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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 related anal ogs.
More specifically the invention relates to 3-arylthio-substituted and 3-
het erocycl et hi o-substi tuted 4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid

am des, 4H 20 pyrrol o[ 2, 3-d]thi 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 anal ogs,
and to nethods of neking the conpounds of the invention. The conpounds of
the invention are inhibitors of human casein kinase |s phosphoryl ation of
t he human clock protein Period (hPER) and are therefore useful, as
pharmaceutical agents, especially in the treatnment and/or 25 prevention of
di seases and di sorders associated with the central nervous system 2.
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bi ol ogi cal pacenekers (circadiBagkgroufosthélieationpresent in nost |iving
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(1999) Cell 96, 271-290; Hastings, J.W et al. Crcadian Rhyt hns, The
Physi ol ogyy.. i ' Timng. In: Prosser, C L. ed. Neural and
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20 pyrrolo[2,3-d}thiazole-5-carboxylic acid amides, 6H-thieno[2,3-b]pyrrole-5-carboxylic acid
amides, 4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amides, and related analogs, and to
methods of making the compourds of the invention. The compounds of the invention are
inhibitors of human casein kinase Ie phosphorylation of the human clock protein Period
(hPER) and are therefore useful, as pharmaceutical agents, especially in the treatment and/or

25  prevention of diseases and disorders associated with the central nervous system.

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
30  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).




10 cycles (Pittendrigh, C S. (1993) Annu. Rev. Physiol., 55, 16-54;
Takahashi, J.S. (1995) Annu. Rev. Neurosci. 18, 531-553; Al brecht, U et
al . (1997WaCsHlob/p219da,  1055- 1064) . Circadi an cl ocks are eBEEHBa5/0%9033

mai nt ai ni ng bi ol ogical rhythnms and regulate a variety of circadian
behaviors such as daily fluctuations i® behavior, food intake and the

sl eep/ wake cycle, as well as physiological changes such as hornone
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mut ati ons of the per gene can either shorten (pers) or lengthen (per) the
period of circadian rhythns, while 5 nonsense nutations (per) cause

arrhytth|ty|nthe ehavi or. | le . Ja Cr (1 ends 0SCi .
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Panda et al,  (2002) Nature 417, 329 - 335; 10 Reppert, S.M and Waver,
D. R20 ( 19959enitian of aggthway thatgpplosety auigagipisd and somptired Hf@d to t he

transcription/translation-based negative feed back loop (Dunlap, J.C. (1999} Cell, 96, 271-
290; Dunlap, J.C. (1996) Annu. Rev. Genet. 30, 579-601; Hall, J.C. (1996) Neuron, 17, 799-
802). The core elements of the circadian oscillator in Drosophila consists of two stimulatory
proteins dCLOCK/dBMAL (CYCLE) and two inhibitory proteins dPERIOD (dPER) and

25  dTIMELESS (dTIM). dCLOCK and dBMAL heterodimerize forming the transcription factor
dCLOCK/dBMAL that promotes expression of two genes termed Drosophila Period (dper)
and Drosophila Timeless (dtim). Ultimately the mRNAs from these genes are transcribed to
afford the proteins dPER and dTIM, respectively. For several hours the protein products
dPER and dTIM are synthesized and phosphorylated in the cytoplasm, reach a critical level,

30 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 dACLOCK/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



24 hour day by the daily light-dark cycle, with Iight acting through both
direct and indirect retina-to-SCN pathways (Klein, D.C. et al. (1991)
Supr achi asvmtdos/otdeed ei : The M nd's Cock, Oxford UniverPSTAHSE0&829383New
York). In the SCN of rodents, three Per genes have been identified and
cl oned, and are designated as nouse PerB (nPerl), nPer2 and nPer3. The 15
protein products of these manmali an genes (nPER1, nPER2, nPER3) share
several regions of honology to each other, and each mammal i an Per gene
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1055- 106Meurbfearsyary-240P. et al . (1997) Neuron 19, 1261-1269). The

manmal i an  honol og of the Drosophila timgene was cl oned and desi gnated as
nlfi m However, there was 25 no evidence for nPER-nmTI M interactions

anal ogous to S j idi ' IW-Te¥
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which, in turn, drives expression of either or both Per genes (Shearnman,
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in vivo LANeBGiveBeo@htid of thd BRMiMR LR, BASnly BPER 1 and mPER? oscillate in

response to light (Zylka, M.J. et al. (1998) Neuron 20, 1103-1110.; Albrecht, U. et al., (1997)
Cell 91, 1055-1064; Shearman, L.P. et al. {1997) Neuron 19, 1261-1269). The mammalian
homolog of the Drosophila tim gene was cloned and designated as m7im. However, there was

25  no evidence for mPER-mTIM interactions analogous to those observed in Drosophila, and it
was suggested that PER-PER interactions may have replaced the function of PER-TIM dimers
in the molecular workings of the mammalian circadian clock (Zylka, M.J. et al., (1998)
Neuron 21, 1115-1122). Another possibility is that rhythms in PER1 and PER?2 form negative
feedback loops that regulate the transcriptional activity of the Clock protein (via their PAS

30  domains), which, in turn, drives expression of either or both Per genes (Shearman, L.P. et al.
(1997) Neuron 19, 1261-1269).



173). PER2 has been shown to have a dual function in the regulation of the
"gears" of the <central clock (Shearman, L.P. et al. (2000) Science 288,
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reported that mPER proteins interact with each other and that mPER3 can serve as a carrier of

mPER1 and mPER2 to bring them into the nucleus which is critical for the generation of
circadian signals in the SCN (Kume, K. et al. (1999) Cell 98, 193-205; Takano, A. et al.
(2000), FEBS Letters, 477, 106-112).
25
Phosphorylation of the components of the circadian clock has been postulated to
regulate the duration of the cycle. The first genetic evidence that a specific protein kinase
regulates the Drosophila circadian rhythm was the discovery of the novel gene doubletime
(dbr), encoding a protein serine/threonine kinase (Price J.L. et al. (1998) Cell 94, 83-95; Kloss
30  B.etal. (1998) Cell 94, 97-107). Missense mutations in the bt result in an altered circadian
rhythm. Null alleles of dbr result in hypophosphorylation of dPER and arrhythmia.



Letters 477, 106-112). 15 There has been no bi ochem cal reason to choose
between CKIs or CKIS as a potential regulator in manmals until Lowery et
al . [(2000)0 Hoé/eniom 288, 483-491] found that in the SyrPEHURINTEAI3FFanst er,
sem dom nant nutations in CKIs (tau nutation, Ralph, MR and Menaker, M
(1988) Science 241, 1225-1227) caused adshortened circadian day in both

het erozygous (22 h) and honpbzygous (20 h) animals. In this instance,
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20  activity resuited in less PER phosphorylation with presumably higher levels of cytoplasmic
PER protein leading to enhanced nuclear entry and altered circadian cycles. More recently, it
has been suggested that CKI8 may also be involved in regulating circadian rhythmicity by
post-translation modification of mammalian clock proteins hPER1 and hPER2 [Camacho, F.
et al., (2001) FEBS Letters 489(2,3), 159-165]. Thus, inhibitors, including small molecule

25 inhibitors, of mammalian or human CKle and/or CKI3 provide a novel means to phase shift or
reset the circadian clock. As discussed below, the alteration of circadian rhythm may find

utility for the treatment of sleep or mood disorders.

U.8. patent 6,555,328 B1 discloses screening methods in cells to identify compounds
30  that alter circadian thythms based on a test compound altering the ability of human casein
kinase l¢ and/or human casein kinase 18 to phosphorylate the human clock proteins hPERI,
hPER2 and hPER3. For example, HEK293T cells are co-transfected with hCKle and Perl or
Per2. For the purpose of evaluating the relevancy of CKIe inhibition and CKle inhibitors to



that cannot be classified due to insufficient data. Primary sl eep disorders
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i nhi-bi t ovlecpfdisoriess fdygsamnigrrasorrsrsomnirsd steer disepdsnsassouaigd with cki S, may be

useful fg dlwﬁaaf, ﬁgm&% %Jd?e&tcggé%tfﬁ@osgﬁ@Qagg{sbfd%}g R bi¥e éfaig&agésan

rhyt hm s eep ers rs -ar VI Into depressive
di sor derthat(Catundtibel ctassitiep des ti imnifficiehi dutd. aPrimbrydileeprdierders amdhdeught @i sGeder s

based on.etipl ogy. that |nclude nood disor ue to a, general di cal
conds t | Crom AR E AL G e FrieSe St e s O Bt aBkP SERHMCD, dor's ar e
subcl as S('thn@Qst@t?c JYRleR) ofl BRIISS Rinkadigh SRS &hﬂiﬁ?‘bﬁe Hicrasrsl 8l ing@ing or

depressive di sordér not ot herw se specifi e pol ar disorders are
subcl asghtintgning slb'i:;pmcbmclmd@lpsmauemsmaﬂitmrsamnm (exeﬁsgm abﬁpmﬁS), has been

b dth
Gopr osor by HeRETErslafs AP RRRTG, IRh Ay Aol PR 8 Al 10

depr essing oftieiwiae egecified. bPfMbB indorhiis & rﬂﬁfacﬁﬂﬁe@bpdie@ferdléteﬁﬁeiﬁt dﬂihth) in
Prom nent,_anerg hyper sqomi_a, . overeati .craving for

car Bohy dhEicaly § %Wt@gﬁnﬂé@%?mﬁ@‘%?e@rorg’gﬁ%‘é%ﬁ “@pﬁ%%é%l?g%’itﬂesdﬁcur in a
seasonal slééﬁfrfg%gbcxeltéd {vith PRt PR nstiGia8ds o SRATRAAY diRALE 6f ngafmiBRl e |1 kely

in maj or
including daytime irritability, loss of attention and concentration, fatigue and malaise, and

deterioration of mood and motivation. Circadian rhythm sleep disorders include jet lag
syndrome, shift work sleep disorder, advanced sleep phase syndrome and delayed sleep phase

.25 syndrome (J. Wagner, M.L. Wagner and W.A. Hening, Annals of Pharmacotherapy (1998) 32,
680-691). Individuals in a forced sleep paradigm demonstrate a greater wakefulness, as a
percentage of sleep time, at certain periods of circadian day (Dijk and Lockley, J. Appl.
Physiol. (2002) 92, 852-862). It has been generally accepted that with age there is an advance
in our circadian rhythm for sleep and often results in less quality sleep {Am J Physiol

30  Endocrinol Metab. (2002) 282, E297-E303). Thus, sleep occurring out of circadian phase

may suffer in qualitative and quantitative terms, as further exemplified by alterations 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



depressive disorder that is recurrent or in bipolar disorders. However,
within the bipolar 15 disorders, a seasonal pattern appears to be nore

l'i kel y i nwo pokarioéd di sorder than in bipolar | di sordepCT/URRSHIAIIS3

i ndi vidual s the onset of manic or hyponmani c epi sodes nmay al so be linked to
a particul ar season. The wi nter-type sedsonal pattern appears to vary wth
| ati tude, age and sex. Preval ence increases with higher |atitudes, younger
persons are at higher risk for winter depressive episodes, and fenal es
conpr i seCEOmay byomeif forehe Beaimant of siesndieederpard BarHculady seeadiaaihy Rt ect i ve
disorderdé%?gam:aﬁtern1connnnly used in the literature, is a subtype of
nood di sor der tﬂaf in the Diagnostic and Statistical Manual of Mental

Di sorders IV (DSMI1V) (Amrerican Psychiatric Association: "D agnostic and
Statistical Manhual  of Mental Disorders”,. Fourth Edition, Text Revyi sjon.
Vi ngt on,  DHOORAISPIeE APt AInia Eprssiug ARPIISH (SIBRIR Sepressionios BIPOBY ¢ he
term " w &8, 3835018 oRRAI: &0 hatli BN cHEREY Rk DR SHARONXdBALI:R6 B goherh®] OF 25
depressive episodes in bipolar I disorder, bipolar Il disorder or recurrent
maj or depedisalicpuaditidn sud seéstape-inducEhmoed digprder. daeprepiversddraarey (1995) 40,

457-466) . ,The .charact.eri,stics and .di oses .of depressive. disaorder maj or
dopr evs, R AREERRETR LS e AR e SR B e Ror B B R Sy RSt ol o
Il di sorgigérvagikpegifis@NBlpotirieptderai® sdBgassifeads bipoRBVidisdrdes @ndPaipoRin 11
suffering from major depressive disorders, including SAD that is

char act efiForder. Jyhasdeen peservegddpriabe sresifiep| saernsl pajistie gampeiapplighiodpaionay e

been.sho . AR Si 1 i . ri -.Jour nal
of 28§ ociibus SR Riso RN b e FRROMY'S Rre Rt BT ORI AR ElpBEGes i DU TR
t r eat menbipblar I diadrderdrsl bipdliy [SARoaded. Brjntinerdepergs shyporsdnz() 064020 Greight
PCT/U82005/023383 .8 resulted in the proposal of ﬁgyeral hy, q%hﬁggs to

expl ai n $¥ AAISFIINET fubAbydratss giencharagierize gpaien Pf“ﬁ%‘?’ﬁﬁé‘g? ¢ AL PE of

l'i ght. Tihesgayroidiese st isnidedntne: sgéag&%ﬂﬁe}%m Rybhrnikbynathgsi s” that

suggests the antidepressant effect of bright light could be asSociated with
phase- shidpréssigye diserder thahthiraenrpeat enamkapolaadisarilere. Howsverepithia thibipdlan et al . |

Can..J. PRsychi 5 (1995) 40, A457-466),. |n. f the, link.b
T oits s R e baetieh gt o FERY LT bRBRF L Brotfitna BRI
maj or deflsa&d If s6ths @idividsals tHésRSetadf GRMKOSH Hypoinasidicpisolds mey fl6abé Brkedhase

and the clinical effectiveness of |ight therapy appears to depend on_the
phase- shPFHFHE BBION; thegrinterdyne) sgpronalnatigim appeats tosyay with latitude,pgg andur nal

of Physigl.o ) ( : : - : ioh £ Ror VAR

Psychi at 5%3% ?geo‘%%?g‘g@c éé'ge-s?@)% ﬁlﬁg%i)l? tlltg}ﬁ%l’ ?‘g‘%%e.;g‘fﬁ@%? % ﬂglrl 5{/%%% "neen shown

t 0 accel dapadseivarpisadeg it fetnhles ebierse §Eh es 0% fof phsophartraeasbr pettdm.

treatne of |.or. depressi isorders (Benedetti et al., 6 .J. in.

oy b atIPSqRbBC A g (5B & I COmMRRHRES ShiofiocauEs i rpsE ofc

and/ or  CASEd HiskidBASS: th hdDieHodiR MIARALsACMaRBHSEMeRal DisoRitaIV ghSgerghi f t

and such inhibition represents a potential clinically effective nono-_ or
(American Psychiatric Association: “Diagnostic and Statistical Marnual of Mental Disorders”,
Fourth Edition, Text Revision. Washington, DC, American Psychiatric Association, 2000) is
denoted by the term *with seasonal pattern” when describing a seasonal pattern of major

25 depressive episodes in bipolar I disorder, bipolar II disorder or recurrent major depressive

disorder (E. M. Tam et al., Can. J. Psychiatry (1995) 40, 457-466). The characteristics and
diagnoses of depressive disorders, major depressive disorder, major depressive episode,

bipolar I disorder, bipolar II disorder and seasonal effects are described in DSM-1V,

30 Patients suffering from major depressive disorders, including SAD that is
characterized by recurrent depressive episodes typically in winter, have been shown to be
positively responsive to light therapy (Kripke, Journal of Affective Disorders (1998) 49(2),
109-117). The success of bright light treatment for patients with SAD and major depression



conbi ned therapy for nood disorders. 15 It should be noted that sleep

di sturbance is a criterion synptomfor many psychiatric disorders (WV.
McCal |, Jwdbdopozigsychi atry (2001) 62 (suppl 10), 27-32)pCBUsEps/029383

di sturbances are a common feature of depressive disorders and insomia is
the sleep disturbance that is frequentBy reported in depression, occurring
in over 90% of depressed patients (ME Thase, J. 20 din. Psychiatry
(1999) 60 (suppl 17), 28-31). Accunul ating evidence supports a common

pat hogenesiltdfiathepropesalof sesenahhypodredestajesplateipe esdirlpinginschadism of actibas

been hypot hesized th corticotrophin rel easi f.actor (CRE) .hyperactivity
(due to éﬁﬁtﬁiﬁra{ﬂ?‘gﬁi '8%‘?@&9?1 #‘esggﬁg@["?ﬁef/méwglﬂ& rcérggf_%’a% ress i nduce
a procesgydaadisneha Qa9 GRr AligchrafdntrRE! drRMt BYR’Buldticdssdhanteah and
eventual I'y primary insomia. Circadian rhythmcity in CRF secretion under

25 nonst plese-elifigugnidit cireaddanpagephlegy relativ to slasp {heVin drmett ab| Gap J vRgyehiatry
[ = d T h . i i 62
oot =, A0 TR 300, A st RO 52 ¢,

exanpl e &ihiéalli dfictiiaiiigh teRgsi in ndjaedeprdssivadidbalerscassisi dono@aRart Ghift imy be
useful faor treatnment of depressive disorders due to effects on CRF
secr et i ofircag@nmhpsegmditheclitieal eHpebeness o HERldh$taPHhaRRSATSAH doReng @ the phase-

i ncor por gt i I i ir i

e BooREfieaSHE Dot a8l ERAPEToidhier QST IR ke PURGOHACR8INTR Bart
seri es 03), 880804 Termdn 4t-hl1, iretn @fed, Psychiapyr(2@0 Io-58; &7 Hoxdddigomadly dlighti des,
ool 2 Bl peol & ear DOl 6 el O A 088 H e phamacologica
4H- pyrr Oﬂrégtﬁegt'&f]xﬁz{j&gc?e%é%sﬁe G%Eflféi%ydﬂeﬁe&%ﬁ ﬁt alami Clgs pPapshidis) %2@9) anakogs

that are inhibitors casein kinase Is. This object and other 5 objects of

this i nve¥)i dhubdcghisionopeaseimtkinasere anrborkasein kinaseldsworld ibe gxpgctadie cause

i tion that foll . SU Y. T LON The.. ] i
br v deot SRl AT AT P OR o 5o Hreiei e o il A B G Rbej S BRL #0
4H- pyr r obphBnét theiapy d3aaheodbdisadbexyl i ¢ aci d ani des,

6H-t hi eno[ 2, 3-b] pyrrol e-5- carboxylic acid am des,
4H-pgyrrol o] 3, 2-d] t hi azol e-5-carboxylic acid ami des and rel ated anal ogs of

formula (1) apdpfg %h@teﬁ#ﬂ&t slegﬁgis{d?ﬁan%& g@&i&§?ﬁ%§y§nhpat§1%gfgt ﬁ?ﬁ%gﬁci}iatric

racemat es and tautoners of sal onpounds an |
accept abdisordedst(¥. Vhife€iatl, J. Gim. Psychbitty26010 162 {supph 10)a2@i33). kP legs distugbances

oo VL AN e R, Ol L8, DR SRRSO A3 AR bty ot 2
of the cgujeaily RgloYRd s SopPd<8idh, S4GRimSnbEr ¥098 0Pl resed paticney MEESThave] 11di ng
™ g(r) Clin. Psychiatry (1999) 60 (suppl 17), 28-31). Accumulating evidence supports a common
pathogenesis for primary insomnia and major depressive disorder. It has been hypothesized
that corticotrophin releasing factor (CRF) hyperactivity (due to genetic predisposition or
possibly early stress) and stress induce a process leading to exaggerated and protracted sleep
disturbances, and eventually primary insomnia. Circadian rhythmicity in CRF secretion under
25 nonstressed conditions may play a role in the normal sleep-wake expression (G.S. Richardson
and T. Roth, J. Clin Psychiatry (2001) 62 (suppl 10), 39-45). Thus, agents that modulate
circadian rhythmicity, for example by inhibition of casein kinase Ie and/or casein kinase 16,

may be useful for treatment of depressive disorders due to effects on CRF secretion.

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

their entirety.



depressive disorder, bipolar | disorder and bipolar Il disorder, and sleep
di sorders including circadian rhythm sl eep disorders such as for exanple
shift workyetmen2z@isorder, jet lag syndrome, advanced sPeEpSmhasm®3syndrone
and del ayed sl eep phase syndronme. The present 20 invention also provides
met hods for making the conpounds of forgula (1) and forrmula (11) of the

I nvention. Accordingly, a broad enbodi nent of the invention is directed to
a conmpound of formula (1) or formula (I11): 25 XI R3 XI R3 z 4-<f RR MR a
\' p M\ O RiTHhisit{slah dbfdc) of thizenesnmioX té proSidera sS(i@ oi;‘ subMiuaabl- 01261:@(13)2-

PCT/ US2005/ 029383 . 10.. Ri.is H or NRSR6,. R3.i S

het er ocy@wﬂéﬁzéa -fabexyliepeidamidss, 4@@@?9%1 oler SR ahidtson"

ar yI (g ﬂu%@tﬂ‘y |b]pyrﬂ%?é—§fc91‘536§i/lﬁs % Qﬁ@eg)@'ﬂ—pynélog%z @ﬁﬁ]a}é@l%}fiwcarboxyhc acid
-(G - kKoxyY, heterocycle-(Q - Coal kox hal ogen, SH,

0 6a| k ydrhidesand rafayftd qn@logSet kel inkibuyrs dﬁswrmby@ﬂeéa( Chis &'ICkgndtqih@) Noz
NH2, _NR5 am no het C am nog r

wher & n SEIaRORIIP O Rer b PR, U B ARG ioRBL R, 7
or Ci-Cogliikytk; L is N or CR7 wherein R7 is Hor Cl-Cealkyl; Mis S, 0 or
NR8 wherein R8 is H, Cl-C6alkyl, aryl-(G -Coal kyI) ,

het erocycl e- (G - Ceal kyl) or acyl nis 1 or 2; or 15 a stereoi soner, an

enantioner, a racemate Of AkARKE OFEIEINVENTION

The present invention provides substituted 4H-thieno[3,2-b]pyrrole-5-carboxylic acid
10  amides, 4H-pyrr010[2,3-d]thiazole—S—carboxylic acid amides, 6H-thieno[2,3-b]pyrrole-5-
carboxylic acid amides, 4H—pyrrolo[3,2-d]thiazole—5-carboxylic' acid amides
and related analogs of formula (I) and formula (1), and the stereoisomers, enantiomers,
racemates and tautomers of said compounds and the pharmaceutically acceptable salts thereof,
as inhibitors of human casein kinase I¢ activity, and methods of using the compounds of
15 formula (I) 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
20  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 () or formula (II):

25
x—Rs x—Rs
R, L
7 A\
R*\Igﬂ( R‘*MIN%“\(
N\ 0 \ O
R, R,
0y (I1)

wherein

X is S or S(O),;



a pharmaceutically acceptable salt thereof Another enbodi nment of the
present invention relates to a nethod for inhibiting casein Kkinase Ic
activity wo mopetioent conprising admnistering to said pe@T/Bp00H029383

t herapeutically 20 effective anount of a conpound of formula (1) or formula
(1'1). Anot her enbodiment of the presentllnvention relates to a nmethod for
treating a patient suffering froma disease or disorder aneliorated by
inhibition of casein kinase |Is activity conprising admnistering to said
patient R tSHemaﬁeQb&llS}éHy effective amount of a conpound of 25 fornula |
or form.&% further enbodi nent of the present invention relates to a
process %)IF preparing a conpound of formula (1) or forrrula (rry. 30 _
DETAI LED{;ES.@FRIOIP}iét@@Sc(}HeTHE | NVENTI ON As used herein, "stereoisoner" is a

?ﬁ”SLZ' otfé&"t o g Crieears o kKDY freCDpts Dtsrar B ettt O
2006 U
£02 egzti’@q% %Pgé %@&ﬁq@% huartr,ggewi@gs(:gmwo&?r Cmgeﬁoﬁ'ﬁrél-aalky]thlo

(enant | oner omers (racémate€s,’ race
m xt ur esjryl- @he@r@lkyilthm(),dm;drbqats(mrCﬂk&)thloé,dﬁ@t,sl\,lHarM{sfkoarﬁ!}r -&Cof corrpounds

ith rmr than o] chiral ce t hat ar ot .mn es of ne another
\(Mdi ast er f%e?ﬁ%yg]éﬂﬁb'gfﬁ%&]ammph‘ér 28k Om;ﬁ?&ﬁe %

asymret rdbq,vg,enters and occur as racemates, 5 racem c m xtures, |nd| vr dual

di ast ereol somers, or enantiomers, or may exist as geonetric isoners, wth
al | |son%frlS(H poEnEsakylsai d corrpounds being included in the present

inv - rlffts trs%dalfg@rer n, "R'" and "S" are used as commonly used in

org 5 < £ enote specific configuration of a chiral center. The
term "R'L(j‘]ﬁ@i'mw’}ﬁf‘diﬁR7ﬁsﬂHtolﬂﬂl -CkRlkgpnfi guration of a chiral center with a

cl ockwi se rel ati onshi p of up prioritie hest to sec t) when
Ui eved VGRS Dres Mo MrodBs Lhe ! Cotlskh a1 (51 oS KER oberoprie Lar Fralk) br
(sinister)y.refers to that configuration of a chiral center with a

counterc ékvvr se relationship of group priorities (highest to second
| owest ) mizdrnond;ewed al ong the bond toward the | owest priority group. The

priority of groups is based on sequence. rul rein prioritization is’
15 fiPrst2 P& E &PSH?IEIOH}?H@@FCE(’?% 8’?%!&1”“5‘?“3@@?%%8}' ng atonic number). A
listing @ﬁmg@sﬁgg @ae}ggblgrsﬂpﬁlb;does is contained in Stereochem stry of
Organi c npounds nest L. Elie], Sanuel H WIlen and Lewis N. Mander,

editors, WIley-Interscience, John WI ey & Sons, Inc., New York, 1994. 20

I'n addition t %tﬁgr e(glfqu r?gnﬁ% ek ce {‘iﬁv&ltﬂ)%rreﬁtés tﬁ? %{?,ﬁe\%ﬁ%@%{ ie lilﬁﬁn%@asgﬁled

herein to e CO I"gur atl especl a erence to
am no aCI\'tidése Idz Activiifydn @ ypati@mcamprising administering to said patient a therapeutically

20 effective amount of a compound of formula (I) or formula (II).

