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1. Field of the Invention
This invention relates fo methods of using 3-arylthioindole-2-carboxamides, 5-
20 subsﬁtuted-3-arylthioindole—Z—carboxamides and related analogues as inhibitors of human
casein kinase Ie phosphorylation of the human clock protein Period (WPER) which are
therefore useful, as pharmaceutical agents, especially in the treatment and/or prevention of

diseases and disorders associated with the central nervous system.

25 2. Description of the Art
Rhythmic variations in behavior are displayed by many organisms, ranging from
single cells to man. When the rhythm persists under constant conditions, and has a period of
about one day, depending little on temperature, the rhythm is called "circadian” (Konopka,
R.J. and Benzer, S. (1971) Proc. Nat. Acad. Sci. USA 68, 2112-2116).
30
Circadian rhythms are generated by endogenous biological pacemakers (circadian
“clocks) and are present in most living organisms including humans, fungi, insects and bacteria
(Dunlap, J.C. (1999) Cell 96, 271-290; Hastings, J.W. et al. Circadian Rhythms, The -



cycles (Pittendrigh, C S. (1993) Annu. Rev. Physiol., 55, 16-54; Takahashi,
J.S. (1995) Annu. Rev. Neurosci. 18, 531-553; Albrecht, U et al. (1997)
Cell, 91, 1055-1064). Circadian clocks are essential for nmaintaining

bi ol ogi cal rhythns and regul ate a variety of circadian behaviors 10 such as
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i n body terrperature (Hastings, M (1997) Trends Neurosci. 20, 459-464;
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(2000) 288¢ll83382999). The dper gene. has been shown to be a necessary
element in controlling circadian rhythns in adult eclosion (the enmergence
of the adult fly fromthe pupa) behavior and | oconotor activity (Konopka,
R J., 1% BenzerGerglic émdeﬁtll)aclﬂar@mdie&latthe ﬁvﬁtﬁﬁDrcSQPhilalmnceesterZ@_@.@- 2116) .
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290; Dunlap, J.C. (1996) Annu. Rev. Genet. 30, 579-601; Hali, J.C. (1996) Neuron, 17, 799-

20  802). The core elements of the circadian oscillator in Drosophila consists of two stimulatory
proteins dACLOCK/dBMAL (CYCLE) and two inhibitory proteins dPERIOD (dPER) and
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

25 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,
and form heterodimers that are translocated into the nucleus. Once in the nucleus dPER and
dTIM function as negative regulators of their own transcription, accumulation of dPER and
dTIM declines, and activation of dper and dtim by dCLOCK/dBMAL starts again (Zylka, M.J.

30 et al. (1998) Neuron 20, 1103-1110; Lowrey, P.L. et al. (2000) 288, 483-491). The dper gene
has been shown to be a necessary element in controlling circadian rhythms in adult eclosion
(the emergence of the adult fly from the pupa) behavior and locomotor activity (Konopka,
R.]., & Benzer, S. (1971) Proc. Natl. Acad. Sci. USA, 68, 2112-2116). Missense mutations of



5 In mammal s, the suprachiasmatic nuclei (SCN) of the anterior hypothal anus
are the site of a master biological clock (for review see Panda et al,
(2002) Nature 417, 329 - 335; Reppert, S.M and Waver, D.R (1997) Cell,
89, 487-490). The SCN clock is entrained to the 24 hour day by the daily

| i ght -dar k ®10e6/0294% h |i ght acting through both directPCHEE200829%3&Ct
retina-to-SCN pathways (Klein, D.C. e# al. (1991) Suprachi asmatic Nuclei:
The M nd's Cock, to Oxford Univeristy Press, New York). In the SCN of
rodents, three Per genes have been identified and cloned, and are
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20 Cell 81, 1055-1064; Shealman, 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
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, MLJ. et al., (1998)
25 Neuron 21, 1115-1122). Another possibility is that thythms in PER1 and PER2 form negative
feedback loops that regulate the transcriptional activity of the Clock protein (via their PAS

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

30 Understanding the roles of the three mPer genes in the mammalian clockwork has
been the subject of much investigation. The structural homology of the mPER proteins to
dPER led to the expectation that the mPER proteins would function as negative elements in

the mammalian feedback loop. PERI is believed to be involved in the negative regulation of



the input pathway (Hastings, MH et al. (1999) Proc. Natl. Acad. Sci. USA
26, 15211-15216). PER2 is the nost well characterized protein, and nPER2
mutant m ce (nPer2B"d"), lacking 87 residues at the carboxyl portion of

t he PAS dinerization domain, have a shortened 5 circadi an cycle in nornal

| i ght - dar k wa 2006/23590 but show arrhythmcity in conpl et @AIRIWSA306 The

mut ati on al so di m nishes the oscillatidhg expression of both nmPerl and nPer2
in the SCN, indicating that nPer2 may regulate nPerl in vivo (Zheng, B. et
al . (1999) Nature 400, 169- 173). PER2 has been shown to have a dual
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(CKI'S). Both Kinasés have been shown t'o bind R1, several studies
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20 (2000), FEBS Letters, 477, 106-112).

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

25 (dbt), encoding a protein serine/threonine kinase (DBT) (Price J.L. et al. (1998) Cell 94, 83-
95; Kloss B. et al. (1998) Cell 94, 97-107). Missense mutations in the db¢ result in an altered
circadian rhythm. Null alleles of dbr result in hypophosphorylation of dPER and arrhythmia.

The mammalian kinases most closely related to DBT are casein kinase le (CKlg) and
30  casein kinase I§ (CKI§). Both kinases have been shown to bind to mPER1, and several
studies have shown that CKlg phosphorylates both mouse and human PER1 (Price J.L. et al.
(1998) Cell 94, 83-95; Kloss B. et al. {(1998) Cell 94, 97-107). In a study with human
embryonic kidney 293T cells co-transfected with wild-type hCKIe, hPER1 showed a



5 significant increase in phosphorylation (evidenced by a shift in

nol ecul ar mass). In this study, the phosphorylated hPERL had a half-life
of approximately twelve hours whereas unphosphoryl ated hPERL renai ned
stable in the cell for nore that 24 hours, suggesting phosphorylation of
hPERI | eadsWM2086/3&¢ ease in protein stability (Kessl erECTESA058193%] . (2000)
5 NeuroReport, 11, 951-955). Another study al so showed the consequence

of PERL phosphorylation by hCKls includes both cytoplasmc retention and
protein instability (Vielhaber, E. et al. (2000) MIl. Cell. Biol. 13,
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co-transfected with hCKIs and Perl or Per2. For the purpose of eval uating
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30 Novenber 8-12, 2003, Abstract nunbers 284.1, 284.2, and 284.3
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manner . t-&&mﬁoﬁ ﬁﬁaitﬁﬁt&nqifnlzaﬁnaim {bdy 2BlRS hPERE aﬁzﬂ %Eﬁ&@bﬁﬁﬁ:‘hﬂ% an Mperl
-luc cons ruct, enablin 9gthe determnati on of
et al (2001) FEBS Letters 489(2,3), 159-165]. Thus, inhibitors, mcludmg small molecule
20 inhibitors, of mammalian or human CKIe and/or CKI13 provide a novel means to phase shift or
reset the circadian clock. As discussed below, the alteration of circadian rhythm may find

utility for thc; treatment of sleep or mood disorders.

U.S. patent 6,555,328 B1 discloses screening methods in cells to identify compounds
25 that alter circadian rhythms based on a test compound altering the ability of human casein
kinase l¢ and/or human casein kinase 13 to phosphorylate the human clock proteins hPERI,
hPER2 and bPER3. For example, HEK293T cells are co-transfected with hCKls and Perl or
Per2. For the purpose of evaluating the relevancy of CKlIe inhibition and CKIe inhibitors to
circadian biology, a high-throughput celiular assay (33" Annual Meeting, Soc. for Neurosci.,
30 November 8-12, 2003, Abstract numbers 284.1, 284.2, and 284.3) was developed in which
circadian rhythm could be monitored in a routine manner. The assay consists of Rat-1
fibroblasts stably expressing an Mperi-luc construct, thus enabling the determination of the

rhythmic activation of the Mper/ promoter in living cells by repeatedly esiimating luciferase



rhythm c activation of the Merl pronoter in living cells by repeatedly
estimating |uciferase WO 2006/ 023590 PCT/ US2005/ 029306 6 activity by
nonitoring |ight-output over several days. The repeated neasure format of
the assay permts accurate and reproduci bl e assessnment of the
concentr at | wo-d@peident effects of CKls inhibitors on RSIfUS2WH829306hyt hm and
provi des the nexus for relating CKls i%nhibition to circadian period
alteration. 5 Sleep disorders have been classified into four major
categories that include primary sleep disorders (dyssomias and
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quantitative terns, as further exenp ‘terations 1n sfeep with
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syndrome, shift work sleep disorder, advanced slecp phase syndrome and delayed sleep phase
20  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

25 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
CK13, may be useful for the treatment of sleep disorders, and particularly circadian rhythm

30 sleep disorders. |

Mood disorders are divided into depressive disorders ("unipolar depression™), bipolar

disorders, and two disorders based on etiology that include mood disorder due to a general



CKI'S, may be useful for the treatnment of sleep disorders, and particularly
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been showdetaeddsy the term “with seasonal pattern” when describing a seasonal pattern of major
20  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,

25 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
resulted in the proposal of several hypotheses to explain the underlying mechanism of action

30  for the therapeutic effect of light. These hypotheses included the “circadian rhythm
hypothesis™ that suggests the antidepressant effect of bright light could be associated with
phase-shifting the circadian pacemaker relative to sleep (E. M. Tam et al., Can. J. Psychiatry
(1995) 40, 457-466). In support of the link between hight therapy and circadian rhythm,
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disturbances, and eventually primary insomnia. Circadian rhythmicity in CRF secretion under

20  nonstressed conditions may play arole 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 13,

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

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

their entirety.

Thus it is an object of this invention to provide methods of using 3-arylthioindole-2-
carboxamides, 5-substituted-3-arylthioindole-2-carboxamides and related analogues as
30  inhibitors of human casetn kinase Ie phosphorylation of the human clock protein Period
(hPER) which are therefore useful, as pharmaceutical agents, especially in the treatment

and/or prevention of diseases and disorders associated with the central nervous system. This



may be useful for treatnent of depressive disorders due to effects on CRF
secretion. 25 All of the references referred to herei nabove are

i ncorporated herein by reference in their entirety. Thus it is an object
of this invention to provide nethods of using 3-arylthioindol e-2-
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anal ogues as 30 inhibitors of human cd&sein ki nase |e phosphorylation of the
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kinase |Is activity and phosggoimARY @R THE ineeRer@R cl ock protein period
(hPER) for the treatnent of diseases or disorders of the central nervous
systent associated with the disturbance of the human circadi an cl ock such
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15 Accprdi t.0;a met hod
for troat (nardts iRl SRR thechler e THRBA b e B 4™ e by
i nhi bi ti onleed dlwém mchidmg secadian rigdhmn slieepydicwdps sush ny ferdmampls,tshifi werkt o sai d
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syndrome that comprises administering to a patient in need of such treatment a therapeutically
effective amount of a compound of formula I.
15
Accordingly, a broad embodiment of the invention is directed to a method for treating
a patient suffering from a disease or disorder ameliorated by inhibition of casein kinase Ie

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

compound of formula I:
y—R!
X \ I
Z
N
\
20 H
wherein

X is H, Cl, F, Br, NO3, CN, OR?, NR*R?, HNSO,-C).3alkyl, or NHCO-C1 salkyl;
Y is -S(O),- or -O- whereinnis 0, 1 or 2;
R'is
25 1) aryl, unsubstituted or substituted with one or more of:
a) C,.salkoxy,
b) OH,
c) halogen,
d)  NR®R,or

30 e) Ci.salkyl, unsubstituted or substituted with one or more of:



N 20 H wherein Xis H d, F, Br, N2, CN, OR2, NR2R2, HNSQO2-Cl_3al kyl, or
NHCO- G _3alkyl; Yis -S(O"- or -0- wherein nis O, 1 or 2;, R is 25 1)
aryl, unsubstituted or substituted with one or nore of: a) C _bal koxy, b)
OH, c¢) halogen, d) NR2R2, or 30 e) G .5al kyl, unsubstituted or

substi t ut edwwi2ods/003500 or nore of : WO 2006/ 023590 PCT/ US2ZQ08/S0298086 10 i)
OH or ii) C _bal koxy; 2) heterocycle, tunsubstituted or substituted with one
or nore of. a) Cl_b5al kyl, unsubstituted or substituted with one or nore of:
5i) OHor ii) O _sal koxy, b) Cl_salkoxy, <c¢) OH d) halogen, or to e)
NR2R2; 3) Cl-5al kyl, unsubstituted or substituted with one or nore of: a)
Cl-5al kyl, b) Cl.5al koxy, c¥P OHO9%F 15 d) aryl, unsubstituted or

substituted with one or noreijpf: Cjikédy; 5al kyl, ii) G _5al koxy,
2) heterocycle, unsubstituted or substituted with one or more of:
a) C1.salkyl, unsubstituted or substituted with one or more of:
5 i) OH or
' i) C\salkoxy,
b) C,-salkoxy,
c) OH,
d) halogen, or
10 e) NRR?;
3) Ci.salkyl, unsubstituted or substituted with one or more of:
a) Cisalkyl,
b) Ci.salkoxy,
_ c) OH, or
15 d) aryl, unsubstituted or substituted with one or more of:
i) Cisalkyl,
i) C.salkoxy,
i) OH,
iv)  halogen, or
20 v)  NRR%
Zis
1)  CEONRR® or
2) C(=O)R*:
R’is hydrogen or C,.zalkyl;
25 R? is hydrogen, C;.salkyl, or Cs_¢cycloalkyl;

R* is 1-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or 4-morpholinyl, unsubstituted or

substituted with one or more of:

1) Cl-sa]k}’l,
2) _ C, salkoxy,
30 3) OH,

4) halogen, or
5  NRR%



iii) OH iv) halogen, or 20 v) NRZR2; Zis 1) C(=O NR2R3 or 2) C(=0O R4,
R2 is hydrogen or C _3alkyl; 25 R3 is hydrogen, Cl-5alkyl, or
C3.6cycloal kyl; R4 is 1l-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or
4-mor phol i nyl, unsubstituted or substituted with one or nore of 1)

G _5al kyl, wd)ze6s0255ad koxy, 30 3) OH, 4) hal ogen, or SPCTNR2REH29W6

2006/ 023590 PCT/ US2005/ 029306 11 or &l stereoi sonmer, an enantioner, a
racenmate or a tautomer of said conpound, or a pharmaceutically acceptable
salt thereof. Another enbodiment of the present invention relates to a

et hOd for. | oh elrfgolisg Cgﬁ?xgﬁPomer H@él?até raat t{)r\ﬁérto\ffs?lgg?mge & Ii]ta corrprl s ng

adm ni steri n%fatso sal erapeu i‘cat modnt of a
conmpound of }ﬂ(ammblaichuyamema&et@rtelw@tﬁner, an enantioner, a racemate or a
taut omer of said conpound, or a pharmaceutically accept abI e salt thereof,
DETAI LED DESCRI PTI ON OF THE I NVENTI ON 10 As used herein, "stereoisoner" is
a general ter maustet ehtbodialeht dfsmmémtdﬁvehmﬁi relathd & a mBbbe i lirhdbitidpadaseit f f er
only ip the orjientation of their ato ace The term stereoi somer

i ncl udes R aftwgégi?g%ﬁgtrcgm(pgﬂgg,{n{}%wg}egy O PAIEL 2 St aRFYERD | mage

| soner s ( feae@ivea@bunt of AEMPoAndTbKbihies), or JQEBFEdThe, dnGinShtioh@NS redembie b}
i soners, and isoners._ of cog})ounds with cg{gre 15 than tgne chiral center that

are not maﬁ{‘i’rt"m‘f’fﬂ&?éd‘fffmpé’ﬁ Shapiropacenically agceRiplle palttasreofThe  conpounds of

t he pr esent i nvention may have asynmet r ic centers and occur as racenates,
DETAILED DESCRIPTION OF THE INVENTION
10
As used herein, "stereoisomer” is a general term used for all isomers of individual
molecules that differ only in the orientation of their atoms in space. The term stereoisomer
includes mirror image isomers (enantiomers), mixtures of mirror image isomers (racemates,
racemic mixtures), geometric (cis/trans or E/Z) isomers, and isomers of compounds with more
15  than one chiral center that are not mirror images of one another (diastereoisomers). The
compounds of the present invention may have asymmetric centers and occur as racemates,
racemic mixtures, individual diastereoisomers, or enantiomers, or may ¢xist as geometric

isomers, with all isomeric forms of said compounds being included in the present invention.

20 As used herein, "R" and "S" are used as commonly used in organic chemistry to denote
specific configuration of a chiral center. The term "R" (rectus) refers to that configuration of a
chiral center with a clockwise relationship of group priorities (highest to second lowest) when
viewed along the bond toward the lowest priority group. The term "S" (sinister) refers to that
configuration of a chiral center with a counterclockwise relationship of group priorities

25 (highest to second lowest) when viewed along the bond toward the lowest priority group. The
priority of groups is based upon sequence rules wherein prioritization is first based on atomic
number (in order of decreasing atomic number). A listing and discussion of priorities is
contained in Stereochemistry of Organic Compounds, Emest L. Eliel, Samuel H. Wilen and
Lewis N. Mander, editors, Wiley-Interscience, John Wiley & Sons, Inc., New York, 1994.

30

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
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oriented so that the nunber 1 carbon of the main chain is at the WO

2006/ 023590 PCH;sUeA0QR:D2ABA6refelLtola0Ruraldi8inBAr @k blancHed chain bighdiid O represent
t he absol ute configuration of the isoner in which the functional

(det er ni niwdircybeugounshaging diem enedhfivasaghongfomspanddaglpdes methyl KBYE RIOPEE cent er

and "lg, i Phut N Eeclt3QMBErt-bity MM GikE e drsip@n the left. As used herein,
"tautomsr"1 Dgr?gpytaﬁ (’)mgri?r?i‘?t rel:‘he[rs to theg'lrcgexi stence of two (or nore) 5

conpounds that differ fromeach other only in the position of one (or nore)
nobile atons and in electron distribution, for exanple, keto-enol

tautoners or t Aguenddercinalixyliés wermapneyalenf|spipfitenterhichscopgstg obalingemt ed
| inear or o%éﬂ&ﬂﬁglkﬁtgxhiﬂh iid%ﬂ@ﬁi'oﬁe F\J‘t?l’\?yéaﬁ:%ﬁ lQeaﬂls%Qéaphﬂaa%ﬂ Dgkididr g epe to

five carbon atons, and inc es nethyl, ethyl, propyl, 0 1 sopropyl,
butyl, seetdyuanghavingsts frpanajdncabandifiam the kdergxyggs andAgcludas anethors) athoxY.al koxy"
refers.to i qﬁﬁ; I C i | inear or branched
aIkyI§%hafﬁmﬁg€?%gh§?%ﬁ§%ﬁék%%: |J%¥%g§%g%9§%g%%ﬁ¥€%fgﬁ'through an et her
oxygen atom and having its free val ence bond fromthe ether oxygen, and

i ncl udes net hoxy, ethoxy, 15 propoxy, isopropoxy, butoxy, sec-butoxy,

tert-butoxy angdst0a nhickenofak BE;-scycloalkyl” refers to a saturated monocyclic hydrocarbon
ring structure containing from three to six carbon atoms and includes cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, and the like.
20

As used herein, “ary]l” or “Ar” means any stable monocyclic, bicyclic or tricyclic
carbon ring of up to seven members in each ring, wherein at least one ring is aromatic and
unsubstituted or substituted with from one to three substituents selected from the group
consisting of hydroxy, C,-salkoxy, halogen, -NH», -NH(C;-3alkyl), -N(C,-3alkyl)s, and C;-

25 salkyl unsubstituted or substituted with one or more of OH or C,-salkoxy. Examples of “aryl”
or “Ar” include phenyl, naphthyl, tetrahydronaphthyl and biphenyl. The term “aryi-(C;-
5a1ky1)”inéludes 4-methylphenyl, 2-methylphenyl, phenylmethyl (benzyl), phenylethyl, p-
methoxybenzyl, p-fluorobenzyl and p-chiorobenzyl.

30 As used herein, the term "acyl” refers to a linear or branched saturated aliphatic

hydrocarbon group having the from one to six carbon atoms attached to a carbonyl {C=0)



As used herein the term"C3-6cycloal kyl" refers to a saturated nonocyclic
hydr ocarbon ring structure containing fromthree to six carbon atons and

i ncl udes cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the |ike.
20 As used herein, "aryl"™ or "Ar" nmeans any stable nonocyclic, bicyclic or
tricyclic oarposiezsiong of up to seven nenbers in each rEGRYS2005829306n at
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oxazol i di Byinuclidd, amiyzlohdmﬂomaapi q@ttumﬂyl lsasqmﬂbmiyl b¥hzimidaiadA Ohishiazolyl,

thlazolldlnyl |soth|azol qui nucl i d , |soth|azoI|d|nyI i ndo yI
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tetrahydropyranyl, thienyl, benzothienyl, thiamorpholinyl, thiamorpholinyl sulfoxide,
thiamorpholinyl sulfone, and oxadiazolyl.
20
As used herein, "halogen”, "hal" or "halo" refers to a member of the family of fluorine,

chlorine, bromine or iodine.

When any variable (e.g., aryl, heterocycle, R', R%, R? R?, X, Y, Z, etc.) occurs more
25  than one time in any constituent or in formula I of this invention, its definition on each
occurrence is independent of its definition at every other occurrence. Also, combinations of
substituents and/or variables are permissible only if such combinations result in stable

compounds.

