10 or 13, respectively,
msd at g8 .,est.er 9 or an, ani on.pr.epar.ed
by Bt 850% AROURYp PP i) infht e 3R A PR BRR e T sep
For e&dﬂnb&bh @olbﬁ@xﬁoﬂéa‘ﬁl&)x@ﬂ&’ aaﬂagzﬁqash ¥ spitablé si2%end sudhaEpound
of formu ) or formula (I1) wherein R4 is an

dlmeﬁ}yg/ﬁomwald@rls teated with @pasetush as dsoprgpyletdamingna pasbedianide such

as fof%{ﬁgna{)?é 9] 3|f {i)lﬁ{ea lza'IexirnB::B %@g) %%M%& ggﬁﬂé C{qg}%@?&@gl-

hydrﬁ(ybénkﬂ]tmazoiesdddya,mrdompinammmht Vdtient the reatidreis abshplead, mlgiemlxture is

oo S BT R B0 B 2 Bt b P EESRSAS s o
methﬁ@sl 'lveltfﬁf?(YWn E(Po&;b?:ﬂlgelrﬂh%l l(t}?c%’{ 10 aaltfﬂ%?d ?‘Te%ofr@%@mg 4H-pyrrolo[2,3-

]thlmfe@éa:%/g] é(}@iw@@b)l[kgdd)]m@ﬁblea(l\i‘,ls @poml fydihygry- Pamlolo[z 3-

il Bs Rl thars B0y P RSO RS oSy

pyrrod$ [ 120 Gbx£o0d &M li9 O?mr Bel-@ihydo-pyrrolo[2,3-d]imidazole (M is NRg) primary
het er ocycl e( Cl- Coal ky I m ne wherein said anne
amidg |1§srr6§@ﬁUYe§Y=o‘ﬁquf%‘ﬁ£2I1§/ Shbdka pimaty arise¢pndary Ci-Cealkylamine is

employed in place of ammonium chloride, there is obtained the corresponding secondary or
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Céal kyl , provides, after thioarylation, a schene 2
conpound of formula (1) or formula (11) 30 wherein R4
w0 30064021@8@l koxy, aryl - (Cl-C6al koxy), PCT/US2005/029383
het er ocycl e- (Cl - C6al koxy), Cl_6al kylthio, aryl-(C I
- Coal kyl t hi 0), heterocycl e- (281- C6al kyl t hi 0), NR5R6
wherein R5 is Hor C-C6al kyl and WO 2006/ 021000
PCT/ US2005/ 029383 30 R6 is Cl-C6al kyl, or
tertiagy gmidsTL0cH 3Kk yespestively, whem@t%méi&ﬂwms Eber Ky Cyadksil and Re is Ci-
C augg]erel n said amne nitrogen is optionally substituted
th G -C6al kyl. As shown in schene 2, optional step
f, the nitrogen of the pyrrole ring of a conpound of
f oAsshawr( in) schasmé Dy @ ifteimediath eméderl ORY 135s Hhiodrglated at the 3-
posﬁgghcgk é%gue rét}rgint)yho éngl 9%%?%33@35@&23%@@03 described

abové %ﬁ’s‘éH&ﬂe ‘Pf sté&p% Y bﬂw(de)ﬂrp by#rol n‘{)wo e ét(ﬂakal]g LS rSZ' Jl}l)-‘cﬂyrfo?o [2,3-

itional a Co
d]OmeWS Q)IOY 1 dlbxz&refwr@lom,ércﬁlmldmm EMHs NiRs) amlde of formula (I),

or oSl AL . RSP PIPB ME R R P

pyrrél6[23-d Jisdaeslt (Ve WRgp ¥mid! JTaesn e gﬂl) Ka3pudtively, RA6rein X is S and R,
skilled in the art, such as for exanple treating a

is aryd oF hetRESYRIE- sai d corrpound of fornmula (1) or fornula
(II) wherein X is S with H202 and Na2CGC3.

{1 WHCRA RY & BhlogeRIRON 6 ot Sulipit Budin iBERATRAE abitde 10 or 13,

wth a aryl su ori
thioaaylymmatfthmgl-pomhbmof e mrriaddqbﬁaeing pynbkesMgfandyihsptﬂ@hmemtdﬁ" the

. i h d | f
atorebfi Faloaey FamCiY PO o5 irir LF GRgEN Oif Goptpdo s ogeom tant

disple@Scnt Bt iafbrédaRPhafo QYcﬁ’n 1rft6hr{éﬁfb‘(é Qﬁld@ 199 €8 %inder conditions
conpound of formula (1) formula (I1) 15 wherein X

descrikeddprytep e above empleying aldwrﬂglsulsﬁdaroy killmtermcbdxsuy'rglg és thus
HS S R.U..l R
sdva B LTk leraDBER SR Ledfopord St JEpemyfe T,

whertineRa ik ag agylthid ottd ieferodycidthio aolbts Wihht MEXRE) thatSblideatid to the
gani ¢ solvent, such as for exanple nmethanol, with an

Pymﬁa 0B® IRs mietthisreinX is ScndRage b prbceraprrlel Additinealbhe
displgéte)ﬂae%ggf the a8 ﬁa@{ﬁeﬁ%&ﬁ] frl)gu gy dl‘éi%l a?ﬁgéjio 6t I% W Fdm an

i ent tenperat ary IS
earliérémban@h!ata sethpagforf exadlpﬂn/amtdnmda‘na&&:steﬂﬁ oal2, \Wﬁi n kiomprepared
LLled.in th di syl fides

. h
by trigfng ST byl g Bﬁ‘ﬁ’f"éY%F@‘ Wik TP S Fhaeiagasly provides a
comﬂbﬁlﬁ@ 3f Rfimul @ & Birh@k (MPRR&EIn RN aﬁWltﬁiﬂ & ﬂfeté}egyclethlo moiety

heterocyclesul fide are each optionally substitut'ed as
that qag bgdhq saa calslbfferemtdrom ghreXR; motkty ntodneedyhyl thibarylation as described

above for scheme 2, step e. Additionally, displacement of the aforesaid halogen from
intermediate ester 9 or 12 or from intermediate amide 10 or 13, with an anion prepared by
methods well known to one skilled in the art from a C,-Cgalkyl-OH, an aryl(C;-Csalkyl)-OH,
a heterocycle(C;-Cealkyl)-OH, a C;-Cs alkyl-SH, an aryl(C,-Cgalkyl)-SH, a heterocycle(C;-
Csalkyl)-SH, a C;-Cgalkyl-NH,, a (C;-Cgalkyl)>;NH, or an aryl(C,-Cgalkyl)-amine or a
heterocycle(C;-Csalkyl)amine wherein said amine nitrogen is optionally substituted with C,-
Cealkyl, provides, after thioarylation, a scheme 2 compound of formula (I) or formula (II)
wherein Ry is C;-Cgalkoxy, aryl-(C;-Csalkoxy), heterocycle-(C;-Cgalkoxy), C;.salkylthio,
aryl-(C,-Cgalkylthio), heterocycle-(C;-Csalkylthio), NRsR¢ wherein Rs is H or C;-Cgalkyl and
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Al'l of the various enbodi nents of the conpounds of
this invention as disclosed herein 30 can be used in
wo bmeotobod for treating various di seases and POBUSTIOF 629383
as described herein. As WD 2006/ 021000
PCT/ US2005/ 029383 31 stated3herein the conpounds used
in the nethod of this invention are capabl e of
inhibiting the effects of casein kinase |IF One

Re i%@@iﬂm}mr apfl(€ hCalkyhasnnd emheperouycté€ -8 satieylhroainb ovherein said
reating a .nmood di.s e e di sorder. Anot her
aming r%%%ﬁeﬁg%?p tbqnaﬁy] éubﬁlgé’lgeé{]‘fv% E\?&ﬁ%ﬁ%ﬁ P provi des a net hod

for treating 5 nood di sorder wherein the nood di sorder

| SA8 sHewr asschege @, spticial st@p f,2h® nRlgaf oflieqfyetele ridy of a compound
further embodi nent of the present invention provi des a

of fopapldy) grdprmyla 41), ﬁ&leaelaéﬁsrl%@saw allgylajed by meflpnss @ described above
or SRRt FLAT0 ladEL K501 SR SORARE (g formte 1)
whemimiRi 868 -Gealkyt.r eat i ng nood di sorder wherein the nood

di sorder is bipolar disorder and the bipol ar disorder

| sAdéitienslda Edmapountief Giratib (Iy enfothialagITpoPschOme 2 wherein R, is H or
si sting of bipolar | dlsorder and bi palar 1]

cQo
Ci- Ca%lgﬂra@érx 1S 4h &t ?féwnélﬂab%ﬁ%ﬁ%fo dfulfogg opp é%léwde Whergi X énS(O)n
v i I
e e st Mooy oo, SRl AGuA (b RARIMAR ik sfeh oo for
examplergtehtug 4 solutioreett siai’c@:oslhmmpd df fomakar(Dvdrefomuia (]ﬂ)ewhd:re'me isS

d di hyt hm s i sord
with 2P BT Nare o AGEBELS RamudllPor RGN Bissuddtsdvigh an
arylsUEbRAQh{Ride [ dned§lsén§l dHEReHean hétewclyaksihﬁﬁﬂ il fiedRa

wherei n the circadian rhyt hm sl eep” 15 di sorder is

hetergaycdesulfinyl pldmldm@sgd mﬂa@mféh@dmwédlsﬂﬁéwr diheterokydedisyifide) as
' syndro advance ee

descfib 20 S8 ot of B Qs R 2OUREGREn SRBR Rl Fomnaty
wherein X heS@), nlseaﬁlzlayldammglatmerbmue the di seases and

di sorders expressly stated herein are not intended to

be limting but rather to illustrate the efficacy of

t he conpounds of the present invention. Thus, it is

to be understood that theggpyposinds of the invention

may be used to treat any 20 di sease or disorder

anel iorated by the inhibition of casein kinase Is. In

anot her t nado,tle prese 1Oy
phar na conpositions _ conprisjng a -
pharﬁa utically acceptabl e caflrier _Jand a conp o?

or formyean (I1), St er eoi sone an
enantioner, a racenate or a tautomer of said conpound;
or a 25 pharnaceutically acceptabl e salt thereof are

pr n in t
oraF S e o B R pre Br R B g s T
arylsﬁlﬁdledn a SeifbObrigehiO kolveriiUiudh asbdreikhdblehétiahol At &1 Mfieous
as a vehicle or nediumfor_ the active ingredient.

solutigm; of spdigmperborate end allovwingiths wittaredp stang far akpwi? hayrs tleebout 24
hour@ﬁtta]mb-mﬁ t SRS Ui GRAr ?S[aﬁpﬂ%r&l%}gg? g@?ﬁwﬁ%&gﬁﬁg&gb{/ flethods as

oral, inhalation, par ent e use
are Well kadwinrto shesleted in théart. pEﬁheﬁmbcyciEdiduﬁicfee suh33 fof example bis(2-

BVEF PR e TN T O
are e@dhdoﬂti'&ﬁallly $istithifed b8 $HddTREE hhovel BE“drflP hd PRAEIRGGML | cal

carrier neans one or nore

All of the various embodiments of the compounds of this invention as disclosed herein

can be used in the method for treating various diseases and disorders as described herein. As
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exci pients. As described herein, the pharmaceutica

conpositions of the invention provide inhibition of
w@amerioko nase |s and are thus useful for the PCEESIVBFI029383

of di seases or disorders WD 2006/ 021000

PCT/ US2005/ 029383 32 anel idrated by inhibition of

casein kinase Is In preparing pharnaceutica

conmpositions or fornul ati ons of the conpounds of the
stategh herglrihe compeinds ysediarthe BBA @f Bus tnyriP ase egppblecof inhibiting the

effec@ &%‘é?éull hlldfy of an effective therapeutic 5 anpunt
he active conpound or conpounds by the sel ected
r oOne elmbodicdrhnofshisatvennipn provided iamgethodafor trpatired moead disorder or a
cut neou routes. For exa Ie effective ro

sleepy 1sor§ub i“Hjother sm 8ﬂ’ ¢ of the PIRSENtIDYSRHPR REAYE s a met ociJ %o?%reating

moodl BisbRIERALRIn the ﬁﬁ)%@%'ié@der if DASRERRRIdisof RS bah bi p6eidiatder. A
and the like routes including rel ease fron1|nplants as

ﬁlrthweetmbcahmﬂmﬂ of the praseot invheticcprpvides mmetwiddorn treaging Agiepressive

Sltl dlrect 0 the tissue,
disofI AR Bl SRk ookt & B hetBitfie dhebude Ao empgiment
of the pfesém ifv@htith piovillel Binfethcfok d‘eéﬂng| théed dis&ﬁermh@élhah@mood

or without inert diluents or edible carriers
dlsoréerclﬁ bipolas disordes gnd theihipalar disgers selegtestfiem th‘ioé'WHE from the group

consﬁﬂ{‘l$J bt 853 Féllﬁ&ﬁgr?‘énqﬂﬁ Shr ﬁgpsloﬁde? nﬁ‘r(xot-ﬁgxeerﬁgtﬁmgfﬁ%ﬁtsof the %resent

ets, troc S an 0 cont al
invergivg p]u)v1dt)sr aamethotl tier ttaatihgwisiegp ddprden nASfurt]lmrredﬂmdlrﬂfﬁlt of the

such as mcr. Il1ine cellu]o raga }
presend 1VENHLGH Rro¥ E’h ngafg’@afn Eieaging |SL?8 5588% afﬁigﬁe?ﬂé %FP figorderis a
cmaaaﬁ %ﬁhﬁm&paﬁsﬂal Al far@sd éjmb&l‘?rhéhﬁffﬂ{ecﬁ}e@ﬁfjmtv&ﬂldd fe6vides a
| ubricants such as stearic acid, magnesi um st ear at'e

method f@ttesating gifeddjaqnShythet ye&pahsazéﬁcrpzvhqn@n the cnmadlap ohythm sleep

a such . Q
aisolg s SR LAARE Erouh iR B shELOGK R fRadt: g Simarome,
advahtedlieh PaRESAESNRUGA deRyBEFIBET Phasé syﬂaedrﬁevl Os@kkinyd ttBe art

or fruit flavoring. Wen the dosage 20 unit formis, a

readifapppreciates thatih dispasss arshdisprders erpigsslyIstated herein argant igended to
be iGN KR Ro ALXERE (¥ effpacirile Bitpoulll; S hhbfksHpRivention.
Thusaitoutotte unsledtood Ahdt elienampodhyls oftthe inyveatiorameyibe ased to treat any
.__conposi tions a ed inafaorms |table for
disoags pLSiguer Bpeipse $ By &ﬂd@h #iog of (YRS E-anpunt of a
compound of formula (1) of the invention in a

suitabl e once daily, once weekly or once nonthly form
ulsi angtheeethbetimgst cfrthe prEsanit mvemrrmmmharma@mélcgkmmmltions

the art. For ex | e er odabl nt ai n
comgrﬁénga%?h%aceuﬁae?\ggacgmtgﬂgyarggr %rhcﬁ'c} g élé% ormula tﬂ]gr formula
(ID), Ped Qere6ikamer difemntibhRt, i a0fcenidie oﬁ@tﬁnﬁiﬂm%f @ild tcb@pound; or a

present_invention nay be admnistered as injectable

phargaceatjeall yrrcceptalie salf @ﬁre@f & RIER4iSd e mRNRGsevelldimeBi e opp skilled
in théﬁﬁa‘}m%é{ﬁl 201 §8E LY RES Q&ﬁ}?&ﬁ 't}éea“sto Ay Jeﬁa ?qlildqodiliguid

phar maceuti cal carrier IC can pe a S et
matesiaickhials cavateeve asre wahicloor medibmufor tHeeicadkdingiedienaf Saitable carriers or

