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WO 2006/116412 PCT/US2006/015646 1 DESCRIPTION FUSED
HETEROCYCLIC COMPOUNDS Technical Field 5 The present invention
Woae sl Bovel nitrogen- containing fused heterocyclic compBURALHWGIALPo46

CRF (corticotropin releasing factor) antagonistic activity and
pharmaceutical compositions contaihing them. 10 Background Art
Corticotropin-releasing factor (hereinafter, abbreviated as "CRF") is a
neuropeptide composed of 41 amino acids, and was isolated and purified
as a peptide promoting release of adrenocorticotropic hormone (ACTH)
15 from pituitary gland. First, th&€ Sthietur&thereof was determined from
sheep hypothalamus and, thereafter, the presence thereof was confirmed

also in a rat or a RUMER : %‘F\%Etﬁgg&%&ﬁe HRIBBPINES determined

[Science, 213, 1394(1981); Proc. Natl. Acad. Sci USA, 80, 4851(1983);
EMBO 20 J. 5, 775(1983)]. An amino acid sequence is the same in a

TechYm gyl"_’“ldé.%i%f' but differed ir_1 7 amino acids in ovine. CRF is
ecsynt esized as a carboxy-terminal of prepro CRF, cut and secreted. The

CRin geptide.and, @ mRNAthereqf are Aresent atithe lajgeghamoyntigger -

hypothalamus and pituitary 25 gland, and are widely distributed in a brain

contHeR ag VO 2Q04H164 12 PEIILS2006/015648p2 unds having CRF

(corticotropin releasing factor) antagonistic activity and

pharmaceutical compositions containing them.

Background Art

Corticotropin~-releasing factor (hereinafter,
abbreviated as “CRF”) is a neuropeptide composed of 41
amino acids, and was isolated and purified as a peptide
promoting release of adrenocorticotropic hormone (ACTH)
from pituitary gland. First, the structure thereof was
determined from sheep hypothalamus and, thereafter, the
presence thereof was confirmed also in a rat or a human,
and the structure thereof was determined [Science, 213,
1394 (1981); Proc. Natl. Acad. Sci USA, 80, 4851(1983); EMRO
J. 5, 775(1983)]. An amino acid sequence is the same in a
human and a rat, but differed in 7 amino acids in ovine.
CRF is synthesized as a carboxy-terminal of prepro CRF, cut
and secreted. The CRF peptide and a mRNA thereof are
present at the largest amount in hypothalamus and pituitary

gland, and are widely distributed in a brain such as
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cerebral cortex, cerebellum, hippocampus and corpus amygdaloideum. In
addition, in peripheral tissues, the existence has been confirmed in

W reenta4Bdrenal gland, lung, liver, pancreas, skin and dige VB¢ 280¢515646
Clin. 5 Endocrinol. Metab., 65, 176(1987); J. Clin. Endocrinol. Metab., 67,
768(1988); Regul. Pept., 18, 173(1987), Peptides, 5 (Suppl. 1),
71(1984)]. A CRF receptor is a 7- transmembrane G protein-coupled
receptor, and two subtypes .of CRF1 and CRF2 are present. It is reported
that CRFl is 10 present mainly in cerebral cortex, cerebellum, olfactory

CeTRAG- pifcital Fand Sha GsitAuclBaP R HPGh e Hartd HEERF2

receptor, has two subtypes of CRF2a and CRE20. It was made clear that
Y G CREE Toboptol 1S IRH B rack TSR S8531 agk anc

. ajds ple d : ol IS, prese [
o e o ol e et et oueed n & ey
lun%,es_sﬁlv'@ 2, brgind - Neurosgi, 1p, 83406890+ EpdoernQlegy 3% 1in,
2(1996); Biochim. Blopﬁys. Acta, 1352, 129(1997)]. Since each receptor
Enddstiffersdn disihution in @9 a tivigg body,) it isssuggested thatia felerbereof
is also different [Trends. Pharmacol. Sci. 23, 71(2002)]. As a
Metghysiofgical agtiare 8 CRFR ¢ae actizrepn the Iehdotrise syste is known
in which CRF is produced and secreted in response to stress in
PepthiypgethaldmusSapg hctslon 25 pituiér) gland 2o pRIMnatedhetrelease of 7-

ACTH [Recent Prog. WO 2006/116412 PCT/US2006/015646 3
transmembrane G protein-coupled receptor, and two subtypes

.of CRF1 and CRF2 are present. It is reported that CRF1l is

present mainly in cerebral cortex, cerebellum, olfactory
bulb, pituitary gland and tonsil nucleus. On the other
hand, the CRF2 receptor has two subtypes of CRF2a and CRF2f.
It was made clear that the CRF2a receptor is distributed
much in hypothalamus, septal area and choroids plexus, and
the CRF2B receptor is preéent mainly in peripheral tissues
such as skeletal muscle and is distributed in a blood
vessel in a brain {J. Neurosci. 15, ©340(1995);
Endocrinology, 137, 72(1996); Biochim. Biophys. Acta, 1352,
129(1997)]1. Since each receptor differs in distribution in
a living body, it is suggested that a role thereof is also
different [Trends. Pharmacol. Sci. 23, 71(2002)7.