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 Ig activity
comprising administering to said patient a therapeutically effective amount of a compound of

25 formula I or formula II.

A further embodiment of the present invention relates to a process for preparing a

compound of formula (I) or formula (I1).
30 | DETAILED DESCRIPTION OF THE INVENTION

As used herein, “stercoisomer” 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



Fi scher projection fornmula is oriented so that the nunber 1 carbon of the
main chain is at the top. The prefix "D' is used to represent the absolute
confi gur aw@moeb2ibéee i somer in which the functional (dePEr/vBINONGI3RP oup i S
on the right side of the carbon at the chiral center and "L", 25 that of
the isomer in which it is on the left. #s used herein, "tautoner" or
"tautonerisnt refers to the coexistence of two (or nore) conpounds that
differ fromeach other only in the position of one (or nore) nobile atons
and in eclkdey maradiishgd ﬂsumbrsr(ﬁndminmxsanpixeurekefmimdmagaimmm(saoamates,
tautonmerism. 30. As uysed here "alkﬁy refers %o a sah?rated hlng%r or

br anc hedfaﬁ?{a‘icﬁméf‘irifﬁe&ef’ﬁ’et PSG&%{‘F% @r%%erﬁa% AP RO AT 6ABPYEE B Son

at ons, agign bACEHRE Seri@ithit are BEMHrsor Bﬁﬁg&glof oné SRAAG R asteRbisbnersI e ThOUL Y |
tert- butyI and the |ike groups. Included within the nmeaning of  "al kyl" are

"al kyl enesmpmundsefidhe pregent inventior n@afhawedsmmnn cgéﬁr@wnd VRGO @ac@m@@,o
PCT/ US20 29383 1 t
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| i near M 'Si x

car bons mﬁeﬂsn@imdlessomﬁhfd)@mydﬁsamtdmyd@wdis bdmﬁg)myhﬂe& in thelpmemﬁydnaayl :
butyl enyl, iosbutylenyl, t-butylenyl, pentylenyl, i sopentyl enyl, hexyl enyl
and the like groups. 5 As used herein "al kenyl" refers to a Iinear or

branched nmonoya| &Rt 1S *ReLG e§”|a1%|ds95'§§t&n&9ﬂl s A n&]g?h[:% cP Si X

carbon atons ‘and i ncl udes et heny al so known ethenyl
1- et hyl ddnamrsppcaﬁy bqnfﬂgumltoarqﬂa chirahm&’-my The ermetRiy(rec?uy) rrcfpfsrty Ithat

2,4-h di 2-but enyl , . 2- t d t h 1k
< oahe tiiationaPE AR fenee vk SRE M wise FeiBo B e e el to'® 11
Unsat ur %@&(ﬂb%&ﬁm’h@n vibtQeh @lﬁn@ghé A tbWard e %%S@ﬁﬁ&q’t@ Ab@ITsT W ki a8 | east

one triple bond and includes ethynyl, 1- propynyl, butynyl 1- hexynyl ,

2- propy n(yllmsttzr) gefiery o/ that confignrajiag iof ashiralieenter Rethgresuptsrelpekwiseglatienshimof
"al koxy" fer t S SI sts

of ali n%r&lp 1%;}3&' gh(lé}e’e an skec?'n& ﬁal ﬁ%\%ﬁﬁe erdo‘r’l?n(%) %E%gﬁ@loﬂ%gr olﬂ&g

| i nked grivtiow gh)upn Tat bﬁbn@oqueasupatmmsadl dpdsnanmmdetralefs m&ereiﬂbﬂnmezaheﬁ@b from
the ether oxy and 15 |ncludes nmet hoxy, et haoxy g 0pOXx I SOPr opoxy,

but dky, 48D qaﬁf! ewomtl%wmm Byerdemef c{eﬁ@afm&étona? aula en)ad kiting apdr ei n,

"al kyl t JRR t (yyg;g @&,{,}ﬁ; K near
or branc Qﬁmﬁﬁigfﬁgﬁgfﬁlhav%ﬁghﬁggﬁ?gﬁgk?% ?ﬂg‘ %%n a ouﬁaffﬂied t hr ough
a sul f urElickt Samwht. Walenragd ilesvis NeMandéreeditorfy oM dey-frdenstibeces IdHnuWilen o

i ncl udes, net thio, 20 propylthio, isopropylthio, butylthio,
cec but v B Nabraf [ - i

4h|o and the |ike groups. As used herein
"al kenyl oxy" refers to a linear or branched nonoval ent unsaturated

20 In addition to the (R)-(S) system, the older D-L system may also be used herein to
denote absolute configuration, especially with reference to amino acids. In this system a
Fischer projection formula is oriented so that the number 1 carbon of the main chain is at the
top. The prefix “D” is used to represent the absolute configuration of the isomer in which the
functional (determining) group is on the right side of the carbon at the chiral center and “L”,

25 that of the isemer in which it 15 on the left.

As used herein, "tautomer” or "tautomerism" refers to the coexistence of two (or more)
compounds that differ from each other only in the position of one (or more) mobile atoms and
in electron distribution, for example, keto-enol tautomers or tautomerism.

30 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.



al i phatic chain having fromtwo to six carbon atons |inked through an et her
oxygen atom and having its free val ence bond fromthe ether oxygen, and

i ncl udes stdnenghoy (al so known as vinyl oxy), 1-nethyl ePOBiigLiox929383

1- et hyl -1 - propenyl oxy, 1-butenyl oxy, 1-hexenyloxy, 2 25 nethyl-2-propenyl,
2, 4- hexadi enyl oxy, 1-propenyloxy, 2-profienyl oxy, 2-butenyloxy, 2-

pent enyl oxy, and the |like groups. As used herein "al kynyl oxy" refers to a

| i near or branched nonoval ent unsaturated aliphatic chain having fromtwo
t 0 si x car bonAsusethevdin Fallylehaast  atkydeniyt’i gefees tocnlindar nkleinclddr diwglantan et her

e e e v e
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2006/ 021000 5/°029383" 13 As used heréin the term cycl oal kyl
refers tibediksgtampat ed hydrocarbon ring structure containing fromthree to
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used herein, the term"aryl-(C’l -86a| kyl)" refers to an aryl group as
defined gbeme |inked by a |inear or branched al kyl ene chai n containing one
to six carbon atons and having 20 its free val ence bond fromone of the

al kyl ene chai r " | e raryl - (G "ol
phenyl et hyl ‘?%fei%g y %?é,%n’p Efekﬁgp &t %/f?lfs tﬁgn’%‘ﬁ?&%ﬁﬁg’%w%ﬂ‘%lﬁ 0 gsﬁlsz%/fla, p-
chl or obédlivegt oatrandhee alkiyk ehegi hayisg from one to six carbon atoms linked through a sulfur

atom and having its free valence bond from the sulfur, and includes methylthio, ethylthio,

20 propylthio, isopropylthio, butylthio, sec-butylthio, tert-butylthio and the like groups.

As used herein “alkenyloxy” refers to a linear or branched monovalent unsaturated
aliphatic chain having from two to six carbon atoms linked through an ether oxygen atom and
having its free valence bond from the ether oxygen, and includes ethenyloxy (also known as
vinyloxy), 1-methylethenyloxy, 1-methyl-1-propenyloxy, 1-butenyloxy, 1-hexenyloxy, 2-

25 methyl-2-propenyl, 2,4-hexadienyloxy, 1-propenyloxy, 2-propenyloxy, 2-butenyloxy, 2~

pentenyloxy, and the like 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

30 includes ethynyloxy, 1-propynyloxy, 1-butynyloxy, 1-hexynyloxy, 2-propynyloxy, 2-
butynyloxy, 2-pentynyloxy and the like groups.



As used herein, the term"aryl-(C 1 -C6al koxy)" refers to an aryl group as
defi ned above Ilinked by a linear or branched al kyl ene chain containing one
to six camawmoabomwso | i nked 25 through an et her oxygen at pat/aseghoawissd its
free val ence bond fromthe ether oxygen. Exanples of aryl-(C | -C6al koxy)
i ncl ude phenyl net hoxy (benzyl oxy), pheny3ethoxy, and the |[|ike groups. As
used herein, the term"aryl-(Cl-C6al kylam no)" refers to an aryl group as
defined above linked by a Iinear or branched al kyl ene chai n contai ni ng one
to six carbonAsusssher¢inkeden3Csitscpiopikyl rfers ogentmstedhpdrdedrbon riggi ts free

val ence hond fromihe nitroge erei.n said nitrogen is.optional

subst 1 ¢ it gy SR DiE ek GRED SR ome R ORGSR el
2006/ 0218RMbpRAM,U52R884 1 283BRept}H a #ekilleani no) i ncl ude phenyl net hyl ani no
(benzyl am no), phenyl ethyl am no, N-nethyl-N benzylam no and the |ike
groups. As used herein, the term"aryl-(CLl-C6al kylthio)" refers to an aryl
group as def i fédseddisavia faniken Ay raedns say stale menosyelicd Lisy s ertecydligi n
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al kyl, ar het erocyCl e are as de herei n, "and having i

val ence cyloarid oy HealsabasyhyExqrapley ofitirgt’ wr “Aricinclode pinyhi2a t he meani ng
of yl are etylx apropi onyl, . butyryl,, ksobutyryl, ~trifluorqacetyl,

trichl orcglécgg{%l?ﬁn,yy’g’ec DAYPIINY % ?%‘éorPPﬁ%%g'g’rzth%r?p%‘yﬁgé%uﬂg?}bqnﬁf’ % het er ocycl e"
or "het eflwgeysieng!, 2rremspleenst, 3lBrémdphdry], 4-PRuphesy], TRiMLYShéttyRheliabl e 8-

to 11-nmenbhered bicyclic heterocyclic ri g% which is either saturated or 15

unsat ur dfggoromdhxipican! Adpdluerogieghylphany @E@ﬁﬁmaylf P ostemerheniifee

het er oat eol . fr : i st L d wherein
the ni tr%@%@#gﬁlhgﬁ%%@b%%%%@%’ %tﬁ?{?‘g"rﬁ @’ %gne?{x}?%@%g? and t he
ni t r ogemétbyphest obmrethy | @ehylo Aalit-gpHeayk) datieophiengld 4-rdtnephenyic2 ddi ng any

bi cyclic,.group,.in i ch,any of bove-defi ped heterocyclic rings is
e AU TE N i PR R

het er oatigMulon&A A9 Phalyd B MNIne b re@hs:8HUby, Adphit}e (S ASlioRRpiRhylandt abl e
structure. The heterocyclic ring may be unsubstituted or ‘substituted wth

from ondiphenyhr ee substituents selected fromthe group consisting of C -
C6al koxy, hydroxy, hal ogen, Cl-C6al kyl, C2-C6al kenyl, C2-C6al kynyl
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het er ocyuiked beladmeat @ brachedidkpliepe chalh nyhtainrignatead sixydarbod atoms and having

20  its free valence bond from one of the alkylene chain carbons. Examples of “aryl-(C,-
Csalkyl)” include phenylmethy! (benzyl), phenylethyl, p-methoxybenzyl, p-flucrobenzyl, p-
chlorobenzyl and the like groups.

As used herein, the term “aryl-(C,-Csalkoxy)” refers to an aryl group as defined above
linked by a linear or branched alkylene chain containing one to six carbon atoms linked
25  through an ether oxygen atom and having its free valence bond from the ether oxygen.
Examples of aryl-(C;-Cealkoxy) include phenylmethoxy (benzyloxy), phenylethoxy, and the
like groups.

As used herein, the term “aryl-(C;-Cgalkylamino)” refers to an aryl group as defined
above linked by a linear or branched alkylene chain containing one to six carbon atoms linked
30 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;-Cgalkyl. Examples of aryl-(C,-



25 oxopi perazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxoazepinyl,
azepinyl, pyrrolyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, imdazolyl,
i m dazol i wyd 2006mi1dézol i di nyl, pyridyl, pyrazinyl, pyrinpPdi/ig1005/029383

pyri dazi nyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl,
mor phol i nyl , thiazolyl, thiazolidinyl, fdsothiazolyl, quinuclidinyl, ‘
i sothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, benzimdazolyl,

t hi adi azol yl, benzopyranyl, benzothiazolyl, 30 benzoxazolyl, furyl,

t et r ahy dZeafkykaphinohisalndp phemymethylaminhitgnzadymmey phenyledplaming dhrwthiléhy | |
thiannrqpolhg%l agq Ofﬁdiazolyl. WD 2006/ 021000 PCT/ US2005/ 029383 15 As
used her ! H%’atn r}ﬁ? 1 ee%ré)PBSCycl e- (G -Ceal kyl)" or

"het erocyclic-(Cl-C6al kyl)" refers to a heterocycle or heterocyclic ring

as defined ahgyescHihsleds thytetm [“bReaC,-Cralkyleiic)ieelfersab oy lagn @raipaisdetined ai ni ng
one to six carbon atons to anotheﬁaﬁgfbon,atonlqr to a heteroatom _sel ected
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1- (phenyl sul fonyl)- | Hpyrrole-2-nethyl and the |ike groups. As used
herein, the tgrm "heter cl e C%;%?alkox

r
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contai ning one to six carbon atons |inked through an ether oxygen atom and
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4- pyr i dibmytrpie isobutyryl Strifhaotacetyl, madhiasycetyl lhenZepyand dhanlyken@bhpxy and the |i ke
groups. As used herein, the term"heterocycle-(C 1 -C6al kyl am no)" or

"het erocyclic-(Cl- C6al kylam no)" refers to a heterocycle or heterocyclic
ring as defined above |inked by a 1inear or branched al kyl ene chain
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neams ng unbathmteel mod/ whishChnsigbaf sarbamatnmy aod fivet encdoyiret bétStoalsad deldctudi no)

are 2 U end ety am o, o7 DULVLIEL a0, 2oL Lesmetil anne
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"het erocycl e-(Cl -'Coal kylthio)" or "heterocyclic-(Cl- C6alkylthio)" refers

to a hetie¢lodipg pay bicyéléa group yicwhich ahy gf the abeve-aefinedihetesodychk daghly fesedithaar

or benzene ring. The heterocyclic ring may be attached at any heteroatom or carbon atom which

20  results in the creation of a stable structure. The heterocyclic ring may be unsubstituted or
substituted with from one to three substituents selected from the group consisting of C-
Cealkoxy, hydroxy, halogen, Ci-Cgalkyl, C,-Cgsalkenyl, C,-Cgalkynyl, trifluoromethyl,
trifluoromethoxy, -NQ,, -NHa, -NH(C,-Cgalkyl), -N(C;-Cgalkyl),, -NH-acyl, and -N(C;-
Cealkyl)acyl. Examples of such heterocyclic elements include piperidinyl, piperazinyl, 2-

25 oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxoazepinyl, azepinyl, pyrrolyl,
pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl,
morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, quinuclidinyl, 1sothiazolidinyl, indolyl,
quinolinyl, isoquinolinyl, benzimidazolyl, thiadiazolyl, benzopyranyl, benzothiazolyl,

30 benzoxazolyl, furyl, tetrahydrofuryl, benzofuranyl, tetrahydropyranyl, thienyl, benzothienyl,
thiamorpholinyl, and oxadiazolyl.



branched al kyl ene chain containing one to six carbon atons |inked through a
sul fur atomand having its free val ence bond fromthe sul fur. I|ncluded

wi t hi n t hvinaeigomf het erocycl e(C 30 C6al kyl t hi 0) or PCI/US2005/629383

het erocyclic(Cl-C6al kyl thio) are 2-thienylnethylthio, 3-thienylnethylthio,
2- furannethylthio, 3-furannethylthio, ¥ pyridinylnethylthio,

3-pyridinyl nethylthio, 2- pyridinylnmethylthio and the |ike groups. WO

2006/ 021000 PCT/ US2005/029383 16 As used herein, "halogen", "hal" or

"hal 0" ref er sAs gsed heeginehe term; ‘heterenyiley(CofCoalky N0 et Teeteresiiclie (e Cslkdd ne or
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has not  §fer B-?Sgﬁgﬁa%tﬁgh Yeohevish Ovﬁfﬁﬁ-wq?ﬁﬁrrs? Prpdnei ke eouss.
di sorder or condition, i.e., arresting its developnment; or (iii) relieving

a di sease, disorder or condition, i.e., causing regression of the disease,
di sorder and/ &% usedigrainche tet® “heterpsgele{Cr-disalkox N or dheteroperlicdfy“Cealbipend to
a m bl ooded ani mal .such_as a.mamal i ispafflicted Wwth a
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are exanples of animals within the scope of the neaning of the term As
used herkaving itsfrecampdence pandfrem; the gthey oyyigen s Inckyded yathin gie mganingt ofr r upt i on,

cessati di cH . As used
her o n, MREeycCHICHRkEB) of heldRigy et L ARGy Y Bty netoB . &% or " bot h
r esul t i niyiehylomtizoxyeRdtiasmethospi-fiohrogetbofya dtyrdinyhmethory, Gopaitinyloetioxpm
exoaenou%s) factors suchdgqs oi son, injury or disease. As used herein,

" condi t i ORYIYIBYIgEethaxy ag FPei ng, health or physical fitness. 25 As
used herein, "prophylaxis" refers to the prevention of disease. As used

herein, the term"sleep disorder”, "sleep disorders" or "sleep disturbance"
means i nsomi#s used herein, the term “heterocycle-(C;-Csalkylamino)” or “heterocyclic-(C;-

Cgalkylamino)” 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 nitrogen atom

20  and having its free valence bond from the nitrogen wherein said nitrogen is optionally
substituted by a hydrogen or a C-Cealkyl. Included within the meaning of heterocycle(C;-
Cealkylamino) or heterocyclic(C;-Cealkylamino) are 2-thienylmethylamino, 3-
thienylmethylamino, 2-furanmethylamino, 3-furanmethylamino, 4-pyridinylmethylamino, 3-
pyridinylmethylamino, 2-pyridinylmethylamino and the like groups. |

25

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, -

30 Cealkylthio) or heterocyclic(Ci-Csalkylthio) are 2-thienylmethylthio, 3-thienylmethylthio, 2-
furanmethylthio, 3-furanmethylthio, 4-pyridinylmethylthio, 3-pyridinylmethylthio, 2-
pyridinylmethylthio and the like groups.



As used herein, the term"insomia" neans the inability to sleep in the
absence of external inpedinents, such as noise, bright light, etc., during
the peri ovawmn/ozsioeep should 30 nornally occur and the PORWS2008929688 S| eep
may vary in degree fromrestlessness or disturbed slunber to a curtail nent
of t he nor mal | ength of sleep or to absHi ut e wakeful ness. The term
“insomia” includes prinary i nsomi a, insomia related to a nental
di sorder, substance- induced insomia _and circadian rhythminsomia that is
i nsommi a due 6 uteddivagine Trlogene “0d” 20 o rebus tiopomewsoneshe Sawdsof 17 nor nal
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use e

t he naned di sease i sor con |tfon ereln rase
"l engt heni ng of cidiegmsedhas hwvidpnit;peri od” refers to increasing the i nterval
bet ween sem n eve s.in rocgss.that ogcurs regul arlédgﬂth a frequency

of approxi mat Itinigeh Jsopac.itr der ORGORMIEeR: hér ATTRSUMEHS dsiplgment; or

"shorteni ng O(fiu)CI rr%ﬁé’«h a QR¥ARMUREIILOSE con8ftBhSi d. LatlSiRE fa3édibn O%Qhet &Sease,
interval between sem nal events in a process that occlrs regularly with a

frequency of apprdjsﬂrdﬂtaeﬂﬁﬂr@mtlewery 24 hours. As used herein, the term
maceut i cgl | ccept e sal t ended sal t
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sui tabl e for use . as a pharmaceutical. 25 Illustratjve bases which form
sui t abl ehatguinea;nigs, G%&s SAtR AP, THAEAROTERS, eAtlia (shere. and hymanstass exapRiesRl des

such as gadldRimRPHBISIJL B! thPinehdify BF HERGREST um hydroxi des; ammoni a and

As used herein, “disease” refers to an illness, sickness or an interruption, cessation or
20  disorder of body functions, systems or organs.

As used herein, “disorder” refers to a disturbance of function, structure or both
resulting from a genetic or embryologic failure in development, or from exogenous factors
such as poison, injury or disease.

As used herein, “condition” refers to a state of being, health or physical fitness.

25 As used herein, “prophylaxis” refers to the prevention of disease.

1 &

As used herein, the term “sleep disorder”, “sleep disorders” or “sleep disturbance”
means insomnia.
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
30 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 isomnia and circadian rhythm insomnia that is insomnia due to a change in the



aliphatic, cyclic or aromatic am nes such as nethyl am ne, di nethyl am ne,
triethylam ne, diethylam ne, isopropyldiethylam ne, pyridine and picoline.
I |1 ustrat we 2esiodsronhi ch form suitable salts include i nBCHANBRWsH2I383 such
as, for exanple, hydrochloric, hydrobronlc .30 sul furic, phosphoric and -
| i ke acids, and organic carboxylic acid$/such as, for exanple, acetic,
propionic, glycolic, lactic, pyrUV|c mal oni c, succinic fumaric, malic,
tartaric, citrjc, ascorbic, %droxynalelc and dlhydroxynalelc
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(benzyl), t-Bu ertlar butyl),. i-Pr (1.sopropy Bh TFA (trifluoropacetic
aci d), HoAcaping qletea‘&l tweee éyszemebfmws lﬁéé’ﬂf%ﬁeé‘-) aﬁ@erscaglé@rﬂayw@bmr) Et OH

(ethanol ). "Eth%f i 6x°lf?1Q g%P c%tet}éﬁlyaﬂ

(1-(3-dine propy et hyl car}gﬁ%ﬁ i m de hydrochl oride); HOBT

(1- hydr oxybe nmmecblmdtm)the ghifage ‘shprtempg oﬁcxkdaldgmachyttmq@prl(odi' oafcxg tadygreasitg ng
t

(i Gh pelbh AL B e s foam sy it b PRSP peeur roe Ty Lk Cepsncy afer

chr omat oggeiatel Pbhce(FEATE! RREs.| i ter), Si02

As used herein, the term “pharmaceutically acceptable salt” is intended to apply to any
salt, whether previously known or future discovered, that is used by one skilled in the art that
is a non-toxic organic or inorganic addition salt which is suitable for use as a pharmaceutical.