30 As used herein, "treat", "treating"” or "treatment” refers to:
@) preventing a disease, disorder or condition from occurring in a patient that may
be predisposed to the disease, disorder and/or condition, but has not yet been

diagnosed as having it;



benzopyranyl, benzothi azol yl, benzoxazolyl, furyl, tetrahydrofuryl,

benzofuranyl, tetrahydropyranyl, thienyl, benzothienyl, thianorpholinyl,
t hi anor phol i nyl sul foxi de, thianorpholinyl sulfone, and oxadi azolyl. 20 As
used herein, "hal ogen", "hal"™ or "halo" refers to a nmenber of the famly of

fluorine, CcWOSPIAZB®%romi ne or iodine, Wien any vari ablPET(US205/02936y | |
heterocycle, Rl, R2, R3, R4, X, Y, Z #c.) occurs nore 25 than one tine
in any constituent or in formula | of this invention, its definition on
each occurrence is independent of its definition at every other
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perm ssible only if such conbi nations result in stable compounds.” 30 As
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di sease, di sor der Oﬁh&@ﬁﬂﬁkﬁQQﬂ&ﬁQﬁﬂOCCUFFIng in a patient that may be
predi sposed to the disease, disorder and/or condition, but has not yet been
di agnosed as having it; WO 2006/023590 PCT/ US2005/029306 14 (ii)

inhibitdng a di gease het@inst@ll% den "Oticft® R L Wark Blooded réﬁlﬁl%f sl,uré'lgaé 4 Bammal

devel opnent ; or alll relieving a disease, disorder or condrtion, T.e.,
causi ng r eyhisBss aficiss witha nartisulas@seasaditiserdeter convitians Itie extilivitignndedsiasl used

herein, thegy, f SlitBa 8%%0 Dlcats rr@tfs%ié thgrsgs x\ﬁ{léns}péegoagﬁ :%Qz%sna?e exsarlfllcﬂs g a el

which is afflTcte a artlcu Seage. gisord con Pon. It is
expl|C|tIymumdbws@bbwb&PDQQHQMMﬂea@pﬂQEtmdmgs cats, rats, m ce, horses,
cattle, sheep, and humans are exanples of animals within the scope of the
nmeaning of the term to As used herein, "disease" refers to an ill ness,

si ckne¥s or an Asused haxpin] "‘Grscase’isfead to amilwess, delswssce an ofterh@dyn, Besstioh ons,

systens or herein, "disorder"” refers to a disturbance of
function, g %ﬁ%?%?% or&%%?% §¥%§ﬂjfﬁ%¥§'fron1a genetic or enbryol ogic

failure in developnent or fron1exogenous factors 15 such as poison,
injury or dise fﬁ use ion" refers to a state of being,
heal th or physf}gg}se i Th s'sﬁlsc’r%l %Efé&’ %@Ft& Aaceaf AgGHON. stycture pehotlh s t o t he
prevent i onreafitindj fs@as genetic or embryologic failure in development, or from exogenous factors

15 such as poison, injury or disease.
As used herein, "condition” refers to a state of being, health or physical fitness.

As used herein, "prophylaxis” refers to the prevention of disease.
20
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
25 external impediments, such as noise, bright light, etc., during the period when sleep should
normally occur and the inability to sleep may vary in degree from restlessness or disturbed
slumber to a curtailment of the normal length of sleep or to absolute wakefulness. The term
“insomnia” includes primary insomnia, insomnia related to a mental disorder, substance-
induced insomnia and circadian rhythm insomnia that is insomnia due to a change in the
30 normal sleep-wake schedule (shift changes, shift work sleep disorder, jet lag or jet lag

syndrome, etc.).



20 As used herein, the term"sleep disorder”, "sleep disorders” or "sleep
di sturbance" neans insomia. As used herein, the term"insomia" neans the
inability to sleep in the absence of 25 external inpedinments, such as

noi se, bright light, etc., during the period when sleep should normally
occur and t WO ?HEHBIMty to sl eep may vary in degree frofRFERPISESMess or

di sturbed slumber to a curtail nent offthe normal |ength of sleep or to
absol ute wakeful ness. The term "insomia" includes primary insomi a,
insomia related to a nental disorder, substance- induced insomia and
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ment al di SB¥E»or due to physiol ogical effects of taking or w thdraw ng
fromcertain substances (substance-induced insomia). 5 As used herein the
term"circadian rhythm sl eep disorder” includes jet lag orjet |ag
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amount of Siné&@fpound” neans enough of a conpound that becones bioavail abl e
t hrough the appropriate route of admnistration to treat a patient
afflicted with a disease, disorder or condition amenable to such treatnent.
15 As lfised her & isadihereinctherter "effestivpishibiteralaipu of @ cormpendherfefféctimeans an
armount of . i ' ' d N i t he na di sease,
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2, 153 ks RSB SR ot B0 LLERF Bkl PP O11 TR, once

every 24 ‘hérein p of circadian rhyt hm
period" refers to decreasing
15 As used herein the term “a therapeutically effective amount” means an amount of a

compound which is effective in treating the named disease, disorder or condition.

As used herein, the phrase "lengthening of circadian rhythm period" refers to
increasing the interval between seminal events in a process that occurs regularly with a

20 frequency of approximately once every 24 hours.

As used herein, the phrase "shortening of circadian rhythm period" refers to decreasing
the interval between seminal events in a process that occurs regularly with a frequency of
approximately once every 24 hours.

25

As used herein, the term "pharmacentically 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.
Iilustrative bases which form suitable salts include alkali metal or alkaline-earth metal

30  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. Ilustrative acids which form

suitable salts include inorganic acids such as, for example, hydrochloric, hydrobromic,



the interval between sem nal events in a process that occurs regularly with
a frequency of approximtely once every 24 hours. 25 As used herein, the
term "pharnaceutically acceptable salt” is intended to apply to any salt,
whet her previously known or future discovered, that is used by one skilled
in the art ™W&2006/428598 non-toxi c organic or inorgani c adtfivys3ewseasee whi ch is
suitable for use as a pharmaceutical. 1¢|||ustrative bases which form
suitable salts include alkali nmetal or alkaline-earth nmetal 30 hydroxi des
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carrier, 1ugredienhisgHepbly incomerifddaio srempesiinconiainggd RharmaseutisahFamics t er ed,

i n angs of attheiFh &lewBMpoubidthre cBBide abd\@n /bt QBAMtsterdy. B anBoF in¥BisdG! gdirent can
vary from about 5 tq 90% by welgg;§ Further abbreviations that may appear
-C

in this aspfitbapicpition of agdveripge aveary fFampheot 5 P0Gy eight. Ph (phenyl ),
Et3N (triethylamne), p-TsCH (para-toluene sulfonic 20 acid), TsC
(para-tol uenesul fonyl chloride), hept (heptane), DVF (dinethylformm de),
NVP

Further abbreviations that may appear in this application are as follows:
Me (methyl), Et (ethyl), Ph (phenyl), Et3N (triethylamine), p-TsOH (para-toluene sulfonic
20 acid), TsCl (para-toluenesulfonyl chloride), hept (heptane), DMF (dimethylformamide), NMP
(1-methyl-2-pyrrolidinone or N-methyl-2-pytrolidinone), IPA (isopropanol or isopropyl
alcohol), TFA (trifluoroacetic acid), DBU (1,8-diazabicyclo5.4.0]undec-7-ene), DBN (1,5-
diazabicyclo[4.3.0]non-5-ene), 1t or r.t. (room temperature or ambient temperature), min or
min. (minutes), h (hour or hours), UV (uitraviolet), LCMS (liquid chromatography mass
25 spectrometry), t-Boc or Boc (tert-butoxycarbonyl), Bn (benzyl), t-Bu (tertiary butyl), i-Pr
(isopropyl), TFA (trifluoroacetic acid), HOAc (acetic acid), EtOAc (cthyl acetate), Et;O
(diethylether), EtOH (ethanol), g (gram), mg (milligram), g (microgram), ng (hanogram),
mL (milliliter), uL (microliter), L (liter), HPLC (high-performance liquid chromatography),
TLC, tle or Tle (thin layer chromatography), g/L (grams per liter), SiO; (silica gel), L/min
30 (liters per minute), mL/min (milliliters per minute), mmol (millimole), M (molar), mM

(millimolar), pM (micromolar), nM (nanomolar), pCi (microCurie), CPM (counts per



(1 -nethyl-2-pyrrolidinone or N-nethyl-2-pyrrolidinone), |IPA (isopropanol
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for treating a patient suffering froma di sease or disorder ar;(el iorated by
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patient acbhphdRciHaphdiaYetitdigGEicopRbR¥BIHeredf, @ conmpound of formula I, or
a stereoi somer, an enantiomer, a racemate or a tautomer of said conpound,
or a pharmaceutlcally acceptable salt tHeeof, Y-RI X1 \' I Z 10 H
wherein: Xis H d, F, Br, = CN : NR2R2, IHNSQ2- Gi . 3al kyl, or
eréin nis O, 1or2R|5151)

NHCO G _3alkyl; Yis -S(On-
aryl, unsubstituted or substituted®w t™h one or nore of G _sal koxy, OH,
hal ogen, NR2R2, or O -5al kyl unsubstiHuted or substituted with one or nore

of OH or %er%ﬁil: koxy,
X is H, C, F, Br, NO2, CN, OR?, NR*R?, HNSO,-C;.salkyl, or NHCO-C, salkyl;
Y is -S(Q)y- or -O- wherein nis 0, 1 or 2; '
R!is
15 1) aryl, unsubstituted or substituted with one or more of C,.salkoxy, OH, halogen,

NR’R?, or C i-salkyl unsubstituted or substituted with one or more of OH or C,.salkoxy,

2) heterocycle, unsubstituted or substituted with one or more of Cy.salkyl
unsubstituted or substituted with one or more of OH or C;_saikoxy, C,.salkoxy, OH, halogen,
or NR*R%

20 3) Cj_salkyl, unsubstituted or substituted with one or more of C;_salkyl, Cl_
salkoxy, OH, or aryl unsubstituted or substituted with one or more of C,_salkyl, C,salkoxy,
OH, halogen, or NR’R%
Z is C(=0)NR’R’ or C(=0)R*;
R? is hydrogen or C; salkyl;

25 R’is hydrogen, C;_salkyl, or Cs.scycloalkyl;
R* is 1-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or 4-morpholinyl, unsubstituted or
substituted with one or more of C;salkyl, C,_salkoxy, OH, halogen, or NRZR?,



2) heterocycle, unsubstituted or substituted with one or nore of Cl_5al kyl
unsubstituted or substituted with one or nore of OH or Cl.5al koxy, C

1. sal koxy, OH, hal ogen, or NR2R2; 20 3) C3_5al kyl, unsubstituted or
substituted with one or nore of C _5alkyl, G _ 5al koxy, OH, or aryl
unsubsti t ut b wwe/aivst i tuted with one or nore of G _SalkGiys2@s/oBatkoxy,
OH, halogen, or NRRR2; Z is C(=O NR2R38%0or C(=O R, R2 is hydrogen or
Cl-3al kyl; 25 R3 is hydrogen, C _5al kyl, or C3-6cycloalkyl; R4 is
1-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or 4-norpholinyl,
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is dirgcted to a method for treating a patient suffering froma disease or
di sordér aneliorated by inhibition of casein kinase |Is wherein the disease
or disorder is Aahimbadbatiisat dbthe divemionliedipcrt so1 tethod i tréetinguipbtiererbodi ment
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wher ei n t higseas@ios Oisateer ik $ mdodBiestdetios @kldey disodddr] ft h enbodi ment of the
invention is directed to a nethod for treating a patient 15 suffering from
a di sease or disorder aneliorated by inhibition of casein kinase Is wherein

the disease om MinBOstRIdirhént 8f HODMerHios & diREtes &) £aEB6H fof BEathp e pﬁkﬁéﬂﬂ p
di sorder and a bi pol ar disorder. A sixth

consi sting ssive
embodi nenF“%?““ﬁﬁ@“{) %@éﬁ?ﬁ? SriuerpreiorEn wnBoHer AT Kingsedg whergindbepat i ent
20 suf f eridngrdef RAnbod ARSI Ve di sorder wherein the depressive disorder is
maj or depressive disorder.

A fifth embodiment of the invention is directed to a method for treating a patient
15 suffering from a disease or disorder ameliorated by inhibition of casein kinase Ie wherein the
disease or disorder is a mood disorder selected from the group consisting ofa depressive

disorder and a bipolar disorder.

A sixth embodiment of the invention is directed to a method for treating a patient
20  suffering from a depressive disorder wherein the depressive disorder is major depressive

disorder-.

A seventh embodiment of the invention is directed to a method for treating a patient
suffering from a disease or disorder ameliorated by inhibition of casein kinase Ie wherein the

25 disorder selected from the group conststing of bipolar I disorder and bipolar II disorder.

An eighth embodiment of the invention is directed to a method for treating a patient
suffering from a disease or disorder ameliorated by inhibition of casein kinase Ie wherein the
disorder is a sleep disorder.

30



A seventh enbodi ment of the invention is directed to a nethod for treating
a patient suffering froma disease or disorder aneliorated by inhibition
of casein kinase Is wherein the 25 disorder selected fromthe group

consi sting of bipolar | disorder and bipolar Il disorder. An eighth

enbodi ment &0 wh@2ps0ention is directed to a nethod forPQVER65MAYP3® pat i ent
suffering froma disease or disorder ®neliorated by inhibition of casein

ki nase Is wherein the disorder is a sleep disorder. 30 WD 2006/ 023590
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sel ected f rom t r@} dusng plthe iyension isgdiested mmethqi@@ptrchtmgadmem jet lag

syndrore, agang ﬂdea' RRBseRh aR6rdSyRLBR43) il Y Sl ast B8 Ruse anv?}%f;r?l%ﬁ.n drome.

10 A el eveglh errbodl ment of this inventioh enconpasses a ne
treati ng a“peEey & Sor‘ieﬁfsfaéﬁ‘rﬁ?fbmﬂhﬂhineﬁlﬁp diserder solectdd ﬁomdmgram;eddnmtaiged by

i nhi bi ti onsiof weAsHdep dl%bfél@xs?et ay s ?&frbﬂ{é taéfvanQéﬁrE}i’er gﬁh{g’g 103 nﬁl sty %]re% ?ﬁ‘%ﬁ?egpfal d

patient a therapeutically efféective anount

wher ei n Y Plasgppjimez i s” C(=0)NH2 or C(=0) NHCH3, and R' |s phenyl or
pyridinyl. 15 One class of conpounds within the el eventh enbodi ment is
further limted to corrpounds of formula | wherein Yis S(O2, Zis

C(=O) NH2, and rfl heny The followi ng conpounds are representative
exampl ¥s wi t hi ﬁﬁ@nE@aﬁ@dmeng ofithis Eypesidnepeampasses a method for treating apatlent

3-b udufrie T d
S benzensulf oy i 8 Qe o s B A rrael bp PO R s WIe R ass o

conpounds SHPIPRPIAS f4rRinisIean® ot sidamatbod ﬂi’@mpents:alﬂmffdueve drhovint efth doﬁnpoﬁ@lraifo unds
of fornmul apimWhEwEsn Y ik S 'E%"@y
pyri di nyl . *The foll gwlng(égrr%osu ds” are repre Ns}g(%?:*afm% ‘@BQ ?/ng)ywhp}ﬂ}, n the

scope of this enbodi nent: 3-phenyl sul fanyl-1Hi ndol e-2-car boxyl ic acid
met hyl am de, and 3-(pyridin-2-ylsulfanyl)- | Hindol e-2-carboxylic acid

net hyhiam de  2®ne class of compounds within the eleventh embodirment is further limited to
compounds of formula I wherein Y is S(0),, Z is C(=O)NH,, and R' is phenyl. The following
compounds are representative examples within the scope of this embodiment:
3-benzensulfonyl-5 -chioro—lH-indole-Z-carboxylic acid amide, and

3-benzensulfonyl-1H-indole-2-carboxylic acid amide.

20 A second class of compounds within the eleventh embodiment is further limited to
compounds of formula I wherein Y is S, Z is C(=O)NHCH;, and R! is phenyl or pyridinyl.
The following compounds are representative examples within the scope of this embodiment:
3-phenylsulfanyl-1H-indole-2-carboxylic acid methylamide, and
3—(pyridin-2—ylsulfanyl)-leindole—Z-carboxylic acid methylamide
25

A twelfth embodiment of this invention encompasses 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
formula I wherein Y is O, Z is C(=0)NH,, and R' is phenyl, substituted phenyl, Cy.salkyl or

30 substituted Cysalkyl. The following compounds are representative examples within the scope
of this embodiment;:



A twelfth enbodi ment of this invention enconpasses a nethod for treating a
patient suffering froma disease or disorder aneliorated by inhibition of
casein kinase Is activity conprising admnistering to said patient a
therapeutically effective amount of a compound of fornula | wherein Y is
O Zis C(=@oNo@yn2sme RL i s phenyl, substituted phenyl pc@yusaabiapbosor 30
substituted G -5al kyl. The foll ow ng eébnpounds are representative exanpl es
within the scope of this enbodi mnent: WO 2006/ 023590 PCT/ US2005/ 029306 20
3- phenoxy- 1Hi ndol e- 2- carboxylic acid am de, 3-(4-nethoxy-phenoxy- |
H i ndol e- 2- carhoxyl i c.acid.ag d . .
3-(4-fl uoro- phg_r%xnf} Tll?{l’1 3 icﬁr%%)%l]ﬁgﬁlglallnédeaci d am de,
3- (2- f | uor o- phé#dxnethokly-paiok e 1 R-indnldDryrbixyliaadidlarantede, 5
3-(4-chl oro-ph - 1H:i ndol.e- 2-car,boxyl i.c acid.am de, 3-nethoxy- |
H i ndol e- 2- car ggg@%ﬁ’% 38’?0&3"6{&‘l&g‘ge&ﬁrﬁ%yff‘?@Iz—’lfnii tlol e- 2- carboxyl i ¢ acid
am de, 3-i sopBgpOxyrelphknongkd Heindole-drchdxylic@cidamileam de,
3-tert-butoxy-1Hindole-2-c oxyli,c acid.amde, and 10
3- benzyl oxy- 1F§T(ﬁ‘8@P@3p§‘9‘&°§P’gE§£Vfﬁlg’2&°€T 8"’3%%@.”%% hi rteenth enbodi ment of
thi s i nventi on3gngerpagsiadla2eibbodiclaoid ainiceat i ng a patient suffering from
a di sease or disorder_aneliorated by .inhjbition of casein kinase |Is
activity conpriedorg Hardoli-staPoRyicrddamdd patient a therapeutical ly
ef fective anmouBfisegfopsxycIRRBRGD-ibokS1id Midathide,]l wherein Y is S, S(O, or
S(O2, Zis =OR4, and R4 is 1l-piperidinyl, 1- pyrrolidinyl,
1- pi per azi nyl %ﬂerhbwyp]%!qdﬂlﬁzf?m%ylﬁ‘bﬂm‘H@ adnpounds are representative
exanphgs W t hi Bpbi10%¢-9REn1e-b RbSofylR Atk ARe: _
(3-benzenesul fonyl -5-chl oro-1 Hi ndol - 2yl ) - nor phol i n- 4-yl - met hanone,
(5-fluoro-3-p-tolylsulfanyl -1 Hindol-2-yl)-pyrrolidin-21-yl-nethanone, 20
(3- phenyl sul fanyl -1 H-i ndol - 2y1) - pi peri di n- 1-yl - met hanone,
(5-f 1 uor o- 3- phgnikisdkf @modirdentiof i Ghvertion ehcdiyFabRs b inefhiod fdrtehtinged rasane,
[ 3-(2-am no-ph enyl sul fanyl)-1 Hindol-2-yl]-pyrrolidin- 1-¥I - met hanone,
[ 3- (2- ami Aeffosme Apmsidisegsnar disprder pdlioralesl B iphipihpRed @fsh hingelnatitinone,
[ 3- (2- am Rempieyddaiifiamp 1 sad bhadal Phdrapeutically effective amount of a compound of
H i ndol -2-yl]-piperidin-1-yl-methanone, . .. o
15 formula I wherein Y is §, S(O), or §(0O);, Z is C(=O)R", and R" is 1-pipendinyl, 1-
pyrrolidinyl, 1-piperazinyl or 4-morpholinyl. The following compounds are representative
examples within the scope of this embodiment:
{3-benzenesulfonyl-5-chloro-1H-indol-2yl)-morpholin-4-yl-methanone,
(5-fluoro-3-p-tolylsulfanyl-1H-indol-2-yl)-pyrrolidin-1-yl-methanone,

20 - (3-phenylsulfanyl-1H-indol-2yl)-piperidin-1-yl-methanone,
(5-fluoro-3-phenylsulfanyl-1H-indol-2-yl)-pyrrolidin- I-yl-methanone,
[3-(2-amino-phenylsulfanyl)-1H-indol-2-y1]-pyrrolidin-1-yl-methanone,
[3-(2-amino-phenylsulfanyl)-1H-indol-2-yl]-piperidin-1-yl-methanone,
[3-(2-amino-phenylsulfanyl)-5-fluoro-1H-indol-2-yl]-piperidin-1-yl-methanone,

25 [5-fluoro-3-(p-toluene-4-sulfinyl)-1H-indol-2-yl]-pyrrolidin-1-yl-methanone,
(3-phenylsulfanyl-1H-indol-2-y!)-piperazin-1-yl-methanone hydrochloride,
[5-fluoro-3-(pyridin-2-ylsulfanyl)-1H-indol-2-yi]-pyrrolidin-1-yl-methanone,
[3~(pyridin-2-ylsulfanyl)-1H-indol-2-ylj-pyrrolidin-1-yl-methanone,
piperidin-1-yl-{3-(pyridin-2-ylsulfanyl)-1H-indol-2-ylJ-methanone, and

30 [5-ﬂuoro—3-(pyri_din-z-ylsulfanyl)-1H—indol-z-yl]-piperidin-l-yl-methanone.