As a physiological action of CRF, the action on the
endocrine system is known in which CRF is produced and
secreted in response to stress in hypothalamus and acts on

pituitary gland to promote the release of ACTH [Recent Prog.
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Horm. Res., 39, 245(1983)3. In addition to the action on the endocrine
system, CRF acts as a neurotransmitter or a neuroregulating factor in a

WO 2ahe/ 1At Integrates electrophysiology, autonomic nerve andP€GNERRHS 11 5646
stress 5 [Brain Res. Rev., 15, 71(1990); Pharmacol. Rev., 43,
425(1991)]. When CRF is administergd in a cerebral ventricle of
experimental animal such as a rat, anxiety conduct is observed, and
much more anxiety conduct is observed in a CRF-overexpressing mouse

as compared.with rmal animal [Brain Res., 574, 70(1992); J.
HorR R 10017 G B O Netrosh, 1436088 MG, o
helj F(9-41) of a peptidergic CRF receptor antagonist_exerts an
e R TR S pPrassr Dy o

neuNBusEh o1, 2589, A,15 ool pressitg, gheatiais and a body

temperature of a rat are increased by stress or CRF administration, but

ellberadielisal GREPR-4h).0fa paptidergic,CREANagRisi- Inhikits they o s

increase in a blood pressure, a heart rate and a body temperature due to
[BrattessdsPhysiel,, 4605 207220113993)}. Thesahedeal CRE(O-41)10f a
peptidergic CRF receptor antagonist inhibits abnormal conducts due to
425vitedraiveal of @dependéntidrug&uth bstanraldohol andea redsaiie
[Psychopharmacology, 103, 227(1991); Pharmacol. Rev.53, 209(2001)].
venpradoitors #t lerpsesimeportbdaham2s lesndingamdamentory arsciety
promoted by CRF administration in a WO 2006/116412
condegiusso0dIe 564514 and much more anxiety conduct is

observed in a CRF-overexpressing mouse as compared with a
normal animal [Brain Res., 574, 70(1992); J. Neurosci., 10,
176(1992); J. Neurosci., 14, 2579(1994)]. 1In addition, a-
helical CRF(9-41) of a peptidergic CRF receptor antagonist
exerts an anti-anxiety action in an animal model ([Brain
Res., 509, 80(1990); J. Neurosci., 14, 2579(1994)]. A
blood pressure, a heart rate and a body temperature of a
rat are increased by stress or CRF administration, but the
o-helical CRF(9-41) of a peptidergic CRF antagonist
inhibits the increase in a blood pressure, a heart rate and
a body temperature due to stress [J. Physiol., 460,
221(1993)]. The a-helical CRF(9-41) of a peptidergic CRF
receptor antagonist inhibits abnormal conducts due to
withdrawal of a dependent drug such as an alcohol and a
cocaine [Psychopharmacology, 103, 227(1991); Pharmacol.
Rev.53, 209(2001)]. 1In addition, it has been reported that

learning and memory are promoted by CRF administration in a
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rat [Nature, 375, 284(1995); Neuroendocrinology, 57, 1071(1993); Eur. J.

Pharmacol., 405, 225(2000)]. Since CRF is associated with stress
Woe8pahEeih a living body, there are clinical reports regarding BGEESH06/015646

associated depression or anxiety. The CRF concentration in a

cerebrospinal fluid of a depressiorépatient is higher as compared with that

of a normal person [Am. J. Psychiatry, 144, 873(1987)], and the mRNA

level of CRF in hypothalamus of a depression patient is increased as

compared with that 10 of a normal pers m. J..Psychiatr

152,
rat  ia5ures))° A° CRIP bihtig dife Wéﬁggr’{%\ 88&&8%8_%\5tiyer§t—?\lvho
Lo B e decsee (s Cony Caely.