25  lllustrative bases which form suitable salts include alkali meta] or alkaline-earth metal
hydroxides such as sodium, potassium, calcium or magnesium hydroxides; ammonia and
aliphatic, cyclic or aromatic amines such as methylamine, dimethylamine, triethylamine,
diethylamine, isopropyldiethylamine, pyridine and picoline. Illustrative acids which form
suitable salts include inorganic acids such as, for example, hydrochloric, hydrobromic,

30 sulfuric, phosphoric and like acids, and organic carboxylic acids such as, for example, acetic,
propionic, glycolic, lactic, pyruvic, malonic, succinic, fumaric, malic, tartaric, citric, ascorbic,
maleic, hydroxymaleic and dihydroxymaleic, benzoic, phenylacetic, 4-aminobenzoic, 4-

hydroxybenzoic, anthranilic, cinnamic, salicylic, 4-aminosalicylic, 2-phenoxybenzoic, 2-



(silicagel), L/Imn (liters per mnute), nb/mn (mlliliters per mnute),
mol (mllinole), M (molar), mM(mllinolar), M (mcronolar), nM

(nanonol amQ 2g@Gio2100d croCurie), CPM (counts per m nute), PCPISE008029B3& | ons
per minute), mm(mllimeter), m(mcroneter), 30 (mcron), nm (nanoneter),
ppm (parts per mllion), psi (pounds pet8square inch), eq. or equiv.
(equivalent), RT (retention tinme), C (degrees Celsius), and K (Kelvin). WO
2006/ 021000 PCT/ US2005/ 029383 19 Accordingly, a broad enbodi mnent of the

i nvent i ofcetaxylitnavid, ethntleliccanddiieaoitd, aid orfariowtlfonid Jcidy subbnsmlethafi¢sdu)fonic; R3
X' R3 éM\ |Ii&RI é RZl qu\ .0 .(I?I Rl 5 (1) (11) wherein Xis S or
S(O),,; nepuespighic apd phalugugsulionic pddipsRs: R3 is aryl or heterocycle; R4
is H Cl-C6al kyl é%ﬁ]% C6al kenyl , C2-Co6al kyny|, aryl -(Cl - Co6al kyl),

het er ocycl e- (¢F ¥ SRy phaspacewligak GRFACT Aty thasg@gaubix%epta le' carrier”

het _ _ . . . i .
vl (O R Rl Sxeip AR M orh iR Bh s gtally ppties
aryl| 5( C don@salkfdradimmujtratives @rdoelyich ere(sGbst@itéd] kyloanixioind mm-sépStiving nader X

2SN oo REHEE T ER Teptied of (8 SXFTRIENE 1 etsrmgie by R UGt R
is H C c&ﬁﬂéﬂi?k?eﬂﬁdﬂofﬂg ackb@bdnipdundNBle@hOsnGh Bt (Fadmih@tdivh hs Yeniasy! ; and

nis lor 2 1 further enbodi nent of this invention relates to conpounds
of f or nuitendard pharmpeguigalpraqtice.) Inpreetiding Meanethodsefdhis insiention, Arradtive

B e e e e b

rel’ates dithooghtieupeponhdy £¢ sffedtive andulabd hdmin?ferafidan ahdoMhameelYesarhaeach S,

Lis CR7,.and R7 is H _The foll ow ng corrpfound are representative exanples
within t , apgtiop R actysiREE can vary from about 1% to about 90% by weight.

6- phenyl sul f anyl - 4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid am de,

6- ( 3-f |l uor ophenyl - sul fanyl ) -4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid

am de, 6-(4-chlorophenyl-sul fanyl)-4Hthieno[ 3, 2-b] pyrrol e-5-carboxylic
acid am de, 25 o o o )

6- ( 2- ani nopheliythes ablraviglionsAbat maveapppa, in tIvp ppplicotien shadldaye el fodowiied ani de,

meanings:

15 Me (methyl), Et (ethyl), Ph (phenyl), EtzN (triethylamine), p-TsOH (para-toluene sulfonic
acid), TsCl (para-toluenesulfonyl chloride), hept (heptane), DMF (dimethylformamide), NMP
(1-methyl-2-pyrrolidinone or N-methyl-2-pyrrolidinone), IPA (isopropanol or isopropyl
alcohol), DBU (1,8-diazabicyclo[5.4.0]undec-7-ene), DBN (1,5-diazabicycio[4.3.0]non-5-
ene), rt or r.t. (room temperature or ambient temperature), min or min. (minutes), h (hour or

20 hours), UV (ultraviolet), LCMS (liquid chromatography mass spectrometry), t-Boc or Boc
(tert-butoxycarbonyl), Bn (benzyl), t-Bu (tertiary butyl), i-Pr (isopropyl), TFA (triﬂﬁoroacetic
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), pg (microgram),

25 ng {nanogram), mL (milliliter), pL (microliter), L (liter), HPLC (high-performance liquid
chromatography), TLC, tlc or Tlc (thin layer chromatography), g/L. (grams per liter), Si0;
(silica gel), L/min (liters per minute), mL/min (milliliters per minute), mmol (millimole), M
(molar), mM (millimolar), pM (micromolar), nM {(nanomolar), pCi (microCuric), CPM
(counts per minute), rpm (revolutions per minute), mm (millimeter), pm (micrometer), 7

30 (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).



6- (pyridin-2-ylsul fanyl)-4Hthi eno[ 3, 2-b] pyrrol e-5-carboxylic acid am de,
6- p-tol yl sul fanyl -4H-t hi eno[ 3, 2-b] pyrrol e-5-carboxylic acid am de, WO
2006/ 0210800 ROFHLIBAD05/ 029383 20 PCT/US2005/029383

6- (t hi ophen-2-yl -sul fanyl)-4H thieno[ 3, 2 b]pyrrole 5-carboxylic acid am de,
6- (3, 5-di chl or o- phenyl sul fanyl ) - 4FLth|eH%[3 - b] pyrrol e-5-carboxylic acid
am de, 6-(pyridin-4-ylsulfanyl)-4Hthieno[3, 2-b] pyrrol e-5-carboxylic acid
am de, 6-mtolylsulfanyl-4Hthieno[3, 2-b]pyrrol e-5-carboxylic acid ani de,
5 6-o0-tolyisul fanyl -4Ht hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid am de,

6- (2, 3-di chl or o- phenyl sul fanyl ) - 4H-t hi eno[ 3, 2- b] pyr r ol e- 5- car box 3/|IC acid
am de, Accordingly, a broad embodiment of the invention is directed to a compoun

6- (2, 5- ~anyl )-4Ht hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid
am de, d%’%? ﬁé@hogli}g&#el%w sul fanyl ) -4Hthi eno[ 3, 2- b] pyrrol e-5-carboxylic
acid am de,

6- ( 3- br ono- phenyl sul fanyl ) -4H-t hi eno[ 3, 2- b] pyrrol e-5-car boxyl ic acid am de,
10 6- (3, 5-di net hyl - phenyl s%,,aﬂgl )-4H-t hi eno[ 3, 2- b] pxr*(ﬁse - carboxylic
acid am de,

6- ( 3- met hoxy- phenyl s ) - 4H tRj eno[ 3, 2- b] <5-¢C B@xyl ic acid

am de, 6-(2- meRhgx-;&pq ny nyl ) - 4H Rai 32 b ol e-5-carboxylic
acid am de, 0
6-(2-trifluoronethyl Lphen;hl\sul f5}1yl )-4Ht hi eno[3 2- bd pyrrol e-5-carboxyl i c
acid am de, R,

6- (2-fl uor o- phenyl sul f anyl ) 14I—|—tBi eno[ 3, 2-b] pyrrol e- 5 car boxylbﬁ aci d

am dé, and 15

6-(3-tr I&h&&hm@&xy@hqu& %rf@lr'@{a)kﬁ'l'kzt 8 mﬁLBR%SQ}ﬂ% 'h@lleﬂ)cgclgar boxylic

acid am de Anot her iment of thi's invention relates to conpounds of
f or mul a R4 ip Hattar&albkyl. Czt@sa}keaﬂdchﬂ(hai&ynylml ﬁéueﬁeaﬂcyl)rhetefwbztlomwﬁaibyMOunds

t nbodi t: 20
o phenyl Gt Py e EoTrefsra) e i S8R Shy o Wit de.
6-(3-fl L@Jaﬂcynh@nuﬂyscm f—@gallh)ltlﬂé'}- mtéxroeyaézcﬁcgalkﬁuﬂ@pmZSN@ErIme hi§/1-8C
am de, and (pyridin-2-yl sul fanyl)-4H pyrrol o[ 2, 3-d] t |azoe5carboxyllc

aci d° am @E@lkylﬁ%ﬂ% Fetéﬁ?ﬁb@?ﬁ@n'p@kyllﬁml%o)i W\Péﬂ! WbPFeFbe@Péﬁstaﬁi solePoehds of
formul a aﬁ:b{ré fli’\hﬁfiedr'?: LCGaﬁgfl B i oP@Pc%ﬂugﬂdL% i g %e?em’gfy 1#’?1%@%{ a (11)

enbodi nment I's i AveRtIon el ated f ’rrpoun erein ormu

wher e| n Gdakkyt Mde)eablRSSyheteang@?H CafealRA, aryl-£C,-Thakinlheevcaygleq@ppounds
are 0¢ ﬁ(QBt at i ve e np]6es wi thin the scope of this enbodinent:

4- (pyrl FEYNAT 8HY'f ¥ 4-hi eno[ 2, 3- b] pyrrol e-5-car boxylic acid anide,

30 4-(phenyl sul fanyl) - 6H—t hi eno[ 2, 3-b] pyrrol e-5-carboxylic acid am de,
6- (3-fl uorophenyl - sul fanyl ) -6H-t h| eno[ 2, 3-b] pyrrol e-5-carboxylic acid
am 88, WO 200%sfnthepoobetimens2ths/iopases relates {0 compounds of formula (I) or formula

(IT) wherein M and X are each S.

Another embodiment of this invention relates to compounds of formula (I) wherein L

1s CRy and M and X are each S.

A further embodiment of this invention relates to compounds wherein of formula (I)
20 wherein M and X are each S, L is CRy, and Ry is H. The following compounds are

representative examples within the scope of this embodiment:

6-phenylsulfanyl-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,
6-(3-fluorophenyl-sulfanyl}-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,
6-(4-chlorophenyl-sulfanyl)-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,
25  6-(2-aminophenyl-sulfanyl)-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,
6-(pyridin-2-ylsulfanyl)-4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide,
6~p—tolylsulfany]-4H¥thieno[3,2-b]pyrrole-5-carboxylic acid amide,



21 4-(pyridin-4-ylsul fanyl)-6Hthieno[2, 3-b]-pyrrol e-5-carboxylic acid
am de,

4- (3, 5- di w0 moaphiesy| - sul f anyl ) - 6H-t hi eno[ 2, 3- b] pyr r ol e-BCHEFWOXY2IBES aci d
am de, 4-(thiophen-2-yl-sul fanyl)-6Hthieno[2, 3-b]pyrrol e-5-carboxylic
acid am de, 20

4- ( 3- bronophenyl - sul fanyl ) - 64t hi eno[ 2, 3- b] pyrrol e-5-carboxylic acid am de,
5 4-(3-net hoxyphenyl - sul fanyl ) - 6H-t hi eno[ 2, 3- b] pyrrol e-5-carboxylic acid
am de, @{thipphrer-Rotyphiany)-4¢duhieanpld-bpprole- Brabxdidscplamidee- 5- car boxyl i ¢
acid am

2 (5- ol GRS RIEPARY Y B 2P ol B S C AP AR ¢ aci d

am de, a@byridin-4-ylsulfanyl)-4H-thieno{3, 2-blp yrrole 5-carboxylic acid amide,

4- (3- et hyl phenyl sul fanyl)-6H-t hi eno% 3- b] pyrrol e-5-car boxyl ic acid

am de. 19Ty h‘éfanéhﬂﬁdhw‘éﬂfﬁ Zblpyroks-sseeRkYlsrcidimides t o conpounds of

Formyl 11 AR E sk 38 Mgt AR §BRnge The ol | ovi g

conmpoun represen e scdpe of this enbodi nent:

2- met hyl 6- 62- Mm%re%kﬁﬁwfwﬁwmla{dﬂ 3-Apytdlbisazobevhic aadaxyd,i c aci d
am de,

6- ( 3- met%%&&Ffé'ﬂﬂfpPémxlaﬂ&wybé‘ﬂrévﬁw&rhlawcrlsﬁoct%bozwaf@ﬁlﬂ&%@% 5- car boxyl i

¢ aci d &gl A8hyl-penylsulfanyl)-4H-thicno[3,2-b]pyrrole-5-carboxyli ide
6- (3- flﬂ%rgoph)e]n I-ngtjgluf %I}lyﬂ - -r%o[n ]Lﬂyl-rrgyerrgaroo}éy lcam i’;IZO| e-5-carboxylic

ac| d anmi ®@E3- bromo—phenylsulfanyl) 4H- thleno[3 2- b]pyrrole-S-carboxyhc amd am1dc

aCI go chl L‘)O B r?:hemné/thyl ﬁHeL%legny%) e tf:ﬁ%no[{l&laL %r r Oie0§ ar%mg llIchac1 atm 65 carboxylic
6-(3-tr Ié tyﬁfeﬂféﬁyipﬂ&?dﬁhﬁﬂyi)sm -fraend[3 2 b1 prEdvls-dkbdxy it atiglatide, d] t hi azol e- 5-

carboxylic acid

2 6- bi s-Gffempthouyphegylsufany4tbitiers[32dpraledteartmxglie pedymide.aci d ami de,

2 6- bi s- T & IS R ey T L A o P B 3O AR 61 %6 52 8 P oxy 1 i
aci g am 61€-fluGropdhenylks trify BrH-tHiEhqd 9 2r 0lperfr Sle 5~ clrbdr ydiz ak id-dmiderdndxyl i ¢ aci d
am de,

6- (¥ net‘{;&zvmmetgﬁﬁWW$sugﬁp3@?H&P{’?PQ[@ -Blvrioke srarbex dig asikgmide: aci d
am de. Anot her enbodi nent of the present invention relates to a nmethod for
inhibiting casein 25 kinase |le activity in a patient that conprises

adm ni stering I
conmpound of f%é&n%%%ogﬂﬁélﬁ E(;F@rsuf[hvg%i IE }%El %rcérggﬁlﬁcgl%trglf%&f eng?ﬁ%%ﬁ%r?géof
ci r cadi anN dnlt Mranp &¢ mdaclﬁ&oﬂ‘he}folm:ngl compdurcf atdrepprasaive dxameles mdthin

rel ates o a rre%ggd for.treating a patient 30 suffering froma disease or
di sor der %ﬁ‘éﬂpfzé’ 1?’ﬁm bition of casein kinase IF activity that

co ri se ihg to said patient a therapeutically effective anount
rﬁsi SB&W%%BW@QM]‘BW%%B?’@%%@ amides ornula (1) or

For mt 2 e ehlod Ay L{HLEDirhloPRs O nEASRLACKbBRAR bt Atk T ool 1

ina |engtheni cir adla rhytAm period.” The compounds of the present
i nventi (ﬁaﬁvadxrbéybuﬁmrldemyrmﬂd@ésé]elsamiaﬁe:gthmyh@amd amide.

Another embodiment of this invention relates to compounds of formula (II) wherein L
25 is CR; and M and X are each S.

A further embodiment of this invention relates to compounds wherein of formula (IT)
wherein M and X are each S, L. is CR5, and Ry is H. The following compounds are

representative examples within the scope of this embodiment:
4-(pyridin-2-ylsulfanyl}-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,

30 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,



5 those known in the art. Reaction schenes 1, 2 and 3, and the
correspondi ng descriptive text, describe the preparation of the various
conpounds Vo 2edé@2iomvent i on. The di scl osed nmet hods and eREmiS295/4029%583
provided for illustration purposes and in no way |limt the scope of the
present invention. Alternative reagents2treaction conditions, and other
conbi nations and pernutations of the steps herein described to arrive at

i ndi vi dual conpounds are readily 10 apparent to one of ordinary skill in
t he art . 4-(epsiden-44yisd{angl) dibithenof 2, ibdpysalencarbsxyic achibamidganpl e conpounds,

and biol pgi cal. .data, fo anml 0 of t i,nvention is, summari zed
1 rabi 628 S HigReedl P TR e g e e o e (a
R4 ¢ _ mgtNio@h@ﬁJQ—}P}Lsﬁlf%}@)éHLtlﬂeﬁ@[QL}JBE}yfr}éledS-RZ'bB?yIBECB andideR R7 Xi R3 R R2
Rz 4c RARAaRAOorbMNOOptionally d MO MNHHR, (Il) 34
Schene 14-(ebramaepbenyltaliayi-RHsthienef2, rblnyiiodhaicarbex Wjgaei¢ enws, (Mis S),

4H- f - i . - di .0l 2 I M
‘o ey B SRS P bR R b PR o] By Tt oo
6H- t 3 | ﬁ ng[%ﬁ@phaw%ﬁf@)i@{—ﬁiencﬁﬂﬁafb]ﬁlyl{r?e{i;&m%'mﬁ? laei(a Ialfrm%\; 0), aE d
1, 6-di ropyrrolof 2, 3- rrol es i S of for | erein L is
CR7 f roﬁ-v&ﬁ%emhe&ﬁ@@tfbﬁ%@ggms @hﬁgﬁ?ez%cwhamgu&c?%ﬁ#)éf@dm ly

i1 able 1 . " : wherein R i
) "o EERE T LRI RELEEs AN ARSRTEL Skl o R 1
al kyl, are converted to am des 2 ,

10 Another embodiment of this invention relates to compounds of formula (II) wherein L
is N and M and X are ecach S. The following compounds are representative examples within

the scope of this embodiment:

2-methyl-6-phenyl-sulfanyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide,
6-(3-methoxypheny!-sulfanyl)-2-methyl-4H-pyrrolo[3,2-d}thiazole-5-carboxylic acid amide,
15 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~pheny1sulfanyl)-2-méthyl-4H—pyrrolo[3,2-d]thiazole—5 -carboxylic acid
amide,
2,6-bis-phenylsulfanyl-4H-pyrrolo[3,2-d}thiazole-5-carboxylic acid amide,
20 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
25  kinase I¢ activity in a patient that comprises administering to said patient a therapeutically
effective amount of a compound of formula (1) 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
30 suffering from a disease or disorder ameliorated by inhibition of casein kinase Ie activity that

comprises administering to said patient a therapeutically effective amount of a compound of



or 4, respectively, by nethods well known to one skilled in the art. Thus,
treating a mxture of 5 about 7M anmpnia and ester 1 or 3 in a suitable
pol ar sol vemegoesemdho as for exanpl e nmet hanol or et hanol, RECTWS2008H19380f

| it hium hydroxi de and heating the resultant mi xture in a pressure vessel
at about 100 C for about 16 hours providies, after chronatographic
purification as is well known to one skilled in the art, primary am de 2
or 4, respectively. Alternatively, other reaction conditions well known to
one ski | fogaular{It drfommula () whercimrspldipbibitioafleassn kinestt lengtivitylgsweslingi on of
ester 1 Qr %&31 i.n_a.suitabl Eytﬁgil ar. aol vent, such as for exanple nethanol or
et hanol , &' TH" %Bgﬁltr agmnt M ammni a solution for about one day to
about three days at anbient tenperature, or by heating the soI ution to
about 55 C for about 10 hours, provides primary amde 2 or

respectl vel yThegamenoundpthe Breseny inenHen saruRa PreR#TEHAY PECETFES @rv@i’lcraoeatq n the

art. Qg& | e b ﬁnﬁ .
concent r aE) gﬁ%l%ﬁ]&r&ﬁﬁ&g%% %\égf %tm? %?’1 an ﬁ\g (ﬁes Oméﬁé g‘%s?ﬂgﬂ\éette}étﬁbl ent
t enper atdeserilfeothe pbapatatioh roéﬂletuanabfmdmﬁdumés offy snwention. Th disdlegedmethods

chr omat ogr aphi c. anal ysi s, .Qther suitabl e chromat o raphic analysis as 1is
vel I kndld S8mplea aesmpyisd o iigtatien puﬁpﬂaqscaaﬁé%n? W TP b e SSRRE Q5P o

subst a“;dr@éelny1&91‘3‘6?61{3t&lftemﬁwerf@e(%)énﬁmeg&%n%o%zti%né‘ rﬁd'o%{%!r é&rﬁgmfaﬁ&{? aTnEe
reactio mxturea%/ met hods well khown to one skil in the art

pri mary mrmgtiongof the SepOhatinydesaribed so amiyeahpildoydanl wmpdnmﬁe atafreacﬂlsammni a

or n| um hydr oxi t herge..i.s obt respondi ng_secon and
tert1 r yPPPEH gonfogrdqfn%§ Ll:]llﬁt s{]%g%"‘l?g%% ?g ? fﬂ%’% lég?hand R6
i's G - Coadakiiple cogpcif@yVant BickediiIbata fosé:RhHle cHAPIERLS bthk Ynvyibh &bl € or
known carboxylic acids 1 or 3 (wherein Ris H) may be converted to am des
2 or 4, sweypricdyeipbley net hods wel | known to one skilled in the art.
Where desired, carboxylic acids 1 or 3 (Ris H my also be prepared 25 by
hydrol ysis of the corresponding esters 1 or 3 (Ris alkyl) by nmethods well
known to one skilled in the ariek sui tabl e base, such as for
exanpl e pot assi um hydr oxi de, Ej‘@“&ﬁﬁ@g‘gﬁﬁ@ﬁﬁ t hi um hydroxi de and |ike
bases, is added to a m xture of ester 1 or 3 in a suitable solvent such as
for 1gxanpl e a m xture of tetrahydrof Belemeand water. The mi xture is heated
at about 90 C to about 110 C for about 0.5 hour to about 2 hours. The
product is 30 recovered as a salt by filtration and the filtrate_l
concentrated to provide i A
and resi dthRe ar, F’e
skilled i a EB xa
such as acetic aC|d‘l in@ §U|table S
| i ke sol vent to pl}-10VI de carboxyl i
PCT/ US2005/ 029383 24 or 3, respecti’vely, wherein Ris H™As shBan jn
scheme |, step b, for exanple, a soluti%n of carboxylic acid 1 or in a
sui tabl e sol vent such as dinethylformam de is treated wth a base

. —R
R, Ry R R x ’ R,
2 .
O—R

W T2 N mm

\ O \ optionally d \

H H R (m)

3 4

Scheme 1 describes the synthesis of 4H-thieno{3,2-b]pyrroles (M is S), 4H-furo[3,2-

blpyrroles (M is O), and 1,4-dihydropyrrolo[3,2-b]pyrroles (M is NRy) of formula (1) wherein

20 L is CRy, and the synthesis of 6H-thieno[2,3-b]pyrroles (M is S), 6H-furo[2,3-b]pyrroles (M is
0), and 1,6-dihydropyrrolo[2,3-b]pyrreles (M is NRg) of formula (II) wherein L is CR; from



such as diisopropyl ethylam ne, a carbodiim de such as for exanple
(1-(3-di net hyl am no- propyl)-3-ethyl carbodii m de hydrochl ori de,

1- hydr oxy Bem2w6021@80| e and anmoni um chl ori de. 5 When t hePEBEB2005MB383
conplete as determ ned by thin | ayer chromatography, or other suitable
chromat ographi c analysis as is well kna®h to one skilled in the art, the
mxture is diluted with a suitable solvent, and the product is isolated
and chromatographically purified by nethods well known to one skilled in
the art koovgr ovicgangciatipayaidablaester? ontarioxylie spids 1 iaue By respdutively nwiRgeini R isNH2 .
| f prlnang PrIiecondaryCi-Cﬁalkylanines are enpl oyed in place of ammoni um
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are well known to one skilled in the art. 2006/ 021000 PCT/ US2005/ 029383.

25 the FaRpeEa oaﬁmmwmpzdrgx'd]eﬁmeoq; eltaingdl the coyresppmdingrsspandanindtertiones (M
is 0) a@gmaesf‘z a%@gegpgg AR {@, Iﬁgﬁhwt-teaﬁkﬁl'\éndwﬁ%z-c%h@f?f”u' a (1),

wher ei n

As shown in scheme I, step b, commercially available or known carboxylic acids 1 or

3 (wherein R is H) may be converted to amides 2 or 4, respectively, by methods well known
to one skilled in the art. Where desired, carboxylic acids 1 or 3 (R is H) may also be prepared

25 by hydrolysis of the corresponding esters 1 or 3 (R is alkyl) by methods well known to one
skilled in the art. For example, a suitable base, such as for example potassium hydroxide,
sodium hydroxide, lithium hydroxide and like bases, is added to a mixture of ester 1 or 3in a
suitable solvent such as for example a mixture of tetrahydrofuran and water. The mixture is
heated at about 90 °C to about 110 °C for about 0.5 hour to about 2 hours. The product is

30 rtecovered as a salt by filtration and the filtrate is concentrated to provide additional material as
aresidue. The filter cake and residue are combined and acidified by methods well known to
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



aryl or heterocycle, and 6H-thieno[2,3-b]pyrroles (Mis S),

6H furo[ 2, 3-b] pyrroles (Mis 0) and 1, 6-di hydropyrrol o[ 2, 3-b]pyrroles (M
is NRg) ofwodoesoswbmofl|l), wherein L is CR7; Xis S 5 and RBCTASz200§/029383

het erocycl e, are each isolated and chromat ographically purified by nethods
wel | known to one skilled in the art. Agdshown in scheme 1, optional step
d, the nitrogen of the pyrrole ring of a compound of fornula (I) or
formula (11), wherein R is H_is Nalkylated by treating a solution of the
10 conpo@hd TRty (Yherein R i ashavm ingekeres b sip b, forexampleaa selitiomo®

sol vent,
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car bonat e, enperature for apbout 12 haours to about,K 20 hours.
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solution of a corrpound of formula (1) or formula (I ), erein R
with a CB-MH: Jlf Ryimarser sgeondary ﬁecpﬂbxlemwsete @nmgmdamlpéacbﬁmmmmas f or

exangl e glfiﬁh&gnt}ﬁa?% RUBH; Sod'thd B %&%gﬁtﬂg‘% € onfa?rﬁ'ﬁ ? 5 rf];L(r)nli'crlest aif\évﬁeé-amt ours.