25

[ 5-fl uoro-3-(p-toluene-4-sul finyl)-1Hindol -2-yl]-pyrrolidin-1-yl-nethanone
., (3-phenyl sul fanyl -1 Hi ndol - 2-yl ) - pi perazi n- 1-yl - met hanone hydrochl ori de,
[ 5-fluoro-3-(pyridin-2-ylsulfanyl)-1

H i ndol - 2- yisjo- fdgidasses di n- 1- yl - met hanone, [ 3- (pyri di n- 2cxhuswlobenyds) - 1

H i ndol - 2-yl ] -pyrrolidin-1-yl-nethanone,

pi peridin-1-yl-[3-(pyridin-2-ylsul fanyl)-1Hindol -2-yl]-nmet hanone, and 30

[ 5-fluoro-3-(pyridin-2-ylsul fanyl)- 1FLindoI 2- yI] pi peri di n-1-yl - met hanone.
WD 2006/ 023590 ,PCT/ US 30 A fourteenth e this

i nventi on encof?‘pfg‘é‘?&’ég ﬁ‘%‘?’f’i’fﬁ‘& °$8VS YEPT FFOXPassesy %ﬁ?‘gdlsfgetfrﬂlf‘%ﬁ froma

di sease Ofpathing Quftieing Ao laidieast Ofldibordérichblaicd by afhittigifBadsiniasge Jess  activity

conpr|5|n admi ni steri to said tient thera eutcal | eff ctive anpunt
of &  compErIY BFPFHRE ANFHAHeqaRlp SR Piepsa Gerapeuich b cllesipatnolpi AT A | 5

pyridi nyl coﬁb&mﬁ@rfo@ﬁmgw@e@m@mﬁzw s(@)Napra@sghtsqiyhm 1e>m€wdlﬁ>mgt hin the
scope of this enbhodiment: (py ylsulég 1H—|ndole 2- carboxylic
aci d ahi déomEPWF%%@WFWn@H%ﬁaWEWtW‘H‘F“ ihﬁP%OPPH e Hdlgﬁetorrpasses a met hod

for treating azpakidfs- yls@ﬁm? 1HOEdd16- 0o R8R&nMe. di sorder ameliorated by
i nhibition of casein kinase Is activity 10 conprising adm nistering to said

patient a therapeutically effective amount of a conmpound of fornula I
wherein Yis S, Zis C(=ONH2, and R is phenyl or substituted phenyl. The

fol I owi ng C0rrpp.tﬂftésmmélﬁbddaﬁéxﬁsﬁmtsah@eﬁﬁmemmﬁb@&swxﬁdﬁhda thecatig@Ppatieht t hi s
enbodi nent : phenylsulfanyl 1H i ndol e- 2- car boxylic acid am de,

5- br ono- 3&&%% rom & disfpse.of AisprdarAmeeliorated by gulybifian of Gagpinlinaps Ie ackvity

3- (2- agm nQoRphreimd Ruidiaetgto Em{rgézfaﬁwmérhbéun@qﬂy%ff&tﬁamewIof@c&ﬁpdinam de,
i ndol e-2-carboxylic acid am de

3-(3-fluoro- phenylsulfa
3- ( 2- ani n&UPH w@mw‘éwﬁl Y15 CETORBL24 %d%dw@nﬁ%alfbaﬁwﬂvéenghHleam de, and
3-(2-am n@omkx@@doﬁfﬂbmex}e)mp%b&ehm e%m%p@cvhﬁmé o ﬁfdg%@éﬂl%%lm&@ A

si xteenth enb hi's invention is directe ward a nethod for
i nhibiting cabehwyknlfayblii-4ndgle3-carbaxyiinacid praideent conprising admi ni stering

to said pati en.fidiehRRoMIERIL I ndeld kS aAMTGEl @ compound of

formul a , a stere oner an enantioner, a racemat e or a tautoner
t her et , resuli{%gnmorphenytsnljm&’ﬁ mthmy-bhiﬁwm Zearphytinpgigpamided. 25 Al of

t he various eg% &ﬁggﬁﬂlsuﬁﬂllpﬁqaﬁ) 2l ]bggd%ﬁcglsclosed herein can be

used as net ho ng vari ous di sease sorders as descri bed
herei n. As st aI—éZjammo phenylsulfanyl)-5-bromo-1H-indole-2-carboxylic acid amide, and

3-(2-amino-phenylsulfanyl)-1H-indole-2-carboxylic acid amide.

20 A sixteenth embodiment of this invention is directed toward a method for inhibiting
casein kinase I activity in a patient comprising administering to said patient a therapeutically
effective amount of a compound of formula I, or a stereoisomer, an enantiomer, a racemate or

a tautomer thereof, resulting in a lengthening of circadian rhythm period.

25 All of the various embodiments of the present invention as disclosed herein can be
used as methods of treating various diseases and disorders as described herein. As stated
herein the compounds used in the method of this invention are capable of inhibiting the effects
of casein kinase Ie. One skilled in the art readily appreciates that the diseases and disorders
expressly stated herein are not intended to be limiting but rather to illustrate the efficacy of the

30 compounds of the present invention. Thus, it is to be understood that the compounds of the
invention may be used io treat any disease or disorder ameliorated by the inhibition of casein

kinase Ie.



herein the conpounds used in the nethod of this invention are capabl e of
inhibiting the effects of casein kinase Is. One skilled in the art readily
appreci ates that the di seases and disorders expressly stated herein are
not intended to be limting but rather to illustrate the efficacy of the 30
conpounds ofygfoe/psweeent invention. Thus, it is to be warasswsedstshat t he
conpounds of the invention nmay be us&d to treat any di sease or di sorder
aneliorated by the inhibition of casein kinase |Is. W 2006/ 023590

PCTI US2005/ 029306 22 CHEM CAL SYNTHESES The conpounds of the invention are
prepared by nethods well known to one skilled in the art. Specifically,

t he conmpounds of this invention are disclosed in U S. Patent No. 5
5,527,819, and can be prepare %@ h t he procedures provided
therein, which is |ncorporate erern yre erence inits entirety. Even
nore specifica el QUS, t he
preparation of lrk‘ %00 g’ﬁlﬁ%@f@% ‘%eﬁt%{%l Q@?r%@aé%&t %etg‘?dé ‘pﬁﬁrkﬁgﬁ g(%/ogl S{“%d chenes
1, 2 and 3he ancﬁpehﬁcairleithocknhm:gydsrcé' thdeisgention drei dmiclbetdan [U. ByPettehleNexarrpl es that

fol | ow, LAT p maceutl tio [ esent

i nvent? on g 8E$ Sp4 Pﬁep&feﬁé ey |""“%%eo%rm§%9‘%% hevp ok Frrﬁ‘é‘eﬁi"% arts.
The carri encoqmr@ed:hepanen;t s:farae dtsansety (Evesezrtrrmbmﬁbaﬁy, the cputiods syrrrﬁkmsr al

whi ch can erv | for th Sui tabl e
o 11 er e dit o g e B p{BR rnc et i W B R et B
conposi ti (Sﬁheﬁﬁ@é 1bemntapﬁmle fiethodflog is désotibddah idetm] by te exdngnlal tha follospi cal
use, and may be adm nistered to the patient in the form of tablets,
capsul es, suspensions, syrups, aerosols, inhalants, suppositories, salves,
powders, solutions and the |ike. As used herein, the term "pharnaceuti cal
carrieg"” or pharmaceutically acGORMBEIATIONS er” neans one or nore

exci pients. 20 In preparing pharmaceutical conpositions or fornmulations of
t he conpounds of the present invention, care should be taken to ensure

bi oavai | abi | i Tke gfanadtegtichie@hipssitibhiar &paudsen: indatoNdre plepirbinaahinner welirpound

par ont br alOaHR b RTAEGIRE 5,1 S T EXRRN b el &V DL B8R 25

admi ni st r atdeeial which behEseS A6 b va@e USmediith TOMBO QiS¢ ingfeditar] esrmrraire cdrfiérk anas aI ,
rectal, vaginal and fhe i ke rout%% cludrng rel ease fro ngla t; as .
11 é)h al e a or

wel | é% dicFapients ﬁ{ee‘?ffl kpver ingthg att armaceutical composition may

oral, inhalation, parenteral or topical use, and may be administered to the patient in the form
of tablets, capsules, suspensions, syrups, acrosols, inhalants, suppositories, salves, powders,
solutions and the like. As used herein, the term “pharmaceutical carrier” or pharmaceutically
acceptable carrier’” means one or more excipients.
20
In preparing pharmaceutical compositions or formulations of the compounds of the
present invention, care should be taken to ensure bioavailability of an effective therapeutic
amount of the active compound or compounds by the selected route of administration,
including oral, parenteral and subcutaneous routes. For example, effective routes of
25 administration include subcutaneous, intravenous, transdermal, intranasal, rectal, vaginal and
the like routes including release from implants as well as direct injection of the active

ingredient and/or composition directly into the tissue.

For oral administration, the compounds of the present invention can be formulated into
30 solid or liquid preparations, with or without inert diluents or edible carriers, such as capsules,
pills, tablets, troches, powders, solutions, suspensions or emulsions. The capsules, pills,

tablets, troches and the like may also contain one or more of the following adjuvants: binders



i ngredi ent and/or conposition directly into the tissue. For oral

adm ni stration, the conpounds of the present invention can be fornul ated
into 30 solid or liquid preparations, with or without inert diluents or

edi ble carriers, such as capsules, pills, tablets, troches, powdlers,

sol utions, susPedRs®Ns or enul sions. The capsul es, pil lET/ust@bh®®s, troches
and the |like may al so contain one or mbre of the foll ow ng adjuvants:

bi nders WO 2006/ 023590 PCT/ US20051029306 23 such as mcrocrystalline
cel l ul ose, gumtragacanth; excipients such as starch or | actose,

di sintegrating agents such alginic acid, corn starch and the ]ike;
ubr | cant SUEhen TgoEduARTe Al B gHEaON: SROMPNE Jugt & Sarch or laotos,

St er ot ex( rdisifitSratied ageMaBudbaRPIIAIE acid,| doeti AP bnd the Nikel 1@kddng lsidheditssearisuch as
col loidal silicon dioxide, sweetening agents such as sucrose or saccharin;
and 5 fl aasid, mgseegiamt stcasteedr Seoipe®fpkalrV an Gampjic., dedinapylis fndiane) gldets

fl avori ng. 0, Uni:t. i ' 0 in a
liquid carl %%Qschgﬁdgség% ygyﬂg‘%’e{l@e{éﬁ?goﬂ%m&?%&{l ?Iéts‘fl %/m{)‘g??{r. g%\(}g%gﬁi a (g used
shoul dsbe fivanmezgsotsisee dsypeppermirdrdethyrsalicilate pnfroih dlavermgntWhanstbe dofage

par ent er al 1. 0LS i t [ i t] be
10 adm ni s ngr e i"iss{E Fa%g'ggp taB’ia ! ggg}é}glg '110 qugJ ) %t]ﬁglﬁgsgﬁ&gﬁ%%%ﬁ%ﬁl ngt he
conpound ifattyaoil. pYigtenis wgd slaluldbepbemptalicd lydivra e noniokia imthp kapwscesad.i cal
carrier which can be a sterile liquid such as water-in-oil or wthout the
addition of a surfactant and ot her pharmaceutically acceptabl e excipients.
[1Tustrative &bl pamehiech aiatinilteationphiey ednpoundh ef pthe paeshi dmenidore nidyose of

petrol eum .ani.nal, vegetahl e or synthetic origin such for exanpl e,
eanuttor 1= Res a¥ Griec g Sefbast YL, hrotsin of SosbeRifh o S eBhrbd Brs
aqueous detsiclsgicaAlychecaplableadilusntgeath Spatthicatical cafidrartith anthel syeid Bquisuch as
propyl ene gl.ycol are preferred liquid.carfiers articularly for .

Ph Bt abi St v s o dis o ot R A LU Ry
ampoul es, agicppoRaktipientsyNiusigeve oils Whikh bl 1 A@3@/eY irtths prepdetidk ateliRssk opl asti ¢

or glass. 20 The sol yti ons or suspensiaons descri bed above may al so include
one or noPETYFUEASMAloyeeeial!n gr SAfGUArESn sughas; fop o H?%l“%‘ﬂgﬁo%%i er for

i nj ectiy onan@hihet@ &el Uk igehbrall W4RE Qlihs aquédRl Yetiusk ane rakits QhSar BluieR( i N,
propyl ene g{ycol or ot her_ synthetic solvents, antibacterial agents such as
ascor bi ¢ &8Eeland Sheplindysh s Froryiene ghephe myclagehtieud geregsparticularty for

et hyl enedi;g8d:4H¢ €dihifonRC efteCpR&itddal ﬁ}ggafr&foﬁ AHHR @Rlodkeindfifouis] bikHsssie OF
phosphat es "and agents 25 for the adjustment of tonicity such as sodium
chl ori de 6yringexereweple tpse vidnpedernd snegplasheorglessent i nventi on can be

adm nistered in the formof a

20 The solutions or suspensions described above may also include one or more of the
following adjuvants: sterile diluents such as water for injection, saline solution; fixed oils,-
polyethylene glycols, glycerin, propylene glycol or other synthetic solvents, antibacterial
agents such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetra-acetic acid; buffers such as acetates, citrates or phosphates and agents

25  for the adjustment of tonicity such as sodium chloride or dextrose.

The compounds of the present invention can be administered in the form of a
cutaneous patch, a depot injection or implant preparation which can be formulated in such a
manner as to permit a sustained release of the active ingredient. The active ingredient can be
30 compressed into pellets or small cylinders and implanted subcutaneously or intramuscularly as
depot injections or implants. Implants may employ inert materials such as biodegradable
polymers and synthetic silicones. Suitable pharmaceutical carriers and formulation techniques

are found in standard texts, such as Remington: The Science and Practice of Pharmacy, 19™



cut aneous patch, a depot injection or inplant preparation which can be
formulated in such a manner as to permt a sustained rel ease of the active
i ngredient. The active ingredient can be 30 conpressed into pellets or

smal |l cylinders and inplanted subcutaneously or intramuscularly as depot

i njections wolomd2aes. | nplants may enpl oy inert mat erBCVES28050293%s

bi odegradabl e polynmers and synthetic2&ilicones. Suitable pharnaceuti cal
carriers and fornul ation techniques are found in standard texts, such as
Rem ngton: The Science and Practice of Pharmacy, 19th WO 2006/023590

PCT/ US2005/ 1995, .Mack..Rupl :
East on, Pe%iﬁ 913‘8(2}'1?1@5 ! ﬁ%gt L% %h‘{ai ﬂﬁ%&%ggg?‘%mlnhl?ﬂp f?’hfaélfaég @ {r}vg er ence

| n t he tr datdireintorpdratedby mfigencei seases, di sorders and conditions as
described herein, a 5 suitable dosage | evel is about 0.01 ng/kg per day to
about 250 ny/ kg per day, preferably about 0.05 ng/kg per day to about 100
ng/ kg per day, and especially about 0.05 ng/kg per day to about 40 ng/kg
per day. The cﬁt@oﬁnﬂmemfofvh@updie@em diiscvrd@ﬂmidcmndn'ﬁynsm deggnbai leteimed on a

regi me S nat ur

di seas i%ﬁ‘:"d‘e 725 leveﬁ(.s) ﬁgouttlg% n%g%d% fls)tg%%&?giog%%‘% Fre d% P r(%'er%glyf or
prepari ng a‘bbm Oe!)ﬁamﬁlkgpatdmpmuhds 166 migﬂrg pmmlaermid@speaiaﬂy ptrrms@ni mg/kglpet ow.
Tables 1 d 2. illustrate the nt hesi zed. a rdi ng
{6 Seherediy 1 S herRl festii, ERTEBRARGRs bR} peBRy e v B ARaREESLS!
ki nase |s daa rééiﬁaeleufejnmlmxmmpmmydﬁdascﬁctsuadlmwhbnm:irddf thbatideesedisck@er aXAMPLES
The follomﬁn exanples are intended to serve for illustration of the

i nventi on 5°R B?Eﬁggpemﬁgtail, wi thout restricting the breadth of the
|nvent|on in any manner. 20 General Synthetic Methods Unl ess otherw se

noted,'®materials were obtained from comerci al suppl iers and used without

further pur i f| |on ({ﬁ“ eacti ons_ wer f nert at m)sg(here such
ns' it rbgen oPtPEON G for PERRISTAS < Raf soiPo RSl wdvERL i
chromat og rbamlwy T\ahlss Q&mﬂIEQfat@ﬁﬂe tehprgndsvhBchencsntedizcdacgedingd Schéines 63 )

in h lLvent. . i
using the lstg 3 agg gloﬁ)glscgledgtsa fgrs in vitro inhibition of casein kinase Ig by the example compounds

is summarized in Table 3.

15
EXAMPLES

The following examples are intended to serve for illustration of the invention in greater
detail, without restricting the breadth of the invention in any manner.

20
General Synthetic Methods

Unless otherwise noted, materials were obtained from commercial suppliers and used
without further purification. All reactions were run under an inert atmosphere such as
nitrogen or argon with anhydrous reagents and solvents. Flash chromatography was

25  performed using EM Science silica gel 60 (40 - 63 mm) using the solvent systems as
described. Thin layer chromatography was performed using 0.25 mm silica gel coated 60F-
254 plates (EM) and visualized using iodine vapor, UV light, or a staining reagent such as

KMnO, solution.

Infrared (IR) spectra were recorded on a Nexus 670 FTIR (Nicolet ) specirometer with
30  samples prepared as indicated, and are reported in wave numbers (em™). "H NMR spectra |

were recorded on a Varian Gemini and/or mercury 300, Unity 400, or Unity plus and/or Inova



described. Thin | ayer chromatography was perforned using 0.25 mmsilica gel
coated 60F- 254 plates (EM and visualized using iodine vapor, W light, or
a staining reagent such as KWMO4 solution. Infrared (IR) spectra were
recorded on a Nexus 670 FTIR (Nicolet) spectronmeter with 30 sanples

prepar ed aswiomidamied, and are reported in wave nunber FATAER00pH02930d NVR
spectra were recorded on a Varian GeAfni and/or nmercury 300, Unity 400, or
Unity plus and/or | nova WO 2006/ 023590 PCT/ US2005/ 029306 25 500MHz
spectronmeters with chemcal shifts (6) reported in ppmrelative to
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(énhem C ?L rm mts]mzeiitiveltb GDgﬂ;ZW @ppmi)s buigss mtehanerv(lﬁé Mdsﬁ@p@h{a (ME) Iv\lqege gmass T
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sPect r orretldslhnlg‘altjlfulilgdnl)zs i u((:s)ﬁg giokthm@Si q, 13210&@2 ; gmumomw@hssml skn t her E% t (rar?de
e T A
wher ei N Mijgefd@ifdiérO HigteresohtRE Whaad speafbmeam%yllyhh(awa&kﬁ@eamwé@al ogs Schene

1 R S(=0) X NR2R3 X NR2ZR3 X R b _e,, 0(8 nallvfalrg%HHHaG
1, R = oCPrigormeg an the E§I mpgeat We@lut@n of 10,000 us nga icromass F mass

10 spectrometer. Exact mass values were determined for the protonated molecular ions (M + 1)

wherein M refers to the moelecular ion.

3-Arylthioindoles and Analogs

Scheme 1 R1
- 2R3 S( =0
X R X NR R NR2R3
N\ —2 \ A
N 0 N optlonallyf N
\
H H
a(( 1 R=O0CH, 4 Ia-k
2, R= OCH3
l d
3, R=0H

15
a) K;COs, MeOH; b)) NH,OH/LiCl or NH3/MeOH/LiCl, or Me;NH/MeOH or Me;NH/H,O
c) MeOH/H,0O/NaCH then HCI; d) carbonyldiimidazole and NH4OH, or carbonyldiimidazole
and a primary or secondary amine; e) NaH, DMF, R'-S-S-R' or Cs,C0;, DMF, R'-8-$-R' R
= aryl); ) H:0,.