I iINCrease |r11nﬁ1%op asmaACT ration due to CRF

edminisratin s syl g 15 deprassion palent NEnghJoMag. 414,

. In"a patient with panic disorder, the increase of plasma

liviﬁgrgédywmﬁﬂgﬁgp%g@e3@§E§%§qu$§5¥E@i§§@¥¥Hfﬁ@\%tress~
PSychiatry, 143, 896(1986)]. The CRF concentration in a cerebrospinal

assollyidf @ patient wath-anxdety dnduceekby 2@ ssesrsuchhasentration in
obsessive-compulsive neurosis, post-psychic trauma stress disorder,

a cefedtettesisumrameianctthedikedp tighearcas cernpared with tHatlofa as
normal person [Arch. Gen. Psychiatry, 51, 794(1994); Am. J. Psychiatry,
compd 54624199 h BioloBsychiatry;80, FFBES96JEThe GRPFBChiatry,
concentration in a cerebrospinal fluid of schizophrenics is WO
144, 2006/1168172 PCTHOS2006/01BBA6 1svel of CRF in hypothalamus
of a depression patient is increased as compared with that
of a normal person [Am. J. Psychiatry, 152, 1372(1995)]. A
CRF binding site of cerebral cortex of a patient who
suicided by depression is decreased [Arch. Gen. Psychiatry,
A5, 577(1988)]. The increase in the plasma ACTH
concentration due to CRF administration is small in a
depression patient [N. Engl. J. Med., 314, 1325(1986)1. In
a patient with panic disorder, the increase of plasma ACTH
concentration due to CRF administration is small [Am. J.
Psychiatry, 143, 896(1986)]. The CRF concentration in a
cerebrospinal fluid of a patient with anxiety induced by
stress such as obsessive~compulsive neurosis, post~psychic
trauma stress disorder, Tourette’s syndrome and the like is
higher as compared with that of a normal person [Arch. Gen.
Psychiatry, 51, 794(1994); Am. J. Psychiatry, 154,

624 (1997); Biol. Psychiatry, 39, 776(1996)1. The CRF

concentration in a cerebrospinal fluid of schizophrenics is
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higher as compared with that of a normal person [Brain Res., 437,
355(1987); Neurology, 37, 905(1987)]. Thus, it has been reported that
W@rEps/id @ibhormality in the living body response system via GIRE/S2006/015646
stress-associated mental disease. 5 The action of CRF on the endocrine
system can be presumed by the cHaracteristics of CRF gene-introduced
animal and actions in an experimental animal. In a CRF- overexpressing
mouse, excessive secretions of ACTH and adrenal cortex steroid occur,

. .and abnormalities nalo 10 to C shing' drome such as atrop
hlghcﬁrmﬁgdgog]gsgg |I| S fﬁ lke"are %}S dﬁ%%d@crmo og}]%,

437 123055%%@?921@ Fgg?a?;l%ész ESBB’% N 8a-pxperimental

'as’arat Sci europ amacology, 22,337 1983?]lé
beerf dxcg%%’@egel%%s‘&%:r@ 41) ofiapemtidergic GRF @H@W]‘@'%‘%

decrease of ingestion due to stress loading in an experimental model

resgBRAIB ReSBUll. Lifa 28RE1988)]s ERts dnhibiled weight galninAl disease.
hereditary obesity animal [Physiol. Behav., 45, 565(1989)]. In a nervous

orexia 2Q-inagtivitympaient,dhe increaspioEACTH vpasmacpenieRF
administration is small [J. Clin. Endocrinol. Metab., 62, 319(1986)]. It has
predigppdsuggestad thiak adow CRE value isfasRiCiated evithrobesidyced
syndrome [Endocrinology, 130, 1931(1992)] There has been suggested a
aningossipility 2lvdt2Bningesticrminhkitoniasd Welgtosesdction 10t agsérBionin
WO 2006/116412 PCT/US2006/015646 6
overexpressing mouse, excessive secretions of ACTH and
adrenal cortex steroid occur, and abnormalities analogous
to Cushing’s syndrome such as atrophy of muscle, alopecia,
infertility and the like are observed [Endorcrinology, 130,
3378(1992)]1. CRF inhibits ingestion in an experimental
animal such as a rat [Life Sci., 31, 363 (1982);
Neurophamacology, 22, 337(1983)]. 1In addition, a-helical
CRF(9~41) of a peptidergic CRF antagonist inhibited
decrease of ingestion due to stress loading in an
experimental model [Brain Res. Bull., 17, 285(1986)]. CRF
inhibited weight gain in a hereditary obesity animal
[Physiol. Behav., 45, 565(1989)]. In a nervous orexia
inactivity patient, the increase of ACTH in plasma upon CRF
administration is small [J. Clin. Endocrinol. Metab., 62,
319(1986)1. It has been suggested that a low CRF value is
associéted with obesity syndrome [Endocrinology, 130,

1931(1992)]. There has been suggested a possibility that

ingestion inhibition and weight loss action of a serotonin
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reuptake inhibiting agent are exerted via release of CRF [Pharmacol.
Rev., 43, 425(1991)]. CRF is centrally or peripherally associated with the
WQRgdstiveHZact movement involved in stress or inflammation BEAHSY06/015646
Physiol. Gastrointest. Liver Physiol. 280, G315(2001)]. CRF acts centrally
or peripherally, weakens the shrinkéblity of stomach, and decreases the
gastric excreting ability [Regulatory Peptides, 21, 173(1988); Am. J.
Physiol., 253, G241(1987)]. In addition, a-helical CRF 10 (9-41) of a
peptidergic CRF antagonist has a restoring action for hypofunction of
reu%%@rﬁacﬁﬁg}ﬂa%Bﬁﬁﬁa|acﬁ)%?§ticﬁWAﬁﬁ<ﬁFgﬁgsﬁﬂ,azs&é 1860)1ERF
inhibits secretion of g bicarponate ion.in stomach, decreases gastric acid
[Phagunsid 'ar%ei‘ﬁhrbiéa?iﬂce%%ﬁéﬁ%%ao}d festriction stress 15 [Am. J.