The reaction mxiure 1s cool conce
dr yness, isa¥itkRp xR 8H edCtdikylainb Wy iaCetCadikyl. Ooncentratl on and subsequent
purification by chromatographic methods as are 25 well known to one skilled

in the art prayiktas nhehatdeBed c, GRshmdMe ainidee2ro#4ouré leachqmantE%ﬁhél 1)
wherein R is C -C6-alkyl. Additionally, N-alkylation of i)yrro e ring

ni t r ogen3-BPsior ofibe amidsbaarine Ryrrele i by methodswell kpowmer @mehskn edjig the ars

achi evedghy, r well 3 40 t he

art, for ‘ge}xez)a{ Fe ErEt[pr ea n?&eg?lg(gaco 1%%%%%6#%5‘?&% %%1‘6%11?’1958?}19 ks (rn)
wheriei n ﬁam;fte diimemhﬂfosmmhablcm NidP ais tnee)ﬂeaenm zssm:thblasba’é@ Kuchxaspt €xample

di met hyl f a suitable base, such s for exa | e sodi um

hydri de F&%&%l% II%GPH% a*awérleflh@mpara@rec@ipm Y EsRimest ¥ERR as for

exanpl e, Stﬁﬁagllé)dharylﬂﬁhﬁﬁ:lc'o‘f dardes. gc%fﬂﬂlfﬁfe‘ 5}9.119{311 Hﬁemirx%ﬂ'@tls! QidrdiSit §GbREM ned
WO 2006/ 021000 PCT/ US2005/ 02938 26 b | ayer chr omat ographi ¢ anal ysi s

or ot hertemﬁ@ﬂﬁﬁ élg@l@phi@ frefohdubsit \l\%hburk m)ahmnt 30 bcmars Jhe kberde pfithe heaction .
Unen o AL SRR b5 B Bl P ™
i sobat edwemklnqmr tofdn%(ikm)ed mﬂtehﬂdwnai torkpleentht @R fien sdvbiked-upbylelBadive-
methods as are well known to one skilled in the art. The desired 4H-thieno[3,2-b]pyrroles (M
is 8), 4H-furo[3,2-b]pyrroles (M is O), and 1,4-dihydropyrrolo[3,2-b]pyrroles (M is NRg) of
formula (I), wherein L is CR5, X is S and R; is aryl or heterocycle, and 6H-thieno|2,3-
b]pyroles (M is 8), 6H-furo[2,3-b]pyrroles (M is O), and 1,6-dihydropyrrolo]2,3-b]pyrroles
25 (M is NRg) of formula (II), wherein L is CRy, X is S and R; is aryl or heterocycle, are each
isolated and chromatographically purified by methods as are well known to one skilled in the
art.

Alternatively, a mixture of the diaryldisulfide or diheterocycledisulfide and about one
30 equivalent of cesium carbonate in a suitable solvent, such as for example dimethylformamide
or NMP, is treated with intermediate amide 2 or 4, and then the mixture is heated at about 8¢

°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.



5 As is well recognized by one skilled in the art, when Mis NR8 and R8 is
H, under the above described conditions N-al kylation nay al so occur on the
af or esai d WwiRgoodioerooggen to provi de schenme 1 conpounds of PEGS2N04/029B33 Or
formula (11) wherein R and R8 are each the sanme C,- C6al kyl group. The
preparation of starting esters 1 wherei#dR is ethyl, R4 and R7 is each H, M
tois NR8 and R8 is methyl is known by thernolysis of 2-azi doacryl ates
(al so known as 2- a2|doF gen0|c acid esters) as is also described in

scheme 2Thefiested AH-sratlshamyslesiy 5.S). Kiferold.2-bimmeier(M Gr@hand 1.472)

|123|(or123paregdl%gf%dog’?gjeda%nﬁ%ﬁasrﬁ%gy&verte%g%ﬁscrfi@gg@hxg rre%Gt%ok;l

corrpoulngang of lmtemd:)a:;]e(, bid ﬂHehem[?J,\B blpyie&:s (RBstSS) I (?(E[ lﬁ%fﬂ K—%I_]p)aﬂdeslb%M iﬁOj—i or
C, - Cba er a ro na e_t.he sane
or diff e‘?x'@nfg %ﬁwdgonwpﬁq{ﬂés@ ﬁﬁgs a‘gll%gﬁéh“pf fSV@EI]aly(H) 8»45555& 8GRt Xrif § >

bsti t UL RORESLEMSr
conpound o s oﬁaﬁ*’d?ﬁ“@*&?°@éa?‘é?%“‘é§‘“?‘§§&?§ CBSTEePahitally pRERENEy VR )

and mher@'ﬁhhks@wt@neaﬁkdle%n@aa@al kyl groups may be the sanme or different.
20 Additionally a conmpound of formula (1) or fornmula (I1) of schene 1
wherein R is Hor C -Céalkyl and X is S, is optionally oxidized to a

sul fone or a au lsfﬁcﬁ»xn heschding ] dbtilnilSstep Oithe niGBgerof the %y@éle%ngrﬁ%ﬁfﬂoﬁﬁd Y,
by nethods well known to one skilled in the art, suc
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pl ace of the fﬂl aryl di suﬂffl de or di heterocycl edi sgl fide) as described in
step ¢ abdlgbletgse. spehasder aramplerisiim cyRpiaiha! smbregt meara(tw foy about il a

(I'1)  wheggirdohbbst ﬂl@urs C&nbl%tlé-n 8f thé rea‘%ﬂgn gi:le'tém"i’ﬁe)ﬂl byHhiig&" ocycle. 30

Schenme 2, as shown -bel ow, describes the synthesis of
4H- pyrr mho?matsguphlmaazlmslegr ¢ther ¢hsoBptogaphicpyethodsofsay@well dnewoltesne iilléds 0)

d 4-d h d d . i R3 f
R P VR ERmBlefe. e teisToh AR ' Hlui witSpreBand fferonpbnd ot MO €1 1
6H pyrr doghdab)df fxaad @6 wiMréis KQ)is CRlalkyl is isolated and purified by methods well
3, 4-di hydro-pyrrol g ]imdazoles (Mis NR8) of 2006/ 021000

PCT/ USZd"GQWZQB’BSSkIhqdﬂUPWa (I'1) wherein L is N, fromknown or
comercially available starting materials. One skilled in the art readily
understands that when L is N, Mis NR8 and R3 is H, that the imdazole

ri ng can exi sAltérnathalyt, dreeriiregdnarfitbe pjrrmls@ihgrméazchmieepc@np@ﬁfdbﬁfamdﬂﬁl{/mie 5

o e o SPSSTTN SRueaTetAe Shien o, therel R Lo Skl T the
sodi um MR @I% (L vierdin RS iASRIR 2 1Q-BLAVI9R1EE S the presence of a suitable base such
as for example cesium carbonate with heating for about 0.25 hour to about 3 hours. The
reaction mixture is cooled, diluted with water or cdncentrated to dryness, and extracted with
ethyl acetate. Concentration and subsequent purification by chromatographic methods as are
25 well known to one skilled in the art provides the scheme 1 compound of formula (I) or
formula (II) wherein R; is C;-C¢-alkyl.

Additionally, N-alkylation of the pyrrole ring nitrogen of a compound formula (I) or
formula (IT) wherein R, is H is achieved by other methods that are well known to one skilled
30 inthe 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



correspondi ng 2-azi dopropenoic acid ester 8 or 11, respectively, wherein R
is alkyl. Scheme 2 R4 MSCRA M N O5aj N36 0N3~A0O RlaH R4~M
CH=C( N3) CaaRrdsé/oModd - J/ ~ 8 b N CH=C(N3) CO2R opti onal | ycr/us2dos/meass3
optionally ¢ 4~ CARRAMH \NN 8 NON/ OORH12 0 ddRA MR MH N
RR/ RRNN11 10HO0 13 0 e e opticHally f optionally f Rgq MX-- R3 Rl
R4 MR NZ~\ R "INNN | oCl) R ~XO R3 (u) 10
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by thin layer chromatographic analysis or other chromatographic methods well known to one
skilled in the art. When complete, the reaction mixture is diluted with water and the scheme [
compound of formula (I} or formula (II) 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 NRy nitrogen to provide
scheme | compounds of formula (I) or formula (II) wherein R, and Rg are each the same C;-
Csalkyl group. The preparation of starting esters 1 wherein R is ethyl, R4 and R; is each H, M
is NRg and Rg is methy} ié known by thermolysis of 2-azidoacrylates (also known as 2-
azidopropenoic acid esters) as is 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 Ci-Cealkyl 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;-Cgalky! and
wherein said R, and Rg C;-Cgalkyl groups may be the same or different. This methodolbgy 1s
also employed to provide similarly substituted esters 3 that are converted as described in
scheme 1 to a compound of formula (II) wherein Ry is C;-Csalkyl 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 (If) 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(0),
and nis | 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,CO;. Alternatively, compound 2 or 4 of scheme 1 is treated with an arylsulfonyl chloride,
an arylsulfinyl chloride, a heterocyclesulfonyl chloride or a heterocyclesulfiny! 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 (II) wherein X is S(O),, nis 1 or 2

and R; is aryl or heterocycle.

Scheme 2, as shown below, describes the synthesis of 4H-pyrrolo[2,3-d]thiazoles (M
is 8}, 4-H-pyrrolo[2,3-dJoxazoles, (M is O) and 1,4-dihydro-pyrrolo[2,3-d]imidazoles (M 1s
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-d]oxazoles (M is O), and 3,4-dihydro-pyrrolo[2,3-d}imidazoles (M is NRg) of



WO 2006/ 021000 PCT/ US2005/ 029383 28 As shown in schenme 2, step b,

t hernol ysis of 2-azi dopropenoic acid ester 8 or 11 is effected by heating
a m xt ur e vad 28de@ziockopr openoi ¢ acid ester 8 or 11 in a supCahiSenosorusgnt such
as for exanple xylene at about 120 C to about 140 C for about 30 to 90
mnutes to provide, after chromatograpdfc purification by methods well
known to one skilled in the art, the 5 corresponding ester 9 or 12,
respectively, wherein Ris aIkyI As shown in schene 2, optional step c,
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skilled in the art, such as for exanple acidification 15 wth a suitable
acid such as acetic acid in a suitable sol yent such as nethanol, ethanol
and like solvents, to provide carboX§P§®e4acid 9 or 12, respectively,
wherein Ris H As shown i pschenme 2, step d, ester 9 or 12, wherein Ris
al kyl, is converRk t m.de 10 or 13, respectiVr] was descrlbed

above for schene 1, Yteff a. WAl ternatively, carboxyl a2|d 9 or
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respectively, 20 bysnethod are well known to ane gkil lled |n the art and
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29 tertiary amde 10 or 13, respectively, wherein R2 is NR5R6, R5 is H or
Cl-Coal kyl and R6 is CI- Co6al kyl. As shown in schene 2, step e,

i nt er nedi ste2@pg@odl0 or 13 is thioarylated at the 3- popctivetoshotée am de
bearing pyrrole ring by nmethods anal ogous to the nethods described 5 above
for schene 1, step ¢, to provide 4H pyrd®bl o[ 2, 3-d]thiazole (Mis S),

4-H pyrrolo[ 2,3 d]oxazole, (Mis 0) or 1,4-dihydro-pyrrolo[2,3-d]imdazole
(Mis NR8) amide of formula (1), or 6Hpyrrolo[3,2-d]thiazole (Mis S),
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ot o0} deciddel B BETSRD B 1 SuB8)c Bitefe ST eR S BN ERRARERLSY

aryl t hi aewghydrdfeiaannd yalket Mhe niivived i hehtbdtt shont BE °C healsane ]l ®TC tirfabettes
fromthe XR3 iety_jntroduced by thioarylation as descrjbed, above for
scheme 210Ug f%gB@}rS-AEE? PIogHe! 15 fecolered phd ey fibfration @niff@rflégraﬁeds sRacERyERed 1 om
i nt er medj ; : : i N i } i-th an

ani on propar e s sapinaieigbls L DR HRC ALE a| o Rye dranbonedlio s

Ci - Coal kagidiiid byamethogs (el kG6eh ky bie Billed ia thetrsocly ed fof Ekardplalakidifjcatbh a

Cl - al kyl -SH, .an aryl (Cl - Ceal kyJ.) - SH het er.ocycl e(Cl - kyl)-SH, a
G - Bar it feitael el ik 3 agiadd o Sypfla b eSS ar st e hidlie
het er ocyelehfs] to@Redilly LarBBkyIR ey 6} 12, S&ipdctarbly) Svidkdin ®ASM.I S optional |y
substituted wmth C - C6al kyl, provides, after thioarylation, a schene 2

conmpound of forrnmula (I) or formula (11) 30 wherein R4 is Cl-C6al koxy,
aryl - (C | - Cosl ¥eRg)in sthams beid & o5ten 2 enhd-pefieygin Rasalkybds rgnverpd to amide

1 O ) A SR RIS A

acid 9 or 12, wherein R is H, is converted to the corresponding amide 10 or 13, respectively,

20 by methods as are well known to one skilled in the art and as described in scheme 1, step b.
For example, a solution of carboxylic acid 9 or 12 in a suitable solvent such as
dimethylformamide is treated with a base such as diisopropylethylamine, a carbodiimide such
as for example (1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride, 1-
hydroxybenzotriazole and ammonium chloride. When the reaction is complete, the mixture is

25  diluted with a suitable solvent, and the product is isolated and chromatographically purified by
methods well known to one skilled in the art to afford the corresponding 4H-pyrrolo[2,3-
d]thiazole (M is S), 4-H-pyrrolo[2,3-dJoxazole, (M is O) or 1,4-dihydro-pyrrolof2,3-
dlimidazole (M is NRg) primary amide 10, or 6H-pyrrolo[3,2-d]thiazole (M is S), 6H-
pyrrolof3,2-dJoxazole (M is O), or 3,4-dihydro-pyrrolo[2,3-d)imidazole (M is NRg) primary

30 amide 13, respectively, wherein R, is NH;. If a primary or secondary C,-Cgalkylamine is

employed in place of ammonium chloride, there is obtained the corresponding secondary or



R6 is C -C6al kyl, or aryl (Q -C6al kyl)am no or heterocycl e(G -C6al kyl )am no
wherein said amne nitrogen is optionally substituted with G -C6al kyl. As
shown i n swhawwoRpoopti onal step f, the nitrogen of the pgristwes/nimgs of a
conmpound of formula (1) or formula (11), wherein RL is H, is Nalkylated
by met hods as described above 5 for scdene 1, optional step d, to provide
a schene 2 conpound of fornmula (I) or formula (I1) wherein RL is

G - C6al kyl . Additionally a conpound of fornula (1) or formula (11) of
scheme Zeviisey amifledtd ard3respectivplyCaherkip Rzis dNBeRissRSs H er pCiabkidiang Ross @i-zed
to a sulfong;or a sulfoxide wherein Xis S(Q" and nis 1 or 2,

respecti Ve F@ by methods well known to one skilled in the art, such as for
10 exanple, treating a solution of said conpound of formula (I) or formula
(1'1) wherein X shoSm wisthen®DAtaqnd] 1Me:21%8ate Atnider Xadri 184k yhioaohpdumcheld or 13
of schenme 2. is treated with an _arylsulfonyl chloride, an aagé$ulf|n yl

chlori d@osai%&f&mﬁﬁégﬁrwof%ﬁ% ya@ﬂwﬁsanalﬁ&%rt%&lgﬁep@b s8gbeshl or i de
used i P

Goocr | paByas Sherdd'f, ol ¥i Slovid 1816y 2610l SRR PRI flatdfa - ||

f or mul a dJbx3dzoles (MhieOgionl X- dlhycﬁ()@)/rTO]O[El,?)I-Cﬂlrﬂlda’LOIQ(Mnde) argidary foromula (1),

Sohene. 5 G RYITA ST ARRHEYS LIS LBy 2 dsersls O BEDetehdpasy

aryl sul fiyeh16{D,3ad)SHidhadé EVIAE BERRH SmETR! ofFBimul s UD redfedtielyeMARRLEX TES RAa @,
wi th an aqueous 'solution of sodium perborate and allowng the m xture to

stand fdsagheubetarecy®ders to about 24 hours at anbi ent tenperature. The
di aryl disul frde may be isolated and purified by nmethods as 25 are well

knoyp o one gkl %ago 0,3t &%&ﬁﬁp@%‘f' fgheHh{dide amisef goud, or

exanpl e bi s(2- pyr| |sul are prepared in a si ar mannér. The

aryl sul fthmeryzbambnmet}erbpqsu:thcemﬂ the dmideabearieg phrrolptringraati dysptacbment aftteel as i s
i ous, enbodi ment s

defi ned above " and “"hetero e.v

of the. cimgTIAGGos T man PR eroR Beddns enliensiiseitid SEnEERIER used | n

t he et hipghidRmehi sfahd Qﬁreéairduﬁk%eﬂ IR RRSTROMIRRE 40108 199ndaTohdipegs herei n.
As WO 2006/ 021000 PCT/ US2005/ 029383 31 stated herein the conpounds used in

t he met ieacrifed don e ahwoveicomplayting & disapitisuldideion ﬁlhbtemqygledheiﬁd@fm tuss of
caspl 1 Se08Gy T ETBIIEDL Bl St NSRS, SRamiISY o,
pr esent waYﬁﬁQOarpmMIdem adeteddyelbtiio mdi¢te #hbi@, XR;) that is identical to the
pyrrole ring XR; moiety wherein X is S and R; is aryl or heterocycle. Additionally,
displacement of the aforesaid halogen atom from intermediate amide 10 or 13, or from an
earlier intermediate such as for example an intermediate ester 9 or 12, with an anion prepared
20 by treating an arylthiol or heterocyclethiol with a suitable base also advantageously provides a
compound of formula (I) or formula (II) wherein Ry is an arylthio or a heterocyclethio moiety
that can be the same or different from the XR3 moiety introduced by thioarylation 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
25 methods well known to one skilled in the art from a C;-Cgalkyl-OH, an aryl{C,-Cgalkyl)-OH,
a heterocycle(C;-Cealkyl)-OH, a C;-Cg¢ alkyl-SH, an aryl(C,-Csalkyl)-SH, a heterocycle(C;-
Csalkyl)-SH, a C;-Cealkyl-NH», a (Ci-Cgalkyl),NH, or an aryl(C;-Csalkyl)-amine or a
heterocycle(C;-Cgalkyl)amine wherein said amine nitrogen is optionally substituted with C;-
Csalkyl, provides, after thioarylation, a scheme 2 compound of formula (I} or formula (II)
30 wherein Ry is C;-Cgalkoxy, aryl-(C;-Csalkoxy), heterocycle-(C-Csalkoxy), Cj.¢alkylthio,
aryl-(C;-Cealkylthio), heterocycle-(C-Csalkylthio), NRsRg wherein Rs is H or Cy-Cgalkyl and



5 nood di sorder wherein the nood disorder is a depressive disorder or a

bi pol ar disorder. A further enbodi nent of the present invention provides a
met hod f ow@ @antingy a depressive disorder wherein the deET@SI0T/@2948FB0r der
is maj or depressive disorder. Another enbodiment of the present invention
provi des a nmethod for treating nood di s& der wherein the nood disorder is
bi pol ar di sorder and the bipolar disorder is selected fromthe group from
the group 10 consisting of bipolar | disorder and bipolar Il disorder.

Anot her Rapisddi-Gaatityl.afr atHeC ipC @dlemaminmeett¢rocyahe(CviCdesyhameohwirdinsaitir eat i ng
a sleep disorder. A further i f.the resent invention provides a
ot o ropne patsends ton T ERRRd TAb iRl Bl con i sor dor o b

circadian rhythm sl eep disorder. A further enbodi nent of the present

i nvention proXk@esyin EBEMOd, bptoral S8p ifNble @itrdpaslof thel fYyidlmiag 6£R cOmpOET
wherein the circadian rhythm sl eep 15 disorder is selected fromthe group
consi st i ¥igoBnulairar fyanyda {ilb aphemin Snde H, 1y Wrallkdyed by arcdirds as glgeaived @baveeep
phasg sy. I i i
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are not whireindeds(-Cebkyl.i mting but rather to illustrate the efficacy of

t he conpounds of the present invention. Thus, it is to be understood that
t he conpoundsAaditibhaly dnateifiduad offfytmida Upedfohtulai(HRbf sh¥meQ whereiass i9H or

di sorder _aneljorated by the inhibition of casein kinase Is. |In _another
enbodi nehrCettkyligad gy ’és% iontionalit e fized fug srlfager 8 srli@ddeBEpebRds S(O)
COMPrL S1 A AANIRCRUILER! 8Y nRREA0LARIAORANE LAL IGAEh A RORRANBMaOfo: 0T MUl &
(1) or formula Pl), or tereol soner, an enantionmer, a racenmate or a

t autl@nerexampsgiteatirgnpsiitn disasl @mppad phteotia@l dnfoacae g abheregaXtis S

t hereof, ar re ed.ln manner well kn tQ one skilled .in the

bhar acatith EaPs SR NG Araeh, fomrerth e (il Eadte 2ot FereLuit &1 1 d o
l'i qui d @@m@h cMIdHEE BARYISAIMEA dforitic) § hbeltRyQEsuREY RIS e dre active
ingredient. Suitable carri'ers or excipients are well known in the art. The
phar mac dgtdreeiclesslimabehlonde (agd ineplangaqitthaidipgidisyfide or dihefgragyelodisulpde)est er al
or topl Cd%lscrl %d:in %{%d e%gveb%o-al%%dy ass:[c g:r%g 2'[c(c)>1rnt fcl)e P gtt foky n;[1 al @ c}rqgm];lﬁg. gﬁ 30 OT

t abl et s, capsules,psuspen5| ns, SYyrups, “aerosol s, |Hﬁ§l§ t's, suppositories,
sal ves, wigsteiansis S(80], utis 08 2and R iearlyl &chetdd6eyeed herein, the term
"pharmaceutical carrier” neans one or nore excipients. As described
herein, the pharmaceutical conpositions of the invention provide

i nhibition of casein kinase Is and are thus useful for the treatnment of

di seases or disorders WO 2006/ 021000 g F4d$52005/ 029383 32 aneliorated by
inhibition of casein kinase Is In preparing pharmaceutical conpositions or
formul ations of the conpounds of the present invention, care should be

taken to ensure bi il Hi teopfn,gn effe er apeyt anount of
the active compou d or "Fonpounds by the sélected route Of gsStration,
g i
Z MeOH F

20

As shown in scheme 3, diaryldisulfides are prepared'by treating a solution of an
arylsulfide in a suitable organic solvent, such as for example methanol, with an aqueocus
solution of sodium perborate and allowing the mixture to stand for about 12 hours to about 24
hours at ambient temperature. The diaryldisulfide may be isolated and purified by methods as

25  are well known to one skilled in the art. Diheterocycledisulfides such as for example bis(2-
pyridinyl)disulfide are prepared in a similar manner. The arylsulfide and heterocyclesulfide

are each optionally substituted as is defined above for “aryl” and “heterocycle”.