20
General Synthetic Procedure I (trans-esterfication; Scheme I, step a)

Add to ethyl indole-2-carboxylate 1 (42.3 mmol) in MeOH (50 mL), X,CO; (1.20

equiv., 50.7 mmol) and stir the suspension with heating to 55 °C for 1h. Monttor the reaction

by tlc (ether/heptane) and when complete concentrate the reaction in vacuo, dilute with H,O



3, R=0OH 15 a) K2CG3, MeOH, b) NHACH Li G or NH3/MeOH Lid, or Me2NH MeOH
or Me2NH H20 c¢) McOH/ H2O' NaOH then HCl; d) carbonyl diim dazol e and NHACH,
or carbonyl diimdazole and a primary or secondary am ne; e) NaH, DV,
RI-S-S-R or Cs2C33, DV, R -SSR (R = aryl); f) H202 20 General

Synt heti c Piacmosanesed (trans-esterfication; Schenme |, staapsajosdedost o et hyl

i ndol e-2-carboxylate 1 (42.3 mml) in28e0H (50 n), K2C03 (1.20 equiv.,
50.7 mml) and stir the suspension with heating to 55 C for I h. Mnitor the
reaction- by tlc (ether/heptane) and when conpl ete concentrate the reaction
in vacuo, dilute wth H0O W 20061023590 PCT/ US2005/ 029306 26 and stir for
15 min. CoPf g for amigoCollegs hemplid hysfiiraipnaand deyrupderiaerny 863 (mfahés C for 3h

to affor dieri hy Im@gcegb&@[algp)(yl ate 2. Ceneral Synthetic Procedure I|I
(am dati on using ¥\l OH, Schefre |1, step b) 5 Stir a suspension of 1 or 2

(40.0 mml) in NHAOH (100 ni) and Lid (1.0 equiv.) at rt for 16 h. Filter
the sol i dééngpa]fspﬁmteg@ﬂdcmrmmrﬁma'mmﬁh *sl%ﬂénmdﬂ fy dry to give the

correspondl ng primary amde 4. General Sy nthetic Procé e |I'l (am dation

usi ng NH3/ Me OHStiStveppasipn okk @ﬁ (89.0 pondg) 1inrNTé1Qﬂ/(1109 ﬂﬂdla@iﬁlcéélr%ﬁww eatet 1
(X=H, 4. 6%01““@“ JFihd tfeNoNBANGRH A0 Hiny O,%hm H;0%nd (111' d t6 e\fhe' 4.67

mml ). Stir thereactlon m xture at rt dasm)nltorlng tlc (10%
M OH/ OﬂZCICQ?@SPGEﬂNmmmanldhé m xture to m ni num vol une, dil ut e with H20
and collect the solid by filtration. Wash the filter cake with H20 and dry
under vacuumat 60 Cto provide primary amde 4 (X=R2 = R3 = H), tlc Rf
(silica géiened:0SyMbEk¢ Brapai@y 111 {anfifatidp u3isg OIHIBLcOH; (Skhie Ds@Bh) 4 (X=R2 = R3

= H 0,40. Gen t c@;ﬁl hydr.ol-ysi esfer 2 to
car boxyl i c aci s{l thy?lﬁog ca%b ‘?‘%’S‘ %’ iggi %@0%9(7@%3@58F§E¢§iﬁ%ﬁ1yl
i ndol e- 2- aad biXyl.atqi@, { &/mMolrsii) thasacticusip@resit arfor 28ays mobtddghzlc( 3: 1,
160 ). | fQr h opcentrate, .and aci di f IIect
the proci bl CapBORlCR, EBpaReSeRE RO mMmG Rt vk ida B0 Rt f or o
i ndol e- 2- ealldanthy kalfzl by filtration. Wash the filter cake with H,O and dry under vacuum at 60 °C to
provide primary amide 4 (X=R? =R’ = H), tlc Ry (silica gel, 10% MeOH/CH,CL): 1 (X=H)
15 0.95,2 (X=H) 0.93, 4 (X=R%>=R>=H) 0.40.

General Synthetic Procedure 1V (hydrolysis of methyl ester 2 to carboxylic acid 3, Scheme
I, step c). _
Add NaOH (82.0 mmol) to methyl indole-2-carboxylate 2 (27.0 mmol) as a suspension
20 in MeQH/H,0 (3:1, 160 mL). Stir at rt for 16 h, concentrate, and acidify with HCI. Collect
the precipitate by ﬁltratidn, wash with H,0 and dry in vacuuo to afford indole-2-carboxylic
acid 3.

General Synthetic Procedure V (amidation of 2-indole carboxylic acid 3; Scheme I, step d).
25 Add to a solution of indole-2-carboxylic acid 3 (31.0 mmol) and anhydrous THF (50
mi), carbonyldiimidazole (1.10 equiv., 5.5 g, 34.0 mmol). Stir for 1 h and add conc. NH,OH
(50 mL) in one portion to the thick suspension. Stir at rt and after 16 h collect the solid by
filtration, wash with HoQ and dry in vacuuo at 40 °C to afford the indole-2-carboxamide 4 (R?
=R*=H).
30
General Synthetic Procedure VIa (amidation of 2-indole carboxylic acid 3 with primary or

secondary amines; Scheme I, step d).



acid 3. Ceneral Synthetic Procedure V (am dation of 2-indole carboxylic
acid 3; Schene |, step d). 25 Add to a solution of indole-2-carboxylic
acid 3 (31.0 mvol) and anhydrous THE (50 m), carbonyl diim dazole (1.10
equiv., 5.5 g, 34.0 mol). Stir for 1 h and add conc. NHMCH (50 nlL) in one
portion to Hheobduzsdso suspension. Stir at rt and after FeThUSewhb®ats t he
solid by filtration, wash with H20 amd dry in vacuuo at 40 Cto afford the
i ndol e-2-carboxam de 4 (R2 =R3=H). 30 Ceneral Synthetic Procedure Vla

(am dation of 2-indole carboxylic acid 3 with primary or secondary am nes;

Schene |, step .. WD.2006/.023590 PCT/.US2 930 7 _Add t | ution
of indol e-2- caﬁ%@? foélﬁﬁeioﬁlnéglf%fa?oﬁ%lﬁ%gjgég‘ém‘g} ‘3@5“%%%33& (rgfﬁ) ,
car bonyl dirhmy, eiaBsdyRliifnldadole US squiv.,118.66mmod kdd sindordth. rTHen addithbamibb éfor add t he
am ne (for ‘exanple, nethylam.ne,: .rolidine i peri.di ne i perazj ne,
benzyl ani f&2gple ﬁ?ﬂﬂ?’i‘lﬁé’g""%%“e’ 8‘8%%/‘{}?6’ §??W‘Hﬁ3§?§'?ﬁwn%ﬂéﬁﬁ&#%?dand sitr
the react igghivad7.7 inmohj inhe péitibn ar@URNB rdabon = ac tAfRN 1&h, wutdthwWed reactiog ol | ect
the precipitate by filtratiaon and dré@un gliry vacuumto ahjor t he N

i G e

subst i § ut a¥th waen eelloct the nresiniisfedy Hitrat HrvAstto pHgwdbgNe Vi b

(am dat i onyueinrédliolen-cambiwlidd adol e- 2-carboxylate with primary and
secondary am nes, Schene |, step b) to Stir ethyl indole-2-carboxylate 1

(X=H, 4.67 mmol) or nethyl indole-2-carboxylate 2 (X=H, 4.67 nmmol) in

Me2NH H20 (ﬁeﬁigremSynt‘ﬂ@ﬁ@ Procbdure V'i‘l?fa‘hﬁ@tﬁibh BRethi ok HicthyBinddlk-2fc@mol@ath with
nmonitoring by tIc (10% McOH CH2Cl 2) . Concentrate the m xture to m ni num

vol une, diprigtagy andjseqenerioamaings, Sehameds Sty solid by filtrati on. Wash the

filten,cake wigh &%@im@-éﬁ&)ﬁb&?g&n (MRE YT Abol PO riethy? iloRVI gty BRIDNY
amde 4 (X=H, R2 ="R3 = M), tlc Rr=0.65 (silica gel, 15 10%
Me OH/ CH2 CI(EFH, €ehaml) ishree N0 (B9 méetiiple SUr the reagtien e 85 thigsL@B usi ng

NaH, Scheng L. . - Sl 4 e
0 sorsi on B RN GAIRYAOMCROH), CATRUPRRITLAR: i R0 dlue

sol uti on ofithiHu® dndgollest the seliddwyiiaatiode Wesh the Fdtenenlse With H.Onppd dry under ) . After

Pomt " ¢ podabilif AlBEX i3 bd diffnrBafRtho R LA I oD RSO/ 00 20

heat the réaction wth stirrin ow the react’i on by
parti t5 onildtp MeOHIGH ).

General Synthetic Procedure VIla (3-arylthioindoles using NaH; Scheme I, step €)
Add 1o a stirred suspension of NaH (60% oil dispersion, 1.2 equiv., 9.8 mmol) in DMF
(75 mL) under N; at rt, a solution of the indole-2-carboxyamide 4 (8.18 mmol) in DMF
20 (5mL). After S min. add the diaryldisulfide (1.0 equiv., 8.18 mmol) in one portion and heat
the reaction with stirring to 95 °C for 16 h. Follow the reaction by partitioning an aliquot
sample between EtoAc/H,0 and analyzing the organic phase of the aliquot by thin layer
chromatography on silica gel with 10% MeOH/CH>Cl. Concentrate the reaction in vacuo,
dilute with H>O and stir for 30 min, filter and air-dry. Chromatograph the crude solid on silica
25 gel eluting with 9:1 CH;Cl/MeOH to provide the 3-arylthio-substituted indole I.

General Synthetic Procedure VIIb (3-arylthicindoles using Cs,CO;3; Scheme 1, step ¢)
Add to a solution of the indole-2-carboxamide (0.418 mmol) and DMF (10 mL},
Cs2CO;5 (0.31 mmol) and then add the diaryldisulfide (0.65 mmol). Heat the reaction under a
30  nitrogen atmosphere at 100°C for approximately 2.5 h (monitor by tlc/Lé-MS to determine
when the reaction is complete). Cool to rt, concentrate to a minimum volume and partition
between brine and EtOAc (3 mL). Extract again with EtOAc, dry the combined extracts
(MgSO0y), filter and concentrate the filtrate to provide the crude 3-arylthioindole-2-



sanpl e between Et oAc/ H20 and anal yzi ng the organi c phase of the aliquot by
thin layer chromatography on silica gel with 10% MeOH CH2C12. Concentrate
the reaction in vacuo, dilute with H2O and stir for 30 mn, filter and
air-dry. Chromatograph the crude solid on silica 25 gel eluting with 9:1
CH2C12/ MeOHwioomweassesle t he 3-aryl t hi o-substituted i ndolreTiusz00@erersal
Synthetic Procedure VIIb (3-arylthioi ol es using Cs2CO3; Schenme |, step e)
Add to a solution of the indole-2-carboxanm de (0.418 mmol) and DVE (10 m),
Cs2C™B (0.31 mmol ) and then add the diaryldisul fide (0.65 nmmol ). Heat the

reaction under a rogen_at nos f or approxi ly 2.5 h
(moni tor 5§ P*aéwﬁpcelpl\%&t&)l S%ﬁ%Per?‘gg 34 ésﬁ:(f@ Ojgg’ogét {S‘Hmﬁgp“’&r%gﬁé"?’ e). Cool to
i t, concentyihlotndol-Bediboxamidnlyvol ume and partition between brine and Et OAc
(3 nL). Extract again with Et OAc, dry the conbined extracts (MgSOH),
filter and concentrate the filtrate to provide the crude 3-arylthioindole-2

VIO 2006/ 0235961 BRTthbiE2P054M20806 (SARmear fmsaTis@pf) Purify the crude product

on an |SCO (4. g Si rmt rovide the 3-

aryl t hf oi ndol el ?abaaﬁgﬂzi%? H\k’g‘ ‘&h@r" 2-egbpamiqed] proled atl20e (scherme 1,
optional si®pwhii, 23 Iﬂiﬁ@@hncm@gbyu (Dﬂmﬁi) tsheat?maf yé tldur@qma@h eitB wagk,boxani de

(1 mol) and with H202 (30%W w, 2.0 mmol ). Stir at

rt for 16 eK&st ¥ith Eifde I"f’a@h Vith Vx%ﬁee‘liry (M§§pﬂ)a@tter\ml‘§ PPI‘EFW o gl B3 h brine,

dry (MySOh)yisultbhf1aH- 86l 2QRHERMIAER abfdaeAf ford the 3-
aryl sul fonyl -1 H ndol e- 2- carboxylic acid amde I. 10 1Hindol e-2-carboxylic

acid amde 4 (X = H(fromthe ethyl ester). Treat ethyl

ndol G 2- Gy RN ALy fiad Bimidk A= tl{}lﬂtmﬁeﬁﬁgdesc“ bed in General

Synthetic Procedure e conpoun 1.3 g, 76.9%9 as an

i vory-col ored Trseistied indais- 22@3‘102(314%5 & = HrR AR ¢ Diveooh @y degcnbed 53Gensgad | 1H) |
7.95 (br S ' , : Hz) 7. 36
(brs, Syz%th%xf }yocfégur(e@[ t3 aﬂfﬁ'd tHe & t‘ﬂe&:oflngbmd &?ﬁ aé H?%) asidi 1v&6 col%reg 7z

8.1 Hz) pbwdmdmpe%?lé‘éﬁl%@xﬂ NM&@?MS@rﬁs)j%lwi’(&rtlﬁb (7f9|5c6brﬁ,t 760 (d

i ndol e- 2- 0 ) 117 £ [ L H 1.0
g, 6.2 n’mq)?[)Pa)sé)ic}kzgc.}?‘?jb@tiuflr%F Ggégr%gwﬁg ’t%ét?ﬁ rfg%:led_ﬁsrg 73“&%'?}1 d t he
titl etconddarng 1X8548:4¢]2).86. 0% as a yel I ow powder: np 20 233-234.5 C, 'H
NMR (DVBO-d6) 5 11.53 (brs, 1H), 7.95 (brs, 1H), 7.60 (d, 1H, J = 8.1 Hz)
7.42 (d, 1H, J = 8.0 Hz), 7.36 (brs, 1H), 7.17 (t, 1H, J = 8.1 Hz), 7.11
(s, 1H), THGBd§lk-2-dakhoxylic acid amide 4 (X = H)(from the indole-2-carboxylic acid).

Treat 1H-indole-2-carboxylic acid 3 (X =H, 1.0 g, 6.2 mmol) as described in General

Synthetic Procedure V to afford the title compound (854 mg, 86.0%) as a yellow powder: mp

20 233-234.5°C; 'H NMR (DMSO-ds) § 11.53 (brs, 1H), 7.95 (brs, 1H), 7.60 (d, 1H, J = 8.1
Hz), 7.42 (d, 1H, ] = 8.0 Hz), 7.36 (brs, 1H), 7.17 (t, 1H, J = 8.1 Hz), 7.11 (s, 1H), 7.02 (1, 1H,
J=28.1 Hz). Anal. Calcd. For CoHgN>O: C, 67.50; H, 5.03; N, 17.50. Found: C, 67.20; H,
4.95; N, 17.25.

25 3-Benzensulfonyl-5-chloro-1H-indole-2-carboxylic acid amide (Ia)
Treat 3-phenylsulfanyl-5-chloro-1H-indole-2-carboxylic acid amide (303 mg, 1.0
mmol) with H,O; as described in General Synthetic Procedure Vllc o give Ia (Table 1) as a
white solid; MS Obs 336 (M + 1).

30  3-Benzensulfonyl-1H-indole-2-carboxylic acid amide (Ib)
Treat 3-phenylsuifanyl-1H-indole-2-carboxylic acid amide, (Ic. 268 mg, 1.0 mmol)
with H;O, as described in General Synthetic Procedure VIIc to give Ib as a white solid: mp



J =81Hz). Anal. Caled. For COHGEN2O C, 67.50; H, 5.03; N, 17.50. Found:
C, 67.20; H, 4.95; N, 17.25. 25

3- Benzensul f onyl - 5-chl oro- 1H i ndol e- 2-carboxylic acid am de (la) Treat

3- phenyl sul f anyl - 5-chl or o- 1H-i ndol e- 2- carboxylic acid am de (303 ng, 1.0
mmol ) w th FRO20089238Wscri bed in General Synthetic Procegaresiidome give |a
(Table 1) as a white solid; M5 Cbs 338 (M+ 1). 30

3-Benzensul fonyl -1 H i ndol e- 2-carboxylic acid am de (Ib) Treat

3- phenyl sul fanyl - 1H-i ndol e- 2- car boxylic acid am de, (lc. 268 ng, 1.0 mmol)

ith H202 i) i | hetic P d VIt | b
whi te soi A% KTk BODMRIDSEIE a2 SabRoRD 6 6ms 11 2. RUSA . SRR
(DVBO- d6) 8613, 1) 1B $m, ) MS0Bbs $dr gM 4L H) .LBMVR: (nbﬁs,soithl)i, 0O (m 3H, 7.6

(m 411), 7.3 (m 2H; M5 Chs 301.1(M+ 1); LOMS: nlz 301 (M + H).
3- Phenyl sul fanyl - 1Hi ndol e- 2-carboxylic acid amde (Ic) 5 Treat

| Hi ndol e- irﬁa{,mmh 1qmﬁidd:eam§s tic ¥cid ahtiad@8 My, 2.0 mmol) with
phenyl di sul fide (1 ! 0)6()1 l adels%(r‘lgbed in General Synthetic

Proceddre Vi1 a,Tred lHéT“?‘%*i‘%rcﬁlﬁ%xS{hF ta‘Flé a@&?ﬂdﬁndH(f‘E?@Gngré 0 rygoRwythas an

|6 vor Ey_) c a ! Oﬁlﬁﬁ'yl@i@\hﬁ@e %rmaqq.g,? 438 g@ agdescﬁm lin Gg?grﬁ %mtﬁﬁfc f@%&h@% N%I?QO :

5- Br ono- 3- séfvé%gbpélﬂp FQIpRAung ﬁﬂpﬁwo%%) @aanbmwplered@olm,am H- 1(97c5)°crr eat

5-brono-1 d C tenal B ) with
7N e e uSEREe LIRSS LB BB B bR G 1T R R0 ¢

5- br ono- 1Hq1r$dole 2- carboxylic acid amide 4 (X = Br, RR = R3 = H) as an
ivory-golored solid. Treat 5-brono-iH 15 indol e- 2- car boxylic acid am de
(100 mg, 0.41 mmol) with di phenyl disulfide (1.50 equiv., 141 ng, 0.65

mol ) as deBrembEehenyladiaaylalH-Bdeld2tirboRlioaeanadd/(Idp to give the title

conmpound Id ( ) ry %ﬁ N?( . .5
(oro, 11y, 5. 0 sy oy PR eI e LGN By Ao N
obs 347 NH4 /Mmt))H a@ﬁescnbed in General Synthetic Procedure III to afford 5-bromo- 1H—1ndole-2-
3(2Amno h | fa 5+8§2hoxy - |ndole boxy. cid i1de (le)
Treat 5- ne?ﬁ)ogq?éf]%—@ ﬁy‘l e)ﬁ c;%%o%/l i %Sca\ndwfy one%&ﬁg 1 té@ﬁﬂ@%ﬁ‘n nmol )
as descr iifdede- E—Darﬁie\ty\hc atid Syidef(£00i mg, IBréﬂ(iﬁdle &ith/ dipﬁel@ﬂdlﬁﬂﬁhe (1.50 equiv., 141
S- met hoxy- 1 gdol oEi) a%s d%scn%og X‘J éeneraféynthetlc Procedure VIIb to give the title compound

id (85 mg) as an ivory-colored solid. "H NMR (DMSO-dq) 8 12.5 (brs, 1H), 8.0 (brs, 1H),

7.72 (brs, 1H), 7.59-7.08 (m, 8H); LC/MS: m/z obs =347 (M +1).

20 3-(2-Amino-phenylsulfanyl)-5-methoxy-1H-indole-2-carboxylic acid amide (Ie)

Treat 5-methoxy-1H-indole-2-carboxylic acid 1 (X = OCHs, 1.09 g, 5.71 mmol) as
described in General Synthetic Procedure V to afford 5-methoxy-1H-indole-2-carboxylic acid
amide 4 (X = OCH;, R? =R* = H; 536 mg, 49%) as yellow solid, mp 204-205 °C; 'H NMR
(DMSO-ds) & 11.3 (brs, 1H), 7.9 (brs, 1H), 7.3 (d, 2H), 7.1 (d, 2H), 6.8 {d, 1H). 3.8 (s, 3H);

25 LC/MS: m/z obs = 191 (M +1). Treat 5-methoxy-1H-indole-2-carboxylic acid amide (300
mg, 1.6 mmol) with 2-aminophenyldisulfide (1.4 equiv., 546 mg, 2.2 mmol) as described in
General Synthetic Procedure VIIa to afford the title compound Ie (321 mg, 65%) as a light
green solid, mp 203 °C (dec); 'H NMR (DMSO-dg) 8 12.0 (brs, 1H), 8.0-7.8 (2brs, 2H), 7.4
(4, 1H), 7.1-6.9 (m, 4H), 6.8 (m, 1H). 6.6 (m, 1H), 5.5 (m, 2H), 3.8 (s, 3H); LC/MS: m/z obs

30 =314 (M +1).
3-(3-Fluoro-phenylsuifanyl)-1H-indole-2-carboxylic acid amide (If)

Treat 1H-indole-2-carboxylic acid amide 4 (X = R* = R® = H; 225 mg, 1.4 mmol) with
bis-3-fluorophenyldisulfide (1.5 equiv., 534 mg, 2.1 mmol) as described in General Synthetic



amde 4 (X =0CH3, R2 = R3 = H 536 ng, 499 as yellow solid, np 204-205 C;
"HNWR (DMSO-d6) S 11.3 (brs, 1H), 7.9 (brs, 1H, 7.3 (d, 2H), 7.1 (d,
2H), 6.8 (d, 1H). 3.8 (s, 3H); 25 L MS: mz obs = 191 (M +1). Treat

5- et hoxy-ll—l—'gr&dﬁ}ﬁ?&-z%gmcar boxylic acid amde (300 ng, 1.6 mmol) with

2- am nophenyl disul'tide” (1.4 equiv., 546_ng, 2.2 mol) as PgagsSelolexdsisn
CGeneral Synthetic Procedure Vlla to affdrd the title conpound le (321 ny,
65% as a light green solid, np 203 C (dec); "H NVMR (DMSO-d6) S 12.0 (brs,
1H), 8.0-7.8 (2brs, 2H), 7.4 (d, 1H), 7.1-6.9 (m 4H, 6.8 (m 1H). 6.6
(m 1H), 5. 57RweMile tmaffrd the tigehompoGhd/B (320 mg,H0%6) 239 whIL AN &) fsfil%ca £el)

3- ( 3- Fl uor opphenylsgad i v i ndol e- 2-carboxylic acid am de ( reat
1Hi ndol e- 2-car bo(xyl i c@§%¢%§)t%§'de 4 (X=R2=R3 =H 225 ng, 1.4 mol)

G e it s ottt )
escriped I n | ) .