surfactant and other p ceutically acceptable
excIpIGhts FeelSknomn indhe at | flée BharmasqificH cbmRonEo H’ﬁlyé?? agantf for
oral, ikHal0B PR é&aANsr BpiRal 3O SAdHay be administered to the patient in the form

of tablets, capsules, suspensions, syrups, aerosols, inhalants, suppositories, salves, powders,
solutions and the like. As used herein, the term “pharmaceutical carrier” means one or more
excipients. As described herein, the pharmaceutical compositions of the invention provide

inhibition of casein kinase Ie and are thus useful for the treatment of diseases or disorders
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petrol eum animal, vegetable or synthetic origin such
as, for exanple, peanut oil, soybean oil WO
WQ@206HDBAN00 PCT/ US2005/ 029383 33 and m ner al POI/S200$1029383
general, water, saline, aqueous dextrose and rel ated
sugar solutions, ethanol an® glycols, such as
propyl ene glycol are preferred liquid carriers,
particularly for injectable solutions. The parentera
amelirated by intabitien af easeidddnasedsl i n anpoul es, di sposabl e
syringes or nmultiple dose vials nmade of inert plastic
or glass. 5 The solutions or suspensions descri bed
alngreparinyg phhheacemddalidempositions omfurmubdtiohfef the ebmpwandy of the
adj uvants: sterile diluents such as ter for . . )
presqtf TP Q5 a6 shovld be RGP R prsurs ey aaPILty of)offsetiys WRipeutc

amoht Yof HeSactiBd é’&ﬁ%&dﬁd P 69@5&%@ b? kY RlecRid BhRIT adhHiARLIOR,

sol vents, antibacteria agents such as ascorbic aci

includinggai parenfieslibiid subcuighesiuarouies. dipekamplecéffeasivd Gutes of

et hyl.enedi am netefra-aceti.c acid: buffers such a .
aamiAFLESY BOREShEGHRER frdEhdis, fisufaiy.ShEfsR, ggral vaginal
and thelJike toreatin€lhiding 1edsk YromHnhplaits SOWEN B3 hdc@ibh @€ tHeractive ingredient

dextrose. The conpounds of the present iInvention can
and/gfecogpesitips dgeely inlp thaésfugr m of a cut aneous patch, a

depot injection or inplant preparation which can be

formulated in such a 15 manner as to pernit a

skrstoaaladchimietratmmethefcompeumatstof Ve praghethivetion chade doinulgted into

solidid% qﬁﬁ | eggaé%?prrllisggplggp‘g({}ﬁéﬁgxgqﬁ &hgaggrkgﬁe (?arrrigrrsr,aslulch as capsules,

pills, tABIERMSHES Polwe@SsolGERR! subpnSiohs 8 Em QGiohSPTRM Ssules, pills,
I mplants may enploy inert materials such as

tablets, trdeps auid Biedikepudyyatsr eongad osy ot thetei of thd followmresadjuvants: binders

hSuit.able Pﬁarnaﬁqutical carriggs and orqglatiog 1

SUCh 3 FRA PG Ee 105 P B BUP AT SRR FECIPER S U dicHiarg or factose,

disinlRpratinglaérits Ilh 25al @6 AciaNebritkAedhl @ thd 11 NivFRGNts sdéH &% stearic
20 edition, Volunes 1 and 2, 1995, Mack Publi shing

acid, GoagnedtatstaaratCenpeydtass®( Stokdly-§af.Camyhine ) Indinapodis, dhdiana) glidants
i nc rat ed reference. In the treatnent of various

such g Selldidal iligoy dlayisles SUFRISTE bR MePISOEh SESUSBSE oF Sasgharin; and

flavodak @béhts SuchSHipk i OREES! dafi¥fhtelos ﬁ%ﬂcﬂétvoﬁn?. TwiRh % dosage
per day to about® 250 ng/ kg per” day, preferably 25

unit Widous a 0arB8Blends/nkay abeer conain & biqaidsatriet G@chnay/Hotyeheiengaglycol or a

rny GBS Bl % st B Dbt i fpeps e
AlteffBvedE tRdPhatingéctied compoditibRamBEBe Plepdreld th 4 fdriRstabI8 For

day and as dictated by the nature of the disease,
extengied gtlerse toprovidsidhemrpitic gmsant efegasepound offoxmmiad ofthe

inverlft{%}nl if? \ﬁ'isﬂigab%(&g@l c%ﬁg,ac;n%e %%Elg%? gnct,eom&er‘t'h ok‘gréltsfangﬁ‘r’lethods as are

ustration I nventiron In grea et;
will kniovinototone ekifled at thagrtt Fer bxaagilé, anetodable polytrertdoataining the active
nper. Tables 1, 2, 3 and 4 provide sumraries of

: ny. ma
mg“%ﬁ@tg%& FRVisagSounds that are prepared herein. WO
2006/ 021000 PCT/ US2005/ 029383

For parenteral administration, the compounds of the present invention may be
administered as injectable dosages of a solution or suspension of the compound in a
physiologically acceptable diluent with a pharmaceutical carrier which can be a sterile liquid
such as water-in-oil or without the addition of a surfactant and other pharmaceutically
acceptable excipients. Illustrative oils which can be employed in the preparations are those of

petroleum, animal, vegetable or synthetic origin such as, for example, peanut oil, soybean oil
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34 Unl ess otherwi se noted, all starting materials,
reagents and solvents were obtained from comerci al
waapph2wos and used wi thout further purificatiper/ugdons029383

reactions were run under inert atnosphere with dry
reagents and sol vents. FlasBXhromat ography was
carried out 5 using silica gel 60 (35-70 m) according
tothe literature procedure (Still, WC.; Kahn, M

and myinerad 0ilAIn gene@lgwat@h émnelmousdem%andoqela@d\mgmﬁomwns

ethar?olra}n gls'{: dsge ?#Jéljogglegeﬁ% ggir“ag% gr%gr}é:d I%e?c; a?%}rg 5 lxéucfzﬁ’ly for

mjeccdbtd)mhitn@& aDhy pdrdhteyal pivparapien tar bﬂadlcQBe@ir%ﬁp(hﬂésK&ﬁposable
silica % 60F- 254 pl ateq@‘EEM coated to a thickness
syringgs ¢y multipledosqiglsgnagesef gt lagiqQredesii t h sol vent
systens (v/v) as described, and visualized by iodine
10 vapor, WV light, or a staining reagent such as
KNeOsblgming b susperisids iR ribpé ebana mamyr @so schidd ede onmare of the

300, nity .500 .
folloy g Rt er et st e Pt tdgedptsafis sl ot
polyétﬁ*l@ﬁé §cdl, (%ﬁehﬁrﬁﬁ%smkﬁé )gl@&ﬁ or OtheP Sy sBlvents, antibacterial

orof orm as a reference. Liquid
agentsisuelas @g@r@ph@mdam wdn@s blsugm@hclatmamnysﬁugh 88 CVB) was
ethylrfggcﬁégmetgg ?rtbc 4 cg'rigﬁgt‘%rél's aclégt%a%ltrgtgy nf%ﬁ)ofsplflalltésqand)agents
for tﬂmjmhemrmfmwaty—sueh astddnap rcaym(iesr dextioa¢.ues were

determ ned for the protonated nol ecul ar ions (M-+ 1)

using a Synergi 2U HYDRO-RP 20x4 mm col umm, el uting

with 0.1 % TFA in water/acetonitrile.

AH heasppsjupdpotthe prasentanwengign paxbd actzmat,SitQﬁermﬁm fosmx ofra
cutar?e%ﬁ ? eﬁg{y d%Bgt[l _[eeétuprl erlﬂé)gin? g?egaiza%oﬁ U %Xc%ﬂ}::% fgi%lugated in such a
manféd |ay axperfiit;a sﬁ?@ramea ,relEase o chieraacilve ﬁfgrdd@etrﬁr Dhy adtive ingredient can be

Chem stry 51984 Zlql) 215-17. Ethyl esters of
COMPIRSSEY FIHY 961 e a snagylk Gyligdeys and irpplanisd wlrceta&ewly or intramuscularly as

] [
depo] b Pt LAl Prp R Y pferifich Atlodearagabic
polymerseing sppthetadsiliconth eSwtabie frashacotics careecy dndddrmulation techniques

are f%%ﬁg?a%éﬂggéﬁ% E%{l ! hsb%}?lgg@?rzitge Eﬁlﬁgll?ée(l}ga &)F%%g% of Pharmacy, 19™

editién, OAIRAXY1 hkd 2Q1995 OFhE pumf:},ﬁm@@oo r]@é%ﬂfn?ﬁerﬁﬁyl@ﬁﬁﬁ I 19eAl., which is

in Shafi ee, A’ and Hadi zadeh, J. o Het er ocycli ¢
hereigrieqrirparatpd by gefesencgs, 549- 550 and in Shafiee, A ;

Shahbazi Myjarrad, J.; Jalili, MA ; Adham, H R and

Hadi zadeh F. Journal of Heterocycli ¢ Chemi st ry, 39,

36fnh| ¢y S?treng r}lovx al?)gse @%aggsaﬁl&grecpeys and conditions as described herein, a
sultaB}g{ﬂ%kigﬁ level ibaa0d. .ot ﬁfgkd@(pﬂr dehysigbounes EBmeMEPRE dhy Ipkaferably

obt ai n

about 095 mafyeipes-day ﬁ%@lrgut pYQ merkeg rer slay, | angd epracially abantdbis mecke per
day @%Rg%tﬁer?%/ﬂgb E:IO{H gfi’ﬁ({ ﬁ/gn i %rg&%&dggmﬁ?orh%@?% administered

ona ilefg’li(lbr) of 1M Ads pélﬁa?@ﬁ&bﬁ)dﬂ:ﬁm RGh¢ BERB05th 81388 e, ABSorder or
[ epa atlon of
‘”nd§“Bﬁ8 8&edyr r ol of 3, 2- d] t hi azol e- 5- car boxyl i ¢ aci d
et hyl ester 2- Azi do- 3- (2- bronp- 4-t hi azol yl ) propenoi c
acid ethyl ester
EXAMPLES
The following examples are intended to serve for the illustration of the invention in

greater detail, without restricting the breadth of the invention in any manner. Tables 1, 2, 3

and 4 provide summaries of the example compounds that are prebared herein.
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30

Bra / CH=C(N3)CO2Et 5 Add slowy to a solution of
pot assi um et hoxide (30 m, 24%ww, 3 eq. of EtCK) a
WG baosnyioof 2- br ono- 4-t hi azol yl car boxyal dehyde ¥GI/832005929383

30 nol ) and 2-azidoacetate ethyl ester (11.5 gm 3

esq.) in a m xed solvent of %t hanol (150m) DWF (5 m)
and nethylene chloride (DCM 20 m) at 0 C over 15-20
mnutes. Stir the final m xture overnight (18 hr) at
roomtenperature guench t he reacti on W th anmoni um

d d e.et hanal 50 10 on a .
F o Bles s ORY SRt R Gl el YR arcrobtained
from%Mnﬁ&&aﬁﬁ@h@@ bhd QF)witheas furtHeP Burdi @&6h.C ARRBSSioWs Were run
brine and dry over MgSO4. Filter and concentrate the

undef jnetragmesphareawitlp dimi reyeentsend sakyentsi Xtagh ehron@tazraphy vigs carried out

i 50 BRI Ly BRI SRSHE R Ko

Mitra, G’np’o@ﬂgl (Ui&nﬁ 1978 43193%23) dr@Mariatien enthisfethbdasifg 8 cOBmercially

avallé%lsﬁ% 2Bl 82‘6&8‘[ ?“@Pé‘i Isre Bedi Rery- Lhindayey chromategraphy (TLC)
was }Eérfbﬂne@ oh gfass \ba&?ed s“hc%r%e§ %gh tple{'Es (ﬁ?@) QR 8 8nikhess of 0.25
a so 10

ot xyl en
mm. ZThezilates Wel(ezbhttc@ Wmthékochneszystle;ds)(p/Na) pedistidbesic antl eititized by iodine

. . 0.2 ol ) i Im). Heat th t
vapof ¥ gl 8y L s re%%ﬁgwb?ﬁsw Potlliehper atur e,

deﬁﬁmﬁ%g%érg&ﬁtﬁ %%ﬁg}[éf %l(}ljingl Jog ﬁ@l&yraqﬁoebmty 400, or
Unltﬁm BQOI{I% sTWith cHeflYEu1 shifls ?S')t rePbytdd ii®pm rdlafide 3| f%traﬁm%hylsﬂane

. Preparation of
(0. OOMHPWICbIwaQHB (3]26 hbaw 8% erderengeh okiguidchaematogtaphy with mass

spec%ﬁg%&%@é 343 rl\éc%fegroésaal\lrjlec\{pmgs%qd%'Rglglﬂl?g-TOF (time of flight)

Mas#SpeptrometeDir], Brash X Date |S§?st5mC d6%12ati0ni rEodkCH é'le@thﬁb}ﬁfay (esi), values
ester from 4- thiazolyl carboxyal dehyde in a sim|ar
werendaterteined sordbs protdmattdaboleenliions @ *pr ppsingis Sgnergf 22 HYDRO-RP

20x 4b§{1rrﬁomﬂolugl§}|- EY rtlFlthz(}g"@w ma\%fgtlere/acetgn?trrll? oxylic acid

4H-Thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester and 6H-thieno[2,3-b]pyrrole-5-
carboxylic acid ethyl ester were prepared as described in Eras, J.; Galvez, C.; Garcia, F.
Journal of Heterocyclic Chemistry (1984), 21(1), 215-17. Ethyl esters of 4H-pyrrolo[2,3-
d]thiazole-5-carboxylic acid, 6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid, and 2-methyl-4H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid were prepared in the same fashion as described in
W09940914. 2-Alkylthio-, 2-arylalkylthio- and 2-alkyl-substituted pyrrolo[2,3-d]imidazole-
5-carboxylic acid esters can be prepared as described in Shafiee, A. and Hadizadeh, F., J. of
Heterocyclic Chemistry (1997), 34, 549-550 and in Shafiee, A.; Shahbazi Mojarrad, J.; Jalili,
M.A.; Adhami, HR. and Hadizadeh, F. Journal of Heterocyclic Chemistry, 39, 367-373. 4-
Thiazolecarboxaldehyde, 5-thiazolecarboxaldehyde and 2-methyl-5-thiazolecarboxaldehyde
were commercially obtained. 1,4-Dihydro-4-methylpyrrolo[3,2-b]pyrrole-2-carboxylic acid
ethyl ester is prepared as described by H. Hemetsberger and D. Knittel, Monatsh. Chem.
(1972) 103(1), 194-204.
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25

t hi azol yl car boxyal dehyde. 5 Preparation of
2-brono- 6H pyrrol o] 3, 2-d] t hi azol e-5-carboxylic acid N
WO 2006/0B006- N OH H Add KOH (1.07 gm 2 eq) to BCTUS1005/€29383
of 2-brono-6H pyrrol o[ 3,2-d]thiazol e-5- carboxylic
acid ethyl ester (2.6 gm 9.38 mol) in THE (15 m)
and water (20 m), and then 10 heat at 100 C for 1
hr. Allow to stand overnight at roomtenperature and
Prepavitiacef 2-beomo631-py iriohd3 ,2al]thiszdle-Stdarboxilicaid ethybdster
1.7 gnm. Concentrate the aqueous solution in vacuo,

i ne t |due with the previously isolated
2- AZ{‘?’S/%‘?%E?‘]% ég‘iaF mep%n%awi ehYhetti ¢ acid in
met hanol to provi de the gitle conmpound (2.31 g). LCME:
retention tinme = 2 (Mt) = 246.93 15
Preparation of 6H m 3, 2-d] t hi azol e- 5-car boxylic
acid NO S NOHH
6H- pyrrol o[ 3, 2-d] t hi azol e- &Haeﬂdgb(ﬁlOzEtaci d by
hydrol ysis of 6H pyrrol o[ 3,2- d]thiazol e-5-carboxylic
acAdd eloiwy toeessoémtidnmfa)osdssiummhomxiﬁ(éﬂ nals 24Pbésemi, Bed. of EtOK) a

sturr§ 30 SresSise (e TSI BESRBUOAF S5 57 e 30 bl widgaetface ethyl

esterf(1 PSnggr lgre@w Irﬁé‘hm@ﬂrsbpvleﬁ{ ok ethahbf Nis80) BMF Gah! QM fdethylene
aci d et h{XQa ester. Preparation of Carboxylic ACid g

chlonide QG i mbat 05 aper ﬁn?@ mep@es- Hiphe ﬁoalemamuapmgght €8 hr) at
roon%%#%@%g@ug%%sﬁg rea'g\lglz OTh1 Ot Ooqgllug %Illf%n%e and remove the ethanol (~50

ml) oﬁahi— ﬂohirﬁ B@e[p%rﬁmb]ﬂ)&fabﬁﬂhe a&ue!baﬁ hoxoitd witaDIAM QBMbm@ pbions), wash
and 7M anmmonia in net

the O(gf@mﬂfaasq wnb bEIP% é‘llg tomyeaMasQd- diiltgriang |°91Fﬁeﬁ§Félth§19@ filgrate, and
I
purlf(ég%e]crg&@ mixe@d (12. Egﬁg l?)g"msﬁ‘ BAk ngigc;#gse&xlyr ) e&,t %@Ir; \éﬁ §artr1dge

to roomte
elutetwith methanéll BEM E&jﬁ?/d)}/totalﬁkrd:ﬁmdﬂzlembmﬂmumd B.Gghl 45%).