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

30 can be used in the method for treating various diseases and disorders as described herein. As



i ncluding oral, parenteral and subcutaneous routes. For exanple, effective
routes of admnistration may include subcutaneous, intravenous,

transder navQ 2006f0ee@sal , rectal, vaginal and the like r®0ras20080k93683 ng
rel ease frominplants as well as injection of the active ingredient and/or
conposition directly into the tissue. 181 For oral admnistration, the
conpounds of the present invention can be fornmulated into solid or liquid
preparations, with or without inert diluents or edible carriers such as
capsul esstaiepiped the samppundsused idbe methader dhis énieatipnirs, capibipetishibiingsh

enul si onggre Jher SaRs Yl : 8p| lls, tablets, troches_ and the |like may al so
contain one or nore o e f ol I ow ng adjuvants: binders 15 such as

m crocryst aI I Oneembbdlmienfsef thiglinventiag peavidds;a matbog feenteatisgia moad dsdoadet lor ar

| act ose, ntegr ents su as alginic.acid, corn rch and the
| Rer TR Sod <ladimet Shthe drestgnuaTomretids o Bedpd or rcaling
St er gt exfbhd IRbRIEE W ENhERR ! diorder N8 1EFBQIVeSisdr RRDIp &l HaRE&. ASuch as

colloidal silicon dioxide; sweetening agents such as sucrose or saccharin;
and fl awhemgn@ybm@st S tlehprasenp epprtion proyidese md’th®aﬂ01‘ Uyattmg@ deprefspine t

flavorin .ormis _a ca contain a
i aurd csogrinieh BOSaARGER ditides iSics Rede SR Yscines. nPlepni BatiREh oo
shoul d bef (A pred@ifi tientiah biovilies @ niiBod R ety mBod b@oﬁapwnéxs‘umﬁedmod

Al ternatively, the pharnaceuti cal mo& tions ma repared in a form

sui t abl edipgyeler léktr@#mé’@or@qr énd thetipqlangiperderdis seleet ‘éetnl fge aravprirony theggroup
conmy ﬁ un dco?lfsm{n?é %1?%1%.\;) ?ig&‘dgpﬁld BIBMQ{]]:] gigs'sarde?. ﬁnﬁmfg éplb?ﬁl H{%ﬁ % peserit'C e

weekl'y or ‘once” non ormusin as are one
ski |l | ed inmerithoa Inm:desl-‘a)nneémdlfqnita-;;atlagtaekeepldisbaiepohﬁnﬂhcnmﬁoalnmem@f thee active

I ngredi ent may be.envi saged. For, parenteral ratl ounds
of Ut e, pREBRINERHETRIP A b A Gen d e e B oD Sisgaer e

sol uti oncjRhdRHIPRRS MepAisokdte. %Oﬂﬁﬁﬁé&r@nﬁdﬁlﬁe&(bfmﬁe&ln@ﬂiv%ﬁﬂl&y @%@95 abl e
diluent with a pharnmaceutical carrier which can be a sterile liquid such

as wat ermgthodifgr treating eineadiantthpthadslean disordér \ah@'@nftb@:clmmaanuytbmmep

h
bol' 8y et paiaRs bl SEE RS BB SoR e i, BB Mtn o BevinEPier e or
synt het | glvadegisfees akseayndronic @l deRled sipapphtise Oyrdrorey Daaskilled inife art

2006/ 021000, PCT/ US2005/ 029383 33 and mineral qil. In general, water,
sal i ne, r&éﬂlb’oﬁ}@fmﬁsrtbétéh%tﬁﬁeﬁsé?‘ addsarderscxpisrily Figied herein aawt intendedig col s,

such as oy %%t ﬂa‘tﬁ’e?%ﬂﬁ‘n@&atg'ﬁ‘f‘éc&ﬁié&g IR o GRS 6 epP&E t'1ﬁ€rﬂéx%hy for

i nj ectabl’e so tlons e parenteral preparation can encl ose
anpoul esThudj & powdielvaderstipod tige shearommouhdpdfahe osentioraingay hadeedotb tiepearty pl astic

or gl as dlseg.se or disorder ameliorated by the inhibition of casein kinase Ie.

In another embodiment of the present invention, pharmaceutical compositions

comprising a pharmaceutically acceptable carrier and a compound of formula (I) or formula
(ID), or a stereoisomer, an enantiomer, a racemate or a tautomer of said compound; or a

25  pharmaceutically acceptable salt thereof, are prepared in a manner well known to one skilled
in the pharmaceutical arts. The carrier or excipient may be a solid, semisolid or liquid
material which can serve as a vehicle or medium for the active ingredient. Suitable carriers or
excipients are well known in the art. The pharmaceutical composition may be adapted for
oral, inhalation, parenteral or topical use, and may be administered to the patient in the form

30 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



The sol utions or suspensions described above may al so i nclude one or nore
of the follow ng adjuvants: sterile diluents such as water for injection,
sal i ne soMm eaws/o2fenxed oils, polyethylene glycols, glycecruspsoppsene

gl ycol or other synthetic sol vents, antibacterial agents such as ascorbic
acid or sodiumbisulfite; chelating ages such as 10

et hyl enedi am netetra-acetic acid; buffers such as acetates, citrates or
phosphat es and agents  for the adj ustment of tonicity such as sodi um

chl ori deamglt étﬁflgbﬁé@lbmﬁéogéﬁﬁt?dﬂﬁl@eé* the present invention can be

adm nistered in the formof a cutaneous patch, a depot injection or

i npl ant preparation which can be fornmulated in such a 15 nanner as to
permit a sushgiremding pheaseentcal b@npmtnoxﬁoirlﬁgnﬁﬂﬁtﬁmts of THeeoapbinds dfnigy edi ent

can be conpressed.into ll.ets qr snall i nders. and i npl ant ed )
Do an e P ntia ehe el ba tken 5 ensses HobTAabliey B Grect s fherpeuti
| mpl gnt smﬁamgme%uv@@&ﬁpma%&b&hﬁom hyake RIQLGEIARA A rﬂet!raqsw s and

synthetic silicones. Suitable pharnmaceutical carriers an or mul ati on
t echni quiasludmgersloparanteral sndisibanidnts reytes Ui easmmmﬁﬁg:ma rouTéBeome ence and
Practi ce dition

V
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conditions as described herein sui't abl e dosage |l evel is about 0.01

ny/ kg pe%“d&ifo’éf’cﬂoﬁlﬂ%fhf%b’1ﬁ@/th§ﬂ§ﬁé‘ﬁ day, preferably 25 about 0.05 ng/kg
per Igay to about 100 ny/ kg per day, and especially about 0.05 ng/kg per day
to about 40 ng/ kg per day. The conpounds of the present invention may be
admi ni st er edfor oral admégstrationpthe toinpodndsiofieis: gresent Aywentivh am tdifoiniladd byto t he
nature of .the .disease, disorder or condlcﬁ n to he treated. 30 EXANPLES
The fol |Wﬁgllg§'§r?ﬁ?9éi§a%ﬁ% Wit ko Gt diliEnts aF edible SarTisrs: Sos P FRRSHICEho

i nvent i qRII§ Rabl&s 8RcREs gs{vaeﬂs,somtfom%sm&fohg &t éxﬂglsfcﬁ? @ﬁ@g@apf;g gﬂéﬁe

invention in any nannér. Tabl 1, provi de su
exanpl e tebipisomeahss @Ih‘-hﬁleéﬂ(e npayamt@dtdmeom tDr rnm @@%foﬁl@ﬂyﬁt[g)adjuvants bmders

PCT/ 820 029383 otherwi se noted,. al] startin

reag}éJnt S 214n Qe %?iélll gﬁﬁ% eaglﬁgggag?% ; EXGHREPESHPh &L &’ gstwﬁﬁ?i used

Wi t hout disinfepatinpugdritd aRhiadalgimt heil aeh b@nh M 1tRe ik lubiRAE shdieidstearic

at nosphere wth dry reagents and sol vents. Flash chromat ography was carried
out 5 u sa'ctwg meghésiian gehratOon B&oR&@njSteleteVah tmpolnt h éndindpetiatiidiang)radidestsr e
(still, WC Chem 1978 43, 2923) or a

Var ati oMo sty ﬁ%yﬁ&dﬁgw&e&w@ep&ﬁp% aRASTISE 9F 8acshary andyel

cartri dgRvbfiRg a@ne RCE at p&fpeRAR, n%ﬂ}?l sal-fnglléle B?Yx%'ft f&l%ﬁf;l:%) RICARYIdsddl) was
performed _on gl ass-backed, 'sili ca pl at es coated to a
t hi ekneswitdernpispamcapsule, it may also contam a liquid carrier such as polyethylene glycol or a
fatty oil. Materials used shouid be pharmaceutically pure and nontoxic in the amounts used.
Alternatively, the pharmaceutical compositions may be prepared in a form suitable for
extended release to provide a therapeutic amount of a compound of formula (I} of the
invention in a suitable once daily, once weekly or once monthly form using methods as are

25 will known to one skilled in the art. For example, an erodable polymer containing the active

ingredient may be envisaged.

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
30  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



mm The plates were eluted with solvent systens (v/v) as described, and

vi sual i zed by iodine 10 vapor, W light, or a staining reagent such as
KMh04 sol W otis/020NVR spectra were recorded on a Vari anPGeiusmios88083 Unity
300, Unity 400, or Unity 500 spectroneters with chem cal shifts (S)
reported in ppmrelative to tetramethyl3$3lane (0.00 ppm) or chloroform
(7.26 ppm) as a reference. Liquid chromatography with mass spectral

anal ysis (LCM5) was recorded on a M cromass LCTAPI LC-TOF (time of flight)
15 Mass Spk@incttetledn gengralhwatey sxlima agnesys deviose and zeézttecb:augﬁwéutms

el ectros ot ona cul ar
Cons. (il S8 kool SR oGl RnC BREDEP 55t KOS PLRCRTBH B0 BRI 0.
% TFA i ninjetabid aheiopsi The bﬁentéi‘él iihaipafmbﬂ c2n b eoisset én &np@lb&}ﬁﬁbb@b%l d
ethyl ester and 6H-thieno[2 yrrol e-5- 20 carboxylic acid ethyl ester
were pr ePange %fsmﬂllé@@rqolﬁ%ﬂlaisrfn eef‘sfm@'tP agtig fe¥assC, ;. Garcia, F. Journal of
Het egocyclic Chem stry (1984), 21(1), 215-17. Et hyI esters of

4H pyrrol o[ 2, 3- djthiazol e-5-carboxylic acid,

6H pyrrol of 3T mb]utManoiuspﬁashmsbbmibied abavednayaldo B}ch:eiahmb ofttore of the

oyl ol e oo, sl CVere apard T Che Saneasi o
2- al kyl - sa1pahylesd 9906%’&;'1 eﬁ[léprg?ﬂ}:h@kl @&QJr%&%‘é sﬁnﬁa[cbs@memscmﬁmagteﬁgt ers can

be prepared as describ I ee . and Hadi zadeh, F.,
Het er ocyagents saefesd @erlr:(ambm) sodBun bisulfiteshelating pgenshakchee, A Shah bazi

Moj gfra ) Journal. of

vt &) ocyitencalBingtus oty acif SA% sulf Kacllless BEREE osbiyfEid ents

5- t hi azofoe drrddfusahete by thaianytuzh aeididim Shiohidaspieamisboxal dehyde wer e
commerci al |l y obtai ned.

1, 4- Di hydr o-4- et hyl pyrrol o] 3, 2-b] pyrrol e-2-carboxylic acid 30 ethyl ester
is prepared as described by H Henetsberger and D. Knittel, Mpnatsh. Chem
(1972) 103( 1) Thejamppgads nge¢razqmuomwngw%%hemf@arat|on of

2-b , t

S ey o B B, 3 RGO SR DROIOELS W0 o tAbrrBRMEN in puch a

CH=G% ?3)162@‘&]1: aéEto%dnﬁ Ia(zwftmn'ed) reﬂez&;e Iogthe(mngé ;x%ﬁdaalﬁl The e&tmxhﬁmﬁ&&am(bg 5233%
e 0 st urr ro . azo car poxya e . O

me 30 Press %E% épﬁléygflﬁw anfgg?@ﬁmefi i“@“éﬁ‘? %égrénsramﬁgcg FYasd

sol vent &fpoﬁrn ABks dris ?Iﬁ.ﬂﬂ)s [PVp ey H‘a% eﬁﬁﬂquﬁérhma?e@ﬁls <alh @ ibl@?j%&@{; 20 m)

at 0 C over -20 mnu Stir the Tinal "mxture overni ght
poiymers and synthetic silicones. Suitable pharmaceutical carriers and formulation techmques

are found in standard texts, such as Remington: The Science and Practice of Pharmacy, 19®
20 edition, Volumes 1 and 2, 1995, Mack Publishing Co., Easton, Pennsylvania, U.S.A., which is

herein incorporated by reference.

In the treatment of various diseases, disorders and conditions as described herein, a
Sl,llt&ble dosage level is about 0.01 mg/kg per day to about 250 mg/kg per day, preferably
25 about 0.05 mg/kg per day to about 100 mg/kg per day, and especially about 0.05 mg/kg per
day to about 40 mg/kg per day. The compounds of the present invention may be administered
on a regimen of 1 to 4 times per day and as dictated by the nature of the disease, disorder or

_ condition to be treated.

30 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 pre;l)ared herein.



roomtenperature; quench the reaction with anmonium chl oride and renove the
ethanol (-50 10 m) on a rotary evaporator. Extract the agueous m xture

wi th DCM W3x280At10¢orti ons), wash the organi c phase w t RCHUBHES/83%883dr y
over MgSO4. Filter and concentrate the filtrate, and purify the crude

m xture (12.2 gm) by flash chromatograg#y [ISCO Si02, 120 gm cartri dge,
elute with nethanol: DCM (0-5%] to afford the title conmpound (3.6 gm
45% . LCVS: retention tine = 3.68 min, (M) = 302.98 15

2- Brono- 6H pyrrol of 3, 2-d] t hi azole 5 carboxylic acid ethyl ester Br-</ | S
NCe H Ad

2- azi do- 3- ( 2- I(rii]om) thﬁtegj?oﬁ ;f % Er%léﬁraa%%r‘%égﬁ’gpts(%e RBEINgd > ol )
in DCM (ﬂrdsﬂ‘x)coml'ﬂ&@dlaltslﬁpp]liﬂrs(mw @seﬂ@htho&ﬂﬁﬂﬂi@r icatibh.e AIIGEA i oh® weRQTh
tenperature,, deposit the mxture on a pad o ilica gel and elute wth

hept ane: YBSKT 5B %@w%ret%twrwp%ntsr?@d tSP]tVF’étSC Bhﬁb ahgmatopraRly. wascied out
w e v o e g 0BT Dupheqatnbito B bt RERAIEAR, B0t W G Kbl 55 1
WO 2006/Mi10 @0 RO %2@059112%8923)3& aRra@ipaseof trllus methtt)d usu?g a coleunermally
I h l.e-5- b ster_ from 4-
bt ool Veo T SRS a e SR etsCr BRNSPho T Nodtier Shrempare AL e
pr epar aty,ahedbrmed & S8 @Jdk&y rsm@a 36@-‘4}]511 fﬁllée’-sqmmoﬁéﬁtwmub&e?&bfb g4 hyl

ester from 2-brono-4- thiazolyl carboxyal deh 5 Preparation o
2 br ono-18K- @mm&ﬁt@qwr@em]t@dqwa oblwes- S@stcmoi v) &5 destribed| andSvibializedHby AulinekOH

| o[ 3, 2-d] t hi | e- 5-
car 0(7)X3Ha aci dPl%}it Oraa S%?ltnllérr%azg%%t é’ﬁﬁg %@6%%/1}1{ ﬁ%?TOEI'HE ( 115t ml ?Zgng wat er
(20 m), and ltﬁ]ﬁﬂ/ﬂ%g eé;g'? e((’?t retc:ﬁ]gleg ol;l%rValrla?eremlml ?(% t(ﬂn ts%ﬂdu%‘{)? El&ﬁ,%W at

roomtenperature an
Unity 500 spectrometers with chemical shifts (8) reported in ppm relative to tetramethylsilane

(0.00 ppm) or chloroform (7.26 ppm) as a reference. " Liquid chromatography with mass
spectral analysis (LCMS) was recorded on a Micromass LCTAPI LC-TOF (time of flight)

15 Mass Spectrometer and Masslynx Data System. Ionization mode = electrospray (esi), values

were determined for the protonated molecular ions (M™+ 1) using a Synergi 2U HYDRO-RP

20x4 mm column, eluting with 0.1% TFA in watet/acetonitrile.

4H-Thieno[3,2-b]pyrrole-5-carboxylic acid ethyl ester and 6H-thieno[2,3-b]pyrrole-5-

20 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-

25 5-caiboxylic 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, 1.; Jalili,
M.A.; Adhami, H.R. and Hadizadeh, F. Journal of Heterocyclic Chemistry, 39, 367-373. 4-
Thiazolecarboxaldehyde, 5-thiazolecarboxaldehyde and 2-methyl—5-thiazoleca.rboxaldehyde
were commercially obtained. 1,4-Dihydro-4-methylpyrrolo[3,2-b]pyrrole-2-carboxylic acid

30 ethyl ester is prepared as described by H. Hemetsberger and D. Knittel, Monatsh. Chem.
(1972) 103(1), 194-204.



crystalline solids by filtration (weight 1.7 gm. Concentrate the aqueous
solution in vacuo, and conbine the residue with the previously isol ated
crystal | i WO a@Wbi0glooinci dify with acetic acid in nmethanol PEDUSE@SHZBS8T he
title conpound (2.31 g). LCVS: retention tine = 2.35 mn, (M = 246.93 15
Preparation of 6H Pyrrol o[ 3, 2-d]thiiazod®-5-carboxylic acid \/ CH
Prepare 6H pyrrol o[ 3, 2-d]thi azol e-5-carboxylic acid by hydrolysis of

6H pyrrol o[ 3, 2- d]thiazol e-5-carboxylic acid ethyl ester in a simlar
manner aBreparatiothetl-hoome-GEbpyrieto [32-¢ithipzeleiS-carbotylic acid ethyl ester

2- brono- 6H-pyrrol o[ 3, 2-d] t hi azol e- 5-carboxylic acid from 2-brono-6H

pyrrol o[.3,2= zole5carbx lic aC| ester. Preparation of

Chr boxyl 7-AZHEL et oAb B Bp hpeoi€ Said el oter

4H Thi eno[ 3, 2- b] pyrrol e- 5- carBoxylls acid amde SO ~1 \ 4N NH2 H W
2006/ 021000 PCT/ US2005/ 029383 to

4H-t hi eno[ 3, 2- b] pyrrol e-5-car boxy\ c acid ethyl ester (1.74 gm 8.9 nmol)
and 7M ammoni a i n nethanol (100ni a steel bonb a chip of lithium
hydroxide (0.1 gn). Seal the bonb anoCHéé?t(Ng)@Qz(ﬁl C for 16 hrs. Cool to
roomtenperature, and concentrate to renove the volatiles. Purify the
crud® productAdd slopitotn whtomaf pgtaagpihy ¢thSO (39iml, 24%camt, Biedgef E®KYGgM

compound B0 2 mordumin e RYalGitiaE (1 87 e 30 el arild-erigoasats i 2,08
m n, (M+éster(1116§g9123l= Mﬁﬁﬁ%&@ sMﬂént &'\@Qﬂaﬁéls §5ml() ndﬁre'ﬁlﬁe"}&e H)
7.05 - H 7.37 ( 2 68(br s,

1 H 11. C@lpr@nhc %wlmae f?cﬂwebm ag n%imlfﬁésSWethé ﬁaalsmlxmre pa¢r@zghb91 8tdatabove
procedu i 801,[n t@rlﬁ'b c% §9Lr§ch2th? kﬁf@ﬁ&f_&ktﬁ a%gfg&g@?)% orﬁe %ﬁ(l,l gen?oroeqﬁe ét&ia\@ (~50

retention tine
10 mlona rotary evaporator. Extract the aqueous mixture with DCM (3x250ml portions), wash

the organic phase with brine and dry over MgSO4. Filter and concentrate the filtrate, and
purify the crude mixture (12.2 gm) by flash chromatography [ISCO, SiO,, 120 gm cartridge,
elute with methanol: DCM (0-5%)] to afford the title compound (3.6 gm, 45%).
LCMS: retention time = 3.68 min, (M) = 302.98
15
2-Bromo-6H-pyrrolof3,2-d]thiazole-5-carboxylic acid ethy! ester
N O
s—( 1 Y
S I\{ 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
20 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

25 H



<N'N~ 0 S| NHZ H 15 2-Methyl-6H pyrrolo[3,2-d]thiazole-5-carboxylic acid

de (LCMS: retention tinme = 1.28 mn, (Mt +H = 182) NO CH -~ S I N
NHZ H 2- Bi@r@ws®2H0py/r r ol o[ 3, 2-d] t hi azol e- 5- car boxyl i ¢ acPaT/@RL088029383 Br - /
/-~ S NNHZ 20 H Add to a solution of

2- br ono- 6H- pyrrol o] 3, 2-d] t hi azol e-5-car¥ddxylic acid (2.53 gm 10 mmol ) in
DVF (45 m), DIEA (diisopropylethylamne,10 m, 6 eq), EDC (1-(3-

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de HCl 5.0 gm 3.5 eq); HOBT (1-
hydr oxybenzot Picpass| -PELIT@QE/?QMFMZMI-C&IQOW]I@q}‘ldaﬁﬂd’l Kegfrota #- 25 gm

42. mol ) r nitor C— VS.
When con%lfagﬁ’wc%%%ﬁ ][%]F]e m % rﬁtrlaér r@%ﬁ%@%&%&%@&%@%&%@ 38 wth
et hyl ac@bﬁfo%H«’p@doM&h dlibidzoas-edrbayicicid@hylGtek 8o 2-Bynsoli d by
filtration (2 21 and purify by chromatography on silica gel (1SCO
silica c WPYEF&QDOXKQWP ¥eute with methanol  (10-40% in nethylene chloride)
to atford the title conmpound (550 ng). LCMVS: retention tinme = 2.11 mn, (M
= 245.98 5 6H Pyrrol o[ 3, 2-d]thiazol e-5-carboxylic acid amde NO <i-~ S
| N H 2 PrdpRratpar f Bbirguo6tl-pydob{dRtd]tlkandle-S5earhobdicydcid aci d am de by

am nation of 6H

Add KOH(1.07 gm, 2eq)toa mixture of 2-bromo-6H-pyrrolof3,2-d]thiazole-5-
carboxylic acid ethyl ester (2.6 gm, 9.38 mmol) in THF (15 ml) and water (20 ml), and then
10 heatat 100 °C for I hr. Allow to stand overnight at room temperature and collect the
crystalline solids by filtration (weight 1.7 gm). Concentrate the aqueous solution 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
15
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
20  preparation of 2-bromo-6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid from 2-bromo-6H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid ethyl ester.