Procedure Vila ?gfe g(fs fb?rﬁgg_? ﬁéngql‘c\f/_\?@ar 8’%‘83?@ ampdeddFo= ﬁg}? =Hslldmgit e
solid: tic @éi“fiﬂml)g'éth)Z-atﬂhomleﬁ)yldisﬁlﬁ@é’/QlBtéaéﬁr/_,hepﬁ@g@aﬁ mmol) as .dascribed d-n

Trcai 5 bronse | Ao et BT il Capraauds (Homer wraom- o <
100 ng, s €eleredsatidolY NMR (DXISOrH® phesypkdi gk ( &aul ng,

0.65 mol) ag 9?§_%ri(bzg e ﬁf{;j: et o T SR P Bora e
title corrpour?d Tg (zl_nL’S %;’l 3 3’2 i 3 BGF1BF 546589 (M +1).H NVR (DVBO d6) S
12.25 (br S,3-Mmilﬂl-ﬁﬂen§fbﬁﬁanyl)hi)ﬂ-iﬂdo%-i-bipﬁoxﬂi‘l‘\':'/l)aciﬁa.rn?idé gny M, 7.25-6.2 (m

6H), 5.45 (s, 2H): . VB: z. obs = 361,99 +1).
3-(2- Arrllﬂno- phemlill)r < :rgé%h 2-§309%yHE ped smidg Al i‘szllT:R:étiPH 16(vingel .@ o)) MAthTr eat

A ot 1 T By BT
General Sy Hﬁ&ftégm rt%sq?bf? (Fél? ! ;klcam?wnfflh @Sd Mg é’é%b 8 ehgimgirwwlwidi P ( (1)35b?g1
iy 7ss CREREE, g -,5_8’1&%? A, et o i 7S 2 g = g g ™
7 98-7 23 > U 3-712)97.38-133 (1 LEDR].12-6.10 561 1866.0246 8Blhh, 218), 600%.G fm( M 15
o by gt Bt A S ARG Pl ) T ca
1H i ndol e- Q:(&pw,&yl_p@_f%pdrhiﬁdg@-gca(ruogliaacid aRBdeTh;, 80.0 ng, 0.5 nmol)
el 2 bt QR A8 okl ARt il TR 8% RS s bty
2,2°-dithiopyridine (1.0 equiv., 0.5 mmol) as described in General Synthetic Procedure Viiz to
give the title compound i (71.0 mg, 53%) as a tan solid: MS Obs. 270.2 (M + 1).
20 3-Pllenylsulfanyl—lH-indole-Z-carboxylic acid methylamide (Ij)
To a solution of 1H-indole-2-carboxylic acid 3 (X=H, 1.0 g, 6.21 mmol) and
anhydrous THF (50 ml), add carbonyldiimidazole (1.10 equiv,, 1.1 g, 6.83 mmol). Stir for 30
min at 1t and then add MeNH, HCl (1.30 equiv., 541 mg, 8.07 mmol) in one portion. Add
DMF (10 mL) to the reaction and stir at rt. After 2h, pour the clear yellow reaction solution
25 into HyO. Collect the precipitate by filtration and dry under vacuum at 40°C to afford 1H-
indole-2-carboxylic acid methylamide 4 (X=R*=H,R*= CHj; 860 mg, 80%) as a yellow
solid, mp 222-223 °C; 'H NMR (DMSO-ds) & 11.6 (brs, 1H), 8.45 (m, 1H), 7.60 (4, 1H, ] =
7.8 Hz), 7.44 (dd, 1H, T = 1.05, 8.25 Hz), 7.20-7.14 (m, 1H), 7.60-7.00 (m, 1H), 2.82 (d, 34, J
= 4.2 Hz). m/z obs = 175 (M +1). Treat 1H-indole-2-carboxylic acid methylamide (174 mg,
30 1.0 mmol} with phenyldisulfide (1.1 equiv., 240 mg, 1.1 mmol) as described in General
Synthetic Procedure V1la to afford the title compound Ij (140 mg, 50%) as an ivory-colored
solid, mp 201-204°C; 'H NMR (DMSO-ds) 3 12.3 (brs, 1H), 8.3 (m, 1H), 7.48 (4, 1H), 7.42
(d, 1H), 7.3-7.0 (m, 7H), 2.9 (d, 3H).



give the title conmpound Ii (71.0 ng, 53% as a tan solid: M5 Cbs. 270.2 (M
+ 1). 20 3-Phenyl sul fanyl -1 Hindol e-2-carboxylic acid nmethylamde (Ij) To a
solution of 1Hindol e-2-carboxylic acid 3 (X =H, 1.0 g, 6.21 mmol) and
anhydr ous THE &50 rr1 , add carbonyl diimdazole (1.10 equiv., 1.1 g, 6.83
mmol ). Stir P A2 at P and then add MENH2 HCI (1. 30’C5qjsmn5/pz95ﬁl ny,
8.07 mmol) in one portion. Add DMF (103hL) to the reaction and stir at rt.
After 2h, pour the clear yellow reaction solution 25 into H2O. Col |l ect the
precipitate by filtration and dry under vacuum at 4OC to afford | H

i ndol e- 2- caﬁﬂmvﬂm@-ﬂmiﬁnmHyinaﬂledecaélb&x&hca&nmtﬂ'}l» a 860 ”D, 80%
as a yell ow SOlJl“reti'—Plga 5 a% )%DMSOdG ﬁé((brs 8.45
(m 1H), 7.60 (d 4pirpdde2y: OF}Q)”C*ﬁnﬁh gpide 4 (K =R ~HFS = €H257H@)05 _
7.20-7.14 (mmalkyih Z2GRATRAAI. 3hthiv, 24 Srhef Mz obs =
175 (M +1). pT, '\Jﬂ? thg -2-dnrjé§?i Mic ag}r(ddegbﬁbcdjm%&’éra%ﬁ%em, 30 1.0
mrol ) with p’héﬁ Fed N {é“bi“tie @c{fmor}nd Ikﬂ@)msgﬁﬁ%)@ammtb);olas \HesaRi bed | n

Gener al s Sy(MMBOiL) FProceaing), ¥ld @ 1A %f3f 40 ng,
50% as an '¥2ryé}i)(;l zréfgﬂ“so?rd( 5 @{@1&5 b%l—fnl\l%lg? %%d] gnﬁﬁé (brs,
1H), 8.3 (n? 2 ¢ 2 9r§d3H) MSOP%BGZMHW 3-7.0 (m 7H) 2.9 (d,

3H). WD 2006/ 023590 PCT/ USR

3-(Pyridin-2-ylsul fanyl) - 1&&%%22?@&53%%%&Irsogtee'{%sr(ol'lrr%t hyl am de (1k) Treat
1H i ndol e-2-carboxylic acid nethyl armi Sheme@X = R2 = H R3 = CH3; 87 ng, 0.5
mml) with 2,2"-dithiopyridine (1.3 equiv., 143 ng) as desgribed in Ceneral
Synt hetic Procedure VIla to afford the t tIe conpound 1k 9{6rrg 66% as

Q

whi t lid: 5 ( DV5 ) , 8.4 1

7.6 (emsozll—r), 7%& @ ; o 2y ( \ Oéz(g](dH)

3H); MS ohs 362 : nt hesi s 'Q ngdol e O<ygen I 3 -1 u)
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a) NaNQ,, HOAc, CH 2Ciy. 1. b} R'OH, Rh,(OAc),, CICH LCH,CI,
¢) KOH, EtOH/H 50 d) im200 THF, NH,OH.

10 3-Diazo-3H-indole-2-carboxylic acid ethyl ester (5) (Scheme 2, step a)
Add glacial acetic acid (6 mL) dropwise with stirring at rt over 5 min to a solution of
indole-2-carboxylic acid ethyl ester (1, X = H, 2.0 g, 10.6 mmol), and sodium nitrite (73 g,
106 mmol, 10 equiv.) under N in CH,CL (20 mL). After approximately 10 min., add CH,Cl,
(100 mL) to facilitate stirring the resultant suspension. Quench the reaction after 1.5 h with
15 Hz0, remove the organic layer, and extract the aqueouns phase with CH,Cl,. Wash the
combined organic phases successively with saturated NaHCO; and brine, dry (MgS0O,), filter

and concentrate to give, after purification, 5 (1.62 g, 71%) as a yellow solid. (Kettle et al.
Tetrahedron Lett. 2000, 6905-6907).



lc R R\ H2d\ OH O():NO HH11-u 7 a) NaNO2, HOAc, CHC 2, rt. b)
R OH Rh2(0Ac)41 ClCHCH2Cl, <c¢) KOH, EtOH/ H20 d) 1m2CO THF, NH4AOH. 10
3-Di azo- 3H i ndol e- 2-carboxylic acid ethyl ester (5) (Schenme 2, step a) Add
glacial acetic acid (6 nL) dropwise with stirring at rt over 5 mn to a
sol ution of WHHHBIN0carboxylic acid ethyl ester (1, XPETHS2®5020806 10. 6
mml ), and sodiumnitrite (7.3 g, 1063%mol, 10 equiv.) under N2 in CH2Cl 2
(20 mL). After. approximately 10 min., add CH2ClZ (100 nL) to facilitate
stirring the resultant suspension. Quench the reaction after 1.5 h with 15
H20, renove the organic |ayer, and extract the aqueous phase with CH2Cl12.
Wash the conbi ned organi c phases successi_velty wi th saturated NaHCO3 and
brine, dry Gevgabaynthetis Proceduse ¥IH Sor s teagtion efliagh vempauint Swithualdohdls &t i on, 5

(1.62 g, 7Lrd@ideasddte & 1'e&¥¥s%9ééhgme§'%?%ptd e et al. Tetrahedron Lett. 2000,
6905- 6907) . WD 2006/ 023590 PCTI US2005 0%9306 32 Ceneral Synthetic

Procedure VI 1| Reast 3dhkeoPHdrdoloreabodiiaacd cbmipstend (69 mintol) vaittctbéiddsived 0
provi des i ndgh gy Ak . 7 16 he act .

3-di azo- BHQ?JndoI eﬁéi-cglg(%giyﬁ/]inlﬁ%) lggiaddﬁel}]%??tﬁ&enggleé%g) %ﬁ.aéza%?)am\ﬂﬂtﬁft he
desired 5RAErAcH(0.88 Ryuiv.a0.¢Bvomol; 32 Be)yand Deat at 83 °C fati3dh| Ditwehb agactidnl0 )

and a cat alyd,& 0 0. 08 equiy. .0 072 mmol, 32 ng), and

heat at 85 C‘?or‘ﬁs 2tc[[i Fig%re%ﬁt% %%@ect(l%(%%maﬁ%%f ﬁarrg') {r ??“Eﬁ%’éﬁé? EPY {ﬁger

t hr ough CeFiugdepioyudt.dPerify theoederml aflish chandtogophentaffatathe Gesfed@mdbiee crude

product . PH{gfeXiSBQQreéTﬂsetB%chgt%%’tﬁ;sl ash chromat ography to afford the desired
a

I ndol e oxygén | sosteres e ethyl esters. 10 General Synthetic
Procedire | X (hydrolysis of ethyl 2-indole carboxylates 61-u to carboxylic

o 0 ety TP B g o b AR a3 oo
carboxylic acids 71-u; Scheme I, step c).
Add to a suspension of indole-2-carboxylic acid ethyl ester 6 (0.50 mmol) in EtOH (10
mL) a solution of KOH (5.0 equiv., 2.5 mmof, 140 mg) and H,O (2.0 mL). Stir at rt for 16 h,
15 acidify (HCI) to pH 1 and collect the precipitate by filtration to afford the corresponding

carboxylic acid 7.

3-Phenoxy-1H-indole-2-carboxylic acid amide (I1)
React 3-diazo-3H-indole-2-carboxylic acid ethyl ester, 5, (300 mg, 1.38 mmol) with

20 phenol (5.0 equiv., 650 mg, 6.90 mmol) as described in General Synthetic Procedure VIII.

Purify by flash chromatography to afford 3-phenoxy-1H-indole-2-carboxylic acid ethyl ester 6

®R'= phenyl, 303 mg, 78 %) as a yellow solid. Hydrolyze the ester to the carboxylic acid 7

R = phenyl} using General Synthetic Procedure IX and then transform the carboxylic acid to

the corresponding primary amide as described in General Synthetic Procedure V to afford the
25 title compound Il as a light purple solid, tic (silica gel) R¢=0.15.

3-(4-Methoxy-phenoxy-1H-indole-2-carboxylic acid amide (Im)
React 3-diazo-3H-indole-2-carboxylic acid ethyl ester, 5, (231 mg, 1.10 mmol) with 4-
methoxyphenol (1.4 equiv., 186 mg, 1.5 mmol) as described in General Synthetic Procedure
30 VIH to afford 3~(4-methoxyphenoxy-1H-indole-2-carboxylic acid ethyl ester 6 (R' = 4-
methoxyphenyl, 169 mg, 51 %) as an ivory-colored solid. Hydrolyze the ester to the
carboxylic acid 7 R' = 4-methoxyphenyl) using General Synthetic Procedure IX and then

transform the carboxylic acid to the corresponding primary amide as described in General



m.) a solution of KOH (5.0 equiv., 2.5 muol, 140 ng) and H20 (2.0 nmL). Stir
at rt for 16 h, 15 acidify (HCO) to pH 1 and collect the precipitate by
filtration to afford the corresponding carboxylic acid 7.

3- Phenoxy- 1Hi ndol e- 2-carboxylic acid am de (11) React

3- di azo- 3H | W@oN®238@r boxyl i c acid ethyl ester, 5, (300amysbs@Bssmmol)
with 20 phenol (5.0 equiv., 650 ng, 630 mml) as described in General
Synthetic Procedure VIII. Purify by flash chromat ography to afford

3- phenoxy- | Hi ndol e- 2-carboxylic acid ethyl ester 6 (R phenyl, 303 ny,

I A S LR SIPRUTR (7

carboxylic0d€id to the corresponding prinmary anide as described in General
Synthetic Procedure Vto afford the 25 title conpound Il as a light purple
solid, tic (silica gel) Rf= 0.15.

3- (4- Met hoty(4{ihorerphenony1kidinidele2-cabdykiy hiid amided i de (I nm) React

3o b aaas St Ak Gelr SAIPROINE AL ERINa S8hEler 2 oIGRE (BT
Gener al Sy fudrephepolPt®¢ eqitv.£l. 1 80 0\ thinol) @s Msérﬁtred in General Synthetic Procedure VIII
3-(4- rretho 1H i pdaol e- r i C aC|
net hoxypheny ﬁ?}gﬁ{l}%gyﬂuomg en%y'lé"né%l 2-8%%0’%'8%?‘ 8'% Q%/ eagfé!y gllu ?Bhetnﬁle est er
to the cat&abng)las@ wime golid. (H?dmyzé{hmiaﬂmyp&mdx»hmmg(@amnadmﬁwﬂmetI c
Procedure L a@ener pg t% nsfg nhé ar bo acid to t]ge correspondi ng
primary am deé Fodrrheis frocdies $Bbex e prddoies/ 029306 33
Slynt ?eto: c @nﬁqmddmgpMnh@' a&fuﬂﬁsdleichlﬁed1h1ﬂeﬁ%r§mmﬂ1‘éﬂ§|l’ﬂoﬂ%cﬁ;§eﬁt&ﬁfdﬁ% {h%%lﬁe oi l, q
tlc (silica 4- F ropenxylH-lnercaroxylcaC|
am de (1n)° Oé’%ﬁg%dcgaﬁamqﬁt?(ﬁo}ﬁlﬁ%ﬁ'@} é‘;ﬂt“ﬁrgﬁlég\yh 0#%cid ethyl ester, 5, (220
ng, 1.0 mmol) with 4- fluorophenol (10.0 equiv., 1.1 g, 10.0 mmol) as

etic Procedure VIII to afford

o e it S HSh e e boias ret v 6 (1 -

4-f | uor ophenyl ,Rea&@‘ﬁt:i&)%ﬁﬁ)d@le%ﬁt%xﬂfb'dcﬁl ezmge&&'ﬂ@zdlh% 18Fhih) Wnide
carboxyllc aci d = 4-fl uorophenyl) usi'ng General nthetlc rocedur e

| X andt heﬁli"ofqpéiﬁ?fl E)]TOI“H Y- éalr&dQQIni‘IEOIhi‘ﬁ d¢saripe WeGell@raéﬁﬁﬁ@élpé’Mﬁﬁge Bl mary
ani de as dgafbided-fud3anRes n%{ﬂabi&e} é&bf&&&?&ﬁ@\é&.‘o agfﬁi ﬂbérgghekylt le

conpound In as a white soli iy
3- (2- Fl uorld® ﬂséﬁwywprmcqomﬂsg@ Hac#rb %s/the est@rc;o dle&mbdwl(CIagx)M(R‘ =2-

fluoropheny!) using General Synthetic Procedure IX and then transform the carboxylic acid to
the corresponding primary amide as described in General Synthetic Procedure V to afford the

20 title compound Io as a white solid (59 mg), tlc (silica gel) Rf = 0.07.

3-(4-Chloro-phenoxy-1H-indole-2-carboxylic acid amide (Ip)
React 3-diazo-3H-indole-2-carboxylic acid ethyl ester, 5, (220 mg, 1.0 mmol) with 4-
chlorophenol (10.0 equiv., 1.3 g, 10.0 mmol) as described in General Synthetic Procedure VIII
25 to afford 3-(4-chloro-phenoxy-1H-indole-2-carboxylic acid ethyl ester 6 (R' = 4-chiorophenyl,
90 mg) as a white solid. Hydrolyze the ester to the carboxylic acid 7 (R' = 4-chlorophenyt)
using General Synthetic Procedure IX and then transform the carboxylic acid to the
corresponding primary amide as described in General Synthetic Procedure V to afford the title
compound Ip as an ivory-colored solid (50 mg), tle (silica gel) Rf = 0.09,
30
3-Methoxy-1H-indole-2-carboxylic acid amide (Iq)
React 3-diazo-3H-indole-2-carboxylic acid ethyl ester, 5, (300 mg, 1.38 mmol) with
methanol (5.0 equiv., 0.3 mL, 6.91 mmol) as described in General Synthetic Procedure VIII to



React 3-di azo-3H i ndol e-2-carboxylic acid ethyl ester, 5, (220 ng, 1.0
nmmol) with 2- 15 fl uorophenol (10.0 equiv., 1.1 g, 10.0 mmol) as descri bed
in General Synthetic Procedure VIII to afford 3-(2-fl uoro-phenoxy- |

H i ndol e- 2-carboxylic acid ethyl ester 6 (R = 2-fluorophenyl, 100 ng) as
an ivory-cowar mos/@edso d. Hydrol yze the ester to the carlmwyifizesaseg 7 (R =
2- fluorophenyl) using General Synthet#c Procedure | X and then transform
the carboxylic acid to the corresponding prinmary am de as described in
General Synthetic Procedure V to afford the 20 title conpound In as a white

solid (59 S| i.C 1), Rf
324 ot or et LRI L iEacke Py eser 6B 5 matyl 240 s white
3-di azo- SHoth[‘iml(ﬁht&-gBBrmb?(Q.BDp mdrcdyzetlmdstee&ttmcaﬂﬁxylﬁéﬁzﬂi_m “Im@hytyol ) with
‘51;, o EL?[ gplgﬁgg%a%%r%y&hgﬁc”ﬁr‘égé@é%aﬂg ;hfgg onsPTR) the Sb IS RS AiP8dnd N Gener al
2 ( ﬁl chi Orhoﬁrréﬁpeﬂimﬁ(g/prﬁir&rjr adlidle as &sﬁr&febm(%éﬂeﬁal ggzﬂtdemtmydﬁdmtvetb aﬁ‘ol(dlﬁlehtﬁre
C orope SQl.l d. ro ze the ester to the
car boxyl i &05%?‘61‘13‘1(‘% anS%“ﬁ%ﬁhﬂrggyﬁﬁéﬂb‘?a)gens%i=rpgé%ener al Synthetic Procedure

| X and then transformthe carboxylic acid to the corresponding primary
am de as described . in General Synthetjic Procedure V to afford the t|tIe

conpound PpEthexyhHigdaler2«carhoxplic achl pmgidedd) ny)  ti1c (silica gel) Rf = 0.09.

30 3- Met hoxy- | Reichelala@oZHGAINO A \hib6x e labtd kiR tek,| S‘}lll’,O @%Ctl 38 mmol) wrth
3-di azo- 3Hi ndol e- 2- carboxylic acid ethyl ester, nmol )

with met K8reeL (7.8 egrivglif L, 650 ;mgl) asesie@ilbrﬂrﬁrqen%rgl i B@aequré Yiéht@r al

Synt hegic aﬁﬁﬂcﬁahwx‘? 1¥-nkiole - éﬁ@o&ﬁ%c%lﬁ@@st? GIRUS 92%3 6014 afford
3-met hoxy-1 H-indole-2-carboxylic acid ethy ester £$ = nethyl, 210 ny)

as a whi t dlydsayze hejetegto(ag %ﬂwylgcezrcrd'fﬁ -ﬂlwl)a@]nngarﬁ wpshetic ReocedsredX t o t he
car boxyl i ¢n@@eflirdnstdim tie ARIRVHI amdlrﬁltﬁ&oﬁgéib%ﬁ(ﬁhg ﬁﬂ&@%‘id& LQeRcldg | X and

then transformthe carboxyliC acid he “correspondi ng primary am de as
descr i bed Generakyarhatic Eymdrr@t\’ to ﬁf{@é@éuﬂ@cmmn@m@m&m sotid (1241ee), 8 conpound
Iqasatﬁl& gﬁf sm), tic (silica gel) Rf 0. 03.