LCM(‘Shrrcggr%o% 1mé3h)§ éSImm (Ms)li‘ g(‘):26.l9é:art ridge,

2-Bromo-6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid ethyl ester

N O
T
S N\ OEt
H

Add dropwise to hot xylene (130 °C, 4 ml) a solution of 2-azido-3-(2-bromo-4-
thiazolyl)propenoic acid ethyl ester (60 mg, 0.2 mmol) in DCM (1ml). Heat the mixture for
one hour, then cool to room temperature, deposit the mixture on a pad of silica gel and elute
with heptane:DCM (50%-100%) to provide the title compound (14 mg).

LCMS: retention time = 3.04 min, (M") = 274.92.

Preparation of 4H-Pyrrolo[2,3-d]thiazole-5-carboxylic acid ethyl ester
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5 40gm elute with nmethanol 0-5%in nethyl ene

chloride) to provide the title conmpound (560 ng, 38%
w@gooan2wd - white solid. LCVS: retention tine =PQr/082005/029383

mn, (M) = 166.02 1H NVR (300 MHz, DVMBO D6) S ppm

6.95 (d, J=5.25 Hz, 1 H 7.035- 7.08 (m 1 H 7.11 (br

s, 1 H 7.37 (d, J=5.25 Hz, 1 H 7.68 (br s, 1 H

11.64 (s, 1 H 10 The followi ng am des were al so

pr Bl;@aared&bpymcbie[Qabdilbiamlgéecdmb@ylic acid ethyl ester from 4-

thlazt)mﬁf%boxlye@gﬁ)zqze § %%ngggsa e%g Xl{eﬁ]g ovg_so(';j tl?erlnlggpa&ﬂonl\?f 2-

bronfd-615-phirtdldf3,2-d] ﬂ'llalz51e 5- carboxyhc acid ethyl ester from 2-bromo-4-
2- Vet hyI 6H pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid
thiazghyl C%etentlontlrre:128 mn, (M- +H) =
182) N O CH < NNH2 H 2-Brorm-6|—|-pyrro| o]
[3,2-d]thiazol e-5-carboxylic acid amde NO Br SN
Prepiri2tior? 6f 24bréwid-6ID-pariodd [32Fdjthiazole-5-carboxylic acid
2- brono- 6H pyrrol o 3, 2-d] t hi azol e- 5-¢carboxylic acid
(2.53 gm 10 mmol ) in
(di i sopropyl et hyl anBre—<0 | EDC (1-(3-
di met hyl am nopropyl ) - 3-e yde HCl, 5.0 gm
3.5 eq); HOBT (1- hydroxybenzofriazole, 1.91 gm 14
mol, 1.4 eq) and NH4CL(2. 25 ng 42. mol ). Stir the 25
m Atd KOR(1.00gm, 2 eqptofanmixburkof artdomo6H-pyrrdly( 3L Xd vazole-5-

VWhen caonpl , di 06/.0210
carb i GRS 5985 B0 3P el Hy | B LG B RdieagpnD. and then
heat W Id@) wBoe hanA 1B b %tan@%k/érﬁfgtht Etn%oﬁl%ﬂngexgﬁﬁré anldt SoRELQRe

g and purify by chromatography on silica gel
cryst@lllsctspls;dSI hiycfaltretaon (waighs, 1. 4gmy). Congeatraie tie appemsrsolution in vacuo,

and combine the residue with the previously isolated crystalline solid. Acidify with acetic

acid in methanol to provide the title compound (2.31 g).
LCMS: retention time = 2.35 min, (M") = 246.93

Preparation of 6H-Pyrrolo[3,2-d]thiazole-5-carboxylic acid

Prepare 6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid by hydrolysis of 6H-pyrrolo[3,2-
d]thiazole-5-carboxylic acid ethyl ester in a similar manner as described above for the
preparation of 2-bromo-6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid from 2-bromo-6H-
pyrrolo[3,2-d]thiazole-S-carboxylic acid ethyl ester.

Preparation of Carboxylic Acid Amide Intermediates
4H-Thieno[3,2-b]pyrrole-5-carboxylic acid amide

S 0O
| N
NN Wk,
\
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(10-40% in methylene chloride) to afford the title
conpound (550 ng). LCMS. retention tine = 2.11 m n,

W@ dose21@db. 98 5 6H Pyrrol of 3, 2-d] t hi azol e- 5- ceEhUK20h5/€29383
acid amde NO S-~j NNH2 H Prepare
6H pyrrol o[ 3, 2-d] t hi azol e- 5-F&r boxyl i c acid am de by
am nation of 6H pyrrol o[ 3, 2-d]thiazol e-5-carboxylic

acid in a simlar manner as described above for the 10
pr éggrtcaflﬂghlegq&B 2-b]pyrrole-5-carboxylic acid ethyl ester (1.74 gm, 8.9 mmol) and

7™ bR RIERBYET QbOhR i a et dtoh 8B o RO Nuox! @.1gm). Seal

the bpmbl’amlddieat, t3-100 POifez1d 1gs 5 Coar hauyth It@n}&ﬁ‘atdre @ed&dmbntrate to remove

Vp n of diaryldisulfides an
the a Se &sﬁtﬁhé&r@mpmdd@svwélaﬂaehrpela@gsadahwqw@allqawemdge

t I
Sy R 0 TR AT RELIEUOL 3 Blans s
mg, 38o)iay rof6white dolin perborate (22 millinole) and wat er

LOMS it e Sod LSRR “the solid by

1H NMRt(Bﬂ(D MHY fmdsma b 6rBt@anRsl 249, 9' HF7 bhe 798, €41) 7.11 (br
di aryl di sul'fide. Cther disulfides including
s 1 ) ha{ & doy.2b & 4 I)1.ek@r 6ol ) 1bb4 (21t enyl ) di sul fi de)
can be prepared in a 20 simlar manner as descri bed
for the preparation of the desired diaryldisulfides.
MeThofigloivig aihideawyieaildoastetired bethRyabo@d grodkiued:y Met hod

1:
6H-Ryrmofl 32rdJthiszeley?-canhox Hicaacist amise (LGS setentinndtime 5,lyg3 win, (M
+H)3qk@opyride (la) S\ 0 SO NNH HTreat
4Ht hieno[ 3, 2- b] pyrrol e-5-carboxylic acid am de (75
ng, 0.45 nmmol) with NaN-2 ) 60%in oil,
1.12mml, 2.5 eq) |n§;l\l- ormamde (1.3 nl) at
room terrperature und 35 minutes. Add
di phenyl di sul fi de (137 nd heat WD
2006/ 021000 PCT/ US2005/ 02938131 39 the m xture at 70 C
overnight. Dilute the mxture with brine (2 mM) and
2- M@h}tlr%pym)lp[ﬁ 2dithlazolgcecabaxyliCenidentidatldCMBeretmitiph time = 1.28
L ution to give an oil and purify by
min, %ﬁ Iaftogr&aphy on silica gel (1SCOsilica cartridge,
4 gm elute with nethanoN.0-10% i n gethyl ene chloride)

to afford the titlé c_o%pou d
H3
S

N NH,

H

2-Bromo-6H-pyrrolo[3,2-d}thiazole-5-carboxylic acid amide

Add to a solution of 2-bromo-6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid (2.53 gm,
10 mmol) in DMF (45 ml), DIEA (diisopropylethylamine, 10 ml, 6 eq), EDC (1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide HCI, 5.0 gm, 3.5 eq); HOBT (1-
hydroxybenzotriazole, 1.91 gm, 14 mmol, 1.4 eq) and NH4Cl (2.25 gm, 42.mmol). Stir the

mixture at room temp for 6 hr and monitor by LC-MS. When complete, dilute the mixture
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5 LCMVs: retention tine = 3.03 mn, (Mt +H = 275.01 1H
NVR (300 MHz, CDCl13) 6 ppm5.94 (s, 1 H 7.03 (d,
wa2@e@b0bte, 1 H) 7.14 - 7.27 (m 6 H) 7.79 (brPCBHUSHOAN29383
10.79 (br s, 1 H Method 2:
6- ( 3- Fl uor ophenyl sul fanyl ) - 438 t hi eno[ 3, 2-b] pyrrol e-5-c
arboxylic acid amde 10 (Ib) S S\ OF a\ ~ N NH
H Add 4H-t hi eno[ 3, 2-b] pyrrol e-5-carboxylic acid am de
with(egy! aegtate,. 2@6 wash Witht gater andibeingr €otéct the solid by filtration (2.21 gm)

BB S5 DAPRRIEN AL P 456 ke STl 9 petanc
(10-40%)inhe@hylaie Sokdd) @6 afSordlthe tiffOt W InB €5 5eRAES.1 on by

TLC. Wen 15 conplete, dilute the reaction mxture
LCMy: trﬁe@tthwmace?tla&@u( (9m1y 24788 wash with brine (25nL).
Dry the organic solution, concentrate to afford a
crude oil and purify the oil by chromatography on
6H-lsiﬂdlqa,2gcﬁthi@05£§)csﬂbbkplacazﬁuamdége, 4 gm elute with
met hanol 0-10% i n I’II\KI ene chlorjde) to provide the

title conpound (81ny). ion time = 3.47
mn, (Mt +H) = 293 20 AH VR MHz, CDC13) 8 ppm
5.67 (s, 1 H, 6.82 - 6. 96 (ddd,
J=7.87, 1.50, 1.37 Hz, 1 H)\ 7.03 (d, J=5.25 Hz, 1
H, 7.17 - 7.24 (m 1 H), 73‘h(d J=5.25 Hz, 1 H),

7.70 (s, . 3 o
4 PRphR oo B A uhBig ® Heavlic fd amide o agination atGH-
pyrrcklcflé_'aﬁ H}ihlﬁEdIQ-SQﬁHQﬁyh@ 5(:1(1 hd @)&mﬂ‘@r a&gﬁér% 4EQ¥Pibed above for the
/' US2005/ 029383 ~ 40 H Treat
prep@ﬁp@mp%%b{%@%mmoﬂcﬂﬁé @ﬂn@noma&yanb@xm agidharnigde fi(oBy2-bromo-6H-

: 19 , 0.78 I, 2.3 e in
pyn%gﬁf%fiﬁéﬁégc%npgé\?{?( m ) ngt room ?gon'per at ur e?) |

under nitrogen for 45 mnutes. Add

2,2 -dipyridyldisulfide (106 I;% 1.4 eq) and stir the
mi xt l'ﬁ;%neral preparation of diaryldisulfides and diheterocycledisulfides

Add to a solution of the unsubstituted or appropriately substituted arylthiol (17.2
millimole, 1.0 equivalent) and MeOH (30mL), a solution of sodium perborate (22 millimole)
and water (20mL) with stirring, and then allow the reaction to stand at rt overnight. Collect
the solid by filtration and wash with methanol to give the desired diaryldisulfide. Other
disulfides including diheterocycledisulfides (e.g. bis(2-thienyl)disulfide) can be prepared in a
similar manner as described for the preparation of the desired diaryldisulfides.

Methods for Thioarylation of the Pyrrole Moiety
Method 1: 6-Phenylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide (Ia)

.,
D=
N NH

S
\

\ 2
H

Treat 4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide (75 mg, 0.45 mmol) with NaH
(45 mg, 60% in oil, 1.12mmol, 2.5 eq) in N,N-dimethylformamide (1.3 ml) at room

temperature under nitrogen for 35 minutes. Add diphenyldisulfide (137 mg, 1.4 eq) and heat
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5 overnight at anbient tenperature. Dilute the m xture
wth water and extract with ethyl acetate. Concentrate
wo bmeortogd acetate solution to give a residue BEI/UR005029383

purified by flash chromatography (1SCO, silica
cartridge, elute wth 5% net3gnol in nethyl ene
chloride (+1% 7N ammonia in nethanol) to provide the
title coqpound (32 ng, 32% . LCMVS: retention tinme =

the npixB@e af ) " dernight. DiRTGhe 2@ixtut® withtbininel (Z,ml) and extract with ethyl

e OB RAUA SN S DR 2 AR b S5y n
smceﬁgrw(tsw 6ilida 3artﬂdg@y4 %{al Sul- Wit RRIMhHI0)- P@%qn %{&r@@er{ewlonde) to

in N, di met hyl f or mam de (
afforFllélP‘Ff(lti@CQmpm@Méﬁmg)ml 0. 75mml , 2.5 eq) at room 15

a FRM, 45 m nut es. Add
LCNgﬁqﬁgﬁylyﬁ %uﬁ?@ﬁ "%Q¥F9ﬂ5 6ﬁ§ 1.4 eq) and stir
1H NMR (GOO(MH;Q @Cl@%&oﬁpcr:ﬁ]\cseng,glﬂH) 7JOI3Q‘ﬂ g&sastflll}g 1H)7.14-7.27 (m, 6
r e to 1 or 5 hours an cool to room
H)7%§2g%$ W75 stkM he reaction with water and et hyl
acetate* whereupon the title conpound crystallizes
fromsolution. Collect the product by filtration and
Methird,2:u 6<(3+Fluermphemylsulad) 41 ¢thiche[3,2-b] py reaeiSocartoXydR acid amide
b nmyg). 20 LCVB: retention tine = 3.068 mn, (M +H) =
@ )275.024 "In some cases (see tables 1 and 2, synthesis

nmet hod col umm) where nethod 4 was—enpl oyed, the :
conmpounds did not crystallize. Ni s situation,
separate the ethyl acetate ge And WO 2006/ 021000
PCT/ US2005/ 029383 41 concehtrate—tg give a crude

e f1 &h chromat ogr aphy
(1SCO, silica cartr{\dge with 10% et hanol in
net hyl ene chloride (+ L& I N nethanol) to

provi de the desired conpound. 5 hod 5:
2 6- Bi s- phenyl sul f anyl - 4H p¥rrol o 3, 2-d] t hi azol e- 5-car

ai St Bieoair B ol Srrogeals aptfuamids Ghmig$ 56 grmob 102

mlxuﬁi’eﬂ'ﬁfs -ﬂflor%pﬁér@'ﬂ)ﬁrsﬁfﬁde (150 mg, 0.51mmol) and cesium carbonate (120 mg,
5-carboxylic acid am de (85 nm,

yrrolo! , 2-d] thi'azol e-
1 eq. 8 19 mbnend-iben heat 669 D8hfor & hra. OFqlicvothegeaction by dd)C. When
compgée]tﬁb%té ﬁlgﬂrgactl'c;ﬁ %}mttupeewml etthyf acef tte (]lgr%l)canfdo\{las w1{holl)'lr5ne (25ml).