Physiol, 258615210900, Futhermore, aelical, CRE (941018, v
peptaergic antagonist shows the Inhibrtory action on gastric aci

a1 g SECIAHONacrease, Aaslile exgrelon decrease, small ifestingd fransperd o

decrease and large intestinal transport enhancement due to 20 restriction

[am SUTESS Faastieanterplagy, 9on1ai@(1988)eln Brhiaalthy persen, mental

stress increases a gas and abdominal pain due to anxiety and intestine
c31slifation,jand GREF deereasesatheeshylbef discapiastliSasirpenteialogy,

109, 1772(1995); Neurogastroenterol. Not., 8, 9[1996]. In 25 a irritable
the bowel syadroieypatfenttlarge-iniesiindl WK P006H4 6442 gastric

PCT/US2006/015646 7
excreting ability [Regulatory Peptides, 21, 173(1988); Am.
J. Physiol., 253, G241(1987)]. In addition, a-helical CRF
(9-41) of a peptidergic CRF antagonist has a restoring
action for hypofunction of stomach by abdominal operation
[Am. J. Physiol., 258, G152(1990)]. CRF inhibits secretion
of a bicarbonate ion in stomach, decreases gastric acid
secretion and inhibits ulcer due to cold restriction stress
[Am. J. Physiol., 258, G152(1990)]. Furthermore, a-helical
CRF (9-41) of a peptidergic CRF &dantagonist shows the
inhibitory action on gastric acid secretion decrease,
gastric excretion decrease, small intestinal transport
decrease and large intestinal transport enhancement due to
restriction stress [Gastroenterology, 95, 1510(1988)]. 1In
a healthy person, mental stress increases a gas and
abdominal pain due to anxiety and intestine dilation, and
CRF decreases a threshold of discomfort [Gastroenterology,

109, 1772(1995); Neurogastroenterol. Mot., 8, 9[19%6]. In

a irritable bowel syndrome patient, large intestinal
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.movement is excessively enhanced by CRF administration as compared
with a healthy person [Gut, 42, 845(1998)]. It has been reported from

W gdfed el experimental animals and clinical studies that CRPGE/IHgdeepSo46
by 5 inflammation and is involved in a inflammatory reaction. In an
inflammatory site of an experimentalanimal and in a joint fluid of a
rheumatoid arthritis patient, production of CRF is topically increased
[Science, 254, 421(1991); J. Clin. Invest., 90, 2555(1992); J. Immunol.,

151, 10 1587%993 . CRF induces degranulation of a mast cell and
5§56 v¥Ssel peRnaahii doRANG6GY; 138t ZA)3t 150 8)°

congfENBMacel B0, Thet, 258, A349(1990). CRE 2D s detpgjed also n

rouyéland of autoimmu eefﬁyr0|di IS patien Rol. 145,

11%%(]1?§é‘)1b¥\é}{5%1§o%|5é5 EQBHPi§‘SG%‘1£°sa%SXB§JgB§@E%nta1

autoimmune cerebrospinal meningitis rat, the progression of symptom

anifH¢R agRaralysis wasiremarkakly inhibited - IMMUnilqu18) by
5751(1997)]. In a rat, the immune response activity such as T-lymphocyte

inf Depliferation anddhe satnabkiler2Q gelh astivity dsxedused by-GREion .

administration or stress loading [Endocrinology, 128, 1329(1991)]. From
In the abdiexmentiongd sdposts; ft isexpeetedthath thel CRErireeeptord in a

antagonistic compound would exert an excellent effect for treating or
joiptevieitihg vafioas 2belisessesdn svhithr CRFsispenolved: WOroduction

2006/116412 PCT/US2006/015646 8
of CRF 1s topically increased [Science, 254, 421(1991); J.
Clin. Invest., 90, 2555(1992); J. Immunol., 151,
1587(1993)]. CRF induces degranulation of a mast cell and
enhances the blood vessel permeability [Endocrinology, 139,
403(1998); J.Pharmacol. Exp. Ther., 288, 1349(1999)]. CRF
can be detected also in a thyroid gland of autoimmune
thyroiditis patient [Am. J. Pathol. 145, 1159(1994)]. When
CRF is administered to an experimental autoimmune
cerebrospinal meningitis rat, the progression of symptom
such as paralysis was remarkably inhibited [J. Tmmunil.,
158, 5751(1997)]. 1In a rat, the immune response activity
such as T-lymphocyte proliferation and the natural killer
cell activity is reduced by CRF administration or stress
loading [Endocrinology, 128, 1329(1991)].