3- Et hoxy- il & e- 2- car boxylic acid amde (I r) React

3-di azb- 3H i ndol e- 2-carboxylic acid ethyl ester, 5 (300 ng, 1.38 mmol)

ot N0l 0 b Sy BB 35 doscri ped i Coneral
et hyl ester 6 Rédct=divgdiHindude-2rcavhoxybc sol edly! dsked So(3p2 engt hé8 esﬁoé}wntro t he
carboxyl i clzsolaa‘l%bano?(s(d:{équlv G(\) g?iym% 6%' nrgol?e récal"lbedc" }/nn(l_;}ehn%;['al tfré% %’doce ure
VI to afford 3-isopropoxy-1H-indole-2-carboxylic acid ethyl ester 6 (R' = isopropyl) as a
20  white solid (33 mg); tlc (silica gel) Rf = 0.45. Hydrolyze the ester to the carboxylic acid 7
(R! = isopropyl) using General Synthetic Procedure IX and then transform the carboxylic acid
to the corresponding primary amide as described in General Synthetic Procedure V to afford

the title compound Is as a tan solid (126 mg), tlc (silica gel)Rf = 0.10.

25 3-tert-Butoxy-1H-indole-2-carboxylic acid amide (It)
React 3-diazo-3H-indole-2-carboxylic acid ethyl ester, 5, (220 mg, 1.0 mmol) with t-

BuOH (10.0 equiv., 0.95 ml, 10.0 mmol) as described in General Synthetic Procedure VIII to
afford 3-t-butoxy-1H-indole-2-carboxylic acid ethyl ester 6 (R' = tert-butyl, 149 mg) as a
white solid. Hydrolyze the ester to the carboxylic acid 7 (R' = tert-butyl) using General

30 Synthetic Procedure IX and then transform the carboxylic acid to the corresponding primary
amide as described in General Synthetic Procedure V to afford the title compound It as a light
green solid (39 mg), tlc (silica gel) Rf = 0.09.



and then transformthe carboxylic acid to the corresponding primary am de

as described in General Synthetic Procedure V to afford the title conpound

Ir as a tan solid (124 ng), tic (silica gel) Rf = 0.07. 15

3-1 sopropoxy-1Hi ndol e- 2-carboxylic acid am de (lIs) React

3-di azo- 3H wrlawe2s%gar boxylic acid ethyl ester, 5, (308CTHEgS52005/03806mol )

with isopropanol (5.0 equiv., 0.53 ng? 6.90 nmol) as described in General

Synthetic Procedure VIII to afford 3-isopropoxy-1Hindol e-2-carboxylic

acid ethyl ester 6 (R = isopropyl) as a 20 white solid (33 ng); tic

(silica ged. =9l C to the carboxylic acid 7 (R =
e_J’ heﬂylox&glﬁﬂd?lk%%t aft?ﬁc Lé?&f aﬁﬁ‘ﬁcﬁgug

i sopropyl) using nera etic Proce: | X and then transformthe

car boxyl i ¢ aci deaqt 3-digze-3tonddegeatorgicaeidethylestan B 30asnglédominblpithn Gener al
Synt heti c \ - af eminbh ! Qo id (126
oy i (P SRR (SRR ) AL A minkh o€ SRR b Sl BogBET, C

aci d ami deVill tp pffRddchenaietiyaldbir@ple 2nchohoayide wak dtlapt piteres @C imdbentyliyds aediter , 5,

(220 ;1. | ). W - [ i O_grm)l as
descri bed JSIOEId @ﬁé’?ﬁsﬂ%mﬁ %&%%et ﬁfgsgé%\'ﬁlﬁhfe C%Bg’g’}alf f’%’fl 317 QR = enzyl)) usifg
3- t - but oxyGehktai Byhtiebe Progerhupoi/dnidchaadiadsfetnnthie cabdretic Beif B the cdreasperldingy| , 149

white soljd, Hydrol fer ot | id 7 (R =
Lort “outyi e Beasusreb A i Rl St Ploekdles 0% AR eRoRPaefar m 1 e

car boxyl i asactindolid(1tl hengaler{gb@areiRfe Qr.i mary am de as described in CGeneral
Synthetic Procedure V to afford the title conpound It as a light green

solid (39 mg), tic (silicagel) R = 0.09. W) 2006/ 023590 PCT/ US2005/ 029306
35 3- Bénzyl oxy- 1H i ndol e- 2-53'3F%8'§§7f‘|¢’??°'é‘£‘1r3 Aé'?ﬁi'éfglv'(%h) React

3-di azo- 3Hi ndol e- 2-carboxylic acid ethyl ester, 5, (305 ng, 1.4 mml) wth
benzyl al cohol (5.0 equiv., 0.73 nfleM€H5 npl) as desgribed in General
Synthetic Procedure WVIII to afford 3-benzyl oxy-1Hi ndol‘es(zogar boxylic acid
ethyl esterxg (R = bengyl) axa ahite 5 $8lid [} =
Hydrol yze the helcarb cNgeid 1Ry =

Synthetic Proégds and t hen {01 My dndoretyrdo O Gyaciyh to the
correspondi ng pri y am de as descri\._red I n General Synq_peti c Procedure V
to afford the title conpound In as a tan solid (115 ng), tlc (silica gel)

Rf = 0.1. 10 Synt hesj s of Secondary Arrisdes lv-1 ai

Iv-Iai

R# = 4-morpholino, 1-piperidinyl, 1-pyrrolidinyl, 4-(tert-butoxycarbonyl)piperazin-1-yl
or 4-piperazin-1-yl
a) carbonyldiimidazole/THF and morpholine, piperidine, pyrrolidine or N-(tert-
15 butoxycarbonyl)piperazine; b) NaH/DME/R'-S-S-R'; ¢} CF3CO,H/HOAC to remove t-Boc
protecting group where present; d) H,O,.
: )
(3-Benzenesulfonyl-5-chloro-1H-indol-2yl}-morpholin-4-yl-methanone (Iv)
Treat 5-chloro-(1H-indol-2-yl)-morpholin-4-yl-methanone 8 (X = Cl, R* = morpholin-
20  4-yl) with phenyldisulfide as described in General Synthetic Procedure VIla to give 3-
phenylsulfanyl-5-chloro-1H-indol-2yl)-morpholin-4-yl-methanone. Treat 3-phenylsulfanyl-5-
chloro-1H-indol-2yl}-morpholin-4-yl-methanone with H;O; (30% w/v, 2.5 mmol) as -

described in General Synthetic Procedure VIlc to give the title compound Iv as a white solid.

25 (5-Fluoro-3-p-tolylsulfanyl-1H-indol-2-yl)-pyrrolidin-1-yl-methanone (Iw)
Treat 5-flnoro-1H-indole-2-carboxylic acid 3 (X =F, 516 mg, 3.0 mmol) with
pyrrolidine (3.0 equiv., 0.76 mL, 9.0 mmol) as described in General Synthetic Procedure VIa
to afford 5-fluoro-1H-indol-2yl-pyrrolidin-1-yl-methanone 8 (X = F, R* = pyrrolidin-1-yl; 620



Schemre 3RL X RaOHa X\ e XR Ol NOoptsoaly dI NO HHH3 8
Iv-lai R4 = 4-norpholino, | -piperidinyl, 1-pyrrolidinyl,
4-(tert-butoxycarbonyl)piperazin- | -yl or 4-piperazin-l-yl a)

car bonyl di i m dazol e/ THF and norphol i ne, piperidine, pyrrolidine or N-(tert
15 but oxycagkpiydo:pioper azi ne; b) NaH DMF/ R -S-S-R; c) rchraSeRbihidmC t o
renove t-Boc protecting group where psesent; d) H202.

(3-Benzenesul fonyl -5-chl oro-1 H i ndol - 2y1) - nor phol i n-4-yl - met hanone (1v)
Treat 5-chloro-(1Hindol -2-yl)-norpholin-4-yl-nmethanone 8 (X =0, R4 =

mor phol | N dofh Xi:)wﬁ‘f‘tet%hﬁ”}ﬁﬁ‘é’éatdis%“bf RS (BEdPE L § Bbr SR RSy Pyt heti ¢

Procedur e
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2onen S LAEI Pl RIS AL PRIAIOH BBl Aspgey i 1, 1202

gi ve the tounblel G@qmmmmﬁcbmbaa‘, 1medaral Symlmaltm cﬂ'rocedixre VIla to afford the title

(5- FIuoroS | sul, f anyl, | ) - r (1w

Treat 5. {1aBPRURAN G PR %l p ol Rl QUi NN LANGRS |1 ¢,

pyrroli dl rleH),(Bs Cn.glqD)] T2- ;].OQm?SH)jB,S (8, OHI (3, m 424 or(imbér); | m/2GeA56 (sl +

Synthetic Procedure Vla to afford

5-f1 uor o- I'% i ndol -2yl -pyrrolidin-1-yl-nethanone 8 (X = F, R4 =

pyrrolidin-1-yi; 620 WO 20061023590 PCT/ US20051029306 36 ng, 89% as a

V\/mte sol O-d6) .S 11. 7 (brs, 1H), 7.5-7.4 (m

a’hg&sﬁfaeﬁﬁ gndok?v;l ety o 1-ylpsthanone (f’i) 2H), 2.0-1.9 (m 4H).
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Wi t ptoy|SU| .), as_desc

Cenor ni - Spied Avipr S 08 AT Bidebert Btorral Sered POBABTEBfdosRR I (334

r7rg5 47% | %oazygﬁl%@ldﬁnpym@m&oa@bm H frt‘*%&@%@ﬂ% 1§g, 0/;) ab Rhite 1H)

n 7 (m355|§%1m 4mp 1§1- 162 C. IHQMR(DMSB dﬁ)BWS(s IH)('I6(d 1'?%) 74(d lH) 75@
1H), 7.1 (t, 1H), 6.7 (s, 1H), 3.7 (m, 4H)}, 1.7-1.5 (m, 6H). Treat 1H-indol-2yl-piperidin-1-yl-

15 methanone (456 mg, 2.0 mmol) with phenyldisulfide (480 mg, 2.2 mmol) as described in

General Synthetic Procedure VIla to afford the title compound Ix (440 mg, 65%) as an opaque
oil. "H NMR (DMSO-d) 8 12.1 (brs, 1H), 7.5 (d, 1H), 7.4 (d, 1H), 7.3-7.1 (m, 3H), 7.1-7.0
.(m, 4H), 6.7 (s, 1H), 3.6 (m, 2H), 3.4 (s, 8H), 3.2 (m, 2H), 1.8 (m, 4H), 1.4 (m, 2H). m/z =
337 M+1).
20
(5-Fluoro-3-phenylsuifanyl-1H-indol-2-yl}-pyrrolidin-1-yl-methanone (Iy)
( Treat 5-fluoro-1H-indole-2-carboxylic acid 3 X =F, 516 mg, 3.0 mmol) with
pyrrolidine (3.0 equiv., 0.76 mL, 9.0 mmol) as described in General Synthetic Procedure Via
to afford 5-fluoro-1H-indol-2yl-pyrrolidin-1-yl-methanone 8 (X = F, R* = pyrrolidin-1-yl; 620
25 mg, 89%) as a white solid, mp 254-255 °C. '"H NMR (DMSO-ds)  11.7 (brs, 1H), 7.5-7.4
(m, 2H), 7.1 (td, 1H), 6.9 (s, 1H), 3.8 (t, 2H), 3.5 (t, 2H), 2.0-1.9 (m, 4H). Treat 5-fluoro-1H-
indol-2-yh)-pyrrolidin-1-yl-methanone (200 mg, 0.86 mmol) with phenyldisulphide (1.5
equiv., 281 mg, 1.29 mmol) as described in General Synthetic Procedure VIla to afford the
title compound Iy (220 mg, 75%) as a pale yellow solid, mp 184-186 °C. '"H NMR (DMSO-
30 ds)812.3 (brs, 1H), 7.5 (m, 1H), 7.2 (m, 2H), 7.1-7.0 (m, 5H), 3.5 (m, 2H), 1.9-1.7 (m,4H);
m/z =341 (M + 1).

[3-(2-Amin0-phenylsulfanyl)-lH-indol-2-yl]-pyrrolidin-f-yl-methanone {1z}



(3-Phenyl sul fanyl -1 Hi ndol - 2y1) - pi peri di n- 1-yl - met hanone (Ix) 10 Treat 1

H- i ndol e- 2-carboxylic acid 3 (X =H, 750 ng, 4.66 mmpl) w th piperidine
(3.0 equiv., 1.4 nm, 13.98 mmvl) as described in CGeneral Synthetic
Procedure Vla to afford 1H indol -2y1-piperidin-1-yl-nethanone 8 (X = H R4
= pi peri di nywloMbs02%5® Mg, 92% as a white solid, np lGkrhB20060293¢d NVR
(DVMSO-d6) S 11.5 (s, 1H), 7.6 (d, 1H)377.4 (d, 1H), 7.2 (t, 1H, 7.1 (t,
1H), 6.7 (s, 1H), 3.7 (m 4H), 1.7-1.5 (m 6H). Treat

1Hi ndol - 2yl - pi peri din-1-yl 15 nethanone (456 ny, 2.0 mmol) with
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uo
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phenylgli syhphirgle, 5((§rs5zﬂ)e§19'(ﬁi 2H)288. 10 m 42 InMe0d3k (@S- gescribed in General
Synt hetic Procedure Vila to afford the title corrpoun ly (220 nmg, 75% as
a pale yellow solid, rrp 184-186 C. 'H NWVR (DMBO 30 Q S 12.3 (brs, IH), 7.5
g 211 (1'|\‘/|')+ %-&-ﬁx%m%bheny?suiﬁn?ytﬁlﬁ-%dé-'d)yu-&y#m{dﬁ-1-%JrDmetﬂan%néh?dr%@mé}hhé ni/lz =
[ 3-(2- Anmi r(bl-abhenyl sul fanyl)-1Hindol - 2-yl]-pyrrolidin-1-yl-nmethanone (Iz)

WO 2006/ 023590 t | i acid 3
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as desgri m@ m Etz@éﬁeﬂamts;mtﬂﬁélt(i mmmmteﬂ&qctéhmraclpuﬁt@lwf ftrationH Wash the
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7.6 (d, 1m54—155:°csm/z|sz333(m+41)(d 5 1H, J = 8. 7.2 (m 1H), 71(m
1H), 6.9 (m 1H), 3.8 (m 2H), 3.5 (m 2H), 1918(m

[3-(2-Amino-phenylsulfanyl)-1H-indol-2-yl]-piperidin-1-yl-methanone (1ab)
2b Treat 1H-indole-2-carboxylic acid 3 (X = H, 750 mg, 4.66 mmol) with piperidine (3.0
equiv., 1.4 mL, 13.98 mmol) as described in General Synthetic Procedure Vla to afford 1H-
indol-2yl-piperidin-1-yl-methanone 8 (X = H, R* = piperidin-1-yl; 979 mg, 92%) as a white
solid. Treat 1H-indol-2yl-piperidin-1-yl-methanone (116 mg, 0.51 mmol) with 2-
aminophenyldisulfide (347 mg, 1.4 equiv.) as described in General Synthetic Procedure VIIa
25 to afford the title compound Iab (103 mg, 29%) as a tan solid, m/z =352 (M + 1).

[3-(2-Amino-phenylsulfanyl)-5-fluoro-1H-indol-2-yl]-piperidin-1-yl-methanone (Iac)

Treat 5-flucro-1H-indole-2-carboxylic acid 3 (X =F, 1.7 g, 9.5 mmol) with piperidine

as described in General Synthetic Procedure VIa to afford 5-fluoro-1H-indol-2yl-piperidin-1-

30 yl-methanone 8 (X =F, R = piperidin-1-yl; 2.3 g, 100%) as a white solid. 'H NMR (DMSO-
ds) 8 11.7 (brs, 1H), 7.5-7.3 (m, 2H), 7.1-7.0 (m, 1H), 6.7 (s, 1H), 3.7 (m, 4H), 1.7-1.5 (m,
6H). Treat 5-fluoro-1H-indol-2yl-piperidin-1-yl-methanone (125 mg, 0.51 mmol) with 2-



4H). Treat | Hindol-2-yl-pyrrolidin-1-yl-nethanone (428 ng, 2.0 mmol) wth
2-am no- phenyl di sul phide (1.4 equiv., 694 ngy, 2.8 mvol) as described in
General Synthetic Procedure Vlila to afford the title conpound |1z (468 ny,
69% as a white solid. "H NWR (DVMsO-d6) S 11.9 (brs, 1H), 7.5 (d, IH, 7.4
(d, 1H), 7.%0(mme028$e 7.1 (m 1H), 7.0 (m 1H), 6.9 (dPCTHS200§0283060 (m |
H, 55 (brs, 2H, 3.5 (m 2H), 1.9-13% (m4H; mz = 338 (M+ 1).

[ 3- (2- Am no- phenyl sul fanyl)-1Hindol -2-yl]-pyrrolidin-1-yl-nethanone
hydrochl oride (laa) Stir

[ 3-(2-am no- pheny 1H i ndol, - | ].- ol i e (Iz,
60 15 ngflqqupﬁnilﬁils(lgdﬁ@/‘”\ﬁlﬁ A4S f‘%/fc"}ﬁeﬁ%hﬁﬁ“eé ISV‘été?t}é Pﬁ%ceélﬂrgm %I tate by
filtrati Ofe affk8 hettifle cohipdub@ Tacqekmmgyd 4 bR Ponnebigtedsdlia, af/ o86b Noe 1itl e
conpound laa (48 ng) as a white solid, np 154-155 C, mz = 338 (M+ 1)

[ 3- (2- Ami no- phenyl sul fanyl ) - 1H-i ndol - 2-yl ] - pi peri di n-1-yl - met hanone (1| ab)
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Pr ocedurel\g(}rp4Hg5[n;Z(;@flf(pfﬂ1} he title conpound lab (103 ng, 29% as a tan
solid, mz = 3527

[ 3- (2- Am no- phenylsulfanyl) 5-fluoro-1Hindol -2-yl]-piperidin-1-yl-nmethanon
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Procedure VIIa and then treat with trifluoroacetic acid (4 mL) in HOAc, to remove the Boc

20  protecting group, to afford (3-phenylsulfanyl-1H-indol-2-yl)-piperazin-1-yl-methanone.
Dissolve (3-phenylsulfanyl-1H-indol-2-yl)-piperazin-1-yl-methanone in EtOAc and treat with
IN HCI/Et,0 to provide the title compound Tae (103 mg, 29%) as a tan solid, mp 240 °C(dec);
m/z=338 (M + 1).

25 [5-Fluoro-3-(pyridin-2-ylsulfanyl)-1H-indol-2-yl]-pyrrolidin-1-yl-methanone (faf)
 Treat 5-fluoro-1H-indole-2-carboxylic acid 3 (X =F, 516 mg, 3.0 mmol) with

pyrrolidine (3.0 equiv., 0.76 mL, 9.0 mmol) as described in General Synthetic Procedure VIa
to afford 5-fluoro-1H-indol-2yl-pyrrolidin-1-yl-methanone 8 (X =F, R* = pyrrolidin-1-yl; 620
mg, 89%) as a white solid, mp 254-255 °C. 'H NMR (DMSO-dg) 8 11.7 (brs, 1H), 7.5-7.4 (m,

30 2H), 7.1 (id, 1H), 6.9 (s, 1H), 3.8 (t, 2H), 3.5 (t, 2H), 2.0-1.9 (m, 4H). Treat 5-fluoro-1H-
indoi-2yl-pyrrolidin-1-yl-methanone (464 mg, 2.0 mmol) with 2,2’-dithiopyridine (220 mg,
2.6 mmol, 1.3 equiv.) as described in General Synthetic Procedure VHa to afford the title
compound Iaf ( 258 mg, 38%) as a white solid: mp 204-206 °C. 'H NMR (DMSO-ds) § 12.2



(brs, 1H), 7.6 (d, 2H), 7.5 (m 1H, 7.3 (d, 2H), 7.1-7.0 (m 2H), 3.6-3.5
(m 4H), 2.3 (s, 3H, 1.9 (m 4H); mz = 371 (M+ 1). 10

(3- Phenyl sul fanyl -1 Hi ndol - 2-yl ) - pi perazi n-1-yl - met hanone hydrochl ori de
(lae) Treat 1Hindol e-2-carboxylic acid 3 (X =H, 1.0 ng, 6.21 mmol) with
N-(tert- butvaxyeanrisenyl ) pi perazine (1.10 equiv., 1.3 g,P@AS00HMIBYK as
described in General Synthetic Procedure Vla to afford

4- (1H i ndol e-2-carbony|)-pi perazi ne-l-carboxylic acid tert-butyl ester 8
(X =H R4 = piperazin-4-yl-l-carboxylic acid tert-butyl ester; 2.0 g, 9%

(8. 0y o 7a&§ 1B, 295070865, > b, OB D Tt G B o 7:0
4H), 3.5- M4+2yn A 14(3 9H) mz =330 (M+ 1). Treat
car ony

4- (1H i ndol e- | ) - pi perazine-|-carboxylic acid tert-butyl ester (329
g, 1.0 nmmol) with phenyldisulfide (283 ng, 1.3 equiv., 1.3 mml) as
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indol-2yl-piperidin-1-yl-methanone 8 (X =H, R* = piperidin-1-yl; 979 mg, 92%) as a white

20  solid. Treat 1H-indol-2yl-piperidin-1-yl-methanone (114 mg, 0.50 mmol) with 2,2'-
dithiopyridine (1.3 equiv., 143 mg) as described in General Synthetic Procedure VIIa to afford
the title compound ah (117 mg, 69%) as a pale yellow solid, m/z =338 (M + 1).