Dry the organic solution, concentrate to afford a crude oil and purify the oil by

chromatography on silica gel (ISCO silica cartridge, 4 gm, elute with methanol 0-10% in
methylene chloride) to provide the title compound (8 1mg).

LCMS: retention time = 3.47 min, (M" +H) = 293 .

IH NMR (300 MHz, CDCl3) 8 ppm 5.67 (s, 1 H), 6.82 - 6.90 (m, 2 H), 6.96 (ddd, J=7.87,
1.50, 1.37 Hz, 1 H), 7.03 (d, J=5.25 Hz, 1 H), 7.17 - 7.24 (m, 1 H), 7.31 (d, J=5.25 Hz, 1 H),
7.70 (s, 1 H), 9.96 (s, 1 H)

Method 3: 4-(Pyridin-2-ylsulfanyl)-6H-thieno[2,3-b] pyrrole-5-carboxylic acid amide
(ITa)
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DMF under reduced pressure and partition the residue

bet ween water and ethyl acetate. Wash the organic
w@baso2mwd h brine, and then dry and filter thePOI/ysaw®029383

phase. Add the filtrate to a flask containing a small

amount of silica gel ( about4®.5 gn) and evaporate the

solvent to provide the crude product adsorbed onto

the silica gel. Place the silica gel on top of a snall

15 columm cont ai ni ng about 4 gnnef~silica gel and

elute with 0-10% of MeOH in to rovide 8 ny

(6.5% of the title conpound /retentiontime:

3.30 mn, (M = 383.02 20 Compounds of

Fornula (1) (Mis S) OR4--~~ L Np RL (1)
25 WD 2006/ 021000 P 83 42 Exanple RlL R2
R3X R4 L Synthesis Nog Rod INHH NH2 C6H5S H CH 1
b HNH2 3-F-C6HUS HCH 1 I H NH2"4-0 -C6HAS H CH 1
ld HNH2 2-NH2-C6H4S HCH 1 "1e H NH2 2-pyridinyl S H

T ol B R L e 00

(19 rﬂg,r[yTS ﬁitmﬂ{lZS Eﬂ)GhII\EN dijnetiyNbrranide CHa } @b fdrrfﬁbkaﬁlre,l wader

n1trogjnp ﬁ)r 4p mlppm/?gE 2 2( g;_lgyzldmg"cw&g Bg, ﬁg %‘% N%Stlr the mixture

overgxg%@nﬂ;@éﬂf‘ §nﬁ$eg'hl% Dilute the mixture with water and extract with ethyl

acetate. Concentrate the ethyl acetate solution to give a residue which is purified by flash
chromatography (ISCO, silica cartridge, elute with 5% methanol in methylene chloride (+1%
7N ammonia in methanol) to provide the title compound (32 mg, 32%).

LCMS: retention time = 2.53 min, (M" +H) = 276.022

Method 4: 4-(Phenylsulfanyl)-6H-thieno[2,3-b]pyrrole-S-carboxylic acid amide (IIb)

)
7 T ©
S N\ NH,
H
Treat 6H-thieno[2,3-b] pyrrole-5-carboxylic acid amide (50 mg, 0.30 mmol) in N,N-
dimethylformamide (0.5ml) with NaH (29 mg, 60% in oil, 0.75mmol, 2.5 eq) at room
temperature, under nitrogen for 45 minutes. Add diphenyl disulfide (92 mg, 0.4 mmol 1.4 eq)
and stir the mixture at 60 °C overnight. Increase the temperature to 100 °C for 5 hours and
cool to room temperature. Dilute the reaction with water and ethyl acetate* whereupon the
title compound crystallizes from solution. Collect the product by filtration and dry under

vacuum, to afford the title compound (28 mg).
LCMS: retention time = 3.068 min, (M* +H) = 275.024

*In some cases (see tables 1 and 2, synthesis method column) where method 4 was employed,

the compounds did not crystallize. In this situation, separate the ethyl acetate portion and
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lo H NH2 3-Br-C6H4S H
HCH2 1Ig HNH 3-CH3
WQ20680B6HAS H CH | s

NH2 2-F-C6H4S H CH 2 | CH2 Iv

HNH2 C6H5S HN 4 | N 4* Ix H NH2

2-pyridinylS HN 4 *See foot note acconpanyi ng net hod

4. Table 2 Conpounds of Fornmula (Il) 5 (Mis S) X-R3
concgptrat@ip @vip grudrtes{due)angpyrip the Fesidue brdhesRghrionsyogrimyi(55CO,

sﬂw%%gggﬁé‘he%%eqlwnﬁ lld/!ﬁlr}ﬁ%ké @Yé %@%ﬁﬂ@ﬂdﬁi+% }N b Siia in

meth3ASIGtORDO0 RS HELORBFARA383 43 |id H NH2
4-pyridinglSHCH1 Ile HNH 3,5-(0)2-C6H3S H CH 1
I1f HNH 2-thienylSHCH1 Ilg H NH 3-Br-CsH4S H CH

o SR BTN o b e it

({IgH NH2 3- CH3- C6H4S H CH 2

CT/US1405/029383

.
Iy

o
| @

Q\SJI\?—

Add diphenyldisulfide (93 mg, 0.43 mmol, 1.25 eq) to a mixture of 2-bromo-4H-

H

pyrrolo[3,2-d]thiazole-5-carboxylic acid amide (85 mg, 0.34 mmol) and cesium carbonate
(140 mg, 1.25 eq) in DMF ( 4fnl). Heat the mixture at 100 °C for 16 hours. Remove the
DMEF under reduced pressure and partition the residue between water and ethyl acetate. Wash
the organic phase with brine, and then dry and filter the organic phase. Add the filtrate to a
flask containing a small amount of silica gel ( about 0.5 gm) and evaporate the solvent to
provide the crude product adsorbed onto the silica gel. Place the silica gel on top of a small
column containing about 4 gm of silica gel and elute with 0-10% of MeOH in DCM to
provide 8 mg (6.5%) of the title compound.

LCMS: retention time = 3.30 min, (M") = 383.02

Table 1
Compounds of Formula (I)
MisS)



[
2

H NH2 C6H5S CH3 N 2
[In HNH2 3-F-C6H4S CH3 N 2

W@RBoA2100 Up H NH2 3- CF30O- C6HAS CH3 N 2
C6H5S N 5

Its HNH2 C61-15S H N 2

Ilr

[1mH NH2 3-CH3O- C6H4AS CH3 N
1o HNH2 3-C -C6H4S

H MR USHHERI383
H NH2 3- CH3O- C6HAS 3- CH3O- C6HAS N 5

l'i t42H NH2 3- CH3O-C6HAS H N 2

*See footnote acconpanying nmethod 4. Table 3 Spectral

Data for Conpounds of Formula (1) 5 (Mis S) Exanple
Conipaunpde NalRe |MER, M. No. Res. |on |R&sentibn | Byatiesis
tijme .. (amu) (mn) |a 6-Phenyl sul fanyl - 4H{t hi eno[iﬂ/lagﬁ
275. 6%t 3| 034 b] pyrirol e-5-carboxylijc acijd am de od
6-|(3- 1 uof oghenyp, Syl ranyldﬁﬂy 2933 ¥ CH 1
t hirengy 3; "H]FV'NH’Z'&' -(..glfl;()@ gt a Hdllm T
0~ TP A v S (PN P
6-(2-]36!!11 n'\p] e Vi -I{ZHI f antl PT?ACIS]I_I‘@QO {2}19 GEFH 1
t Hienls[ 3, D-H] dyNEbl ¢- 5- capmiskSc agi dlagi §81 |e 1
6-|( PyHi di p- B- Vi 3l anyl 3-CH-€¢HaSno[ 3, H 276€R. 57 b
yrir ol B- 5- caHbgx\NH,c |aci d2ahieadS| f H CH 2
6-(p- Tl yI Ulf anWHAH t Bisem], L 25:S289. G4 [3CRL8| D] 2
yrirol'g- 5- LagbgxXNH,C |acl A &MdR1s9 | H | CH 2
G-WHI opn nHIA-le-st Tangl 192 ¥ J7CH 3
t Cllhl(l_ 3 s }.yNH)Z &=5= ZceH_gUém“Su agt 9 CH 2
Il H | NH, 2,3-(C1),-C¢H3S H CH 2
Im H NHZ 2,5-(C1)2-C6H3S H CH 2
In H NH2 2-C2H5-C6H4S H CH 2
Io H | NH, 3-Br-C¢HyS H CH 2
Ip H | NH, 3,5-(CH3),-C¢H;S H CH 2
Iq H | NH; 3-CH30-C¢H,S H CH 2
Ir H | NH; 2-CH30-C¢H4S H CH
Is H | NH; 2-CF3-C¢HasS H CH 2
It H NH, 2-F-C¢HsS H CH 2
Tu H NH2 3-CF30-C6H4S H CH 2
Iv H | NH, CeHsS H N 4
Tw H | NH, - 3-F-C¢H4S H N 4*
Ix H NH, 2-pyridinylS H N 4
*See footnote accompanying method 4.
Table 2 .
Compounds of Formula (II)
MisS)
X/R3
L R,
R m
S N (o)
R, ay
Example | R; R, R3X R4 L Synthesis
No. Method
JIE H | NH; 2-pyridinylS H CH 3
ITb H | NH, CeHsS H CH 4
Ilc H | NH, 3-F-C¢HsS H CH 4*




am de 1h 6-(3,5-Dichloro-phenylsul fanyl)-4H 342.96

3.55 thieno[3,2-b yrrole-5-carboxylic acid WD
wWQe@6HADBIO00 PCT/ US2005/ 029383 44 am de |i  PCT/US2005/029383

6- (Pyridin-4-ylsul fanyl)-4Hthieno[3, 2- 276

b] pyrrol e-5-carboxylic acid4dvide 1.39 |Ii

6-m Tol yl sul fanyl -4H-t hi eno[ 3, 2- 287 b]

yrrole-5-carboxylic acid amde 2 71 |k
6- 870y H | My 414-pyridingdB3, d- 289 1] CH 1
yr gl e-5-Fear Dby ||i 3. a6Gh-Gshsde |2. 69 Hi CH 1
6- (&, 3-|[DHh| d¥ld; ghenyHaienfl@nyl )i- 4H 342. 95 CH 1
t hilgno[|3,12- PNy rjol e3-BragHROXYl[i ¢ acig am dg FH7| Tnp
6- {8 5- DN VR, 1 heﬁmﬁ@t@@uw JAF 3295 T cp 2
E\I‘]I}Iﬁnﬂ S, - JI@H r 0'2§C 66@6?] | C dL,l qdll!)r(._l‘ m A 2
i S P, T T IRIO S u:,: AL TR i & T
6= nk- Br g;ﬁ\_ ﬂ\mxll suP f(:lHA/pE tHhi pnn-H?R7 q32 CH 2
(218 hilndfr hiINHE [car bd%BiHSSC acild anidd:s3.4 || pN 2
6- & 5-|Dibe} IVipheyCEuO{GaS) {14H  30H; 05 N 2
t hilano[|3 12- pINis rjol e38~€gjSoxyl|i c acCH; anmi dg 3N47| | Q2
6- (13- Mgt hoxy Nmeny! sacianml,g - 4H+ 305CA3 N 2
t hygno[3.12- PNy 1ol Rep; /T PRxYII C acegq, am dg 3N17| 1715
o fig Vo TEXY e SUIG YT - AT L Noo| S
AT BSOS A ol
enof 3’HZ_ ] EC6Ha$hnY\/l iC nmI?II am dd_3N37 2
IIt H 2 3 CH3O C6H4S H N 2
*See footnote accompanying method 4.
Table 3
Spectral Data for Compounds of Formula (I)
Mis S)
Example Compound Name MS: MS:
No Obs. Ion Retention
' Mass* time
(amu) (min)
Ia 6-Phenylsulfanyl-4H-thieno[3,2- 275.011 3.034
b]pyrrole-5-carboxylic acid amide
Ib 6-(3-Fluorophenyl-sulfanyl)-4H- - - ] 293 3.47
thieno[3,2-b]pyrrole-5-carboxylic acid
amide
Ic 6-(4-Chlorophenyl-sulfanyl)-4H- 308.967 3.268
thieno[3,2-b]pyrrole-5-carboxylic acid
amide
Id 6-(2-Aminophenyl-sulfanyl)-4H- 290.025 2.668
thieno[3,2-b]pyrrole-5-carboxylic acid
amide
Ie 6-(Pyridin-2-ylsulfanyl)-4H-thieno(3,2- 276 2.57
b]pyrrole-5-carboxylic acid amide
If 6-p-Tolylsulfanyl-4H-thieno[3,2- 289.024 3.218
b]pyrrole-5-carboxylic acid amide
Ig 6-(Thiophen-2-yl-sulfanyl)-4H- 281.02 2.97
thieno[3,2-b]pyrrole-5-carboxylic acid
amide
Th 6-(3,5-Dichloro-phenylsulfanyl)-4H- 342.96 3.55
thieno[3,2-b]pyrrole-5-carboxylic acid




It 6-(2-Fluoro-phenylsul fanyl)-4H 293.02 -

t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid am de 3. 15
W®2{08407100d¢ | uor omret hoxy- phenyl sul f anyl ) -

lu

359. 008CT/US2005/029383

4H t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid am de 3. 47

lv 6-Ph

enyl sul fanyl - 4H pyrrad$[ 2, 3- 2

74 3.052

d] t hi azol e-5-carboxylic acid am de 1w
6- (3-Fl uoro-phenyl sul fanyl ) -4H 294. 013 2.851

pyrrol of@mi8ed] t hi azol e-5-carboxylic acid am de IXx
6- (IPyr i |db-(Py2idy-8 yil Sudtaiyl)-4BHhisno[302-0[ 2, 3-22%77. 035 2. 334
d] t hi azq&]pyléoleastmmyh@ adidiathiddn de Lon type i § MrH 39
unl REIMAI S thieho]¥» 20067 02100057
sallle il ec g =0y
u.uﬂg I. > L Olyl lany )j"t SS9 gAatl \/&}Juunul
i\lra*n(*’][\z/\E b]meIGQ rGarbq lﬁﬁﬁ% getent!an N 2.69
a- (byrild- f??&"%}?lgwpfpéﬁwlfulé%ﬂ)rﬁ%no[ 2,[3-384 032 2.53
b] yr r dithiesoldz-blpxyplecs-aarberdiviagisl | | 1
4- (phenyamide f anyl ) - 6H-t hi eno[ 2, 3- 275. 024 3. 068  3.57
b] ﬂ)ylr r gl te¢55-Dacdawyphenyladiahyhrdile |1 d 342.95
6- ( 3- Fl |ubieapi3enllpyaulef Roarbdxyletcid?2 76 |3. 43
t hi eno[|Zn@d®] pyrr ol e- 5- carboxyl i c aci|d g[n de_ I iAd43-,5
4- (RYT 1]d- &Eﬂagp‘ﬁ%)}lg”m%& S} n%lf[‘flz‘ SRz TP L AST
pyrrol 6135625104 !ruo&yﬂga am@g ot oo ob 345
4 V7%-3- ro'md" p'ﬁex%lsuﬁunylfﬂyl' thleno- 17352.9527F
[3,2-b]pyrrole-5-carboxylic acid amide 3.4
Ip 6-(3,5-Dimethylphenylsulfanyl)-4H- 303.05
thieno[3,2-b]pyrrole-5-carboxylic acid
amide 3.47
Iq 6-(3-Methoxy-phenylsulfanyl)-4H- 305.03
thieno[3,2-b]pyrrole-5-carboxylic acid
amide 3.17
Ir 6-(2-Methoxy-phenylsulfanyl)-4H- 305.36
thieno[3,2-b]pyrrole-5-carboxylic acid
amide 3.13
Is 6-(2-Trifluoromethyl-phenylsulfanyl)-4H- 343.01
thieno[3,2-b]pyrrole-5-carboxylic acid
amide 3.37
It 6-(2-Fluoro-phenylsulfanyl)-4H- 293.02 :
thieno[3,2-b]pyrrole-5-carboxylic acid
amide 3.15
Iu 6-(3-Trifluoromethoxy-phenylsulfanyl)- 359.008
4H-thieno[3,2-b]pyrrole-5-carboxylic acid
amide 3.47
Iv 6-Phenylsulfanyl-4H-pyrrolo[2,3- 274 3.052
d]thiazole-5-carboxylic acid amide
Iw 6-(3-Fluoro-phenylsulfanyl)-4H- 294.013 2.851
pyrrolo[2,3-d]thiazole-5-carboxylic acid
amide
Ix 6-(Pyridin-2-ylsulfanyl)-4H-pyrrolo[2,3- 277.035 2.334
d]thiazole-5-carboxylic acid amide
"Ton type is M+H unless otherwise noted.