From the above-mentioned reports, it is expected that

the CRF receptor antagonistic compound would exert an

excellent effect for treating or preventing wvarious

diseases in which CRF is involved.
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As a CRF antagonist, for example, peptide CRF receptor antagonists are
reported in which a part of an amino acid sequence of CRF or associated

W epedds4d? a human or other mammals is altered or deleted PEAQUFE)o4HES646
reported to 5 show a pharmacological action such as ACTH release-
inhibiting action and anti-anxiety acti®n [Science, 224, 889(1984); J.
Pharmacol. Exp. Ther., 269, 564(1994); Brain Res. Rev., 15, 71(1990)].
However, from a pharmacokinetic point of view such as chemical stability

d absorbability 10 f | ad trati li ilabilit
RN R S TN

ant\a/lalue as.a medlcme Dlggloaure of Igv%ntlon 15 Agc%r to | t}ﬂlgn?re% ty
fve tl on, Fhéfeis pr8V| A compound represente orm

seqﬂé& YY¥r NRRRZ £ [ ) wdierain R 9&%@@"&@9%&% or other

hydrocarbyl an, optionally substituted C-linked heterocyclic group, an 20

mamRRianally sybstitiied N-linked heteroap @rau pr aRAacybgrevided that
methyl, and trifluoromethyl are excluded; WO 2006/116412

shoRCI/YR20HA6H135646 19 RZ2isanLnptionakly surstituledayshc-
hydrocarbyl or an optionally substituted heterocyclic group, provided that
inh2biting action and anti-anxiety action [Science, 224,
889(1984); J. Pharmacol. Exp. Ther., 269, 564(1994); Brain
Res. Rev., 15, 71(1990)]. However, from a pharmacokinetic
point of view such as chemical stability and absorbability
for oral administration in a living body, bioavailability

and intracerebral transferability, peptide derivatives have

a low utility value as a medicine.

Disclosure of Invention
According to the present invention, there is provided:

(1) A compound represented by the formula (I):

R

V3~ X

| z (1)
Y§Y1 | N/>_ R?

wherein R' is an optionally substituted hydrocarbyl, an
optionally substituted C-linked heterocyclic group, an
optionally substituted N-linked hetercaryl group, or an
acyl, provided that methyl, and trifluoromethyl are

excluded;
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[2-(1,1-dimethylethyl)phenyloxy]-3-pyridinyl is excluded; X is oxygen,

sulfur or -NR3- (wherein R3 is a hydrogen, an 5 optionally substituted
WtliaeHrbi or an amyl); Y12 Y2 and Y3 are each an optionaf E(152featei§o46

carbon or a nitrogen, provided that one or less of Y1, Y2 and Y3 is

nitrogen; and Z is a bond, -CO-, oxygen, sulfur, -SO-, SO2, -NR4-, -NR4-

10 alk-, -CONR4- or -NR 4CO- (wherein alk is an optionally substituted

C1_4 alkylene and R4 is a hydrogen, an optionally substituted

> hydrocarbyl gr an acyl); provided.that (i) the compound wherein X is -NH-,

R s G ety SR rod B OBner L s 157 S eBRpbusts | 2
heremR1 is,exana, X315 qarbiwhich, is substityted with methy| -

P substituted wit threeusﬁbstituents, oépe ofi vc\:/hﬁtgllsl fyl?fr% ot ee%{tvsg B 2

2-Which raandarmyadigy () Akny1oxy] -3-pyridinyl i luded;
[ Aé\(_amino-2-[(2,g}c]jichlél.(&)si;(/)p?1)£(;nylglaymi%}({) ]1meﬁ~,3§,fﬁ_|12n(}/ is exclude

X bengmjdazo)e-warbenitite, M Btamng A6 6-dichlarophenWirogen, an

amino]-1-methyl-IH- benzimidazole-7-carboxamide, and c)
opti-{itedyaynisalsatienaibioygaineds2r2.6- or an acyl) ;

dichlorophenyl)amino]-1-methyl-IH-benzimidazole-7- 25 carboxamide, WO

Y', 21)71)64d 641 2oRE THIS21 B 611) 15646 Dy(jubstituted carbon or a

~ 4-(f2-[(4-chlorophenyl)amino]-1,7-dimethyl-IH- . , 5
N1 9epg fividaZotSWiRRS) - NHradthydpygidime-2leaBoxamide,, Y~ and Y° is
nitrogen; and
Z is a bond, -CO-, oxygen, sulfur, -SO-, -S0,-, -NR*-, -NR*-
alk-, -CONR*- or -NR'CO- (wherein alk is an optionally
substituted C;-4 alkylene and R' is a hydrogen, an
optionally substituted hydrocarbyl or an acyl);
provided that (i) the compound wherein X is -NH-, and R? is
an optionally substituted thiophene ring,