Preparation of Carboxylic Acid Amide Intermediates
25  4H-Thieno[3,2-b]pymrole-5-carboxylic acid amide

S O
| N
Ny e,
\



pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid in a simlar manner as descri bed
above for the 10 preparation of

2- br ono- 6kV@yecOLEPEB, 2- d] t hi azol e- 5- carboxyl i c aci d am dectmusmofosgsro- 6H
pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid. General preparation of

di aryl di sul frdes and di heterocycl edi sul 37des 15 Add to a solution of the
unsubstituted or appropriately substituted arylthiol (17.2 mllinole, 1.0
equi val ent) and MeOH (30nL), a solution of sodiumperborate (22 nmillinole)
and wat er (20/dy toitthienpBs3-hipyrakeds-carbaxdld asid ¢thel eseeat.voamt 8.93v@mnb aad it

overni gh lect. the soli y filtration d sh w th nethanol, to give
Che deoi M haBG nmeiEpSabbhafhinp'sies] Bimé B o8 4r R e higrontee QY. 'SRal

di het er ogigtoarb fid|Hehite S 00 €Cor 1f B2 Cobi ®TBbthdbmplhivee)and 8nRAtrAE BPRRRSel N a
20 sim | ar nner _as described for the greparatl on of the desired

di aryl di 9GIveiaddes: Pugbt the gsudegyrodust vardlash ehmomatteramy (B3GQ olikcavsrteidge. Met hod

" 08 0 PeR UEMALLI PRl S BYE Rl ETBRAY T R Gl (75

ng, 0. 45mgnd8%) ad anhofNalite 261id.45 ng, 60% in oil, 1.12mml, 2.5 eq) in
N, N- di me ormamde (1.3 m) at.ro nper at ure under nitrogen for 35
m nut es.i%@aﬁ&%&%v&%&-%I&@:?Ms)rié%i4.eq) and heat WD 2006/ 021000

PCT/ US20D5A404R ' j e | ut '
W th brine B O B e B T R e e LA G,

acet at e $dIH}x7-8A(d, =R &lzah Hi1.68&dpd spluH) 1 §.6%ys,dHfomat ogr aphy on  silica gel
(I1sCO silica cartridge, 4 gm elute with nethanol 0-10% in nethyl ene
chloride) to afford the title conmpound (55ngy). 5 LCVS: retention tinme =

3.03 min, (MThHHollewiiamieslwkteMId3 Zﬁr%%ed\'b?the roBedipn 5. 94 (s, | H)
7.03 (d, J=5.25 Hz, 1 H 7.14 - 7, 7_d(m_6 H?v[?. 9 (br s, | 10.79 (br
s, 1 H ardPEglod3,2-d]thiazole-5-carboxylic acid amide (LCMS: retention time = 1.63 min, (M~

6- ( 3- FI uggpph ul fanyl)-4Ht hi eno[ 3, 2-b] pyrrol e-5-carboxylic acid am de
10 (Ib) S ?Qé@@ébf OF N NH2

15 2-Methyl-6H-pyrrolo[3,2-d]thiazole-5-carboxylic acid amide (LCMS: retention time = 1.28

min, (M"+H) = 182)
N 0
CH3—</ :\H/\>—<
S N

NH,

\
H

2-Bromo-6H-pyrrolo[3,2-d]Jthiazole-5-carboxylic acid amide

20 H
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 (-
hydroxybenzotriazole, 1.91 gm, 14 mmol, 1.4 eq) and NH,Cl (2.25 gm, 42.mmol). Stir the
25 mixture at room temp for 6 hr and monitor by LC-MS. When complete, dilute the mixture



H Add 4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid amde (60 ng, 0.36 mmol) to
a mxture of bis(3-fluorophenyl)disulfide, (150 ng, 0.51mmol) and cesium
car bonat e Wa2@efgiond | eq.) in DM (2.5 m ), and then heaPCaUSABS2Mex 3
hrs. Follow the reaction by TLC. Wen 15 conplete, dilute the reaction
mxture with ethyl acetate (15m ) and wa8h with brine (25m). Dry the
organi c solution, concentrate to afford a crude oil and purify the oil by
chromat ography on silica gel (ISCOsilica cartridge, 4 gm elute with

met hanol wothety aeetatpeeand yyash avitthivater ahe) bring. Siodlestdbe sdli by fiktrmtion Bdugrd)

(81ny) . - ion ti = 3,47 1 . +H), = 293 20,1 H N 00, MHz,
CDC13) 6%@%@2’%’%&9&%@0%%69%?19& %e'i“é@c(céﬁ'\fﬁga %‘,Hdé?g‘%‘%e&‘&? “ﬂ%%%g‘?‘n"l 1.50,
1.37 Hz, (10-49%) it :B8hylene kFbrid td@iford thd titld cdnfpound (8% ﬁq@. 1H, 7.31 (d,
J=5.25 Hz, 1 H), .7.70 (s, | H, Q.96gs 1 Met hod 3:

4- (Pyri dERMS: yetenfiqndifys T26H mH1. &Mo) 2 24588 pyrr ol e- 5- car boxyl i c acid ani de

25 (hl a) WD 2006/ 021000 PCT/ US2005/029383 40 N S O S NNH2 H Treat

6Ht hi eno[ 2, 3-b] pyrrol e-5-carboxylic acid am de (57 ng, 0.34 mmol) with NaH
(19 ny, OHAGrmohafB,2-PtlBazetr)S-icarbbixNidaaidbdidef or mam de (I ml) at room
tenperature, under nitrogen for 45 mnutes. Add 2,2'-dipyridyldisulfide
(106 ng, 1.4 eq) and stir the mx ght at anbient tenperature.
Dilute the m xture with water an Kth ethyl acetate. Concentrate
the ethyl acetate solution to giv ich is purified by flash
chronat ography (1SCO, silica cartridge, \elute with 5% nmethanol in nethyl ene
chloride (+1% 7N ammonia in nethanol) b provide the title conpound (32

2= (Phenyi sul 1 DFS. 'tﬁﬁgi',:'?%‘ig‘fﬁglénoé‘Y'%‘é{ 7 P Aitons ‘Elh?g)ms
2 (Phemyi sul f RS SERPRRRel Sl 5 R BE el b P aefionat 6

\' O S Nodlo[3,2-d]thiazole-5-carboxylic acid in a similar manner as described above for the

10 preparation of 2-bromo-6H-pyrrolo[3,2-d}thiazole-5-carboxylic acid amide from 2-bromo-6H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid.

General preparation of diaryldisulfides and diheterocycledisulfides

15 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

20 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)

-0

S
S N O
N
N NH,
H

Treat 4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide (75 mg, 0.45 mmol) with NaH
25 (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



H Treat 6Hthieno[ 2, 3-b] pyrrole-5-carboxylic acid amde (50 ng, 0.30 mmol)
in N, N dinethylformam de (0.5m) with NaH (29 ng, 60%in oil, 0.75nmmmol,
2.5 eq) atwoommoifsos enperature, under nitrogen for 45 m potes2o008dehssi phenyl
disulfide (92 ng, 0.4 mmol 1.4 eq) and stir the mxture at 60 C overnight.
I ncrease the tenperature to 100 C for 53dours and cool to room
tenperature. Dilute the reaction with water and ethyl acetate* whereupon
the title conpound crystallizes fromsolution. Collect the product by
filtratithe namtire awm‘iﬁblevemigm (ditate the mifkfure evithtteinki(2 he) sohpotaeowitR8hyp) . 20
LCVS: retention tine .Oﬁg m n, gl\m +I-g = 275,024 *In sone case;@gsee
tabl es 12GHEE-2 ogﬁ?ﬂFﬁtEé]?eset AR SEIUGA &HSFBOH@PH@&“@ Nashremgiogyapay ont he
conmpoundgiigl &:1 ﬂ‘;ﬂ@

acetate %ort?eogggrgg% g%’gg 021%00898'?'7%%%%}% 81509 g lﬁ%gcr}lﬁrgjfézto
give a c&tffméthfeﬂﬁl@@ﬁénmmd}ﬁiﬁm@y the residue by flash chr omat ogr aphy (1 SCO,

SI|I eluted th 1 h in methylene chloride (+1% 7N
acﬁ’niM ‘fq‘ﬁ’&‘h%ﬁ Jogs 3 olmndMHESH?S}S dd conpound. 5 Method 5:
2 6 BI S- H"I'NMRS(BDG BMIY4, GH(EIE’)YEY%;%Q[@ (85 ldmhloar(@lﬁ-s%q@i hOH)/M@ aohqnap de
-W ~I Add di phenyl di sul fi ny, .25 €q) to a mxture of

2 br ono- IZI)—V&?K‘PTO‘-L(S[}@ @-lﬂ(tbhﬁ,alzﬂ)e 5- car boxyl i c aC| d am de (85 ny, 0.34
mol ) and cesium carbonate 10 (140 ng, 1.25 eq) in DVF (4ml). Heat the
m xture at 100 C for 16 hours. Renove the DM under reduced pressure and
partiti dvethuel 2:e6i(3HRludephesyisulfingl)-4iidhieh b3 2-BlBirasie-5-dbbxylicRidamadd C
phase e‘&ﬁ)brl ne, and then dry and filter the organic phase. Add the

filt flask containing a small anount of silica gel ( about 0.5
gm and evaporate the solvent to provide the crude product adsorbed onto

Q

the silica gel. Place the silica gel on tgp of\\a small 15 col unm cont ai ni ng
about 4 gmof silica gel and elute w't 0%/f MeCH in DCMto provide 8
Qn time = 3.30 mn, (M) =

ng (6.5% of the title conpound. LCMVS:
383.02 20 Table 1 Conpounds ofS a (Ip(MFis S X RBS\ R

Add 4H-thieno[3,2-b]pyrrole-5-carboxylic acid amide (60 mg, 0.36 mmol) to a
mixture of bis(3-fluorophenyl)disulfide, (150 mg, 0.51mmol) and cesium carbonate (120 mg,
1 eq.) in DMF (2.5 ml), and then heat at 95 °C for 3 hrs. Follow the reaction by TLC. When
15 complete, dilute the reaction mixture with ethyl acetate (15ml) and wash with brine (25m}).
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 methano! 0-10% in
methylene chloride) to provide the title compound (81mg).
LCMS: retention time = 3.47 min, (M" +H) = 293
20 1H NMR (300 MHz, CDCls) 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
25 (I1a)



Np R (1) 25 WD 2006/021000 PCT/US2005/ 029383 42 Exanple Ri R2 R3X
Synthesis No. Method la HNHz G6H5S HCH 1 |b H NH2 3- F- C6H4S H CH
1 NWO 200602166H4S H CH 1 1d H NH2 2- NH2- CBHAS H CHPCT/USZ005024383

2- inlSHCH1 If HNHz 4-CH3-C6HAS HCH 1 Ig H NHz 2-thienyl S H CH
2 H NH2 315- (Cl)2-C6H3S HCH 2 |i 48 NH2 4-pyridinylS HCH 2 1] H NH
SCH306H48HCI—|2 |k H NH2 2-CH3-C6H4S H CH 2 11
CH

Q.I‘<

y
N

n
H NH2 2, 3-(Cl)2- C6H3S H
2IMHN22 5-(C1)2-C6HBS HCH 2 In HNH 2-CH5-C6HUS HCH 2 1o H
NH2 3-Br-C6HAS HCH 2 | p H NH2 315- CH3)2p SHCH2 Ig HNH
3CJ-BOC6H48HCI-|2IrHNH22C:I-BOC6H4H s HNH2 2-CF3-C6HAS H CH 2
It HNH2 2-F-C6HMS HCH 2 |u H NHZ 3-&3O0C6HS HCH 2 v HN-12 CoH5S H
N 4 IWHNH23FCGH48HN4* IxHN22-p\t/)ri inylS HN 4 *See footnote
acconpanyi ng thod 4. Table 2 / | N\
S N\ NH,
H

Treat 6H-thieno[2,3-b]pyrrole-5-carboxylic actd amide (57 mg, 0.34 mmol) with NaH
(19 mg, 0.78 mmol, 2.3 eq) in N,N-dimethylformamide (1ml) at room temperature, under
nitrogen for 45 minutes. Add 2,2’-dipyridyldisulfide (106 mg, 1.4 eq) and stir the mixture

5 overﬁight at ambient temperature. 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
10

Method 4: 4-(Phenylsulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide (Ilb)

)

7 T N ©

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

15 temperature, under nitrogen for 45 minutes. Add dipheny! 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).
20  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 sitnation, separate the ethyl acetate portion and



Compounds of Fornula (Il) 5 (Mis S) XRB Rz 4 SNO R (11) Exanple R1
R2 RBX R4 L Synthesis No. Method Ila HNH2 2-pyridinylSHCH 3 Ilb H NH2
C6H5S H CWd 2006892180NH2 3- F- C6HAS H CH 4* WD 2006/ 021000 PCT/USS28053829383
43 lid HNH2 4-pyridinglSHCH1 Ile HNHz 3,5-(Cl)2-C6H3S HCH I IIf H.
NHz 2-thienyl SHCHI Ilg HNHz 3-Br-@GH4S HCH 2 [lh H NHz 3-CH3O C6H4S
HCH2 Ili HNHz 2-CHBO CBHMS HCH 2 Ilj HNH 3-d-C6H4S HCH 2 11k H
NH2 3-CH3-C6HAS HCH 2 Il HNH2 C6H5S CH3 N 2 [ImH NH2 3-CH3O C6HAS CH3
N 2 || nceepipatgtorivsMagdermsidueznd ppgiyHbrirgsidedy. shisbraopgogiaphy ((3EOH NH2

3 G0 e hued iy YR mERER 3T P ggide PR AV ARIRRR (S . o
Lg(r)twnf);er(xﬁhmpwbw@eﬂ&tdb@ﬂedlcorffﬁhhe_ 3 Spectral Data for Conpounds of

5 Method 5: 2,6-Bis-phenylsulfanyl-4H-pyrrolo]3,2-d]thiazole-3-carboxylic acid amide
(1)

Add diphenyldisulfide (93 mg, 0.43 mmol, 1.25 eq) to a mixture of 2-bromo-4H-
pyrrolo[3,2-d}thiazole-5-carboxylic acid amide (85 mg, 0.34 mmol) and cesium carbonate
10 (140 mg, 1.25 eq) in DMF ( 4fnl). Heat the mixture at 100 °C for 16 hours. Remove the
DMTF 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
15 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

20 Table 1
Compounds of Formula (I)
(M is S)

25



5 (Mis S) Exanpl e Conmpound Nanme MS: Ms: No. Obs. lon Retention Mass*
time (amu (mn) |a 6-Phenyl sul fanyl-4Hthieno[3,2- 275.011 3.034

b] pyrr ol eVl e@Esioagd i c acid amide | b 6-(3-Fl uorophenyl - seCTasgiopo2b3 293
3.47 thieno[3, 2-b]pyrrole-5-carboxylic acid amde 1Ic

6- (4- Chl or ophenyl - sul fanyl ) -4H 308. 967423. 268

t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid amde 1d

6- (2- Ami nophenyl - sul fanyl ) -4H 290. 025 2. 668
t hi eno[ 3, 2- b]|pyranglie;: SRicdr bRxylii ¢ aci ®:¥mi de IleRy L Synthesis
6- (Pyridin-2-lyl sul fapyl)-{4H-t hijeno[ 3, 2- 276 2.37 b yrrol e-g/—lcarcpoxylic
acid amde |f| 6-p=To|yl syl fanyll-4H-thi eno[ 3, 2- |289. Q24 3. 21 eﬂﬂﬂ
yrrol e-5-carbox ji ¢ pCHd [aNe [Tg 6- (Clﬁﬁsgpnen- 4- Wi - SuldgnyT ) -4/ 281. 02
2.97 thieno[[3, ZppI pyTHHONE T4 DOXY T rd—a gg it
6- (3, 5-Di chl gro-phen e Fany At g&%&% 355t Hi-cab- 524
yrrol e- 5- car Hexyl-e—here1\WE- 2006/ o ThOb R us20d8/ 928383 44 ) anilde I
6- (Pyri di n- 4-|yl c]:ﬁ]! f ahyT) 4] -I"r2hi eno 'NI_;ECG}W bllpyrer gl & far h(;)(yl il acid
am de 1.39 I 6em Toi Bl duNHenyI - 4R-pysideme$ 3, 21 487 |bICHr f ol ed5- caf boxyl i ¢
acid amide 2.{71 Il k b-1B- ToNHsul f af@HAGHHSI enol 312 Z89 1
b] pyrrol e- 5- dar bigxyl | cHagi Fam| de 224BienylS H CH 2
Ih H | NH 3,5-(C1),-CsH3S H CH 2
li H | NH, 4-pyridinylS H CH 2
Ij H | NH, 3-CH;-CgHyS H CH 2
Ik H | NH; 2-CH3-CeHsS H CH 2
It H | NH» 2,3-(Cl1),-C¢HsS H CH 2
Im H NH, 2,5-(CI)z-C¢H3S H CH 2
In H NH2 2—C2H5-C6H4S H CH 2
lo H | NH, 3-Br-CgH4S H CH 2
Ip H | NH, 3,5-(CH31),-CsH3S H CH 2
Iq H NHZ 3-CH30-C5H4S H CH 2
Ir H | NH; 2-CH;0-CgH,S H CH
Is H | NH; 2-CF3-C¢HaS H CH 2
It H | NH; 2-F-CsH4S H CH 2
Iu H | NH, 3-CF30-CeHyS H CH 2
Iv H | NH» CeHsS H N 4
Iw H NH2 : 3-F-C5H48 H N 4*
Ix H NH, 2-pyridinylS H N 4
*See footnote accompanying method 4.
Table 2 .
Compounds of Formula (II)
5 (Mis S)
x—Rs
L R,
T
S N 0
\
R, {1y
Example | R, R R3X R4 L Synthesis
No. Method
Ila H | NH; 2-pyridinylS H CH 3
Iib H | NH; CgHsS H CH 4
Ilc H | NH, 3-F-C¢H,S H CH 4*




Il 6-(2, 3-Di chl oro-phenyl sul fanyl)-4H 342. 95

t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid amde 3.57 Im

6- (2, 5- D s¥ ooos/opieeny| sul fanyl ) - 4H 342. 95 PCT/US2005/029383

t hi eno[ 3, 2-b] pyrrol e-5-carboxylic acid amde 3.5 1In

6- (2- Et hyl phenyl sul fanyl') - 41t hi eno[ 3, 243303.06 b] pyrrol e-5-carboxylic
acid amde 3.45 | o 6-(3-Bronp-phenyl sul fanyl)-4Hthi eno- 352.932 [3, 2-b]

yrrol e-5-carboxylic acid amde 3 4 Ip 6-(3 5-Dinethyl phenylsulfanyl)-4H
303. 05 t hi enolll 2-lhjkhyt Mile-|5- depyidipyiSc deid anflde 3. 47 CHqg 1

6- ( 3- Met hoxy- leenyll JUi { W1 )|- B65-(G0COES thi enolH, 2- b] pyr€Hdl &- 5- dar baxyl i ¢
acid am de|3. IIf ||r 16- [ NIetihox-thizapld sulif anyl )H4H 305.CH
thi eno[ 3, 21 b] pgr r al g1 5t aabaxyl1.gragigdsamide 3. 1§ Ts CH
6- (2-Tri f1 yior omet Ryl PPagE] Ui @miblcdlls 343 01 g CH

1
2
t hi eno[ 3, 2yD] Ry T | q_[_5- L LX)LIjr CR e ﬂ&hgm usni :')Sﬁ It C % - _
6- (2- Fl uor o= p.r fry mi_L. i%i e g ciret UL\,HZ b1 pyrré‘He 5 cgr bexylic
acid am depR3 HA - Oxy-rphenylsul-f any! }=--359. 048
4H- t hi eno[ 8,221 pyr AN ) bds§ErEHS § lanide B 47 1)/CH 2
6- Pheny! sul fafl - 4nthyl MNHio[l2, 3- 'GF4S3. 054  d] tﬁﬁazol e-15- &ar hoxylic dcid
am de 1w 6} (3UM udr & phé¥iyd JulFEHyDYCAHES J94. 01GHR. 851 N 2
pyrrol o[ 2, B- dllhhi §zd er WNHarbox$!H-Cslds8 d gm de CHxy N 2
6- (Pyridi ny 2- osullf any| IN4H-|pyr3-olaBR,8- 4//. 0351Z. 334 N )
Hp H NHz 3-CF30-.C6H4S CH3 N 2
IIq H NH2 CsHsS C6H5S N 5
IIr H NHZ 3-CH30-CGH4$ 3—CH30-C5H4S N 5
IIs H NHz CsHsS H N 2
It H NH, 3-CH;0-CsH4S H N 2

*See footnote accompanying method 4.

Table 3
Spectral Data for Compounds of Formula (I)
5 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
thienof3,2-b]pyrrole-5-carboxylic acid
amide
Ie 6-(Pyndin-2-ylsulfanyl)-4H-thienof3,2- 276 2.57
blpyrrole-5-carboxylic acid amide
If 6-p-Tolylsulfanyl-4H-thieno[3,2- 289.024 3.218
blpyrrole-5-carboxylic acid amide '
Ig 6-(Thiophen-2-yl-sulfanyl)-4H- 281.02 2.97
thieno[3,2-b]pyrrole-5-carboxylic acid
amide
Ih 6-(3,5-Dichloro-phenylsulfanyl)-4H- 342.96 3.55
thieno[3,2-b]pyrrole-5-carboxylic acid




d] t hi azol e-5-carboxylic acid am de lon type is MH unl ess ot herw se not ed.

5 WO 2006/ 021000 PCT/ US2005/ 029383 45 Table 4 Spectral
of For mul w( 2005/021004 i s S) Exanpl e Conpound Nane NES:
| on Mass* Retention

bs.

(amu) tinme mn Ila

MS:

4- (pyridin-2-yl sul fanyl)-6Ht hi eno[ 2, 3-4276. 022 2.53 b]

yrrol e-5-carboxylic acid am de |Il1b 4-(phenyl sul fanyl)-6Hthieno[ 2, 3-

Data for
POOUS2NFR0T9GCL 3)

Conpounds

boxylic

oxylic

275.024 3.068 blpyrrole-5-carboxylic acid amde Ilc
6- ( 3- Fl uor pphenyl -|smiflanyl ) - 6H 276 3.43
t hi eno[ 2, 31 b] dyr r ql&e(Bridar-hakwl fheyipe Hokthasmohe2- | 1id 276
4- (Pyridinp 4-yl sul figpyirdie BHatbix9NOkdd 3nde 276. 1 1.45 pyrr oI p3§ car
aci d ami de[TTg;4-(F-p- myﬁh@&%@amhe B 3anyT) o "ggp. 9
thienof 2, 3 blpyrfc'tﬁp AR fic AGhGngm de LI | n2-zl
4'(Th| Ophe = L'IIXI J ]f.é 03 ﬂ: LU'—i- N> 28@ Py c9
acidam’dellg4( (ﬁ‘gé }% %f’j‘ZAﬁ
t hi eno[ 2, 31-b}-py+d BBy ad de 352.9 4 31 ||1h 2.69
4- ( 3- Met hoxypﬁényl 65@I=3f Ql“gromhemﬂﬁléf?ayb -440] pyrlr o328 cdr boxyl i ¢ adi d
am de 305 8.44 | ||ithignq[3.2Neipyiasigshearhoxydiglact yI )|- 6H
t hi eno[ 2, 3t b] pyrr olasmide car boxyl i c_aci d 3.57
Im 6-(2,5-Dichloro-phenylsulfanyl)-4H- 342.95
thienof3,2-b]pyrrole-5-carboxylic acid
amide 3.5
In 6-(2-Ethylphenylsulfanyl)-4H-thieno[3,2- 303.06
b]pyrrole-5-carboxylic acid amide 3.45
Io 6-(3-Bromo-phenylsulfanyl)-4H-thieno- 352.932
[3,2-b]pyrrole-5-carboxylic acid amide 34
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-blpyrrole-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 :
thienof3,2-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
djthiazole-5-carboxylic acid amide
Iw 6-(3-Fluoro-phenylsulfanyl)-4H- 294.013 2.851
pyrrolof2,3-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.



amde 305 3.56 11] 4-(3-Chlorophenyl-sul fanyl)-6H

t hi eno[ 2, 3-b] pyrrol e-5-carboxylic acid amde IN NVR (300 MHz,) S ppm 2. 30

(s, 3 H), wmneofibeo s, 1 H), 6.89 (d, J=5.25 Hz,1 H), 6POWUS20p5/0B3%m 4

, 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 11k 4-(3-Methyl phenyl -sul fanyl)-64%thi eno[ 2, 3-b] pyrrol e-5-carboxylic

acid amde 289 4.1 111 2-Methyl-6-phenyl-sul fanyl -4H

pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid am de 290.04 2.8 IIm

6- ( 3- Met hoxyphenyl - sul f anyl ) - 2- net hyl| Table 4

4H pyrrol o[ 3, 2-d] t hi azol e-5- carboxyl ic _aci 1 de MR (300 MHz,) 5 m

2.75 (s, 3 H), 320.05 2.%@3%?%%6%5%5@6%%@%6%@9383 46 3.71 (s, 3

H, 5.69 (br s, 1 H, 6.64 - 6.68 (mmks), 6.72 - 6.77 (m 2 H, 7.12 (t,

J=7.66 Hz, L H) 786 (br s 1 H 1035 (hr s_1H) Iln

6- ( 3- Fl uoy Bxamepig|| - sul f any| Compaendiihme H- MS: MS:

pyrrol o[ 3 2-d] t hijazol e-5-ca | cid am de B08tR4lod Mass* | || Retention

6- ( 3- Chl o ophényl|- sul f anyl )W¢P§1134H- (amu) time

pyrrol o[ 3 2-d] t hijazol e-5-carboxylic acid amde |IH NVR (300 Mriz, {mi@) ppjm

2.77 (s, B HI 413y EiBin-Rylshithiyl)-6H9Bieno[2,318 (M 4 TP6.028- 76 (OF 253 T |H) .-
b -

L

10.41 (br{ s, 1 Hy o?@S-%aﬁa%xyﬂié Bi®ahdte rifluofomet hoxy- phenyl sul fany| ) - 2-

b 4-(phenylsulfanyl)-6H-thieno[2,3- 275.024 3.068
blpyrrole-5-carboxylic acid amide

Ilc 6-(3-Fluorophenyl-sulfanyl)- 6H- 276 343
thieno[2,3-b]pyrrole-5-carboxylic acid
amide :

I1d 4-(Pyridin-4-ylsulfanyl)-6H-thieno[2,3-b]- 276.1 1.45
pyrrole-5-carboxylic acid amide

lle 4-(3,5-Dichlorophenyl-sulfanyl)-6H- 325.9 2.98
thieno[2,3-b]pyrrole-5-carboxylic acid
amide