t hi eno[ 2, 3-b] pyrrol e-5-carboxylic acid am de
-sul fanyl)-6H-thieno[ 2, 3- 264 2.43 D]

4- ( Thi

ophen- 2-vyl

W@ e0velozt0Be car boxylic acid amde Ilg

4- ( 3- Bronophenyl

-sul fanyl ) - 6H

I1f

PCT/US2005/029383

t hi eno[ 2, 3-b] pyrrol e-5-carbogylic acid am de 352.9

4. 31

Il h 4-(3-Met hoxyphenyl

-sul fanyl)-6H

t hi eno[ 2, 3-b] pyrrol e-5-carboxylic acid am de 305 3. 44

I'li 4-(2-Methoxyphenyl - sul TablyH) - 6H
t hi eno[ 2, 3-b rrol a 1 d am 305 3.56
1] 4- E 3. chl 1) ﬁﬂé‘ﬂ@? ?%fﬂ Pg’ﬂgﬂy %ﬁ?ﬁomug(ﬁ?
t hi eno[ 2, 3-b] pyrrol e-5- carggxyg)c acid am de 1H NWMR
(300 ) 6 ppm 2. 30 (s, H, 570 (br s, 1 H)
Egaigple(|d, J=5.25CempohndiName6. 94 - 7.06 (m MB:H), 7]14MS:
J37.62 Hz, 1 br s, , ObB. 128 Mdss* s,| Retention
£§03 .2 3.47 Pﬁ%ﬁ(égﬁ%ﬁghylphenyl squQmMag-GH time
thienc[2 3- b]pyrrole -carboxylic acjd am de 289 4/1 (min)
I 2- ME Ylhl’nGZ Eﬁ%ylﬁQHItHi@Mé[‘z‘BH . 276.022 2.53
pyrrol d%&?h@a agﬁg&pxyllc aC|d an1de 290,04
| ll Ut 1T AalTyl
4E|- pyr 4 ‘;p?le ygs"g C ﬁﬁﬂh&f‘%w%%ar boiy iC acpg am de 1%—1068
3 32005269 VWO
2866/ 216 46 3. 71 (s, 2%0H), 5/69343
(br s, ﬂilePBD %b]@xrrolee‘i %bow agidyy)  6.72 - 6.77 (m 2
H), 7.|pmide |
11d 4-(Pyridin-4-ylsulfanyl)-6H-thieno[2,3-b]- 276.1 1.45
pyrrole-5-carboxylic acid amide
Ile 4-(3,5-Dichlorophenyl-sulfanyl)-6H- 325.9 2.98
thieno[2,3-b]pyrrole-5-carboxylic acid
amide
If 4-(Thiophen-2-yl-sulfanyl)-6H-thieno[2,3- 264 243
b]pyrrole-5-carboxylic acid amide
Ilg 4-(3-Bromophenyl-sulfanyl)-6H-
thieno[2,3-b]pyrrole-5-carboxylic acid
amide 352.9 4.31
ITh 4-(3-Methoxyphenyl-sulfanyl)-6H-
thieno[2,3-b]pyrrole-5-carboxylic acid
amide 305 3.44
Il 4-(2-Methoxyphenyl-sulfanyl)-6H-
thieno[2,3-b]pyrrole-5-carboxylic acid
amide 305 3.56
IIj 4-(3-Chlorophenyl-sulfanyl)-6H-
thieno[2,3-b]pyrrole-5-carboxylic acid
amide
1H NMR (300 MHz,) 6 ppm 2.30 (s, 3 H),
5.70 (br s, 1 H), 6.89 (d, J=5.25 Hz,1 H),
6.94 - 7.06 (m, 4 H), 7.14 (t, J=7.62 Hz, 1
H), 7.87 (br s, 1 H), 10.28 (br s, 1 H) 309.2 3.47
1Tk 4-(3-Methylphenyl-sulfanyl)-6H-
thieno[2,3-b]pyrrole-5-carboxylic acid
amide 289 4.1
111 2-Methyl-6-phenyl-sulfanyl-4H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid
amide 290.04 2.8
[Im 6-(3-Methoxyphenyl-sulfanyl)-2-methyl-
4H-pyrrolo[3,2-d]thiazole-5-carboxylic
acid amide
1H NMR (300 MHz,)  ppm 2.75 (s, 3 H), 320.05 2.69




J=7.66 Hz, 1 H), 7.86 (br s, 1 H, 10.35 (br s,1H)

I n 6-(3-Fluorophenyl -sul fanyl) - 2-net hyl -
w@60e)B, 2- d] t hi azol e- 5- carboxylic acid am dEC"BUSZOﬁﬂOZ%%
2.72 110 6-(3-Chlorophenyl -sul fanyl)-2-nethyl -
pyrrol o[ 3, 2-d] t hi azol e-5-cardfoxyl i ¢ acid ami de 1H NMVR
(300 MHz,) 6 ppm 2.77 (s, 3 H), 572(br s, 1 H,
7.03 - 718 (m 4 H) 7 76 (br s ) 1041 (br s 1
H 323398 &, BB, 3.6%(br s, 1 H), 6:64 - 3T
6- ( 3- TinE L &by 672t oK RdhyVddI(fanyl ) - 2
met hyl| J&HOPHz, dIH), .36 Pbrds] 1HHi 1G3DH(ke- b car boxylic acid
am de 3714}1)2 3 1lqg
211R- Bil % hﬁﬁwo‘ﬁuéﬂ‘ywmlfarﬂ#mwe&gﬂﬂiﬁ

d]thia ro'§3 oafjeblel fc@bbd1RMEAEe 384.05 3.3 IIr
2, 6- BI met hoxy phenyl sulfanyl) 4+ 308.04 272

/

pﬁél UI ”[Edy AN 1 Z-I}L_)el_‘t)l'l ACT U AllT U 4594
rrolp[3,2

d] t hi d%fr%; ﬂ%‘ ferxe %)Ewhgm%aie o75.98 2.77 1if
6-(3- P henyl sulfany %

pyrrol|d ﬁlg RiMHg) 8 ppe2d Bk yIe acid  amide 1H NMVR
(300 M51z7 (bBSplpIrﬂé’Oﬁl-?(éS(ls,W) 7H 88 (br s, 1 H),
6.66 (670 Hml041 frs, 6H)7 - 6.81 (] 2 H}23.9913 (1. 282
JHB. 00 6H3; Triflidrometho@G phénylslfadylHdp; B. 55 (br s, 1 H),
10. 63 | (ithyd . 4H-pirold(¥2-A]thidzoltdson type is MrH unl ess
ot her Wica@oR@liesbid malde! I C, Ile, |1f opservegy gpn type 3

D
op

V\ﬁ (Vi "@BN"{% Al JXABIES of Casel n Kinase
1 omdabs té Fodr b&ﬁ%’ idaaﬁrﬁdé%say fpr Sceepmng CK16 5 4
lII 1 ||| ffeaspgtes—tme d.lJIII y
oh corrgo%ﬁg rggtﬁ g YTSE‘ i;é horyl ation of the
substré’?’@‘ ‘uthbafo h kinase 1 c usi ng
an_in | @MW 33p- ATP filtration assay 444.08 33
IIs 6-Phenylsulfanyl-4H-pyrrolo[3,2-
d]thiazole-5-carboxylic acid amide 275.98 2.77

It 6-(3-Methoxyphenyl-sulfanyl)-4H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid
amide

1H NMR (300 MHz,) 8 ppm 3.71 (s, 3 H),
5.83 (brs, 1 H), 6.66 - 6.70 (m, 1 H), 6.77 -
6.81 (m, 2 H), 7.13 (t, J=8.00 Hz, 1 H),
7.96 (brs, 1 H), 8.55 (br s, 1 H), 10.63 (br
s, 1 H) 306 2.77
"Ton type is M+H unless otherwise noted. For Ilc, Ile, IIf observed ion type was (M+H)-NHj3

Biological Examples

Casein Kinase Epsilon **P-ATP Filter Plate Assay for Screening CKle Inhibitors
Purpose: This assay measures the ability of compounds to inhibit the phosphorylation of the

substrate casein by the enzyme casein kinase 1€ using an in vitro *P-ATP filtration assay.
Compounds are tested at five concentrations in duplicate in order to generate ICsq values or %
inhibition at a 10 micromolar concentration that are summarized in Table 4.

Materials:

Equipment:
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Conmpounds are tested at five concentrations in
duplicate in order to generate | C50 values or %
w0 ndvso2topon at a 10 micronol ar concentration thel/Us2085/029383
summari zed in Table 4. 10 Materials: Equipnent: WO
2006/ 021000 PCT/ US2005/ 029383 47 Beckman Bi onek 2000
Li qui d Handl i ng Robot Becknman Ml ti nek 96 Aut omated
96 Channel Pipettor MIIlipore Vacuum Manifol d Basic
Kit BeblvddBaork 2000dngel HanthngiRopotLi qui d Di spenser 5

Packayd To Li qui.d n Counter

Pt ot SerkEgt Mo sl ittt S BinseL BoeBlt oo et

bot t qmuﬁs&a%&mmMa%ifatdesa%%ﬁﬂm\m\ﬁmm Ml ti scr een
96 well Filtration Plates #MAPHNOB50 10 M I Iipore

Mul t |Ts@rteleermftmb@muld@a1@p@ier Pl at es #SE3M203V6

?g:pmhosp%or gﬁ@%m %lﬁ%ﬁo%ig&TP from SI GVA

#API&RS9 15 DTT from Fi sher Bi otech #BP1725
Trichl oroacetic Acid from SI GVA #T-6399 Y- 33P- ATP
1o Gosay KBy RIAdHate#PR1$ Bl mer Life Sciences #NEG 602H

Enzy'ﬁl i??%‘%venllﬁ'bﬁéé&ﬁlio?ysfyr&@ 182728689102t i on 0. 58ng/ m

obt ai ne romfernentatio 20 purification
pr oc dMulgwradldtieress|%6 vkalobttration PleKVIAPEINOBSQ he art .

Compiere Mg TomT o tanty PG MO on

I(maélﬁ@g]gpund stock dissolved in 100% DMSO. 25 Assay
Conditions: Final total assay volune per well is equal

to 5&EGTA fram SEMAHEDASES as follows: 5 L of diluted
CoOMPRUIL L S b atda) Lot SIEMAL#E14082 001M

ATP from SIGMA #A-7699
DTT from Fisher Biotech #BP1725
Trichloroacetic Acid from SIGMA #T-6399
y-**P-ATP 1mCi/ 37MBq from Perkin Elmer Life Sciences #NEG-602H
Enzyme:
Casein Kinase ¢ final concentration 0.58mg/ml obtained from fermentation and
purification processes as are well known to one skilled in the art. The above are
stored as 100uL aliquots at minus 80°C.
Compounds:

Supply compounds for testing as frozen10mM compound stock dissolved in 100%
DMSO.

Assay Conditions:
Final total assay volume per well is equal to 50 pL that one prepares as follows:
5 pL of diluted compound stock (10, 1, 0.1, 0.01 or 0.001uM),
5 pL of dephosphorylated casein final concentration 0.2pg/ul,
20 pL of CKlg final concentration 3 ng/pL, and
20 pL of y-PP-ATP final concentration 0.02 pCi/uL mixed with cold ATP (10puM final).

Methodology:



5 L of dephosphoryl ated casein final concentration
0.2g/p.L, 30 20 L of CKlc final concentration 3
waogpoph210end 20 L of y-33P-ATP final concentratP@nuUS200:2029383
G/L mxed with cold ATP (10Mfinal). Methodol ogy: WO
2006/ 021000 PCT/ US2005/ 029388 48 1. Prepare 500 nL of
fresh assay buffer: 50mM Tris pH 7.5, 10mM MyCl2, 2 mM
DIT and 1 nM EGTA 2. Obtain conpounds to be eval uat ed
lasPiepire §00 nUni Seshalssayi wdler \vOhM T ris@ddd .BVEROM Mg€la2 mM DTT

Bi onek , 20 L.aui d handling robot, nake seri al

di | utafl%iénoﬁoé(t}-ﬁél d 10, 1, 0.1, 5 0.01 and 0.001 M

o | OBlaitQIRRMALs @ Belétvlaﬁﬁéd addegr 85 1GhMVAdEE 1ibBvddQn 100% DMSO.
Fal con U bottom pl at es. mrfﬁ pically test 8 conpounds per

96 wdlse a;ﬂlamek @ehligwd hamdithgankbt, makesrial digntwss toyieldolo, 1, 0.1,

S Comdmdsa i o aRERE e 8RR it adted S5 maadora Fateon U

MBS Kfiém PTRGEANHRR dofdufidd Sirlo8WdIOpIRR IR Eblumn 1
CKlePI at eSII\/)g/%eil ﬁﬁ }dﬂegle Fi II{ratlngﬁ Assagp P atle %mri and

2 3 425ewing B c@ntxoi vmllsu\ raQtinp sueehing Seapwilhcorsisof 32

Comp ound 2 Conmpound 6 D

Comp et RS feats 4 SAERIR NG 5" compound 7 F
3ConpaY plhtSmepdare derdip/accézdfspnd @wﬁ;lléwﬁ@ﬁmﬂmmemtelwap xls
Conmpound 4 Conpound 8 10 1 0.1 0.010.001 uM10 1 0.1

10 0.010.001 um 2Enz ne+Casei n+Buf f er +33P- ATP
=+ COTM
ound+Casei n+33p- ATP %“f&d’%@ !sﬁaylp*a{eglo?rpound %s y N,
I\lr\v\'f\ fwi | ni- n n
A %°61P?)@t’j‘ in|disti)led H20) (o °2§‘P°“E ang |20 CK1E
B Y 1o -tlhe a_pp_r_g_p{_;_ai_% weompund § 5§ | £ na_]__l_y_arlr
C SPJ“BWATP ([0.02[tCi{ pL) /1(Aemewrd® AT [(epual s
D Eompernd 2| v | 1Px 106 CPM per weGompound 6 NoRSp—
E %Compaund 3 I Comlpound 7
F Compound 3 Compound 7
G Compound 4 Compound 8
H Compound 4 Compound 8
10 1 0.1 0.010.001uM 101 0.1 0.010.001uM
R\}:}N Enz me+Caseln+Buffer+33P ATPINWCase:MBUﬁeH%P -ATP
Enzyme+Compound+Casein+33P-ATP

4. Add S5 pL of compound as indicated, then add Sul of dephosphorylated casein
(dissolved in distilled H20)(0.2pug/uL) and 20ul. CK1g (3ng/pL) to the appropriate
wells.

15 5. Finally add 20uL y->*P-ATP (0.02uCi/pL) /10pM cold" ATP (equals approximately
2x10° CPM per well).

6. Vortes the Falcon U-Bottom assay plate containing the above 50uL reaction volume
and then incubate at room temperature for 2 hours.