(ii) the compound wherein R is cyano, Y°

is carbon which
is substituted with methyl substituted with three
substituents, one of which is acyl, and other two of which
may form a ring,

(iii) a) 6~amino~2-[ (2, 6-dichlorophenyl)amino]~l-methyl-1H-
benzimidazole-7-carbonitrile,

b) 6—amino~2-[ (2, 6-dichlorophenyl)amino]-1-methyl-1H-
benzimidazole-7-carboxamide, and

c) 6-{[ (allylamino)carbonothioyl]amino}-2-~[(2, 6~
dichlorophenyl)amino]-1-methyl-1H-benzimidazole-7-

carboxamide,
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(v) the compound wherein R3 is substituted heteroarylmethyl, R’ is
4-piperidinyl bearing a substituent at the 1- 5 position, (vi) the compound
WOHBPSIHR2 is substituted 8-oxo-5-thia-I- aza-bicyclo[4.2.0]ocRLIEHS200$/015646
and (vii) 7-ethyl-I-methyl-N-[4-(trifluoromethoxy)phenyl]-5-
(trifluoromethyl)-lH-benzimidazol-z-aﬁh@ne and 7-ethenyl-I- 10
methyl-N-[4-(trifluoromethoxy)phenyl]-5-(trifluoromethyl)-
1H-benzimidazol-2-amine are excluded; or a salt thereof; (2) A prodrug of

. the compound accarding, to the above- mentioned (1): 15 (3) The
(A% 3‘?25?3 t(hﬁe_c lor%nﬁgﬁzreié)ﬁ[}lrg#ér_e?ﬁ :z%_'glmethyl—lH_

compound accord above- W iSan

ber??fiﬁgglyé%l’ib—%i%}ﬁq 53 '%ﬂ@@&iﬁ grgg §§%'}ﬁ%c‘aé Bk, G0 These |

compound according to the above- erein R1is an

(v PPERRalHOSHIEEq (0. 4 Orarkh 205(53 188 composdiacearding {a e ny1,

above-mentioned (1) wherein R1 is an optionally substituted C-linked 5-

R? toild- membered:hetarpcyclicaroupor Nrlinkeghbriprlzmembaredthe  1-
heteroaryl group; (6) The compound according to the above-mentioned (1)

pobriberein X is -NR3- (wherein R3 is as defined in the above WO
21)1)6/116412 PCT/US2111)6/1)15646 11 mentioned (1)); (7) The

(vbmpoendampording thtesaliovE mentiones ()t uted 8-oxo-5-thia-1-

aza-bicyclo[4.2.0joct-2-en-7-yl, and

(vii) 7-ethyl-1l-methyl-N-[4- (trifluoromethoxy)phenyl]-5-

(trifluoromethyl)-1H-benzimidazol~2-amine and 7-ethenyl-1-

methyl-N-[4- (trifluoromethoxy)phenyl]-5-(trifluoromethyl) -

1H-benzimidazol-2-amine

are excluded; or a salt thereof;

(2) A prodrug of the compound according to the above-

mentioned (1);

(3) The compound according to the above~mentioned (1)

wherein R is an optionally substituted acyclic branched Cs-

11 hydrocarbyl;

(4) The compound according to the above-mentioned (1)

wherein R! is an optionally substituted Cg-1p aryl;

(5) The compound according to the above-mentioned (1)

wherein R' is an optiocnally substituted C-linked 5- to 14-

membered heterocyclic group or N-linked 5- to 1l0-membered

heteroaryl group;

(6)’ The compound according to the above-mentioned (1)

wherein X is -NR3- (wherein R® is as defined in the above-
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wherein R3 is methyl, ethyl or hydroxyethyl; (8) The compound according

to the above-mentioned (1) 5 wherein Y1 is CR3a, Y2 is CR3b, and Y3 is
WER1MHRrein R3a, R 3b and Ric are independently a hydr@§dinlU$2006/015646

halogen, a nitro, a cyano, an optionally substituted C1_4 hydrocarbyl, an

optionally substituted C1_4 hydrocarb¥foxy, an optionally substituted

C1_4 hydrocarbylthio, an optionally substituted 10 amino or an acyl

containing up to 4 carbon atoms; (9) The compound according to the

ve-mentioned (8) wherein R3a is a hydrogen, a halogen, a cyano, an

meggﬁoonna%};s&%)sﬁthted C1. 3 alkyl, or an optionally substituted C1_3

(78/koxy, R3L s aydrogen. andRag is 2,15 gﬁ?gro%%%%-g%%iomed (6)

compound according to the above-mentioned (9) wherein R3a is chlorine,

whireminermetbopeenpethylid) The ceppeyndaccgnding to the
above-mentioned (1) wherein one of Y1, Y2 and Y3 is nitrogen; 20 (12)