[5-Fluoro-3-(pyridin-2-ylsulfanyl)-1H-indol-2-yl]-piperidin-1-yl-methanone (Iaf)

25 Treat 5-fluoro-1H-indole-2-carboxylic acid 3 (X =F, 1.7 g, 9.5 mmol) with piperidine
as described in General Synthetic Procedure Vla to afford 5-fluoro-1H-indol-2yl-piperidin-1-
yl-methanone 8 (X =F, R* = piperidin-1-yl; 2.3 g, 100%) as a white solid. "H NMR (DMSO-
dg) 8 11.7 (brs, 1H), 7.5-7.3 (m, 2H), 7.1-7.0 (m, 1H), 6.7 (s, 1H), 3.7 (m, 4H), 1.7-1.5 (m,

| 6H). Treat 5-fluoro-1H-indol-2yl-piperidin-1-yl-methanone (123 mg, 0.50 mmol) with 2,2'-

30 dithiopyridine (1.3 equiv., 143 mg) as described in General Synthetic Procedure V1Ia to afford

the title compound Iai (120 mg, 68%)as a yellow solid, m/z =356 (M + 1).
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[ 5- Fl uor o- 3- (pyr | diSsli2- yl sul fanyl )-1H1i ndoI 2-yl]-piperidin-11yl-nmet hanone
(tai) 25 Treat S5yfHwerortHindate-2-carboxyt+cacrd—S1(X=+F11.7 g, 9.5
mol) with piperidine as descrjibed in General Synthet]ic Procedure Vla to
af ford 5-fluoro-|H indo| - 2:Ct pi|peri dighis| - yl| - meNEanong 8% =|F, R4 =
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1.7-1.5 (m 6H) [ Tgeat] 5- T uorfo- IH-g ador - pnper i din- 18yl - et hanone (123
ng, 0.50 nmmol) wi.th 2 21 30 ditlhiopyridine _‘!_ 3_egui-v— 143 my) as
described in Generald sypt HeBi ¢ |Pr ocdabise Vi|a tdHafforld She {itle conpound
lai (120 , 68%asta Yelq Q@HS ||2] B, 3p0 (N'H* T) [ WOg200%/ 023590
PCT/ US2005/ 029306 40 Thbl e RS oRe 1
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Iq H CH; NH; O

Ir H C,Hs NH, 0

Is H (CH;)CH NH, 0

It H (CH;):,C NH: O

Tu H CsHsCH, NH; O




HCmpd X RNRWY No. (Salt) la5-Ad CHS5 NH2 S(0)2 |Ib H CHS NH2 S(0)2
lc HC6H5 NH2 S Id 5-Br C6H5 NH2 S le 5-OCH3 2-(NH2)-C6H4 NH2 S If H
3-F-C6H4 NH2 S 1g 5-Br 2-(NH2)-C6H4 NH2 S Th H 2-(NH2)-C6H4 NH2 S |i H
2-pyridinyl NH2 S 1j HC6HS5S NHCH3 S Ik H 2-pyridinyl NHCH3 S it H C6H5
NH2 0 | m Hyd 406873630 C6HA NH2 O In H 4-F-CoH4 NH2 0 TrrcTiUS2005/0£364¢4 NH2 O
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Casein Kinase Epsilon *P-ATP Filter Plate Assay for Screening CKle Inhibitors
Purpose: This assay measures the effect of compounds to inhibit the phosphorylation of the

substrate casein by the enzyme casein kinase 1¢ using an i vifro 3*p-ATP filtration assay.

Compounds are tested at five concentrations in duplicate in order to generate ICsq values or %

inhibition at a 10 micromolar concentration that are summarized in Table 4.

Materials:

Equipment:

Beckman Biomek 2000 Liquid Handling Robot
Beckman Multimek 96 Automated 96 Channel Pipettor
Millipore Vacuum Manifold Basic Kit # MAVMOS60R

Titertek Multidrop Liquid Dispenser

Packard TopCount NXT Liquid Scintillation Counter

Plates:

Costar EIA/RIA Plate #9018
Falcon 96 well U bottom Polystyrene Plate #353910
Millipore Multiscreen 96 well Filtration Plates #MAPHNOBS0
Millipore Multiscreen TopCount Adapter Plates #SE3M203V6

Chemicals:

EGTA from SIGMA #E-3889



Bi ol ogi cal Methods 5 Casein Kinase Epsilon 33P-ATP Filter Plate Assay for
Screening CKle Inhibitors Purpose: This assay neasures the effect of
conmpounds to inhibit the phosphorylation of the substrate casein by the
enzyne casein kinase 1 s using an in vitro 33P-ATP filtration assay.
Conpounds aw® JoRghede at five concentrations in dupli catgus602806t O
generate 1 C50 values or % inhibition4at a 10 m cronol ar concentration that
are summari zed in Table 4. to Materials: Equipnent: Becknan Bi onek 2000
Li qui d Handl i ng Robot Beckman Miltinmek 96 Automated 96 Channel Pipettor 15
M1 Ilipore Vacuum Manifold Basic Kit # MAVM)960R Titertek Miultidrop Liquid
Di spenser Packar ¢avpdsehiespharmtated) JiortSIGMMm #4082 i on Counter Pl ates: Costar
EIA R A Plate #904% 20, ERbhgauadfgeel | U bottom Pol ystyrene Plate #353910
MIlipore Multiscreen 96 well Filtration Plates #MAPHNOB50 M Iipore

Mil ti screen TopCaU fromg HisherBigeeh #’ 1#BE3MR03V6  Chemical s: EGTA from S| GVA

#E- 3889 WO 2006/ §23590 . PCTHAUSONSERAIZ04 6348 Casei n (dephosphoryl ated) from
SI GVA #C- 4032 A%% Qro%egll_GVA #A- 7699 DIT from Fi sher Biotech #BP 1725

Tri chl oroaceti ¢ ASTRHIATP dmCS BIWB¢ Fo® PesirbERneg Bie AdipncesINEG-68ZH/Bg f r om
Per ki n El nmer Ligfe Sci ences #NEG 602H Enzyne: Casein Kinase 16 final
concentration %‘r?g/ m obtained fromfernentation and purification
processes as ar e Cagdin Klvasas final coneengktidnl (e3Brighmt dueaimedtfronT feemaitarion and e
stored as 100L aliquots at m nus 80C ey a s
purification processes as are well known to one skilled in the art. The above are
stored as 100pL aliquots at minus 80°C.

10 Compounds:

Compounds for testing are supplied as frozen 10mM compound stock dissolved in
100% DMSO.
Assay Conditions:
Final total assay volume per well is equal to 50 puL made up as follows:

15 5 uL of diluted compound stock (10, 1, 0.1, 0.01 or 0.001 M),
5 uL of dephosphorylated casein final concentration 0.2nug/pL,
20 pL of CK1¢ final concentration 3 ng/uL, and
20 pL of y-*P-ATP final concentration 0.02 pCi/uL mixed with cold ATP (10pM final).

Methodology:
20 I. 500 mL of fresh assay buffer is made: S50mM Tris pH 7.5, 10mM MgCl;, 2 mM DTT

and 1 mM EGTA
2. Compounds to be evaluated are obtained as 10pL of 10mM stock dissolved in 100%
DMSO. Using a Biomek 2000 liquid handling robot, serial dilutions are made to
yield 10, 1, 0.1, 0.01 and 0.001 pM final compound dilutions added as SpuL
25 additions to Falcon U bottom plates. Typically 8 compounds are tested per 96
well plate with column 1 and 12 serving as control wells. A routine screening

assay will consist of 32 compounds, which equals 4 assay plates.

30 3. Assay plate maps are set up according to the following pattern CK1ePlateMap.xls

CK1e Filtration Assay Plate Map
1 23 4 5 5] 78 9 10 11 13

Compound 1 Compound 5 %
B ompound 1 Compound §




10 Conpounds:
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100% DVSO. Assay Conditions:
to 50 L nade up as follows:
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concent r at i oo DoR@bgh.,
of y-33P-ATP final
Met hodol ogy: 20 1. 500 nL of fresh assay buffer

nal total assay vol une
L of diluted conpound

5 L of dephosphoryl ated casein final
20 L of CKls final
concentration 0.024€i /L m xed with cold ATP (10M final).

at i acTArsags293@nd 20 L

made: 50mMM Tris pH 7.5,

10mM MyC12, 2 nM DIT and 1 nM EGTA 2. Conpounds to be evaluated are

obt ai ned of 10mM st ock dissolved in 100% DVO, Using a 2000
liquid ha Faperd2 ser{al fil uti ons af®Erate tp| yielld 10, , 0.01
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Conpound D Com ound 2 0 efCamgeu T und 3

Conmpound 7 Conpound 4 onpound 8 H Com ound 4 Conpound 8
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4. Once 5 ul of compound has been added as indicated, SuL of dephosphorylated casein
(dissolved in distilled H,0)(0.2png/uL) and 20puL. CKlie (3ng/uL} are added to the

appropriate wells.

5. Finally 20uL v-**P-ATP (0.02uCi/uL) /10uM cold ATP are added {equals

approximately 2x 10 CPM per well).

6. The Falcon U-Bottom assay plate containing the above 50uL reaction volume is

vortexed and then incubated at room temperature for 2 hours.

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

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

8. At the same time 25 pL 100% ice cold TCA made up in distilled H>0 is added to a

matching number of Millipore MAPH filter plates.

9. Using a handheld 8-channel pipettor, 100uL of the reaction mixture is transferred from

the Falcon U-Bottom Plate to the Millipore MAPH filter plates presoaked with

TCA.
10.

The Millipore MAPH filter plates are mixed gently and allowed to sit at room

temperature for at least 30 minutes to precipitate the proteins.

11.

After 30 minutes the filter plates are placed on a Millipore vacuum manifold and

filtered at no more than 8mm Hg as the MAPH filters tend to “air lock™ at higher

vacuum settings.

12.

The filter plates are sequentially washed and filtered with 2x150uL 20% TCA, 2x150

uL 10% TCA and 2x150pL 5% TCA (total of 6 washes per plate/300uL per well).

13.

Plates are allowed to dry overnight at room temperature. The next day 40uL Packard

Microscint-20 Scintillation Fluid is added per well using a Titertek Multidrop

dispenser; the plates are sealed and counted for 2 minutes/well in a Packard

Topcount NXT Scintillation Counter (CPM values/well are captured).



10 1 0.1 0.010.001uM 10 1 0.1 0.010.001 UM En

me+Casei n+Buf f er +33P- ATP(r) Casei n+Buf f er +33P- ATP frest En ne+Com
ound+Casei n+33P- ATP 4. Once 5 L of conpound has been added as indicated, 5L
of dephosphoryl ated casein (dissolved in distilled H20)(0.2g/[tL) and 20L
CKl ¢ (3ng/ Lywodossrasd@ed to the appropriate wells. 5 5. HamabkdoyoRBds
y-33P-ATP (0.02G /L) /10M cold ATP ares added (equals approximately 2x 106
CPM per well). 6. The Fal con U-Bottom assay pl ate contai ning the above 50L
reaction volune is vortexed and then incubated at roomtenperature for 2
hour s. e end of 2 hours, the reaction is stopped by the addition of

65L of |c 0 cold i,N_ass assay
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vacuum set ti ngs. CFMs thiiarer ppasgecifitat es are sequential ly washed and filtered
with 2x 150L ?Ow%mfngﬂetérﬁﬁned% 4% M‘lﬁﬂ‘ébeal)ﬁbﬁékm%rE% fitobwd isof 6

washes per pl ate/ er well 13. Plates are allowed to dr‘y over ni ght
at rodén t enper at @plgto qﬂr‘f‘émﬁ‘@%]@e daghibiben Pdbkedmk/s APEYdP RRosplrrgie ks | | at i on
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Scintillation Cogredate i valbalsenogrirdtion ﬁ‘ew@élb% W)md webltomhipits
PCT/ US2005/ 02 gsognzyﬂé a%lﬁ}ﬂy%l’/(? Bor a compound using a non-linear curve fit program

contained with the Activitybase calculation protocol (DG0027-CK1-D-BL) (Study:
15 RESR0290).
4. Kinetic sltudies have determined the K, value for ATP to be 21 pM in this assay

system.

Casein Kinase 16 Streptavidin Affinity Membrane Plate Assay for CKI9 inhibitors
20  Purpose: To evaluate test compounds for CKI8 activity in Streptavidin Affinity Membrane
(SAM) Biotin Capture Plate (Promega V7542)
Supplies and reagents
HEPES Sigma # H3375 MW = 238.3; B-Glycerol phosphate Sigma # G-9891 MW = 216.0;
EDTA 0.5M, pH 8.0 GibcoBRL; Sodium orthovanadate ACROS # 205330500 MW = 183.9;
25 DTT (DL-dithiothreitol) Sigma # D-5545 MW = 154.2; Magnesium Chloride ACROS #
41341-5000 MW = 203.3; ATP Sigma # A-7699 MW = 551.1; y°P ATP NEN # NEG602H;
Casein Kinase 13 Sigma # C4455; Casein Kinase 1 substrate New England Peptide Biotin-
RRKDLHDDEEDEAMSITA MW = 2470

30 Prepare Kinase Buffer (KB, 100 mL) as follows:
50 mM 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



1. Counts Per Mnute (CPM data is captured and inported into a proprietary
data cal cul ation and archiving database (Activity Base by I DBS version
5.0). 2. Colum 1 for each plate reflects total phosphorylation activity of
the enzyne in the 5 absence of any inhibiting conmpound and thus represents
100% Col unyoliedi@id@cts any nonspecific phosphoryl at imgijusaéodnned

radi oactivity activity in the absence4of inhibiting conpound and enzyne.
Typically we see approximtely 1% of Total CPMs that are "nonspecific". 3.
By having determned the "total" and "nonspecific" CPMs for each plate one
is 10 able to determne the %inhibition of the enzyne's ability to
phosphor yReteMEBTA subst rat e for 8¢k ofoBM #2885 on of test conpound. This
% i nhi bi ti;vdadigmiosthdieashated calulate? 19MtdfeS0 val ue (concentration at

whi ch a conmpound is able to inhibit the enzyme activity by 5099 for a
conpound USMMPE non-1inear curvePiul o5l dgptask contained with the
Activitybggg.cal cul ati on protocolgy(fy027- CK1-D-BL) (Study: 15 RESR0290).
4. Kinetic studies have determi ned the K. value for ATP to be 21 Min this
assay 5system Casein Kinase 18 Streptavidin Affinity Menbrane Pl ate Assay
for CKI6 ipnhihij r .10 eval uate test conpounds for CKIS
activity ?%@r@%%@%%@%&???ﬁﬁsy Menbrane (SAM Biotin Capture Plate
(Pronmega Y%p42) nBupplliMATRsduigngerates (MEPES s8ickhm # H3375 MW = 238. 3;

(3-d ycerdl ,phgsph ' # G 9891 MW= 216.0; EDTA 0.5M pH 8.0

G bcoBRL; Tad i”ﬁ‘mﬂ%%%"ﬁ%%gg% ite ACRCS # 205330500 MW= 183.9; 25 DTT

(DL-di t hi ot hr eAddl? plSIfGNVRATP BelbttohbthkV = 154. 2; Magnesi um Chl ori de ACRCS #

41341- 5000 MW £ 1300 38 T P . 3 = ; 73JP ATP NEN #
NEGGOé(i—i; Caseﬁﬁgﬁ?lﬁlfsfe}%gT%Ig@1@1)’%§§?H&rgnn%ﬁﬁase 1 substrate New
Engl and Pepti de Bi oti n- RRKDLHDDEEDEAMSI TA MV = 2470 30 Prepare Ki nase
Buffer (KB, 100 mnl) _.as follows: nv HEPES, pH 8.0 5 nL of 1M stock 10 mM
Mga | nLﬁﬁf‘PafF%i‘eer%?Bf%“ ply aﬂﬁf?@?‘gg'gfc"é?aé’&ﬁg’?‘;?ﬁ’gte 1 nL of 1M stock WO

2006/ 023590 PCA4LIBPOD6S KR 930Gl with or without the test compound inhibitor to reaction

plate wells

Add 60 pL of KB per well

Add 10 pL of 500 uM Peptide Substrate per well

15

Bring plate up to 37°C

Add 10 pL of 1:10 dilution of CK18 per well = 0.42pg or 0.68 units

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

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

Stop the reaction with 10 pL of IM ATP. Transfer 20 pL to the SAM Plate and let

20

© N oo A WwN

stand 10 min at room temperature.
9. Wash three times with 100 uL of 2M NaCl solution, then three times with 100 pL of
2M NaCl and 1% H4PQ, solutions and tﬁen three times with 100ul of water on a
25 vacuum manifold.
10.  Dry the filter plate under a lamp for 30 min.
11.  Seal bottom of plate and add 20 pl. of MicroScint 20
12.  Read in TOPCOUNT

30 Cellular Circadian Assay Experimental Procedures

Cell culture: Mperi-luc Rat-1 fibroblasts (P2C4) cultures were split every 3-4 days (~10-
20% confluence) onto 150 cm? vented polystyrene tissue culture flasks (Falcon # 35-5001)
and maintained in growth media {EMEM {(Cellgro #10-010-CV); 10% fetal bovine serum



46 2.5 mM EDTA 500 pL of 500 mM stock 1 nM sodium orthovanadate 100 pL of
1M stock I mvDTT | O0OgLof 1Mstock water 92.3 nL 5 Prepare ATP Master M x as
follows: Prepare 1nL of a IMATP solution in water (I MATP stock). To 12

nmL ki nase b%%féﬁ[;au‘)%@a: Add 12 pl of I MATP solution, tReq kG ededst2 pl of

31P ATP (10 , NEG602H, Perkin g ner Prepare the reaction plate and
conduct the assay as follows: 1. Add 10 pL of KB per well with or wthout

the test conmpound inhibitor to reaction plate wells 15 2. Add 60 pL of KB
per well 3. Add 10 pL of 500 pM Peptide Substrate per well 4. Bring plate
up to 37C(EBS;Asto06qEI0-0a#); knd §0 UiVl pericibin-sGiptoSy@e (Cellztd #39-W14A49] ar 0. 68

units 6. lrzrg'!ti%gec he reaction with 10 gL of ATP Master M x per well 20-.7.
Pl ace t he3 Péh é%'ate in 37C incubator for 10 mn. 8. Stop the reaction
with 10 plkdie tridsfebBon: TR&NSHiR6bIZD cgturdsat 3hE0%GAM fReatcavanch-fratsfeced all 10 ni n

o 0O LSTREL oL O ot LSS L i 00, S 2 St o
three §i megrothdidt-drideHlinbiferive §ortapene. 28ftat 24 U8 Mot YulttlesiwerkGplitlango d6he fil ter
o oy T o e ey AR 7
Exper i mengalinBpRGa6106 8 fselol14cdahd WeBeinlYbtdnt ktusle Ravisfebtahishreadisasiad fP2C4)
vent e poFpergERE Y PR AIRL P ASRESE 1k (o 1S5 GEpees BG5S
and assaying luciferase activity on a TopCount scintillation counter (Packard Model
10 #C384V00). Rat-1 clones expressing both Zeocin-resistance and mPer/-driven luciferase
activity were synchronized by 50% horse serum [HS (Gibco #16050-122)] serum shock and
assessed for circadian reporter activity. MperI-fuc Rat-1 fibroblasts clone P2C4 was selected
for compound testing.
Synchronization protocol: Mperl-luc Rat-1 fibroblasts (P2C4) were plated (40-50%
15 confluence) onto opaque 96-well tissue culture plates (PerkinElmer #6005680) and
maintained in growth media supplemented with 100 pg/mL Zeocin (Invitrogen #45-0430)
until cultures reached 100% confluence (48-72 h). Caltures were synchronized with 100 pL
synchronization media [EMEM {Cellgro #10-010-CV); 100 1.U./mL penicillin-streptomycin
(Cellgro #30-001-C1); 50% HS (Gibco #16050-122)] for 2 hours at 37°C and 5% CQ2. After
20 synchronization, cultures were rinsed with 100 pL EMEM (Cellgro #10-010-CV) for 10
minutes at room temperature. After rinse, media was replaced with 300 pL CO2-independent
media [CO2I (Gibco #18045-088); 2mM L-glutamine (Cellgro #25-005-C1); 100 L.U./mL
penicillin-streptomycin (Cellgro #30-001-C1); 100 uM luciferin (Promega #E1603)].
Compounds tested for circadian effects were added to CO,-independent media in 0.3% DMSO
25 (final concentration). Cultures were immediately sealed with TopSeal-A film (?ackard
#6005185) and transferred for luciferase activity measurement. '
Automated Circadian Reporter Measurement: After synchronization, assay plates were
maintained at 37°C in a tissue culture incubator (Forma Scientific Model #3914). In Vivo
Iuciferase activity was estimated by measuring relative light output on a TopCount
30 scintillation counter (Packard Model #C384V00). Plates were transferred from incubator to
reader using an ORCA ' robotic arm (Beckman Instruments) and SAMI-NT automated
scheduling software (Version 3.3; SAGIAN/Beckman Instruments).



and maintained in growmh nedia [ EMEM (Cel | gro #10-010-CV); 10% fetal bovine
serum WD 2006/ 023590 PCT/ US2005/ 029306 47 (FBS; G bco #16000-044); and 50
.U. /L penicillin-streptomycin (Cellgro #30-001-Cl)] at 37C and 5% C02.
Stabletransfe Rat-1 fibroblast cultures at 30-5Q% e were
co-t ransf ect@df %0?#90 vectors containipg the Zeocin res&gran(%ik@% ectabl e
mar ker for stable transfection and an nPer- 5 1 pronoter-driven |uciferase
reporter gene. After 24-48 hours, cultures were split onto 96 well plates
and mai ntained in growth nedia suppl emented with 50-100 pg/nL Zeocin
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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
20 establish each animal's internal circadian cycle, place the animals in a constant dark cycle
(0/24 h light/dark cycle) and allow the animals to go into free run for 7-10 days prior to test
compound administration. During the dosing regimen, animals receive either vehicle or
compound (ip, sc, or po) at specific CTs (Circadian Times) over a 48 hour period. Monitor
the animals for 5 to 7 days in a constant dark cycle (0/24 h light/dark cycle) after completion
25  of the dosing regimen. For each experiment, sample abdominal temperature and general
activity data at 5-minute intervals. For analysis, use the VitalView and Actiview software
supplied by Minimitter. Plot observed abdominal temperatures obtained for each rat on the
first day on a horizontal line. Align the line of observed abdominal temperatures below an
abscissa line with circadian time (x-axis). Plot observed abdominal temperatures for each
30 successive day as individual lines in a similar manner to provide the ordinate (y-axis, in days).
Connect the initial rise of core body temperature that occurs each day with a straight line,

which allows the use of multiple days to estimate the circadian phase on any given day for

each individual rat. Determine the effect of treatment on phase by using the straight line
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supplied by Mnimtter. Plot observed abdom nal tenperatures obtained for
each rat on the first day on a horizontal line. Align the |line of observed
abdom nal tenperatures below an abscissa line with circadian tine

(x-axis). Plot ed abdom nal tenperatures for eac c i ve day
as |nd|V|dugﬁ:@&ﬁ@§£¥n a simlar manngy to provide theq%ﬁ‘sﬁM?Bﬁﬁé;aX|s in
days). Connect the initial rise of core body tenperature that occurs each
day with a straight line, which allows the use of nmultiple days to
estimate the circadi an phase on any given day for each individual rat.
Determ ne the effect offutreatnent on pla@se by using the straight |ine WO
2006/ 023590 PCT/ UsSQ051029306—49—miHti+—day—estiatton—ef—phase before and
after dosing. Tr eat SRS Fetage afFvaor Mo ‘Fﬁﬁﬁ‘ﬁﬁﬁ"\ﬂ‘s’ will cause a greater

di spl acenment bet weegniphends tv-a8ik:00K 1 nmBitieR MG etog the daily initial rise of
core body tenperature before conpound treatnent and the straight |ine
connecting the initial rise of core body tenperature after conpound
treatment versus the vehicle control before and 5 after treatnent |ines.