7. At the end of 2 hours, stop the reaction by the addition of 65uL of ice cold 2mM cold

20 ATP (made up in assay buffer) to the assay plates using a Beckman Multimek.

8. At the same time add 25 pL 100% ice cold TCA made up in distilled H,0 to a matching
number of Millipore MAPH filter plates.

9. Using a handheld 8-channel pipettor, transfer 100uL of the reaction mixture from the
Falcon U-Bottom Plate to the Millipore MAPH filter plates presoaked with TCA.
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6. Vortes the Falcon U Bottom assay plate containing
t he above 50L reaction volunme and then incubate at
WO omantenper ature for 2 hours. 7. At the end OPCRUS2005/029383
hours, stop the reaction by the addition of 65L of ice
cold 2mM cold 20 ATP (nmade 49 in assay buffer) to the
assay plates using a Beckman Multinek. 8. At the sane
time add 25 gL 100%ice cold TCA made up in distilled
1pRMix ﬂleé\/ﬁ’(ﬁp@h MyPHrilteb platesfgedly andoadtosv fdRtHat fddrh éamperature for at
pl at ? ng a handhe{hd 8- channel pi pettor,
tran ?a&’ 016’&“%% OPRE N BLCOF BIP ¥t ure fromthe Fal con

19- Bagd mﬁ‘nﬁh@ésepla@e the i1t plated h @& NYEb:E vh&iRim RhaTSa and filter at no
presoaked with TCA. WD 2006/ 021000 CT/ US2005/ 02938

49 1morgahant8mem Mg asitho MeARBAGHers| tendsto “jpirdeekd aghmhblyvaandm
aIIovsygt |t at roomtenperature for at | east 30

i nuteés tgo precipitate the proteins. 11. After 30

121 Waklethe i@ pRitdsieqdentihley ard ke Svitisa sHLL LOPOTEAYREBONL 10%
mani fold and filter at no nore than 8mm Hg as t he

MAPH HGA ared %XltSQHB X TCA (tothbafi' washeh perirdateHQGul peiSwell).

SN B e Bt
2x1 S@hciai m&og&ﬂlt@d sélﬁnﬁati%%ﬂ?&a Pﬁvcfi’ lué‘ﬁlg LAQRkeP ®ultidrop

well). 18. | ow t epatestod overni ght at room

t enpdispeuses. Sefﬂhbe plases andgound ijbrmnmunabkdlrm a Packard Topcount NXT

M cr % 20 SC|nt IIatl L ui er. .well using a

Ti te:é?%kl Rhitn ?8?13?{ IoPigy ‘sd%gfﬁ: ﬁS@%’FH} he pl ates and

count for 2 mnutes/well in a Packard Topcount NXT

Scintillation Counter (to provide CPM val ues/well).
Calewlations atj on: 15 1. Inport Counts Per M nute (CPM

data into a proprietary data cal cul ati on and

ar. chilmpory Cobanta Pas Mifwie (CRM) datBanste alpyropridRSy\datasiatilation and

5.0). 2. .Col 1 for .each pl refl ec t ot al

phos %ﬁivv%?#%sgé?vw@fa&? BY mﬁéﬁ’f%@ $ ﬁ) the absence

of.  amblurkh il Bort dabl p@ MR AEAS tid] %hmeam&%ﬁow of 3@ %1zyme in the

Colum 12 reflects any nogmfem

phos ghesnge of Mnnhléttmgmempp mﬂdhhmepgpsaus il 4%y Gotunh &2 reflects

absegﬁf P(?risg%cgﬁ% :f: P%B%&%Eglﬁ‘gd ga% 1@%%&%61& hedgﬁlesnce of

t hat 1r&ﬁlﬁt1ng1 emp@mdf dnd 'enzyne. Byydedlgr dﬂe%sérh@ app€dxamately 1% of
and "nonspecific" CPMs for each plate, one is able to
det erlRiahEPMretheh 3re FRasIsPEaic of the enzyme's abi | | ty to

Bhos @hgca'e)’érﬁﬁr% thPetotiPzAd %ﬁﬁ%efc o R8N RPRGANDILAL 61%]"55 Qble to

test conpoun Use this %I |t|on data to cal
an 28etedbide v Yanlfibivioo e theatnizpme atabvlhy chplsplonrplatente sns;bstrate

o oAt Soms b of o 5o, st i s Bilig dard'to catculate an

cont aCf&dlue (concentration at which a compound is able to inhibit the enzyme
activity by 50%) for a compound using a non-linear curve fit program contained
with the Activitybaée calculation protocol (DG0027-CK1-D-BL).
4. Kinetic studies have determined the K, value for ATP to be 21 uM in this assay

system.

Casein Kinase 16 Streptavidin Affinity Membrane Plate Assay for CKIS inhibitors
Purpose: To evaluate test compounds for CKIS activity in Streptavidin Affinity Membrane
(SAM) Biotin Capture Plate (Promega V7542)
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with the Activitybase cal cul ati on protocol
(D&X027-CK1-D-BL). 4. Kinetic studies have determ ned
w0 bawo21000 val ue for ATP to be 21 Min this assSEgI/US2005/029383

system 30 Casein Kinase 18 Streptavidin Affinity
Menbrane Pl ate Assay for CKI8D inhibitors Purpose: To
eval uate test conpounds for CKI8 activity in -
Streptavidin Affinity Menbrane (SAM Biotin Capture

Supphieaard ePgantega V7542) WO 2006/ 021000 PCT/ US2005/ 029383

rerdS SRR 004 SRS R SRR i bl v =20
EDT%l(ﬁspr pHERT &iboBHL ; BHaBnPoAivanBRte A@R@USLWQOSBOSOO MW = 183.9;
or t hovanadate ACROS # 205330500 MN = . DIT

DTT(DL-dispsabDign f 55 GHaMM b BEliS NagnesitsuClioride ACROS #

34l RRERANE 2 37ha8 StEPer a5 109 M 5o Arp NE B NERBb DO 02H:

Case@ﬁﬁia@e ¢ Q%g‘ﬁi #1C«§4§' @i KSR 2 :sub BRI ReWERBBAd Peptide Biotin-

substrate Engl and Peptide Biotin-

RRKRBHTDBEBEEMNBIA MWA 247470 Prepare Ki nase Buffer .
(KB, 100 nL) as follows: 10 50 mM HEPES, pH 8.0 5 niL
of IMstock 10 mMMMHCL 1 nL of 1 Mstock 10 mM

Prepét% IQhX&QIlH&P@KBhPG(ﬁmL pdfoowdM st ock 2.5 nmM EDTA 500
SOH&IHE 500 nM stock 1 mM sodi um orthovanadate 100 gL

PASSpHAO0 15 1 nM [ﬁrmmeoH\jLsm@k 1 Mstock water
; Prepare ATP Masgt er follows: Prepare | nL
i E gt i

ATP solution in ATP stock). 20 To

10 mM podlydeRophdeishale? gL oflilﬂ‘ﬂ&leFM%aJcldtl on, then Add 12 gL
of 331}; ATP (10 gG/ul), NEGS02H, Perkin Elnmer Prepare

2.5 mMEPBACti on pl ate and¥bildats0d md sieday as fol | ows:
1m]\?§o%1umpbq‘ﬂlol79nd1%%t60f KB P&TMI\J’VS{“ M‘[’gté JL or without the

conpound i nhibitor to reaction plate wells 2.

1 mM@ITBO gL of KB per weld0 3L oAdMM d0clgL of 500 gM

Pepti de Substrate per well
water 92.3 mL

Prepare ATP Master Mix as follows:
Prepare 1mL of a IM ATP solution in water (1M ATP stock).
To 12 mL KB:
Add 12 pL of IM ATP solution, then
Add 12 pL of **P ATP (10 uCi/ul), NEG602H, Perkin Elmer

Prepare the reaction plate and conduct the assay as follows:

1. Add 10 pL of KB per well with or without the test compound inhibitor to reaction
plate wells

Add 60 pL of KB per well

Add 10 pL of 500 uM Peptide Substrate per well

Bring plate up to 37°C

Add 10 pL of 1:10 dilution of CK16 per well = 0.42pg or 0.68 units

Initiate the reaction with 10 pL of ATP Master Mix per well

A o

Place the reaction plate in 37°C incubator for 10 min.
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4. Bring plate up to 37C 30 5. Add 10 gL of 1:10
dilution of CK1S per well = 0.42g or 0.68 units 6.
wO piobHzied t he reaction with 10 gL of ATP Mast ePCMIS20p&029383
well 7. Place the reaction plate in 3 7C incubator for
10 min. WO 2006/ 021000 PCT/ 82005/ 029383 51 8. Stop
the reaction with 10 L of 1M ATP. Transfer 20 L to the

SAM Pl ate and let stand 10 mn at roomtengerature.
8. 9. Sipndhe tepstian withdd nhiof AM 63 Py TrarsfezROnd o tae P AM Blate and let

t(l’)l &%&m‘?ﬁ&t‘ﬁﬁé F%aﬂlpeo L of 2M Nad and | % H3PO4

ut1 ons an ee'tines with 100L of water on a
9. 5 V\ashj dm:enmmiei with.100QL dlmvl Na€l sollifier, thehahee tiRee fwith 100 pl of

fo . 11. Seal ttom of plate and add 20 L
X2 1o DoP O ol 4o HHcrGEIRTE TohIOKGiog iater on a

O{,&@gfnq,ﬂaﬁﬁ@y Experinmental Procedures Cell culture:
Split Merl-luc Rat-1 fibroblasts (P2C4) cul tures
10. evPBrythg-filtedplats YndeOa Rdsp foc 3O flinence) onto 150 cnP

vept ol ystyrene, ti.ssu lture.flasks (Falcon #
1. 35§?8g3§°%ﬁﬁpy%¥ﬁt%ﬁd§%i@%¢%&‘ Scintd [ ENEM (Cel | gr o
12. #1ReAB-1TMcOLdEp f et al bovi ne serum (FBS; G bco

#16000-044); and 50 |I.U./nL penicillin-streptomycin

(Cellgro #30-001-C1)] at 37C 15 and 5% CO2. Stable

transfecti T ]uf;‘% éﬁ'@iﬂﬁzfuf %gsa\?aé%;fler{lﬁgt %%Ed&r%l t ur es

at 30-50% contl'uence w ors contai ni ng

Cell Eilfed SR O e ahoblasis A sl tﬁ%ﬁ?%%%?’u‘tﬂ%@r(ak@(’%

conflu8RQY) bfo 150eh° v‘éﬁfeﬁﬁvo%gﬁ@whﬁbﬁ@eultﬁ% fldsk§ tﬁl&iﬁ' # $4-8801) and
onto 96 wel | | at es an |nta|n|n8rovvt nedi a

maingaip p gewith @@dw [EMBM(Coligrggil f1018<0¥); A 0% fetal bevige seram (FBS;
f Z 0
cine ARk AP o P ERSFRRORSER Gl b cn o

and ®@@.enenting growh nmedia with 100 gMIuciferin

Pronmega, #E1603) and assayin luciferase activity on
Stab M&%“cﬂﬂ" Leo-enstect Rag i pulems%%a%poﬁ%a@mﬂuence with

vect%g:g&ﬁy ‘the PUNGRFRN c%‘ 3 %ct lgln b?est?éuﬁgeclﬂ&tl Qnd an mPer-

si stance an rirven u0| erase
1 prcnmdtelvdﬂx;enﬂymfe@m heposter gareu M ffdr24(48 Homes, #118AbOedl229s| onto 96 well

plte S TS B SR b S St B PL A tnvicopen
#45- 6’23@?1 £1010- FPARRU o\qsésez%bas-resm%m%[)wa;@feb@ﬁts% /9&% expression
Mperl| -l'uc Rat-1 fibroblasts §P204) 40- 50

by swmetméng eyowtb muesliaopity i eo gil lneiftrnt Rremegac#iE 1608 pay] assadng

lumférase c}fctlw YU g "l’gap 96%8 ?1 meo eOCI el (%]e}clkg d%f%é% %C3§29b65
Synoﬁﬂﬁn&‘l&@)l dloridslexprekdibg B@th IZ2a¢in- r&ﬁﬁ%ee(bﬂﬂfnméeﬂ@lﬁvélﬂﬁmﬁ%ase

activ% ay é%fr}%gﬁnéeﬁsm %Ilzlllst(gh&% #V¥6O?O 122)] sel}ur%ys?lgcbkr a?nrgll azsgésls %onr circadian
reporter activity. Select Mperl-luc Rat-1 fibroblasts clone P2C4 for compound testing.
Synchronization protocol: Plate Mperi-luc Rat-1 fibroblasts (P2C4) (40-50% confluence)
onto opaque 96-well tissue culture plates (PerkinElmer #6005680) and maintain in growth
media supplemented with 100 pg/mL Zeocin (Invitrogen #45-0430) until cultures reach 100%
confluence (48-72 h). Synchronize cultures with 100 uL synchronization media [EMEM
(Cellgro #10-010-CV); 100 L.U./mL penicillin-streptomycin (Cellgro #30-001-C1); 50% HS
(Gibco #16050-122)] for 2 hours at 37°C and 5% CO2. After synchronization, rinse cultures
with 100 pL EMEM (Cellgro #10-010-CV) for 10 minutes at room temperature. After rinse,

replace media with 300 pL CO2-independent media [CO2I (Gibco #18045-088); 2mM L-
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30 (Cellgro #10-010-Cv); 100 I.U./nm
penicillin-streptonycin (Cellgro #30-001-Cl); 50% HS
W@ Gobopiogil 6050- 122)] for 2 hours at 37C and 5% @@ORS2005/029383

After synchronization, rinse cultures wth 100 L EMEM
(Cell gro #10-010-CV) for 10 9 nutes at room
tenperature. After rinse, replace nedia with 300 gL
C02-i ndependent nedia [ G021 (G bco #18045- Q82& 2mM L

glutapgine ((Gadlene #2600 PET);US2d d5/mob 9ggillisstrepitemygin ffeellgro #30-001-C1);

. - a1 ..U/ . .
100 {obtifefh (Bt b i Mt cp bl 45 b gestet for circplgn effects to
COzlindbipémfe]itnnm(eﬂi_&xdﬂGg% EMSif fD@ﬁﬂal c&ﬁhﬂ:ntéo@uizmg u gdﬂ chljurb@immgc_liately with
este r circadi an _effects_t )2-i ndependent nedi a
Topé_eﬁﬁé. fg% @’:@é@:_@ ey Se s ier fogrlycifesgsg actyif mpesgroment
Autdmiafed! eirehdiat! Rgp(rl}—&p?fé’ysilﬁnflédtfn (g ghx%ﬁ&%&ﬁ%aintain assay
and transfer for luciferase activity asur enent.
plateAat d7r6t ich @isne et irRebatot @orive SsigntfreMade#1%#). Estimate in vivo
lucifFRE AR Dot R e, EaRe el Sh e TPRCqhspimtfation counter
(Pack3@ Model BSE84WG(D. MhangteY PlatdsUrdrh PcaBRoA leXddr YisiBY an ORCA robotic
neasuring relative I|i out put on a TopCount

h
arm Brekman Wstromenisliné SAMPATK antorwteb sohedBlmoa ware (Version 3.3;
EW I fromincubator to reader using an ORCA
SAG;fo 0 %C%Fnagrlﬁn&%gée@%?mn I nstrunents) and SAM - NT
DataaAhslysis £ UJss Miedybft Bycd ahd Wi (V¥isloni 209 3I0BS) td @nport, manipulate

SAG AN Beckman I nstrunents). Data Anal ysis: Use .
and gyppl datet ?er@wer@ﬁ&nwﬁlﬁ Plt%cvéwsdeaﬁmml@g the intpRya) betyyeen relative
i 08 R 480 B0 9006 A B85 BE 854t ey
identieal atriodeestitriagbt overtapahgend frvincadiaw perigRY Reportd@dyehcPbs BE oy 1n,

) Eouri er. Transform_Both nethods produce nearly . .
whichagihe icEaftiysapiceRMat GansentEon tiat mdupesfyk hopr lengtheningef period.