(8The Thapatmdreentding de dieiabove-mentigned (@) vhergbhRZds8n (1)
optionally substituted C6_10 aryl or an optionally substituted 5- to

wh8:medmbeted beteRdtyclic graupR{,3) die coMpeuoHacqerdingstorihr3e, R3®
above-mentioned (1) wherein R2 is phenyl which is 2,4,6-trisubstituted,

ang 4755 25nasulstiened de 2l sisabstitdtedg W0 24)1elldgdd?2 a nitro, a
PCT/US2111)6/1)15646 12 (14) The compound according to the

CYaBove-mehtiotRt My whetin 2ONR BuiwherelftR4 idasigefiretbinithe an

above- ,
optionally substituted C;.; hydrocarbyloxy, an optionally

substituted C;.4 hydrocarbylthio, an optionally substituted
amino or an acyl containing up to 4 carbon atoms;

(9) The compound according to the above-mentioned (8)
wherein R*® is a hydrogen, a halogen, a cyano, an
optionally substituted Cj_3 alkyl, or an optionally
substituted C;-;3 alkoxy, R*® is a hydrogen, and R’ is a
hydrogen;

(10) The compound according to the above-mentioned. (9)
wherein R®® is chlorine, bromine, methoxy or methyl;

(11) The compound according to the above-mentioned (1)
wherein one of Y', Y? and Y® is nitrogen;

(12) The compound according to the above-mentioned (1)
wherein R? is an optionally substituted Cg.10 aryl or an
optionally substituted 5- to 8-membered heterocyclic group;
(13) The compound according to the above-mentioned (1)
wherein R? is phenyl which is 2,4, 6-trisubstituted, 2,4, 5-

trisubstituted or 2,4-disubstituted;
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mentioned (1)), or oxygen; (15) The compound according to the
above-mentioned (14) 5 wherein R4 is a hydrogen; (16) The compound
WQ2etvdiladi®o the above-mentioned (1) which is PCT/US2006/015646
N-(4-chloro-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl)-1-
methyl-1H-benzimidazol-2-amine, 1012
N-(4-bromo-2-methoxy-6-methylphenyl)-7-(3,5-diethyl-IH
pyrazol-1-yl)-1-methyl-1H-benzimidazol-2-amine,
N:(4-bromo-2-methoxy-6-methylphenyl)-4-chloro-7-(1- ,
(1él?hé/ﬁ?r%pyﬁpf}ﬁ]%ﬂ}ny(ﬁlI-Eggr?zriﬁgl(ﬁladzol- 2amife, 2Pove-mentioned (1)

whé'rcéq(?lro'z.z'@sd"g@lo—ro' -glee@e\{ﬂ h%{lox‘f@_?ég 1§efined in the above-

ethylpropyl)-1-methyl-1H-benzimidazole,
me NetseRIgror 2 methgxy-gsmettylphenyl)-7-(1-ethylpropyl)-

1,4-dimethyl-1H-benzimidazol-2-amine, or

(1BﬂZFHQmh&ﬁﬁﬁ%ﬁﬂﬂhYK@SB9&@56(1ﬁ3hYEK%py%ﬁéve—mentioned (14)

methoxy-I-methyl-IH-benzimidazole, or a salt thereof; 20 (17) A process
whéarqiradadingsthe deppesiédraccording to the above-mentioned (1), which

comprises reacting a compound represented by the formula: WO
(12008H4 64¢2ROTHIE2G06/01 56463 13X R1 YBX (ihoYd-Mentioned (1)
which is
N-(4-chloro-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl) -1~
methyl-l1H-benzimidazol-2-amine,
N;(4—bromo—2—methoxy—6—methylphenyl)77—(3,5—diethyl—lH¥
pyrazol-1-yl)-l-methyl-1H-benzimidazol-2-amine,
N- (4-bromo-2-methoxy-6-methylphenyl)-4-chloro-7- (1~
ethylpropyl)-l-methyl-1H-benzimidazol-2-amine,
4-chloro-2~(2,4-dichloro-6-methylphenoxy)-7-(1-
ethylpropyl)~1-methyl-1H-benzimidazole,
N-(4-chloro-2-methoxy-6-methylphenyl)-7- (1l-ethylpropyl) -
1,4-dimethyl~1H-benzimidazol-2~amine, or
2-(2,4-dichloro-6-methylphenoxy)-7- (l-ethylpropyl) -4~
methoxy-l-methyl-1H-benzimidazole, or a salt thereof;
(17) A process for producing the compound according to the