I 4-(Thiophen-2-yl-sulfanyl)-6H-thieno[2,3- 264 243

b]pyrrole-5-carboxylic acid amide

g 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
I 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,) & 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 (brs, 1 H), 10.28 (brs, 1 H) 309.2 347
Ik 4-(3-Methylphenyl-sulfanyl)-6H-
thieno[2,3-b]pyrrole-5-carboxylic acid _
amide 289 4.1
m 2-Methyl-6-phenyl-sulfanyl-4H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid
amide 290.04 2.8
IIm 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




met hyl - 4H pyrrol o 3, 2-d] t hi azol e-5- carboxylic acid am de 374.02 3 11q
2, 6- Bi s- phenyl sul fanyl -4H pyrrol o[ 3, 2 d]thi azol e-5-carboxylic acid am de

384. 05 3. VO kd0o6/021660 Bi s- ( 3- net hoxy- phenyl sul fanyl ) - 4H
pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid am de 444.08 3. 33

PCT/US2005/029383
Its

6- Phenyl sul f anyl - 4Hpyrrol o[ 3, 2 d]t hi a4 e-5-carboxylic acid ani de 275. 98

2.77 lit 6-(3-Mthoxyphenyl -sul fanyl)-4H
pyrrol o[ 3,2-d}thiazole-5-carboxylic acid amde 1H NMR (300 MHz ) S ppm
3.71 (s, B H, 5358 (b¥Hs, 569 ¢yrs, bHB 646688 (m 1 H), 6.77 4 6.81 (n 2
H, 7.13 (t, J=8.@®, k), 478 6.774r0€ {b7.18(,1 H)| 8.55 (br s, | H, 10.§63
(br s, 1 H 306 2JF7.66tbm1H)pe.86 b HHINL@3S (lot her wi se noted. |[For llc,{lle,
Il f obseryed ion|kyp#)was (M-H)-NH3 Bi ol ogi cal  Exanpl es 5 Casei n Ki nase
Epsilon 3BP-AP FielGerubloph&yhssi@ahylof-meey@ay-ng CKI6 Tnhibrt¢rs Purpose:
Thi s assay neasu $§Hgmﬁ’gglgh§&glegj_cﬁgggngg§i tofinhibit the phosphoryliation
of the substrate,fasein by the enzyne ‘casei n kinase;dfghisi ngjan,i# vitro
33P- ATP f I tHat i ""6- S 6Ir QJi"_"_pu"i"ld?_ i'ceﬁtl*_scf _Cl' aft fl vc _L,ui"lt,c In
duplicatel in Ordeér oag%élg g{fyés ?ﬁ%és"gjﬁ% i nhi bition af a 10
m cronol af conce PP’E;‘O 2 8e €Y ;fﬁcf'é? in| Table 4. 10 Materials:
Equi pnrentf WO 20 000 PCT/ US2005/ 029383 47| Beckman Bi onek 2000 Lijquid
Handl i ng Robot  BAEKMMR M0NHeR Sgpmpdit dfafdd). 96 Channel Pi peft or
M | 1i por e Vacuum| Reidi(bos.d Bagi® .18 énMAUMIOBOR, Titertek Ml tidrop Lijquid
Di spenser| 5 Packafdr sTogDolhel Kb¢B, LiHjui d Scintil|ati oB2¥B%nt er | PR&Res:
IIp 6-(3-Trifluoromethoxy-phenylsulfanyl)-2-
methyl-4H-pyrrolo[3,2-d]thiazole-5-
carboxylic acid amide 374.02 3
Hq 2,6-Bis-phenylsulfanyl-4H-pyrrolo{3,2-
d]thiazole-5-carboxylic acid amide 384.05 33
IIr 2,6-Bis-(3-methoxy-phenylsulfanyl)-4H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid
amide 444.08 3.33
IIs 6-Phenylsulfanyl-4H-pyrrolo[3,2-
dlthiazole-5-carboxylic acid amide 275.98 2.77
Ht 6-(3-Methoxyphenyl-sulfanyl}-4H-
pyrrolo[3,2-d]thiazole-5-carboxylic acid
amide '
1H NMR (300 MHz,) § 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 llc, Ile, IIf observed ion type was (M+H)-NH;

Biological Examples

Casein Kinase Epsilon *P-ATP Filter Plate Assay for Screening CK1e 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.

10

‘Materials:

Equipment:



Costar EIA/RIA Pl ate #9018 Fal con 96 well|l U bottom Pol ystyrene Pl ate
#353910 M I lipore Multiscreen 96 well Filtration Plates #MAPHNOB50 10

M | |'i por ewsnbatedzrween TopCount Adapter Pl ates #SE3M203V6PCUNSAI08aL9%883 EGTA
from SI GVA #E- 3889 Casein (dephosphorylated) from SI GVA #C-4032 ATP from
SI GVA #A-7699 15 DITT from Fi sher Biotect¥ #BP 1725 Trichl oroacetic Acid
fromSI GVA #T-6399 y-33P-ATP 1nC / 37MBg from Perkin Elnmer Life Sciences
#NEG 602H Enzyne: Casein Kinase le final concentration 0.58nmg/ m obtained
from f er nent at i deckman BRongkiz(000ilaquiddtanghng Bebets as are wel | known to one

skilled in the t. Th bove.are, sto s | al i quots at m nus 80C.
Conpounds: wﬁ%@%‘h@%@%%“?@F\U{Oé%%ﬁgggﬁaﬂ%gg’ﬁ}mw conpound st ock

di ssol ved in 100%1igdMSQacidin REmABIdIRNE KitaSIAVAD940R ot al assay vol une per
well is equal to 50 L that one prepares as follows: 5 L of diluted

compound st ock (Titertek Multidrop iquid Bispen®01M), 5 L of dephosphoryl ated casein

final concentraty . L . . i concentration 3 ng/L,
and 50 L ofy-3333§%l5‘9?|gﬁ§+‘mé%%gre%?qrug‘% ?%Hg@tﬁ’%‘ @'J;l’férm xed with cold ATP (10M
final). Methedekogy: WO 2006/ 021000 PCT/ US2005/ 029383 48 1. Prepare 500

mL of fresh assay buffer: 50mMM Tris pH 7.5, 10nM MyCl2, 2 MM DTIT and 1 nM
EGTA 2. (btain bgﬁﬂ’&f\@lﬁé#g%ﬁ uated as 10L of 10mM stock di ssolved in

1007 NG, 52 R Uy 0B s by, ke ser o Lt o
5L addi tions t o MidipponMuitizotaeo #6pyedt Bfratiopfllaed AMAPEBNOBS5€onpounds per 96
wel llO plate with I\Sl:i?lkp%rllpl\/l]ﬁlt%régeen TopCount Adapter Plates #SE3M203V6 |
Chemicals:
EGTA from SIGMA #E-3889
Casein (dephosphorylated) from SIGMA #(C-4032
ATP from SIGMA #A-7699
15 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 1g¢ final concentration 0.58mg/m! obtained from fermentation and
20 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.
25
Assay Conditions:
Final total assay volume per well is equal to 50 pL that one prepares as follows:
5 uL of diluted compound stock (10, 1, 0.1, 0.01 or 0.001 pM),
5 pL of dephosphorylated casein final concentration 0.2ug/pL,
30 20 pL of CK1¢ final concentration 3 ng/pL, and

20 pL of y-*P-ATP final concentration 0.02 pCi/uL mixed with cold ATP (10uM final).

Methodology:



12 serving as control wells. A routine screening assay will consist of 32
conpounds, which equals 4 assay plates. 3. Assay plate naps are setup
accor di ng W@2q0e82106¢ | ow ng pattern CKlePl ateMap. xl s 10 BKIAISEIOEN2%83 on
Assay Plate Map 1 2 3456 7 8 9 10 11 12 B Conpound 1 Corrpound 6 C
Conpound 2 Conpound 6 Uconpoundd Conpotthd5 D Conpound 6 E Conpound 7 F
L Compound? G onpound 4 Conpound 8 H EMEN Conpound 4 Corr pound 8 10 1
0.1 0.010.001uM 10 1 0.1 0.010.001 um Enz

me+Casei n+Buf Pepas 300 afpobgeshrsmyt fusfer3¥mMTivis pil et 10mNe Ma&lo@rmM DTT
ound+Casei n+33P- ATR B 5 L of compound as indicated, then add 5L of
dephosphoryl at e&ncasel négj?‘él ssolved in distilled H20)(0.2g/L) and 20L CKIs
(3ng/I'LL) 0o ObgirdasRkhifdhe ewlulafed a3 08L offit DAIM Ytodll8isedled/m3BBLDRSO.
(0.021tCG /L) /10M col d ATP &g qual s pI‘OXI mately 2x106 CPM per well). 6.
Vortes the Fal cdfseisBemebgafd b@%ydﬂi mgdch@tamkﬁgertahéﬂ@tméosﬁm HadcBilon

vol u and t he e r nd of
2 hobrs, otop MRS M Prab R Blitigss Bl 37 SRtadtigas GRADBE 20
ATP . (made up i BoRS&aatbyl T9ikall S ARSANdP b FESwels bRk \%t@&gﬁiﬁﬁﬂ d

Mul timek. 8. At tohegg?retlg%%dpte LlOO%l%ecoldbr made u man
distilled H20 tdzéemgcﬁﬁlcﬁgﬁohmﬁberf\ Mutlmplsqzrpggn@awwﬂﬂ consést opBates. 9.

Usi ng a handhel r fer 100L of the reaction m xture
fromthe Fal cogo%Pg‘glﬁg LIISF {f&al%g Sﬁl Pfﬂq?s |pore MAPH filter plates
presoaked Bi t AsshEplatd¥BapO£6582BAR00IAGE OROIO2ASSalterrdOKI OPlateviapt e

MIlipore MAPH filter plates gently and allow to sit at roomtenperature
for 14t '
CK1¢ Filtration Assay Piate Map
_ 1 23 4 5 6 78 9 10 11 12
1A \%Compound 1 Compound 5
B Compound 1 Compound §
C Compound 2 : Compound 6
D Compound 2 Compound 6 ) Horep—
E Compound 3 Compound 7
F Compound 3 Compound 7
G Compound 4 Compound 8
H Compotnd 4 Compound 8
10 1 0.010.001um 101 0.1 0.010.001uM
&\\\\N Enz me+Case|n+Buffer+33P ATPhnEp‘:.fCasmmBuffenaaP ATP
F lEnzyrne-rCompound+Casem+33F‘ -ATP
4. Add 5 pL of compound as indicated, then add Spl of dephosphorylated casein
(dissolved in distilled H20)(0.2pug/pL) and 20ul. CK1e (3ng/pL) to the appropriate
wells.
15 5. Finally add 20uL 7-33P—ATP (0.02nCi/puLly /10puM 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 100pL of the reaction mixture from the
Falcon U-Bottom Plate to the Millipore MAPH filter plates presoaked with TCA.



| east 30 mnutes to precipitate the proteins. 11. After 30 m nutes, place
the filter plates on a MIlipore vacuummanifold and filter at no nore

t han 8nm M 2H6ONE0NVAPH filters tend to "air | ock"” at hi BEEUSYATAIAHD
settings. 12. Wash the filter plates sequentially and filter with 2x1 50L
20% TCA, 2x150 L 10% TCA and 2xI| 501 LL 4» TCA (total of 6 washes per

pl at e/ 900L per well). 13. Allow the plates to dry overni ght at room
tenperature. The next day add 40L Packard M croscint-20 Scintillation

Fl ui d per weiMiydieddiliporg (A PE it blated goptiv endlilbyye isst at re@n temprsatptedforst and
count for 2 m R/}l’etagﬁsfd’\ﬁlrjm isq archlz ar TIc_) cgunt NXT Scintillation Counter
(to provide CPMVva ues}\/\éfflfpe(%&ﬁ at Pon 515 1. | nport Counts Per M nute

(CPM dat a1i.naferedphbprdsepiace/thd @l@r plates uhatNiNpard daciint Hanifald ada iddasieo
(Activity Base by | DBS versjon 5.1?/2. 2. Colum 1 for each plate reflects
total phosphoryPrs Bandasm e as the MARH Slifstpiend te “alrdockiliss bigber vwcuamy

i nhi biting corrpg&ﬂg%@nd thus represents 100% Columm 12 reflects any
nonspeci fi ¢ phosphoryl ation/retained radi oactivity activity in the absence
of 20 i nhi b2tWagh the fidetipldted el @ndyliveand ylpir GdtH Ix IGORLCOSETE RS 2:20H0r X i vt el y
1% of Total CPMs that are  -"nonspecific". 3. By determing the "total" and
"nonspeci fic" CPU sk 2xdaBKL sPateA (otal afd winthes per plefefO80mi. per wid. %

i nhi bi t] foth ‘s ability.to phosphorylate. th b f h
concent r at oA PG MED oS dyermighe s Pe SRPRAPRE: TBR PG R A B eul at e an
25 1C50 val ue ( paiefMMidbiam-BS SoMiICRion mﬁmywllh&ngalﬁte}t@k MUNilbp the

enzynme activity by 50% for a conpound using a non-linear curve fit
pr od® am cont ai n8igrensexs Keal jize plates ond gavas brdanowtestvadhinpy Rackard| Topcount NXT

(D3X0027- CK1- D Bﬁzinﬁﬂaﬁéﬁiy@&éd}%t@#ggﬁg&E@é?ﬁﬂ%/% | ned the K. value for ATP

to be 21 Min this assa I'nase€ 16 Streptavidin Affinity
Menbrane Pl ate Assay for CKI6 inhibitors Purpose: To eval uate test
corrpoundéﬂfolr .CKIS activity in Streptavidin Affinity Menbrane (SAM Biotin
Capt ure Iy é“??fr onmega V/7542) WO 2006/ 021000 PCT/ US2005/029383 50

Supplies and reagents HEPES Sigma # H3375 MWV = 238.3; n-Qd ycerol phosphate
Sigha # G 0891 Mozt Gowntg Per Minute (CPM) data into a proprietary data calculation and

archiving database (Activity Base by IDBS version 5.0).

2. Column 1 for each plate reflects total phosphorylation activity of the enzyme in the
absence of any inhibiting compound and thus represents 100%. Column 12 reflects
any nonspecific phosphorylation/retained radioactivity activity in the absence of

20 inhibiting compound and enzyme. Typically one observes approximately 1% of
Total CPMs that are “nonspecific”.

3. By determing the “total” and “nonspecific” CPMs for each plate, one is able to
determine the % inhibition of the enzyme’s ability to phosphorfiate the substrate
for each concentration of test compound. Use this % inhibition data to calculate an

25 ICsp value (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 Activitybase calculation protocol (DG0027-CK1-D-BL).

4. Kinetic studies have determined the Ky, value for ATP to be 21 uM in this assay
system.

30

Casein Kinase 15 Streptavidin Affinity Membrane Plate Assay for CKI3 inhibitors
Purpose: To evaluate test compounds for CKI8 activity in Streptavidin Affinity Membrane
(SAM) Biotin Capture Plate (Promega V7542)



EDTA 0.5M pH 8.0 G bcoBRL; Sodi um ort hovanadate ACROCS # 205330500 MW =
183.9; DIT (DL-dithiothreitol) Sigma # D 5545 MWN = 154.2; Magnesi um

Chl ori de WORDB6/42150041341- 5000 MV = 203. 3; ATP Sigma # A-FGROSN0F/629381. 1,
733P ATP NEN # NEGG02H;, Casein Kinase 18 Sigma # C4455; Casein Kinase 1
substrate New Engl and Peptide Biotin- RRKDLHDDEEDEAMSI TA MW = 2470 Prepare
Ki nase Buffer (KB, 100 nL) as follows: 10 50 nM HEPES, pH 8.0 5 niL of 1M
stock 10 MM MyCl | nmL of 1M stock 10 mM (3-glycerophosphate 1 nL of 1M
stock 2.3ppleEmracsEots. of 500 nM stock | mM sodi um orthovanadate 100 L of

Vi as. (OFTEVSIERT L& MY S ENRE L ahirers S arad ot i e @ dek) -
20 To_125EAKBSMAG S1PGHcABRIMs TRk Ritatd AEROI02 30560 MAFR. TR, ( 10

G /ul), NEGO2H, Perkin Elnmer Prepare the reaction plate and conduct the
assay asDTbI(Pbvithigthreitol) Riginad 8 D-5845 MBV gebS4vids IMagniesiimor hlaridh SGRATE t est
conpound, .i,nhiAhj to ction. plate | S, 2. d 8 r | 3.
Add 10 g‘Ll3@?‘@%%@%@%&@85@%@@%@W@Yl 5 ﬁﬁﬁr?’n“? %M@# ﬁ%_qﬁgﬂé‘?c 30
5. Add 18,ckinGtindsel Shihbltd 4458t CRhBKRREe 18libstrardNAR Endland PEFHAE BibEN- 6-
Initiate the reaction"wth 10 [ of ATP Master M x per well. 7. Place the
react i orRRKBLEADIDEBDESMBIdubRWr= 24610 10 min. WO 2006/ 021000 .

PCT/ US2005/ 029383 51 8. Stop the reaction with 10 L of 1M ATP. Transfer 20
gL to the SAM Plate and let stand 10 mn at roomtenperature. 9. Wash

t hree tipfgﬁarmlkhsgggffer?{g,zmowﬁg asSPliglkon, then three tines with 100 L of
2M NaCl and 1% H3P0O4 solutions and then three tines with 100L of water on a

5 va¢uurbOmM HEPES, pH 8.0 - 5 mL of 1M stock
10 mM MgCl 1 mL of 1M stock
10 mM B-glycerophosphate 1 mL of 1M stock
2.5 mM EDTA 500 pL of 500 mM stock
1 mM sodium orthovanadate 100 pL of 1M stock
15 1 mM DTT 100 pL of 1 M stock
water 92.3 mL

Prepare ATP Master Mix as foliows:
Prepare lmL of a 1M ATP solution in water (1M ATP stock).
20 Tol2mLKB:
Add 12 pL of IM ATP solution, then
Add 12 pL of ¥P ATP (10 pCi/ul), NEG602H, Perkin Elmer

Prepare the reaction plate and conduct the assay as follows:
25 1. Add 10 ulL 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 pM Peptide Substrate per well
Bring plate up to 37°C
30 Add 10 pL of 1:10 dilution of CK 186 per well = 0.42pg or 0.68 units

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

NSy R wN

Place the reaction plate in 37°C incubator for 10 min.



10. Dry the filter plate under a lanp for 30 mn. 11. Seal bottom of plate
and add 20 L of McroScint 20 12. Read in TOPCOUNT 10 Cellul ar G rcadi an
Assay Expa&ve penaioaloo®r ocedures Cell culture: Split Merl - PAT/URA05829383
fibroblasts (P2C4) cultures every 3-4 days (-10-20% confluence) onto 150
cn2 vented pol ystyrene tissue culture fdhsks (Fal con # 35-5001) and
maintain in growh nedia [ EMEM (Cel | gro #10-010-CV); 10% fetal bovine serum
(FBS; G bco #16000-044); and 50 1.U./nL penicillin-streptomcin (Cellgro
#30- 001- &1)] &tordhereaqipmyiih 305:80 18 AdiPe Trensiert28atl nthe 84N Plate arsklet Rat - |

fibroblast cu - 5Q9 ence with vectors containing the
Lt £t 30500%poRLk

Zeoci n resi stance selecta er for stable transfection and an nPer- 1
pr onot er 9dr i v&¥ash theed Bimas evithe 0 il osf 204 NaCl 4blueon, TendBrda alinics, wisipl 60 plt be

cultures onto_ 9 || I and maintain jn growth nedia suppl enented
with 50-100 gim%gl@add% 478 ?@@wszﬁadzh@-tim epayithy fOuk ofayader o ess
Zeockn-resi st t : ransfectants for reporter expression by

l5 uus fold.

suppl ementing growh nedia with 100 Mluciferin (Pronega #E1603) and
assayi ngl0.] ucPrethaddtenplatevintdgr atangp fopgCmint scintillati on counter (Packard

Model #C384V0 nchroni z ts.1 .Cl S _expr.essing both
Zeoci n- Sgg stg%f'ggoi%ﬂ OEF’%]IE? ﬁgqul%e%q H%%%?&g%gt@iu vity by 50% horse serum
[HS (G bepn #1R8a0mAIdowerium shock and assess for circadian 25 reporter

activity. Select Merl-luc Rat-1 fibroblasts clone P2C4 for conpound
testing. Synchronization protocol: Plate Merl-luc Rat-1 fibroblasts

P2 40-50% conf | . 98- el |t It | at
(Pert] nii mer #6005680% i (PR ARAS et cntl PGl et i th 100

/m, Zeacin (I nvitrogen 5-0430)., unti | ures reach 100% confluence
D5 72" roh Bttt SS IR i e Uil PACD L Reshe s pohdmisdr 10 peliEM 50
(Cellgr ocdﬁﬂae&;h?oﬁwnso 0P ventdd/palysBeeetiskhd Addtd RS MBEtdh £ $825b0N%nd
#30-001-C1); 50% HS (G bco #16050- 122#)1%01(‘185 2 hours at 37C and 5% C02.

After symamtashinzgiewgnmedialEMEBYI(Callere Vb 1§% ferthoyige s¢rgmgFBS;

#10- 010- O A3 nut t re.. Alter ri | . medi a
i th 300 Peeg St mh R e ARk Ssinabh BouaP g DR ERE ™
2006? (r)rfldiﬂ(}s_"-}ﬁ’clﬂlz_LJSZO?SI 0t29383' 5(202: Iut am 220( gglll gc;:rlo 42%80?/'- ICl) ; f 100

. U eniclllin-streptonycin ro - - ; ucli ferin

(Pr g S BBKERECTRRY GRS RRE S F500 e CRIER 10H 308 apaiiiaes Bishe ¢ o

0021 nd e a0 . Capi

e at o i T A e e A TROSE T nsraREn afidpd e

| uci f er alsproawiténdrivgn afstase nepotter gentu tAdtem2d ¢ 8Cioncy dplirthRedoressimto 96 well

I\/Ea§ ure n}ﬁ{a}tes a.npc‘I rtnglrnta?ﬁ/ &Cghrroxomr}il é%&fa%ﬂpplgr%ier?tteg iw?thaﬁfﬂyo pg/mlL Zeocin (Invitrogen

20  #45-0430) for 10-14 days. Assess Zeocin-resistant stable transfectants for reporter expression
by supplementing growth media with 100 uM luciferin (Promega #E1603) and assaying
luciferase activity on a TopCount scintillation counter (Packard Model #C384V00).
Synchronize Rat-1 clones expressing both Zeocin-resistance and mPerI-driven luciferase
activity by 50% horse serum [HS (Gibco #16050-122)] serum shock and assess for circadian

25 reporter activity. Select Adper-luc Rat-1 fibroblasts clone P2C4 for compound testing.
Synchronization protocel: Plate Mper!-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 pL synchronization media [EMEM

30 (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% COQ2. 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 [CO21 (Gibco #18045-088); 2mM L-



plates at 37Cin a tissue culture incubator (Forma Scientific Mdel #3914).
Estimate in vivo luciferase activity by neasuring relative |ight output on
a TopCounw@eeodtopiob@t i on counter (Packard Mdel #C384VORYT/USem@s/e19883 pl at es
fromincubator to reader using an ORCA robotic arm (Beckman I nstrunents)
and SAM - NT aut omated schedul i ng softwab2 (Version 3.3; 1Q SAG ANBecknman
Instrunments). Data Analysis: Use Mcrosoft Excel and XLfit (Version 2.0.9;
IDBS) to inport, nmanipulate and g aph data., Perform period analysis_ either

by deter &thﬁmige £%Igr<h#%wﬁ$ -Gt W8 fral. aenigilinsirgempein fuellgrp A AR0bKE);
I
et Feal SRR o 80811 OIRREL D5 RLAGHER B ks
pot ency @e,ffdrpeddent bbdiatin O13% E)Mm (fiidl eomeneramrgr Sedll caltues irasrtiagdy oftht hat

hyper bol TePaeat G UPHE 4000 SkoF bty M baesianye PRosammt vor ous
the gonc t ) i L e
o SRR R RO WideinGHLR) | sl BB L

a neans plates asé'é§smragtlslsh@c1dtlfremcubdtoa(]?toema S@mpﬁuﬂ\.&bdah#whﬂ()a(ﬂkamateaywi\@ in
vivo. Us e Wstar. rats (Char mass of

t
200~ 250" e Tt SEREC b ThERUATE FrlfOveali] ueBhe o B JoReai S OHASE SReen | o
envi ronn@ra&kaaﬂ@lam AL3R4VGD). trRef® ﬁiﬂésrf%mm'b%% tch%m%@ﬁlgras (ﬂic.&%%’ncc
under a 12/ 12 hour gh) Ilght/dark c C ghts 25 on at 0O , and give
st andar daraBeckienny Instrymentst aﬂﬁtse%’fi-@w |abt0tn@ﬁ’i¢d sehsduling é@ﬁwalieaf‘/ Wlt)h 3.3n
intrn a I ransmtter (Mnnimtter-VMH, series 4000,
Sunr?ve @1@’?%@6@%@%3 body tenperature and general activity.