. . e g .

Analg%{ {h@Qsta HFSRAR Erlrg &BGYe @Rvehd ifta F%}Zrteyg@&rll g%gée gbdacﬁ'%nge (y-axis)

ective mcr ar concentration
versusahe cdreagrdimni ofgesoEomppounddx-axihal X At irddeinttegcdatbyhe EC a1y from
. fitting a hyperbolic curve to the data expressed as
this G¥EYS. o4 change (y-axis) versus the concentration of
test conmpound (x-axis) in XLfit and interpolate the
ECot+th from this curve. 20 Rat Circadi an Cycl e Assay
Thi s assay provi desRat GozadiahCychsAssmyi ng t he ef f ect

of test conmpound on_.circadi a cle.in vivo. e . .
e B B8 AR 8 TP R S B IE SUEHOLS ErPrPRYTgireadion

cycld@savf UsdHalé S0isthr ratsCIfeles REVer PRt B stak il BodY wadsk ¥f 200-250 g.
prior to testing in a controlled environnent and

Houseegagh animahindividyahiy peigt fodfestingon errontrelingesnaironmensfand mapgain a
r a.12/ Yo A d Le hight .
AT ST T
on atvit @ h)aghd gibé standard pbndry @BoW ahdbtvatdriall libitm. Implant each rat with
.intra-apbdom nal biotelipetry transmiter . .
an m&rmaﬁﬁ?rmn@ ptelmetty et AdommssNER. segigy 40QQ, Sunriver, OR)
to m&Mr ofe HollY ?erﬁ&qé’tufe%ﬁg%ﬁérw ﬁ:ti@ﬁ?.h gﬁﬁgﬁtaéa?ﬁﬁgﬁsﬂiﬁé(r as per the

I mpl ant eath transmtt as per manut acturer’s
manufegturere regamimendationd endérkieaming'k xariag (7841 mg/kg3, ipy gkgral
animals to

Ny neral . anesthesia.a Il ow the .
anesthsip Bl ARG I3 s S feCosel s F HEonde aVeF yigerity pefioc. o
establish each animal's internal circadian cycle, place the animals in a constant dark cycle
(0/24 h light/dark cycle) and allow the animals to go into free run for 7-10 days prior to test
compound administration. During the dosing regimen, animals receive either vehicle or

compound (ip, sc, or po) at specific CTs (Circadian Times) over a 48 hour period. Monitor
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30 establish each animal's internal circadian cycle,
pl ace the animals in a constant dark cycle (0/24 h

wo e@hozder k cycle) and all ow the ani mal s to goPCTIUS2005/029383
free run for 7-10 days prior to test conpound
adm ni stration. During the daking regi men, animals
recei ve either vehicle or conmpound (ip, sc, or po) at
specific CTs (Crcadian Tinmes) over a 48 hour peri od.

the appngls far S\ﬁ@7zta@sxmq@©@np®rk UBde 0526 h dizgBBdarks 8y¢lpeafter Complenon

orf UL 3ty S5 SRR Py i

activitg glataedn 5- rﬁmmeaﬁtéhvaﬁkx [ iafi&piis, e el BitaViammieActiview software

enperature and general activity data at 5-mnute
Suppilﬁ@ngﬁf %lp’émtt% rPletrRhisgrypd abdpsuinglempgratiresiabipingddfor each rat on the
ﬁrst biYh ﬁ I\I\BE e(&h?h' AR 1R B M Y Jﬂd%fngﬁafl té?lllf%‘i‘at res below an

serve om nal Tenper at ures obt al or Jgach rat
abscrssa lifreewBh f:lramﬁandaye bnaxs)h d’dmtszsdfraéd hbdomma‘kltd:rgpbrﬁthﬁ:s for each
e of ob erye ? .abdom nal ratures hel ow a

sucess i 48 2% AL il LA Al TG (RO MRF Sy TPl (v-axis, in days).
cOmQJaﬁ@lem@la%‘éqmcaﬁlboaﬁ '@ﬁﬁe@étﬁfeecﬁatf&f:u@ &dh daJUGRES §&é{§m line,

ay as individual lines in a simlar manner to provrd
whlchhiﬁoyyﬁ thernise of mpltiple daysite esigasy the oixsadier phash emany givah day for
each 1ﬁcf ﬁldggl I t(r) ;I?etgl?lgl%{l nen?f%r at {?g%%lﬁ%gtﬁg% 4’ 3/ élgmgf he sat}[alght line
multividyt esphatldﬂwﬁplie@e Bsﬁ)rdmid%ﬂeh Bodihg. C’ﬁ@htﬁ[énﬂbzﬂﬁ%n@ﬁtl‘@d%mpound

gi ven day for_ 10 each i ndi vidual rat. Determ ne the
will Gopeg eregfer drsplagsrast b §HVas Alicestigiehy ding gonneeting thedgiky initial rise of
core b S EST R o RARER SR AL e i
rise &f cgrestaidyrterdpapluacaitee wbmipetmitesath et \&tsmatlghtehicﬂerkﬁ)ntrol before and

oferFRREPA i e e Btaher hehuE B MERtFSERaeed amigie doy

prlorI tb @6sif® ANIekd iréifled HBmARI UsBIANOVAS td2EthePhEh @ﬁgiénts t test, to compare
tenperature after conpound treat nent versus

meanykdfydemperohnre elrcadighshdtsamchinGesnbateeernt greapsment | i nes.
Cal cul ate the difference between those phases
projected onto the day prior to dosing for the
treated animals. Use ANOVA, together with Students t
test, to conpare nean body tenperature circadi an
shifts in mnutes between éﬂ%@és 20 Table 5

Bi ol ogi cal Data Cnpd Nog nase Is P-ATP Filter
Cell Assay Plate Assay E qﬁ%% K; nM la 544
Ib 157.35 Ic >104 Id 110 >30 e 159 I f 3090
Cmpd No. Casein Kinase Ie **P-ATP Filter Cell Assay
Plate Assay ECaw+1n (M)
Ki (nM)
la 544
Ib 157.35
Ic >10*
Id 110 >30
Ie 159
If 3090
Ig 915.49
Th 70.95
li 1677.81
)i 116.26
Tk 468.28
1l 324.03
Im 1266.59




lg 915.49 1h 70.95 1i 1677.81 1i 116.26 |k 468. 28
Il 324.03 1Im1266.59 WO 2006/ 021000 PCT/ US2005/ 029383
w®G2006/0228Y. 97 |o 78.65 | 356.87 1g 37.99 JrCBBI2083029383
Is 481.08 It 425.30 |lu 562 1v 4550.66 |w 2025.39
Ix 1750.71 lla 64.04 I1b 84 0.874 1lc 256.88 IId
1067.73 I1le 109.11 11f 1448.84 11g 30.64 2.492 11lh
L

4 73 1 lj ----- Ij 112. 37 11k 70.56 11 184. 63 m
68 1In 18.90 0.998 237.97
Io 78.65
Ip 356.87
Iq 37.99
Ir 331.34
Is 481.08
It 425.30
lu 562
Iv 4550.66
Iw 2025.39
Ix 1750.71
Ila 64.04
1Ib 811 0.874
Ilc 256.88
11d 1067.73
Ile 109.11
IIf 1448.84
IIg 30.64 2.492
ITh 24.73
L |
1Ij 112.37
1k 70.56
11l 184.63
IIm 68 _
IIn 15.90 0.998
Ilo 9.60 0.662
1Ip 4030
1g 334
Ir 333
IIs 47.00 1.155
IIt 22.00 1.974
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conmpound of formula (1) or formula (I1) XR3 XXR3 MR2
--f~1 R R4--</ a\ R4--838 ~~ 1. ~NLNOMO
R R (1) (Il') wherein5 Xis Sor S(O,,; RLis H
or Cl-Coalkyl; R2 is NRSR6; R3 is aryl or
Whapistodaiedésie; R4 is H Cl-C6al kyl, C2-Csal kenyl,

ﬁéz'(e:?glcgznelﬁfﬂ% &%ﬁa@%r§%lg eé)al koxy,

aryl - (Cl - Céal koxy), cheterocycl e-(Cl - C6al koxyR, CF3,
hal ogen, SH, Cl1 ¥%ark¥ylthio, aryl-(Cl-Céaltkylthio),
het er ocyclyg- (Cl {C6al knghi 0), N2,

aryl _(Cl - . R _</
het eP\acyé\ alkkyl ami no), “or i
are as deflimedNabove) R5 is H or \kyl - 015 R6
is Hor CI-C6aIR\yI; Lis Nor CR7 wherein,R7 is H or
Cl-Coal kyl; MisRS, 0 or NR8 wherein R8 i'StH,
Cl - Céal kyl, aryl-(C -(@6al kyl ), (1)
h | e- - | kyl
wherelent erocycl e- (Cl - Coal kyl) or
X is S or S(O)y;
R, is H or C;-Cealkyl;
R2 is NR5R6;
R3 is aryl or heterocycle;
R4 is H, Cy-Cealkyl, C,-Cealkenyl, C,-Cgalkynyl, aryl-(C,;-Cgalkyl), heterocycle-(C;-Cealkyl),
C,-Cealkoxy, aryl-(C,-Cealkoxy), heterocycle-(Cy-Cealkoxy), CF3, halogen, SH, C,.alkylthio,

aryl-(C,-Cgalkylthio), heterocycle-(C;-Cgalkylthio), NO,, NH;, NRsRg, aryl-(C;-

Cgalkylamino), heterocycle-(C;-Cgalkylamino), or XR3 wherein X and Rj are as defined
above;

Rs is H or C;-Cgalkyl;

Rg is H or C;-Cgalkyl;

L is N or CRy wherein R; is H or Cl-C6alkyl;

Mis S, O or NRg wherein Rg is H, C;-Cgalkyl, aryl-(C;-Cgalkyl), heterocycle-(C;-Cgalkyl) or
acyl;

nis1or2;or

a stereoisomer, an enantiomer, a racemate or a tautomer thereof; or

a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1 of formula (I) or formula (II) wherein M

and X are each S.
3. The compound according to claim 2 of formula (I) wherein L is CR;.

4. The compound according to claim 3 wherein R; is H.
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acyl; nis 1 or 2; or 20 a stereoisoner, an

enantioner, a racemate or a tautonmer thereof, or a
w@bmsomoeut i cal |y acceptable salt thereof. 2. A¢EUS2005/029383

conpound according to claim1l of forrmula (1) or

formula (I1) wherein M and 5 are each S. 25 3. The

conpound according to claim2 of formula (1) wherein L

is CR7. 4. The conpound according to claim3 wherein

R7 is H WD 2006/ 021000 PCT/US2005/029383 56 5. The

Co s.og? ?hfggqgggoq}nggcéogdl%[g% E:rllalAfn es!:l%gtteg grom t Ezngtrcbu% Snsisth ing of:

6- phénﬂmylsmftmeﬂd[s Stb1p 81801 GrBoBliBYE@hRdS- car boxyl i c

aci d

6- (Mlup@phmdﬁuﬁwh)ﬂHékyuen@[ﬁ;a blpgipleti-enbexyliz-apidmmide) e- 5-
6-(+ SRR Sea i PR naR A Dlpymolers-sarlrsylis asid upidsy - 5.

6- (2aﬁﬁxttq»hyﬁylcsua“@nﬂi) 4itBi@no[3,2-b]pyrrole-5-carboxylic acid amide,
E;i( -am nophen -sul fanyl)-4H-thi eno

6-(pyrilin-2ryinyapyl)4 ﬂléeanob%% IRYETosR: PrpaEhioxylés acid amide,
6-p- t? Q&M%ilﬂlyﬁ i 1¥ﬁ tﬁg% xy fgg&a%l%ilx‘gﬂé’ amg amide,

6- (thﬁ}qhendl-gusslfhrf}é)a‘}'lﬂ—thlbhd)[ﬁL?ebl]pyrrole -5- carboxyhc acid amide,

.2-b | e-.5- l i i d i.de, . .
6 G BeR R Bl etof S AT T R st i amidss.
6- (py%[d?ﬂ?’létﬁfaﬁfl’)-dfﬁmléjﬁﬁ Q—-@)ﬂpyrrole -5-carboxylic acid amlde
di chl or o- phen fanyl ) -4H-thieno[ 3 b] pyrr ol

6- m-@lﬂselémﬁbﬁﬂrth@n i, 24b @ke-5-carboxylic acid amide,
6-0- tgyl&? an}qlég-ll gngrko%l bfbﬁpyrrgle %%a%‘dx%ﬁé’ Lmd amAcp yrrol e-5-car
6-(2, G-mHIQbthujrlﬁlﬁfaylbr})MH-tHitrﬁiﬂb b3 gyri]lesrdaedoxyhic 66ld RaNdd, i C

6- (2é dcbcltlﬁpgnh@wlﬂafwlvl)zﬂlﬁlwr&ﬁ%@élerfﬂlwrqa&OéyBc adif pEyda. i c
62§ SRR o)A thieno[s,3-blovmmole S;eanbprylic acid amide.

6-(3-brdmephdnylopl fay] i d Heth s (862 - b]b&rrole—S carboxyhc acid amide,

6-3 g c@megygl chl sz,}l(%gj;gyhhE%rﬂ%glg(f)[aI}yb])pyrr'(;l-et;1 -car o ylic amd] an)l/lr [ ol
6-(3 ﬁqe&l?ox?tﬂ%hylah%yi)ﬂ}i taed[3,24b1hy 183 UambokyhE R BRTid, 5 c

ar boxylic acid

6- (2@%®X5fmylﬁﬁ&myl)sﬂ{-ﬂaﬂ}ﬂ[§ 2Mpyrtilenafathoxyhi psid aolids, 5- ¢
- BPreh R B TR -4thisnolp 2-bleverlesherhon s el apife:

6- (2€1u5rocp1{eh9psmlfm@1)a4:}ﬂxﬂmam[darb] yrrole-5-carboxylic acid amide, and
nmet hoxy- henyl sul fanyl)-4Hthi eno[ 3, 2-b] pyrrol e-5
6- (3-Iréti1;05@gg9th@' ny lsyHeen)- 4dehleno[3 2-b]pyrrole-5-carboxylic acid amide.
6- ( 2- met hoxy- phenyl sul fanyl ) - 4H-t hi eno[ 3, 2-b] pyrrol e-5
-carboxylic acid am de,
6-6.2- t r Thd comipmed hydorging ity tlaumh £ afi fdrimudd-H} Wwheem L is N.
[ 3, 2-b] pyrrol e-5-carboxylic acid am de,
6- (2-fl uoro- phenyl sul fanyl ) - 4Ht hi eno[ 3, 2- b] pyrrol e- 5-

Ca’? boxyThecaag dﬁné%&?dln%'ﬂgclalm 6 selected from the group consisting of:
3-trifluoromet hox enyl sul fanyl) - 4Hthireno[ 3, 2- b]

6- Ph .w&aeyl%%am@lpj{l 3d Thtﬁl@llemamboxy,hs agid amtide, conpound
6-(3-?1 &englsul?anyh)aéil@pyrrof Eg-rdqt]ﬂlazol(:lg Wgoxy%c acfﬂ amlde "and

6-(pyridin-2-ylsulfanyl)-4H-pyrrolo[2,3-d]thiazole-5-carboxylic acid amide.