Cal cul ate the difference between those phases projected onto the day prior
to dosing for the treated aninmals. Use ANOVA, together with Students t

test, to conpare nean body tenperature circadian shifts in m nutes between
groups. Table 3 10 Biol ogical Data* Crpd CKIc Inhibition Cell Assay ECnr+m
(NM No. I1C0 (IiM la >0 Ib 2.7 1c 3.1 1dO0.421le 0.18 >10 If 0.43
1.6 1g 0.12* 1.6 |1h 0.08* Ii 187(n=2) 1li >10*




lk >10* 11 >10* Im5.8 In 0.89* |lo 2.4 Ip 2.8 Iq 13.5 Ir 8.7 1s 8.9
It 11.7 WD 2006/ 023590 PCT/ US2005/029306 50 F Iu 9.9 * denotes average of
two or nore determ nations; conpounds Iv-lai: CICls Inhibition IC50 >l OV

51 What is clainmed is: 1. Conmpound of formula I, or a stereoi somer, an
enantiomer, a racemate or a tautoner of said conpound, or a
pharmaceutical |y acceptable salt theredf, Y-R x I (I )-;- \~, z 10- N

wherein X'is H d, F Br, NO®2, CN, OR2, NRZR2, HNSQ2-Cl.3al kyl, or
NHCOCl'Ba\h/h%/t!i%ci?%cédS -S(O" - or -0- whereinnis 0, 1 or 2, R is 1)
ubstittle

aryl, uns OF substituted with one or nore of: a) C1.5al koxy, b)

OH, «c¢) halogen, d) NRZRz2,
1. Ceompound of formuia |, or a2 sierecisomer, an enantiomer, a racemate or a

tautomer of said compound, or a pharmaceutically acceptable salt thereof,

y—R!

X
N\ I
-
N
\
H

wherein
Xis H, Cl, F, Br, NO,, CN, OR?, NR?R?, HNSQ,-C.aalkyl, or NHCO-C,_salkyl;
Y is -S(0), - or -O- whereinnis 0, 1 or 2;

R'is
1) aryl, unsubstituted or substituted with one or more of;
a) Ci.salkoxy,
b) OH,
c) halogen,
d) NR’R?,
e) Cisalkyl, unsubstituted or substituted with one or more of:
i) OH or
i) Ci.salkoxy;
2) heterocycle, unsubstituted or substituted with one or more of:
a) Cisalkyl, unsubstituted or substituted with one or more of:
i) OH or
i) Cisalkoxy;
b) Csalkoxy,
c) OH,
d) halogen, or
e) NR?R%
3) Cisalkyl, unsubstituted or substituted with one or more of;

a) Ci.salkyl,



e) Cl.5al kyl, unsubstituted or substituted with one or nore of: i) OH or
ii) Cl.5al koxy; 2) heterocycle, unsubstituted or substituted with one- or
nore of: a) CL.5al kyl, unsubstituted or substituted with one or nore of:
i) OHor ii) Cl.5al koxy; b) Cil.5alkoxy, c¢) OH d) halogen, or e) NR2R2;
3) Cil.5al kyl, unsubstituted or substituted with one or nore of: a)

Cl.5al kyl, 52 b) Cl.5al koxy, c) OH, o2 d) aryl, unsubstituted or
substituted with one or nore of: i) Cl.5alkyl, ii) Cl.5alkoxy, iii) OH,
iv) hal ogen, or v) }\IRZ%; Zis 1) C(=ONR2R3 or 2) C(=OR4; R2is

hydr ogen or Cl1. 3al k)l? ; 1'?a§k°ﬁ¥/dr ogen, Cl.5alkyl, or C3.scycloalkyl; R4 is
1- pi peridinyl, 1-pycfoliOHogt, 1-piperazinyl or 4-norpholinyl,

ggsgbst i tuted or SHPSt i Eu'y'ﬁ %gsﬁﬁs{itnteg%?S%sti{msrc%mimwe]t}r rrgre gf?‘l kyl',2)
. bal koxy, _

i) Cisalkyd,

i) Cisatkoxy,
iif) OH,

iv) halogen, or
v) NR?RZ

Zis
1) C(=0)NR*R® or
2) C(=0)R%
R? is hydrogen or Cy_satkyl;
R? is hydrogen, C,.salkyl, or Csgcycloalkyl;
R*is 1-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or 4-morpholinyi, unsubstituted or
substituted with one or more of:
1} Cisalkyi,
2} Cy.salkoxy,
3) OH,
4) halogen, or
5) NR*R?.
for use as a medicament in a patient suffering from a disease or disorder ameltorated by

inhibition of casein kinase I¢ activity.

2. The use according to claim 1 wherein said inhibition of casein kinase l¢ activity

results in a lengthening of circadian rhythm period.

3. The use according to claim 1 wherein the disease or disorder is a mood

disorder or a sleep disorder.
4, The use according to claim 3 wherein the disorder is mood disorder.

5. The use according to claim 4 wherein the mood disorder is selected from

the group consisting of a depressive disorder and a bipolar disorder.



3) OH, 4) halogen, or 5) NR2R2. for use as a nedicanent in a patient
suffering froma di sease or disorder aneliorated by inhibition of casein
kinase Is activity. 2. The use according to claim1l wherein said inhibition
of casein kinase IF activity results in a | engthening of circadian rhythm
period. 3. The use according to claiml wherein the disease or disorder is
a nood disorder or a sleep disorder. 2 The use accordi ng to claim3
wherein the disorder is nood disorder. 5. The use according to claim4

wherein t no dj_sar - fr -qr i.sting of a
depr essi erga_di sgﬂﬁéirsggﬁ @%ﬁp%?%?%ﬁ%%‘%%ﬁep%gwg.d%&é@ée?%gﬁé@icor ding to

cl ai m 5 whispeisaive disodiepr essi ve di sorder is major depressive disorder. 7.
The use according to claim5 wherein the bipolar disorder is selected from
the group consisting of bipolar | disorder and bipolar Il disorder. 8. The

use accor di-ng tlhecisappasordiphioraaim & weereln s bieglan disosdes épselpdedt ¥R . 9. The

use accor dhagrduf cGhaiy Bt BRGEAI discite a8k 8RBIaFiI 8RbARE IS a circadian rhythm
sl eep disordéer. 10. The use according to claim9 wherein the circadi an

rhythm sl eep disorder is selected fromthe group consisting of shift work

sl eep di sqf der ,ThicRke ha@rENG@ MM,3 winshviaeedsGlaepsipbngicorayndr ome and
del ayed sl eep phase syndrone. 11. The use of claim1l wherein Y is S(O2, Z

is C(=ONH2 or C(=O NHCH3, and Rl is phenyl or pyridinyl. 12. The use of
claim 11l wher eimhe uée becorlirdoNHm samebrEn thesslgdpadivdrderiSa cifdzelianse of claim 12
wherein thﬁ ﬁorgﬁour(ljd ids sel ected fromthe group

rhythm sleep disorder.

10. The use according to claim @ wherein the circadian rhythm sleep disorder
is selected from the group consisting of shift work sleep disorder, jet lag syndrome,

advanced sleep phase syndrome and delayed sleep phase syndrome.

11. The use of claim 1 wherein
Y is S(0),,
Z is C(=O)NH, or C(=Q)NHCH;, and
R'is phenyl or pyridinyl.

12. The use of claim 11 wherein
Z is C(=O)NH;, and
R' is phenyl.

13.  The use of claim 12 wherein the compound is selected from the group
consisting of:
3-benzensulfonyl-5-chloro-1H -indole-2-carboxylic acid amide, and

3-benzensulfonyl-1H-indole-2-carboxylic acid amide.

14. The use of claim 11 wherein
Yis S,
Z is C(=O)NHCH,, and
R' is phenyl or pyridinyl.



consi sting of. 3-benzensul fonyl-5-chloro-1 H -indol e-2-carboxylic acid

am de, and 3-benzensul fonyl-1 Hindol e-2-carboxylic acid am de. 14. The
use of claim 1l wherein Y is S Zis C(=ONHCH3, and Rl is phenyl or
pyridinyl. 54 15. The use of claim 14 wherein the conpound is sel ected
fromthe group consisting of: 3- phenyI%uI fanyl -1 Hindol e-2-carboxylic
acid nethylam de, and 3-(pyridin-2 yI% | fanyl )-1 H i ndol e-2-carboxylic
acid nethylam de 16. The use of claiml1l wherein YisO Zis C(=ONH2, and

RLis phenyé ﬁ%bv\lﬁ&ﬁ% Wﬁ%m t@c&?ﬁ&iﬁﬁ&is@e&%q‘@'ﬁf;ﬁ%%ﬁo 1. 5al kyl. 17.

The use of cI aim1 erein the co I'S se ecte e group
consi st i ngeoadistim gdhenoxy- 1 H i ndol e- 2- carboxyl i c acid am de,

3- (4- met hoxy- p@a@ﬁws&férﬁntﬂdmhae?z%@@W&d.&m%y@mﬁ@ Qﬁ‘d
3-(4-fluoro-phenoxy e-2-carboxylic acid

3-(2-f1 uor o- ph&@%@dlﬂzﬂ@ﬁwﬂéFb‘ﬂé%l?*@cﬁ@wqxw%&ddﬂ%ﬁﬁ?fa@'de
3-(4-chl oro- phenoxy-1 Hi ndol e 2 carboxylic acid amde, 3-methoxy-1
H- i ndol e- 2- car hoxyl i c CI d a 3-et hoxy-1 Hindol e-2-carboxylic acid
am de, 3-1%sopr Oﬁcﬁlmh\ﬁ ‘Frﬁ'“Z carboxylic acid amide, 3-tert-butoxy-1
H i ndol e- 2- car b;omo | c acid amde, and 3-benzyloxy-1 Hindol e-2-carboxylic
acid am de. Z %?él)mof claiml1l wherein Y is S, SOor S(O2, Zis
C(=0) R4, and IS

R is phenyl, substituted phenyt, C,salkyl or substituted C,salkyl.

17.  The use of claim 16 wherein the compound is selected from the group

consisting of:
3-phenoxy-1H-indole-2-carboxylic acid amide,
3-(4-methoxy-phenoxy-1H-indole-2-carboxylic acid amide,
3-(4-fluoro-phenoxy-1H-indole-2-carboxylic acid amide,
3-(2-fluoro-phenoxy-1H-indole-2-carboxylic acid amide,
3-(4-chloro-phenoxy-1H-indole-2-carboxylic acid amide,
3-methoxy-1H-indole-2-carboxylic acid amide,
3-ethoxy-1H-indole-2-carboxylic acid amide,
3-isopropoxy-1H-indole-2-carboxylic acid amide,
3-tert-butoxy-1H-indole-2-carboxylic acid amide, and

3-benzyloxy-1H-indole-2-carboxylic acid amide.

18. The use of claim 1 wherein
Y is S, SO or $(0),,
Zis C(=O)R?, and
R*is 1-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or 4-morpholinyl.

19.  The use of claim 18 wherein the compound is selected from the group

consisting of:
(3-benzenesulfonyl-5-chloro-1H-indol-2yl}-morpholin-4-yl-methanone,
{5-fluoro-3-p-tolylsulfanyl-1H-indol-2-yl}-pyrrolidin-1-yl-methanone,
(3-phenytsulfanyi-1H-indol-2yl)-piperidin-1-yl-methanone,
(5-fluoro-3-phenylsulfanyl-1H-indol-2-yl)-pyrrolidin-1-y1-methanone,



R4 is 1-piperidinyl, 1-pyrrolidinyl, 1-piperazinyl or 4-norpholinyl. 19.

The use of claim 18 wherein the conpound is selected fromthe group

consisting of., (3-benzenesul fonyl-5-chloro-1

H i ndol - 2y1) - nor phol i n- 4-yl - net hanone, (5-fluoro-3-p-tolylsulfanyl-1

Hindol -2-yl)-pyrrolidin-1 -yl-net hanogg, (3-phenyl sul fanyl -1

H- i ndol - 2y1) - pi peri di n- 1-yl - net hanone, - ( 5-fl uor o- 3- phenyl sul fanyl -1

Hindol -2-yl)-pyrrolidin-1 -yl-nethanone, 55 [3-(2-am no-phenylsulfanyl)-1

H i ndol - 2-yI | - pgtb Qi -dhiehoyd _hanones_ F SR 0RatRAsM! sul fanyl) -1

H-i ndol - 2-yI ] - Bﬁ?éi?i“’ é'ﬂin‘gh oh §'?“f"??§?%2ﬁ3"ﬁ*§’?2 y']Ip_?"r&_'%_‘rﬁWrmetn ’

[ 3- (2- am no- phe[ﬁsﬂz-gmlquyls@Wylh@H@@I-2-y|]-p|perad|n-1—yl~methanone,

H-indol - 2-yl ] - FIBR?—rah(ﬂ'!onphjenWsulﬁﬁﬁFQJﬂQ&&‘[ H-indol-2-y{]-piperidin-1-yl-methanone,

[ 5-fl uoro-3-(p- ?ﬂluene-4-sulf|n )-1 . .

H i ndol - 2-yl] - pl%‘ Haﬁor%ﬁpﬁ@f?%-f‘ﬁé”ﬁ'P»\é)nH‘r‘fé‘,d°"%“3‘1-B¥féw9!”shY‘ff%ﬁﬁW—omer

I[-gi Pflol - 2- %I % - qbgagpﬂﬁémarliw-y P;inwulz%?mrﬁmln QEheahéles hydrochloride,
-fluoro-3-(pyLi.di n-2-yl su n - : .

H i ndol - 2-yI ] - rfg[%'F’P%rP‘%ﬁP&U(‘?tﬂ"ﬁTY%?&YQHJEH@?°"2r%l'F(Y,5'3?P<i"EWrY-"Qley}aé‘aP?sany| )-1

H i ndol - 2-yi | - d$(wyoidineld-yis difapil}- hig-iddai B98-pyrrolidin-1-yl-methanone,

Pper O N Y A B G S L AN R AR IGh rikindbn gk anone. - and

H i ndol - 2- yl ] - gb-fesrodi-(pyridinP-yivalfarahiohkind@@-yIfiperidse!-gfmethananel wherein Y

isS Zis (=ONH2, and Rl is pyridinyl. 21. The use of claim 20 wherein

the conmpound is 3-(pyridin-2-ylsulfanyl)-1 Hindole- 2-carboxylic acid

ami de. 22.20The Thea:sgpf dhigi hwherglerein Y is S, Zis C(=ONH2, and Rl is

phenyl or substftued phenyl. 23. The use of claim 22 wherein the conpound

is selected fromthe group consisting of. 3-phenylsulfanyl-1 H

-i ndol e- 2- car bok¥d ¢(Eogﬂ'i'|daﬁ‘i'ﬁ de, 5-brono- 3- phenyl sul fanyl -1

H-i ndol e- 2- car poxypyringeci d am de,

21.  The use of claim 20 wherein the compound is 3-(pyridin-2-ylsulfanyl)-1H-indole-

2-carboxylic acid amide.

22, The use of claim 1 wherein
YisS,
Z is C(=0)NH,, and
R is phenyl or substituted phenyl.

23. The use of claim 22 wherein the compound is selected from the group

consisting of:
3-phenylisulfanyl-1H -indole-2-carboxylic acid amide,
5-bromo-3-phenylsulfanyl-1H-indole-2-carboxylic acid amide,
3-(2-amino-phenylsulfanyl)-5-methoxy-1H-indole-2-carboxylic acid amide,
3-(3-fluoro-phenylsulfanyl-1H-indole-2-carboxylic acid amide,
3-(2-amino-phenylsulfanyl)-5-bromo-1H-indole-2-carboxylic acid amide, and
3-(2-amino-phenylsulfanyl)-1H-indole-2-carboxylic acid amide.

24, Compound of formula |, or a sterecisomer, an enantiomer, a racemate or a

tautomer of said compound, or a



3- (2-am no- phenyl sul fanyl ) - 5-met hoxy-1 Hi ndol e- 2-carboxylic acid am de,
3-(3-fluoro-phenyl sul fanyl -1 H i ndol e-2-carboxylic acid am de,

3- (2-am no- phenyl sul fanyl ) -5-brono-1 Hindol e-2-carboxylic acid am de, and
3- (2-am no- phenyl sul fanyl )-1 H i ndol e-2-carboxylic acid am de. 24. Conpound
of fornmula I, or a stereoisoner, an enantioner, a racemate or a tautoner
of said conpound, or a 56 pharnmaceutit®ally acceptable salt thereof, X N
cc-"-: H wherein Xis H d, F, Br, NG, CN, OR2, NR2R2, HNSO2- Cl. 3al kyl

or NHCO-Cl 3alkyl: Y is -S(0Q.S.0or -0- whereinnis 0, 1 or 2; R is 1)
aryl, unsﬂ@frp?%tug%a"wc%eﬁ}?gﬁ%auttréeorle%th one or nore of: a) Cl.5al koxy, b)
OH, c¢) halogen, d) NR2R2, e) Cl.5al kyl, unsubstituted or substituted with
one or nore of: 1) OH or ii) Cl.5al koxy; 2) heterocycle, unsubstituted or
substituted with one or nore of: a) Cl.5alkyl, unsubstituted or
substituted with one or nore gf: i) -k’ ii) Cl.5al koxy, b) Cl.5-alkoxy,
c) OH d) halogen, or e) NR2R . 5al kyl, unpubstituted or substituted
with one or nore of: Z

N
\
H

wherein
Xis H, Cl, F, Br, NO,, CN, OR? NR?R? HNSO,-C,.salkyl, or NHCO-C,_salkyl;
Y is -S(0),- or -O- whereinn is 0, 1 or 2;
R'is
1) aryl, unsubstituted or substituted with one or more of:
a) Ci.salkoxy,
b) OH,
c) halogen,
d) NR’R?,
e) C,salkyl, unsubstituted or substituted with one or more of:
i) OHor
i) Cisalkoxy;
2} heterocycle, unsubstituted or substituted with one or more of:
a) Cy.salkyl, unsubstituted or substituted with one or more of:
i} OH or
i) C;salkoxy,
b) C,s-alkoxy,
¢} OH,
d) halogen, or
e) NRR?;

3) C,salkyl, unsubstituted or substituted with one or more of;
a) Cysalkyl,
b) C,.salkoxy,
¢c) OH, or



a) Cl.5al kyl, b) Cl.5alkoxy, <¢) OH or 57 d) aryl, unsubstituted or
substituted with one or nore of: i) Cl.5alkyl, ii) Cl.5alkoxy, iii) OH,
iv) halogen, or v) NR2R2; Zis 1) C(=ONR2R3or 2) C(=OR, R2 is hydrogen
or Cl.3alkyl; R3 is hydrogen, Cl.5alkyl, or C3.6cycloalkyl; R4 is
1-piperidinyl, 1 -pyrrolidinyl, 1-pi perabz7i nyl or 4-norpholinyl,
unsubstituted or substituted wth one or nore of: 1) Cl.5al kyl, 2)

Cl. 5al koxy, 3) OH, 4) halogen, or 5) NR2R2 for use as a nedi canent

i nhi biting casein ki nds@yl ensabtititied ¥r subs@uRRatdi®he ofRord¥e Use according to
claim 24 wherein said inhibition of casein kinase le "activity results in a

| engt heni ng of circadian rhythm peri od.
l) C1-5aiky|,

i} Cq.salkoxy,
iii) OH,
iv) halogen, or
v) NR?R?%
Zis
1) C(=O)NR?R® or
2} C(=0)R%
R?is hydrogen or Calkyl;
R’ is hydrogen, C,salkyl, or Ca.scycloalkyl;
R*is 1-piperidinyl, 1-pyrrolidinyi, 1-piperazinyl or 4-morpholinyl, unsubstituted or
substituted with one or more of:
1) Cysalkyl,
2) Cysalkoxy,
3) OH,
4) halogen, or
5) NR?R?

for use as a medicament inhibiting casein kinase l¢ activity in a patient.

25, The use according to claim 24 wherein said inhibition of casein kinase Ie
activity results in a lengthening of circadian rhythm period.