| mpl ant Bamh&nﬁlgmm]sé Mlc@soﬂDERch lagd XTHN YV asionr 20.9SIDBR)aspea haiipulbeder
ket am ne/ xyl a 78/13 neral anesthesia and allow the

ani mal 5 4% SRR (?fafoniﬂ é%w&awélmﬂtgg r hyletarmingug iy Ipfervabbetvesn miative
est abl i SiyRGHuRRITRI o%ef QBN dys {?g?‘%bggrcfﬁé?éfgnﬁpb em&thﬁd Ao ABleShebfly @

constant dark cycle (0/24 h light/ ow t animals to go
i nt o fr edemntipal pmod?esﬂlﬁhatiaryevqmalrmgetozf ciresdian pmmisurﬁhp@ctmommylaalzc(glm}h, Duri ng

t he dosi me aninal s receive either vehicle or ound sc or
po) at ‘g@&f‘f% %‘eé%ﬁ"t V&‘?’Eﬁ’dﬁ“&# ePF‘ﬁ'v‘é%‘)aUBUé*PatéP 8eibli O‘HéW&S Il R%‘P WO

2006/ 021 t tant
dar k cyc@%ﬁ%ﬁwﬁaﬁggﬁ%ﬁrﬁ eégtglcem‘éﬂaggggitﬁglﬁ%f %8%95 %?rﬂﬁ%%%iﬁnﬁggs o

regi men. vekms tacincentpion o test caapping (dadirim3LLit anjpeteatalate tentiCgapfoal
activity,data at 5-minute intervals. For analysis, use the Vital View and

Acti vi ev5h’§ 6fWare supplied by Mninitter. Plot observed abdom nal
tenperatures obtained for each rat on the 5 first day on a horizontal |ine.
Align the line of observed abdom nal tenperatures bel ow an

20 Rat Circadian Cycle Assay

This assay provides a means for assessing the effect of a test compound on circadian

cycle in vivo. Use male Wistar rats (Charles ijér) with a starting body mass of 200-250 g.
House each animal individually prior to testing in a controlled environment and maintain a
thermoneutral ambient temperature of 24-28 °C under a 12/12 hour (h) light/dark cycle (lights

25  onat 06:00 h), and give standard laboratory chow and water ad libitum. Implant each rat with
an intra-abdominal biotelimetry transmitter (Minnimitter-VMFH, series 4000, Sunriver, OR)
to monitor core body temperature and general activity. Implant each transmitter as per the
manufacturer's recommendations under ketamine/xylazine (78/13 mg kg™, ip) general
anesthesia and allow the animals to recover for 7-10 days. After the recovery period, to

30  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, s¢, or po) at specific CTs (Circadian Times) over a 48 hour period. Monitor



abscissa line with circadian tinme (x-axis). Plot observed abdom nal
tenperatures for each successive day as individual lines in a simlar
manner to woasictelme ordinate (y-axis, in days). ConneeCTaiseoosn2438al rise
of core body tenperature that occurs each day with a straight Iine, which
allows the use of nultiple days to estib@dte the circadi an phase on any
given day for 10 each individual rat. Determne the effect of treatnent on
phase by using the straight line nmulti-day estimtion of phase before and

af t er do8iergimalp et ient days itha eenstant dark cyolmiBiddd light/Harkoadspafergoagpiation

di spl ace hecstraight line conpectin e daily initial, rise of
core bodgﬁ?% ﬁgg‘bg?%%’%%e?‘?fre g‘&g’ﬁ%&h‘?& : S?‘@Q[}’r?g’ﬂ?mgﬁii PEWP rast;‘llll}ézi‘flg BE§TRhe |
connect i agivilyelatattSialnutd infegvadd. ERa8alRoidyust SR ItAVENE ard BefivieRoawaAsk
treatment v ,rigs t he vehicle control before and 15 after treatnent |ines.

&

Cal cul at &RPHEC Y Misreitise hjat ofseryed pbdanippldsmpergiuspehtaiedior saghyat amthe pri or
to daqsi : . gni e -har. . W { t
st 3ot ofust By OR8 bR HnB ATl The HRCAUHRNEed LRSS fontblrd R SR B e
groups. @Bcissbline §ith Bircidig tiaé (Batis). GpcbierveCalsdsntini taaperatges¥3PeAHP

Fi | Cell As Pl at . ECa..,ih K; | 544 | b 157.35 1lc
Cr04°1 o Soeeedis By albyio el Bobon & syniammaier (o probidsshe ordtngterr ks 1 dRh6. 96
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which a;lows the use of multiple days to estimate the circadian phase on any given day for

10 each individual rat. Determine the effect of treatment on phase by using the straight line
multi-day estimation of phase before and after dosing. Treatment with an active compound
will cause a greater displacement between the straight line connecting the daily initial rise of
core body temperature before compound treatment and the straight line connecting the initial
rise of core body temperature after compound treatment versus the vehicle control before and

15 after treatment lines. Calculate the difference between those phases projected onto the day
prior to dosing for the treated animals. Use ANOVA, together with Students t test, to compare

mean body temperature circadian shifts in minutes between groups.

20 Table 5
Biological Data
Cmpd No. Casein Kinase Ie *’P-ATP Filter Cell Assay
Plate Assay ECazwin (UM)
Ki (nM)
Ia 544
Ib 157.35
Ic >10*
Id 110 >30
le , 159
If 3090
Ig 915.49
Th 70.95
i 1677.81
Ij 116.26
Tk 468.28
Il 324.03
Im 1266.59




| 356.87 1g 37.99 Ir 331.34 1Is 481.08 It 425.30 lu 562 |Iv 4550.66 Iw
2025.39 Ix 1750.71 1la 64.04 11b 811 0.874 1Ilc 256.88 I1d 1067.73 He
109.11 | WO 2004/8218e0 | | g 30.64 2.492 11h 24.73 11i 11] RAIRUSW0O5/019R8370. 56
1l 184.63 1Im68 IIn 15.90 0.998 Ho 9.60 0.662 |1 4030 Il 334 |IIr 333
Its 47.00 1.155 |11t 22.00 1.974 55 CI9% M5 1. A conpound of fornula (1) or
formula (I1) "R3 x

In 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
I1b. 811 0.874
IIc 256.88
iId 1067.73
Ile 109.11
If 1448.84
g 30.64 2.492
1Th 24.73
m e
I]j 112.37
Ik 70.56
111 184.63
IIm 68 )
IIn 15.90 0.998
Ilo 9.60 0.662
1Ip 4030
1lg 334
IIr 333
iIs 47.00 1.155
It 22.00 1.974




MRz R4- NO R R3 x \L-"~Rz MI N O wherein Xis Sor S(On; RLis H
or C1-C6 alkyl; R2 is NRSR6; R3 is aryl or heterocycle; R4 is H Cl-C6

al kyl, C2-C6 al kenyl, C2-C6 al kynyl, aryl-(Cl-C6 al kyl),

het erocycl e- (G -C6 al kyl), Cl-C6 al kox aryl - (G -C6 al koxy),

het erocycl e-(C -C6 al koxy), CF3, hal ogen, SH, Cl-6alkylthio, aryl-(C -C6
al kylthio), heterocycle-(C-C6 alkylthio), N2, NH2, NR5R6, aryl-(C-C6

al kyl am no), hetgrgay¢! e- (G -C6 al kyl am no), or XR3 wherein X and R3 are
as . defined above; RO 1s Hor ClI-C6 alkyl; R6 is Hor C1-C6 alkyl; L is N or
CR7 wherein R7 is Hor Cl1-C6 alkyl; Mis S, 0O or NR8 wherein R8 is H,
Cl-C6 al kyl, aryl-( Vi) C-Co6 alkyl) or acyl; nis 1
or 2; or a sterg0|sgﬁégﬁpgﬁﬁegg%FmQHgﬁ&qg ggnate or a tautoner thereof;
or a pharmaceutically acceptable salt thereof. 2. The conpound accordi ng to
claiml of formula (I) or formula (11) wher&n M and® are each S. 3. The
conpound according to claim2 of forgula f1) wherein L is CR7. 56 4. The
conmpound according to claim3 vvhgdre' { * 5. The conpound according to
claim4 selected fromthe group con
6- phenyl sul f anyl - 4Ht hi eno[ 3, 2- b] pyr ol eXN5- cd?boxyllc acid am de,

6- (3-fl uorophenyl - sul fanyl ) -4H-t hi eno[ 3, 2%b] pyrrol e-5-carboxylic acid
am de, 6-(4-chlorophenyl-sul fanyl)-4Ht h;{,emo[ 3,2-b] Mrrol e-5-carboxylic

aci d am de, '
6- ( 2- am nophenyl - sul fanyl )-4H-t hi en ~Z2\D] pyt rol e- 5- carboxylic acid am de,
6- (pyridin-2-ylsul fanyl)-4Ht hi elol3, 4- b ol e-5-carboxylic acid am de,

6- p-tol yl sul fanyl - 4Ht hi eno[ 3, 2-b] pyfro - 5-earboxylic acid am de,

6- (t hi ophen- 2-yl hsuI fanyl)-4Ht hi eno[ 3, 2-®] pyrrol e-5-carboxylic acid am de,
WwHErein

- XisSor S(O)n;
R;is Hor C;-Cs alkyl;
Rz is NRsRs;

R; is aryl or heterocycle; _

Ry is H, C;-Cs alkyl, C;-Cs alkenyl, C;-Cs alkynyl, aryl-(C,-C¢ alkyl),
heterocycle-(C1-Cg alkyl), C;~Cy alkoxy, aryl-(C,-Cs alkoxy), heterocycle-(C,-Cs alkoxy),
CF3, halogen, SH, C;salkylthio, aryl-(C;-Cs alkylthio), heterocycle-(C;-Cs alkylthio),
NO,, NH,, NRsRs, aryl{(C-Cs alkylamino), heterocycle-(Ci-Cs alkylamino), or XR3
wherein X and Rs are as defined above; ' _

Rs is H or Ci-Cs alkyl; R¢ is H or C,-Cs alkyl; L is N .or CR7 wherein Ry isHor
C;i-Ce alkyl; M is S, O or NRg wherein Rg is H, C1-Cs alkyl, aryl-(C;-Cs alkyl),
heterocycle-(C1-Cs alkyl) or acyl; n is 1 or 2; 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 (T) wherein L is CR5.



6- (3, 5-di chl or o- phenyl sul fanyl ) -4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid
am de, 6-(pyridin-4-ylsulfanyl)-4Hthieno[3, 2-b] pyrrol e-5-carboxylic acid
am de, 6-mtolylsulfanyl-4H1thieno[3, 2-b]pyrrol e-5-carboxylic acid an de,
6- o-tol yl sul fanyl - 4H-t hi eno[ 3, 2-b] pyrr 6e-5-carboxy|ic acid am de,

6- (2, 3-di chl or o- phenyl sul fanyl ) - 4H-t hi eno[ 3, 2- b] pyrrol e-5-carboxylic acid
am de,

6 (2, 5-di chl or ophenhsahiand decbidid b%&%@v&eﬁ]rpﬂifs(ﬁe 5- carboxyl i ¢ aci d
am de, 6-(2-ethyl-phenylsul fanyl)- t hi eno[ 3, 2 pyrrol e-5-carboxylic
acid am de,

o (3, 5- di met hyl Sphent Tttt 3R e 4RYERRL Fom Rt dons SuBr e o™
g(r:r: geam ge( 3- msbhmxwlqulfamyﬂﬁwhfeaumz}b]@ykmlblS&:aﬂ{oSle}da]qO@m;ﬂa,l e-5-carboxylic

6- ( 2- met hoxy- phéugserePisw -l -AHahspe3 2-Wpyils-Srabadicasidamite acid

am de, 6- (4-chlor0FE|1henyl sulfany!)—4H-th1eno 3 2 b]pyrrole-S carboxyhc acid amide,
6-(2-trifluoronethyl sufanH) AHth i eno[ b]pyrrole5carboxyllc
acid 1 anmde, 6-(2—ammophenyl -sulfanyl)-4H-thieno[3,2- b]pyrrole-S carboxylic acid amide,

6- (2- 1 uor o- phegylygilf APkhikar§ A DISARE 32 SIS QoI Mibaxde! ¢ aci d

am de, and
6-(3-trifluor on@plftdxlﬁul;ﬁdmghyll{shlleﬁcf[ﬁ)ZLlj]pﬁl-cm—ﬁicmhmb&,c%eid]awﬁé ol e- 5- car boxyl i -

d d di ff la. (1) wh
[ ie N 7 The EUBOEmE PR R b R AP Tt Ser b e gty oup
consi sting of : 6.6 phrAttSpchpRYbamd it 2b Bydble . aanl:S1idaGanhpmy! i ¢

acid am de,
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6- (3-f1 uor o- phet’rrgnwdlm%ﬂwlfanmllaﬂbwhre@pB[Zzbmy@qlsﬁrcaMEh%a%am@ﬂy| ic acid
am de, and 6- (p%a' Iikuda H't%?eﬂx Zg]IE?HXIErSOJaPJo%ylgcf ;&magole S-carboxylic

acid am de. onpo accor o claim ormula (11) wherein L
is CR7. 9. Theb- o@’qdadfmdylaftfédnehaﬁgztb@pmm m:&bmtydalcemd alidd,s H 10. The

4 (pyr 1 di - 2 y SR Ry P b A B Sp SFEmenal - P eiealny s eeidintieam g

4- (phenyl sul f arg2)5- @bhlbmmﬁj}lamﬁn?ﬂ)nw &@n@fg@ Ej@fxﬂ?&é ﬁLdaﬁ)(ﬁ{ghéja&{ﬂThrﬂﬁie
6- (3- fluorophe%q sul fanyl )-6H-t hi eno[ 2 rrol e-5-carboxylic acid

anide, 4 (pyr| r?llw-f“?h@mSPKW&MD;‘%@IFW[&%{]M@J%?-EWP@XBGIC@B@-@H%oxyI ic acid
am de,

4- (3, 5-dichlor op ebrﬁgl lsulfﬂyl ﬂﬁlmo 3%)]1?%0]‘6'5 F&rlrg >éyh§ aggralgm%il ic acid
am de, 4-(thi 6&6éﬂ1@etyykﬂ1myhmydny})&ﬂ-tﬂmmm Blp3rrbleprcarbdgiibacidarbidiy | i C
acid am de,

4- ( 3- br omophenVrCIAtoxxpRsdsy Ay AR BiegoldflpyeneSatrplicanid @nidei 9 ani de,
4- (3- et hoxypheqylm@ndx&q;ﬂyﬁﬂa@ﬁhﬁmgrtﬁ{eaagabﬂ] d}@lsecaﬁ)oﬁﬂlido&wémﬁeam d

am de, 4-(2-nethoxyphenyl -sul fan -6H-t hi eno pyrtol e-5- carboxyl iC
acid ami de, 6-(2-tri uoromethyl-phenylsu]fanyl)-4H—thxeno[3 2 b]pyrrole-S -carboxylic acid 1

amide,
6-(2-fluoro-phenylsulfanyl)-4H-thieno{3,2-b]pyrrole-5-carboxylic acid amide,
and 6-(3-trifluoromethoxy-phenylsulfanyl)-4H-thieno[3,2-b]pyrrole-5-carboxyli- ¢ acid

amide.
6. The compound according to claim 2 of formula (I) wherein L is N.

7. The compound according to claim 6 selected from the group consisting of:

6-phenylsulfanyl-4H-pyrrolo[2,3-d]thiazole-5-carboxylic acid amide,



4- (3-chl or ophenyl - sul fanyl ) - 6Ht hi eno[ 2, 3-b] pyrrol e-5-carboxylic acid

am de, and 4-(3-net hyl phenyl -sul fanyl)-6Ht hi eno[ 2, 3-b] pyrrol e-5-carboxylic
acid amde. 11. The conpound according to claim2 of forrmula (I1) wherein
L is N 12. The conpound according to g,im 1l selected fromthe group
con5|st|ng of :

2- et hyl - phenyl sul fanyl -4H pyrrol o[ 3, 2-d] t hi azol e-5-carboxylic acid

am de, ﬁ3 ﬂuoro-phenflsulfanyl)—tlH pyrrolo{2,3-djthiazole-5-carboxylic acid amide,
6- (3- nethoxypheny sul f - 2-met hyl - 4H pyrrol o 3, 2-d] t hi azol e- 5- car boxyl i
¢ acid amdad 6-(pyridin-2-ylsulfa nyl)-4H-pyrrolo[2 3-d]thiazole-5-carboxylic acid amide.

6- (3-fl uorophenyl - sul fanyl ) -2-nmet hyl - 4H pyrrol o[ 3, 2-d] t hi azol e- 5-car boxylic
acid am de,

6- ( 3- chl or ophenyl - sullhaeppipoud aeotdyrig-td elapy 2rod famd|aZHi héremdolsé>R- car boxyl i ¢
acid am de, 58

6-(3-trifluoronet hoxy-phenyl sul fanyl)-2-nethyl -4H pyrrol o[ 3, 2-d] t hi azol e- -

5- carboxylic aeid amhélémpound according to claim 8 wherein Ry is H.
2, 6- bi s- phenyl sul f anyl - 4FprrroIo[3 2-d] t hi azol e-5-carboxylic acid am de,

2, 6- bi s- (3- et hoxy- phenyl sul fanyl') - 4H pyrrol of 3, 2-d] t hi azol e- 5- car boxyl i ¢
acid am de, 6- phenyraulchdovla AbbawL" 9 LAl o 2edlithiar A BuF Ahbey de aci d

am de, and
6- ( 3- met hoxyphe#pyalin- iatsylff)n’ml-é}bsmm[m -Bl@rrdlet hiabodybe 8cid amigexy| i caci d

amde. 13. Ap i-on ri.si har,maceutical |y
accept abl e carr?2?13ﬁaﬂgm@gﬁggﬁﬁga@ WB¥W@F"’ #?XQEWFEﬁWHp% (H according
to claim1, or @(3-ﬂhﬁbﬁlmn§mﬁanylﬁmemaﬁtim OB pyrrole-5-REBHBR a0id amil@ut omer  of
sai d compound; or rmaceutically acceptable salt thereof. 14. The use

of a conpound of (H%#dfﬁﬁ -Hlsglfanylyr0b- hienal 23-p]-pyrrole-frgatbpxylicpeid ampde,Ram L ; O
R R3 X NR24 -(3,5-dichlorophenyl-sulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,

4-(thiophen-2-yl-sulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,

4-(3~bromophenyl-sulfanyl}-6H-thieno[2,3-b[pyrrole-5-carboxylic acid amide,

4-(3-methoxyphenyl-sulfanyl)-6H-thieno{2,3-b]pyrrole-5-carboxylic acid amide,

4-(2-methoxyphenyl-sulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,

4-(3-chlorophenyl-sulfanyf)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide,
and 4-(3-methylphenyl-sulfanyl)-6H-thieno[2,3-b]pyrrole-5-carboxylic acid amide.

11.  The compound according to claim 2 of formula (II) wherein L is N.

12.  The compound according to claim 11 selected from the group consisting
of:

2-methyl-6-phenyl-sulfanyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic 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-pyrrolof3,2-d]thiazole-5-carboxylic
acid amide,

6-(3-chlorophenyl-sulfanyl)-2-methyl-4H-pyrrolo[3,2-d]thiazole-5-carboxylic

acid amide,



MNOR wherein Xis Sor S(Oo; R is Hor CI-C6 alkyl; R2 is NRS5SR6; R3
is aryl or heterocycle; R4 is H Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl,
aryl-(G -C6 alkyl), heterocycle-(C-C6 alkyl), C-C6 al koxy, aryl-(G -

al koxy), heterocycle-(C -C6 al koxy), Gg3, halogen, SH C -6 alkylthio,
aryl-(G -C6 al kylthio), heterocycle-(CI-C6 alkylthio), NO2, NH2, NR5R6,
aryl-(G -C6 al kyl am no), heterocycle-(Cl-C6 al kylamno), or XR3 wherein X
and R3 are as ded-(3rgifluabpivBoxyRheh@Asdifayl) @lm&rﬁ‘wylaﬂfkmhmld?ﬁ 2idgthtdzele--Cl -506 59
alkyl; Lis Nor CR? whereln R7 is Hor CI-C6 alkyl; Mis S, 0 or NR8
wherei n Rs §asbopylic gid gpidey kyl | aryl-(CI-06 alkyl), heterocycle-(Cl-C6

al kyl) or acyl: nehg. fpse@{su@anypaﬂq; éﬂoﬁfe (RIAPRE scaBoSMRAL QMR @ racenate

or a tautoner tHhereo har maceu acceptabl e salt thereof, for
the preparati on Zf-big (thmylsdfanvhéﬁ pbh*rdbm[ﬁﬂiﬁthmfzoleésc@rh@xykq nagé |s
activity in adgatl ent. 15. A process for the preparation of a conmpound of
formul a (I) or“formula (HH /R1) XM LNO R XR(IlI) 3LR
wherein: X i s S6-pdehylsultahiyl-4HRbyriofo] 32 @jthGlelet-@kboyllic &2l imsid®yRaR6; R3 is aryl
O et ETOCYE! € i ity oyt oo L6 RO il T

13. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a compound of formula (I) or formula (II) according to claim 1, or a
stereoisomer, an epantiomer, a racemate or a tautomer of said compound; or a

pharmaceutically acceptable salt thereof.

14.  The use of a compound of formula (I) or formula (1),

X/R3 ?
M. Ry
T3
Is N o
Ry
s ®
p.4
L Ry
~3
M N\ o)
. ) Rl
wherein X is S or S(O),;
R, is H or C;-C; alkyl;
R, is NRsR;

Rj3 is aryl or heterocycle;

Ry is H, C;-C¢ alkyl, C,-Cs alkenyl, C>-Cs alkynyl, aryl-(C(-Cs alkyl),
heterocycle-(C-Cs  alkyl), C,-Cs alkoxy, aryl-(C;-Cs alkoxy), heterocycle-(Ci-Cs
alkoxy), CF;, halogen, SH, C,¢ alkylthio, aryl-(C;-Cs alkylthio), heterocycle-(C-Cs
alkylthio), NO,, NH,, NRsRg, aryl-(C,-Cs alkyIarm'no), heterocycle-(Cy-Cs alkylamino),
or XR3 wherein X and R; are as defined above; Rs is H or C;-Cs alkyl; Rg is H or Cy-Cs



LisN, Mis S, 0 or NR8 wherein R8 is CI-C6 al kyl, aryl-(C-C6 al kyl),
heterocycle-(CG - C6 al kyl) or acyl; conprising: reacting a conpound of
formula 10 or fornula 13 wherein R4 is halogen and R2 is as defined above
MRz 10 RA N-~R2 13 MIQO 60 mnth5$.diaryldisulfide or a

di heterocycledisulfide in the presence of a suitable base in a suitable
pol ar solvent, and isolating the conpound of formula (1) or formula (11) as

defi ned aboukyliies & or €& WherRR, idB. ormazsmlm,aﬁs 8f Gk AR WiRrNRL &I 1, R4 Of
base is cesium

t he compound, of fornul 10_or. fornula 13 is brom ne, the
car bonat e, &hg 6 Fify @ {%éRtﬂkgx @?ﬁ%@ﬁ?ﬂpﬁﬁhéWSQEOYQ%& Baisd pPedctoron is
carried out gsigleoiBorh&8TRE cBidtioSiet, PaB&th@%Q% ﬁtltofr{elo meré%lﬁo&t %H&TIEIQCLI%Q&HI 120C€,

for a period of tinme of from about one hour to about
acceptable salt thereof, for the preparation of a medicament for the 1nh1b1t1ng of casein

kinase Ie activity in a patient.

15. A process for the preparation of a compound of formula (I) or formula (II)

U]

x~
M. R,
A \\LINg_<
[
\
R,
1)
R, ()

wherein; X is S;

Ry is H or C,-Cq alkyl;

Rs is NRsRg;

R3 is aryl or heterocycle;

R4 is XR3 wherein X and R; are as defined above;

Rs1s H or C,-Cy alkyl;

Rg is H or C;-Cs alkyl;

LisN;

M is S, O or NRg wherein Rg is C;-Cs alkyl, aryl-(C;-Cs alkyl), heterocycle<(C;-
Cs alkyl) or acyl,

comprising: reacting a compound of formula 10 or formula 13 wherein

R4 is halogen and R; is as defined above

\ [¢}
H

R ;;l \_
<+

&)

10

13

H



60

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 XRj.

16. The process of claim 15 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.