8. The compound according to claim 2 of formula (IT) wherein wherein L is CRy.
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7. The conpound according to claim®6 selected fromthe
group consisting of:

w@2phempbeul f anyl - 4H pyrrol o] 2, 3-d] t hi azol e- 5- BeE/b8209$/029383
c acid am de,
6- (3-fl uoro-phenyl sul fanyl ) 544 pyrrol o[ 2, 3-d] t hi azol e-
5-carboxylic acid am de, and 30
6- (pyridin-2-ylsul fanyl)-4H pyrrol o[ 2, 3-d] t hi azol e-5-c
arboxyl Tle e@mpbuadiacmrdidg toltleint 8 mpetemt Racscldr di ng t o
claim2 of formula (I1) wherein wherein L is CR7. WD
2006/ 021000 PCT/ US2005/ 029383 57 9. The conpound

acpr di Tk dopngdudll a&&rm’ﬁg kEE1nRT sélSctbl frdf: thd BRUPRBRAKRE of:
according to claim9 selected fromthe group

4-(pyesiis2 Sy yjﬁJ6H -thieno[2,3-b]pyrrole-5-carboxylic acid amide,

4+ iR I e i io A o183 LU SORL BBy of - 5 car

6-(3 -ﬂuéﬂbbg&MswEafr@myéH A1@Ehd[Dj3e8)pjr2o]13-5bdaplydxylit @cid-aadddoxy! |
acCl am d

4- (p}gxdelg4ml%léﬁa@qdbréhgﬂme§e [%.3hY Py elee s ¢arematio agidimiger ol e- 5-
4- (3,g@E%@%%ﬂ%}?c%yﬁ%}?aggmégﬁ%ﬁ@éﬁ tbﬂlﬁ)yrrole- -cagboxyhc acid amide,

eno
4- (th}dpherpyryﬂﬂhléar@-l):ﬁﬂbhmm[ﬂﬁ gpymiola+ii- chfboxyhc acid amide,

4-(3- Ero&nc@ipdl Ch' ggﬁdﬁlgﬁp@g gﬂ%rr)ole g_-lz:arg 1%[a%1 aml] pyr rol
4-(3 ﬁle(ﬂd%yﬂmWs@fa\ﬁ&r)Seﬂ f}ﬁéﬁd[:) 3 byr1&8arboky e BYE %ﬁh&e 5-c

arboxylic acid

4- (Z-nxeg@xtaphﬂwbhéga}wl)sﬁﬂ ﬂam[i; 3 dipyrhile-Aofarbozyhd psid aglide, 5- ¢
4G4RS e SRR Bispolary blpyeplerSirahgpbic cig amide.gnd. o

4-(3- nféﬂ{ythméﬁ LsulRaay gl carrihikeo[2,3- b;pyrrole—S -carboxylic acid amide.

4- ( 2- met hoxyphenyl - sul fanyl ) - 6Ht hi eno[ 2, 3- b] pyrrol e-5
-carboxylic acid am de,

cat Doy | TR e AREN) s bR RO R L &>

4- (3 net hyl phenyl - sulfanyl) 6H-t hi eno[ 2, 3-b] pyrrol e-5-
oxylic acid am de 1. e co und accordin
| ai Jﬁbezwé?pqﬂa ﬁsﬂoadleg rfa ]mﬁrJE Sejeqteq o the sroupsgnsisting of:

2-me@181ﬂ60;5}{%ﬁ ﬁ&ﬁﬁhﬁtmm&ﬁoﬁ[?aIH']ﬁaﬂaz%I%LﬁGérES*lefc%d 418ider oup
conS|st|ng phenyl -'sul fanyl - 4H pyrrol o

6-(3 p@twphdmwhztdfaeybﬁcmﬁwkwrpym[a 2adlifdezole2f-carboxylic acid amide,

6-(3 ]apéﬁ%_gg%{yip Xl¥égngrf)n%l)12§ﬁ§l}ul _f@ﬂ%la_} gﬁg%%f‘%hio‘iﬁs%%o%'yf’é acidad amide,
6-(3- 6h16ﬁ)phlemrsm£1gmyt Milwbyn@om -Apthiaddte By¢ar0d:9iid adiddnide,

t hi azol e-5-carboxylic acid
6-(3 m@r@nﬂbﬁl@pm@wﬂw&mﬂbﬁwqhﬂ %PWPbmﬁW%P]@[%CaZb@ﬂyhc acid
amidkNi azol e-5-carboxylic acid am de,
1(3-trif|uoronethoxy-phenylsquanyI)-Z-nethyI-4Fprrr

2,6-bid- plﬁe&y&ulﬂmymmpymelSBgzmthydle-é cachootyliantidamidh
2,6- %&y Egrgfiqu&%n{H i PN B Mz 5 2 hiE aca St de,
6-phényfsul ‘Pﬂaﬁ%}(ﬁ{ BZ&BBFI 24@']1%%1%&5 éaﬁ‘ﬂc}’ﬂylmﬁl:‘fd%m@'aﬂm 2-d]th

i azol car c acid am de,

6-(3-Breoxpptenyl- SIdfayllvl)iﬂH pymrelo[36- Qltmaaqlmr@zbﬂxehsamdranodqxl i
c acid am de, and
6- ( 3- net hoxyphenyl - sul fanyl ) -4H-pyrrol o[ 3, 2-d] t hi azol e

- Stxar b@Xpyhintacasiddl esthsitiodCotnpristhegsHaffBsutié B! acceptable
.conposition co r|S|ng a pharmaceutically acceptable

carrier and a compound of formula (T) or formula (II) according to claim 1, or a stereoisomer,
an enantiomer, a racemate or a tautomer of said compound; or a pharmaceutically acceptable

salt thereof.
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carrier and a conpound of forrmula (1) or fornmula (I1)

according to claiml, or a stereoisoner, an
we@p@ah2oner, a racemate or a tautoner of sai d PONPSNE(29383

or a pharmaceutically acceptable salt thereof. WO

2006/ 021000 PCT/ US2005/0293&8 58 14. A nmethod for

inhibiting casein kinase Is activity in a patient

conprising admnistering to said patient a

therapeutically effective amount of a conpound of

formula (1) 5 or formula (I1), XR3 X--R3 MR2 R2

R4---<\ 10 R4--</ L NOMNO R R (I) (Il)

wherein |s So S(O,.....RLis or Cl-C6al kyl; .10

R is R6: met y}hllg}lng}é@sg %«SF‘:I"C’ agRyitydn pipatlent comprising

admlglgs;e%? t XAld gg?kenlct:)g Fhelf ! etlgag%fgg(ﬁlé%é[rﬂc%éaxft of ? compound of formula ()

or fo@aul@gH), koxy, aryl - (Cl C6al koxy),

het er ocycl e- (Cl1- C6al koxy), CF3, hal ogen, SH, R
X3

Cl_6al kyl t hi o, %gng(Cl Céal kyl t hi 0),
het erocycl e- (Cl1 al kylt h| o) N02, NH2

are as de kyII\QR6|sH
or Cl- CGaIkaI N( ' or CR7 wherein R7 i\s H or
Cl1- Coeal kyl ; 20 Wis S, 0 or NR8 wherein A8 is H,

Cl- Ceal kyl, aryl - 1(Cl al kyl ), )

het er ocycl e- ( C1- Coal 1556) or acyl; nis 1 or 2; or (a

wher8iner eoi soner, an enantioner, a racemate or a tautoner
. thereof; or a pharnmaceuti cal | y acceptable salt
Xis BRESEM 25 15. The nethod according to claim 14

R, 1s‘ﬁ@8f@'-@6aﬁﬁ‘§flg i nhibition of casein kinase IF,

R, is NRsRg;

Rj is aryl or heterocycle;

R4 is H, Cy-Cgalkyl, C,-Csalkenyl, C,-Cealkynyl, aryl-(C;-Cealkyl), heterocycle-(C,-Cealkyl),
C,-Cgalkoxy, aryl-(C,;-Cealkoxy), heterocycle-(C,-Cgalkoxy), CF3, halogen, SH, C,alkylthio,
aryl-(C,-Cealkylthio), heterocycle-(C;-Cgalkylthio), NO,, NH,, NRsRg, aryl-(C;-
Cealkylamino), heterocycle-(C;-Csalkylamino), or XR3 wherein X and Rj are as defined
above;

Rs is H or C;-Cgalkyl;

R¢ is H or Cy-Cgalkyl;

L is N or CR; wherein Ry is H or C;-Cgalkyl;

Mis S, O or NRg wherein Rg is H, C;-Cgalkyl, aryl-(C;-Csalkyl), heterocycle-(C,-Cgalkyl) or
acyl;

nis1or2;or

a stereoisomer, an enantiomer, a racemate or a tautomer thereof; or

a pharmaceutically acceptable salt thereof.

15.  The method according to claim 14 wherein said inhibition of casein kinase I

activity results in a lengthening of circadian rhythm period.
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activity results in a |l engthening of circadian rhythm

peri od. WD 2006/ 021000 PCT/ US2005/029383 59 16. A
woreiohoziobor treating a patient suffering fromecOUSPas€9383

or disorder aneliorated by inhibition of casein

ki nase Ic activity conprisirfi adm nistering to said

patient a therapeutically effective anount of a

compound of forrmula (1) or formula (I1), or a

st &r-eoi 4aneshod fon treatang 4 patient sulferiag droat @ diseasa ot disbuleeameliorated

WX e
therapéutically XfbbtNe@moht &tla cdnhpoutdl lof fordued @) 6t fSrthsla @H%g)r a

S(O,,; 10 Rl is Hor G -C6alkyl; R2 is NR5RG6; is
steregisginer, AN RRATIOBIEY:A racenie PEa Fautamer of s3if gpmpound, or a

arﬁg' - I yl, aryl-(G -Co6al kyl ),

ph e%eggg%&#ég%tﬁ%éé@ﬁ%% ’, Ci - Co6al koxy,
aryl - (G - Ceal koxy), heterocycl e- (Cl- C6al koxy), CF3,
hal ogen, SH, Cl1_6al kylthio, 15 aryl-(Cl-C6alkylthio),

het er ocycle- (G -)g;ﬁangl thio), NO2, NH2, 3
aryl - (G Co6al kyljam no), heterocycl
or XR3 wh ' and R32are as def)

or CR, kyll; Hor G
CR7 where r\ijs H Cl- Coal kyl ;
wherein R8 is Hy Cl-Coal kyl, aryl-(C 1 -G&6al kyl),
het erocycl e- (Cl-g6al kyl ) or acyl; nislorR, 25 17.
The met hod according o0 claim16 wherein said I
i nhi bition of casei n( inase Ic activity results i n(%
whereNgt heni ng of circadi an rhyt hm peri od. WO 2006/ 021000

PCT/ US2005/ 029383
X is S or S(O)p;

R, 1s H or Cy-Cgalkyl;

R; is NR;sRg;

R3 is aryl or heterocycle;

R4 is H, Cy-Cgalkyl, C,-Cealkenyl, C,-Cealkynyl, aryl-(C;-Cealkyl), heterocycle-(Cy-Cgalkyl),
C,-Cealkoxy, aryl-(C,-Cealkoxy), heterocycle-(C;-Cgalkoxy), CFs, halogen, SH, C;.alkylthio,
aryl-(C,-Cealkylthio), heterocycle-(C;-Cgalkylthio), NO,, NH,, NRsRg, aryl-(C;-
Csalkylamino), heterocycle-(C;-Csalkylamino), or XR3 wherein X and Rj are as defined

above;

Rs is H or Cy-Cgalkyl;

R is H or C;-Cgalkyl;

L is N or CR; wherein R is H or C;-Cgalkyl;

Mis S, O or NRg wherein Ry is H, C;-Cealkyl, aryl-(C,-Cgalkyl), heterocycle-(C,-Cgalkyl) or
acyl;

nis1or?2.

17.  The method according to claim 16 wherein said inhibition of casein kinase I¢

activity results in a lengthening of circadian rhythm period.



60 18. The nmethod according to claim 16 wherein the
di sease or disorder is a nood disorder or a sleep
wale@wenzi®no 19. The met hod according to cl ai m 18CTHIs2005/029383
the disorder is nood disorder. 5 20. The nethod
according to claim 19 wherei60the nood disorder is
sel ected from a depressive disorder or a bipolar
di sorder. 21. The nethod according to claim20 wherein
t his. depr%metk@d@p%dme ito Fleimdp avhereimthgaliveasesingdisorder is a mood
dmm%ﬁ?&ﬂg p‘ﬁaﬁ The nmet hod according to claim20 wherein
'Sorder is selected from the gr oup
consi stl ng of bipolar | disorder and bipolar II
di sorder. 15 23. The net hod according to claim18
whif-ei nThqmethod geepsding o glaup é%bvhareérb&e&lsordems mgpgdisorder.
5 nmet hod according to claim23 wherein the sleep
di sorder is a circadian rhythmsleep disorder. 20 25.
Th20.net hbcmatodradéarding ¢o clamn P dhewivetheimoddbisaderdastlened from
ep di sorde s selected fromthe group
adefgss?%évegW% T8¢ am(%?r‘i;\ﬁf‘b(e 'sl eep disorder, jet |ag
syndrone, advanced sl eep phase syndrone and del ayed
sl eep phase syndrone. 26. A grocess for the S
prebar alhomethod gcesadipe thelaint 20 shereimthe Ideprsssivediserder is major
Xx~RBRMR fLR RA\RA LNOMNORI
depré%ilv)eﬁlgxf (11) wherein: XisS; R is Hor
C1- Coeal kyl ; V\D 2006/ 021000 PCT/ US2005/ 029383 61 R2

i s. NRSRG; RS is aryl. or heterocycle; R4 is XR3 whe
X %hd Rihemethed agesrding o glpisy @Y wWheesin @emlmlarélsoeﬁeank@ﬂlected from

the g?o@(scoh§1sﬁlé35f ﬂol&ﬁa{hg&her and bipolar II disorder.

10

15 23.  The method according to claim 18 wherein the disorder is a sleep disorder.

24.  The method according to claim 23 wherein the sleep disorder is a circadian

rhythm sleep disorder.
20 25.  The method according to claim 24 wherein the circadian rhythm sleep disorder
is selected from the group consisting of shift work sleep disorder, jet lag syndrome, advanced

sleep phase syndrome and delayed sleep phase syndrome.

26. A process for the preparation of a compound of formula (I) or formula (II)

x—R3 x—Rs
M R, L R,
% A\
TS T
\
R, R,
25 (D (IT)

wherein:
XisS;

R, is H or C;-Cgalkyl;
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LisN, Mis S, 0 or NR8 wherein R8 is Cl-C6al kyl,
aryl-(C 1 -Ce6alkyl), heterocycle-(C 1 -C6al kyl) or
waeyb/2wenpri sing: 10 reacting a conpound of POY/DS81085/029383
10 or fornula 13 wherein R4 is halogen and R2 is as
defined above MRR L R2 RAGM L Np MNp HH 10 13
wth a diaryldisulfide or a diheterocycledisulfide in
~the presence of a suitable base in a suitable polar
Ry 1sddRsket , and 15 isolating the conpound of fornula (1)
(;fe!) as defined above wherein R4 is XR3
cess of claim 26 wherein R4 of the conpound
R, isOXR{ ahéfdinaX 2Ad BY afeqisdefided dbdve;s brom ne, the base is
.cesium carbonate, the polar solvent is
Rs isdl geEimfHstlkylrani de, and said 20 reaction is carried
. t_ nperature in the range of from about 80 C
Réls?lcf;toggéljc?alglf 0O C, for a period of tine of from about
LisNpe hour to about 6 hours.

M s S, O or NRg wherein Rg is C;-Cgalkyl, aryl-(C;-Cgalkyl), heterocycle-(C;-Cgalkyl) or
acyl;

.or_farnmul a
Rsis71 SFEt

comprising:
reacting a compound of formula 10 or formula 13 wherein Ry is halogen and R; is as

defined above

M R, L R,
Z A\
W IO T
L N o) M N\ O
} W
10 13
with a diaryldisulfide or a diheterocycledisulfide in the presence of a suitable base in a
suitable polar solvent, and

isolating the compound of formula (I) or formula (II) as defined above wherein Ry is

XRs.

27.  The process of claim 26 wherein R4 of the compound of formula 10 or formula
13 is bromine, the base is cesium carbonate, the polar solvent is dimethylformamide, and said
reaction is carried out at a temperature in the range of from about 80 °C to about 120 °C, for a

period of time of from about one hour to about 6 hours.