above-mentioned (1), which comprises reacting a compound

represented by the formula:
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15

wherein L represents a leaving group selected from halogen atom,
sulfonyloxy group and acyloxy group, and other symbols are as defined in
WerReMHdréLmentioned (1), with a 5 compound represented byPHEYS2AYGIAES646
R2-ZH (ii) wherein each symbol is as defined in the above-mentioned (1);
(18) A pharmaceutical composition whiéh comprises the 10 compound
according to the above-mentioned (1); (19) A CRF receptor antagonist
which is the compound represented by the formula (I): R Y3 XY~
N~ZR2 (i) Y wherein R1 is an optionally substituted hydrocarbyl, an 15
0 ?onally substituted C-linked heterocyclic group, an optionally
substituted N-linked heteroaryl group, a cyano or an acyl; R2 is an
y3 ) ubstituted cyclic hydrocarbyl or an optionally substituted
| hete cyc%gjeup; W, | X306/116412 PCT/US2006/015646 14 Xis
YQ\QXY syttur or -NR3- fwherein R3 is a hydrogen, an optionally
Sstitutd¥ hydrocarbyl or an acyl); y1, y2 and Y3 are each an optionally
substituted carbon or a nitrogen, provided that one or less of Y1, Y2 and
wh¥B8ddn L represents a leaving group selected from halogen

atom, sulfonyloxy group and acyloxy group, and other
symbols are as defined in the above-mentioned (1), with a
compound represented by the formula:

R?~ZH (i)

wherein each symbol is as defined in the above-mentioned
(1)

(18) A pharmaceutical composition which comprises the
compound according to the above-mentioned (1);

(19) A CRF receptor antagonist which is the compound

represented by the formula (I'):

R1
1 X>_ ()
L. Il )z

wherein R' is an optionally substituted hydrocarbyl, an
optionally substituted C-linked heterocyclic group, an
optionally substituted N-linked heteroaryl group, a cyano
or an acyl;

R* is an optionally substituted cyclic hydrocarbyl or an

optionally substituted heterocyclic group;
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5 nitrogen; Z is a bond, -CO-, oxygen, sulfur, -SO-, -SO2,-, -NR4-, -NR4-

alk-, -CONRA4- or -NR4CO- (wherein alk is an optionally substituted C1_4
WQRMIEhSHAdD R4 is a hydrogen, an optionally substituted hydP63AHYPe 015646

an acyl); or a salt 10 thereof; (20) A method for treating or preventing a

disease wherein a CRF receptor is irflicated, which comprises

administering to a subject in need thereof an effective amount of the CRF

receptor antagonist according to the above-mentioned (19); 15 (21) The

th cording ta.the ahovezmentioned (20) wherejn the disease
% g]eginég )tgI teer(li'orsglr}é%/lelrjfteajfs selected Wr%%& &tive d]isc’orae(},lﬁ presSivn an

op%&%%é{'ﬁétyy(%%)blgftqeﬁtpgac%%ggg%ng%gq a d%ggrrtﬁ 2%%%$Bng to the

t
above-mentioned (19) for manufacturing a me 20 preventing

Y! oryreating adisgasesuhereiha GRF ipeeptar is mplicated. 23) The yse, .

according to the above-mentioned (22) wherein the disease being treate
nioepepyentegisselested flom atiective disardes, dgpression ¢f anxigty;25 5 g

(24) A pharmaceutical composition for preventing or WO 2006/116412
niPBIFEYH52006/015646 15 treating a disease wherein a CRF receptor is
implicated, which comprises the CRF receptor antagonist according to
Z e abdrnmenti6fed (PRY(25), Theparmaceateal comesitieniR*~, -NR*-
according to the above- . . .
alk-, -CONR®- or -NR*CO- (wherein alk is an optionally
substituted Cj;4 alkylene and R* is a hydrogen, an
optionally substituted hydrocarbyl or an acyl); or a salt
thereof;
(20) A method for treating or preventing a disease wherein
a CRF receptor is implicated, which comprises administering
to a subject in need thereof an effective amount of the CRF
receptor antagonist according to the above-mentioned (19);
(21) The method according to the above-mentioned (20)
wherein the disease being treated or prevented is selected
from affective disorder, depression or anxiety;
(22) Use of the CRF receptor antagonist according to the
above-mentioned (19) for manufacturing a medicament for
preventing or treating a disease wherein a CRf receptor is
implicated;
(23) The use according to the above-mentioned (22) wherein
the disease being treated or prevented is selected from

affective disorder, depression or anxiety;

(24) A pharmaceutical composition for preventing or
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5 mentioned (24) wherein the disease being treated or prevented is

selected from affective disorder, depression or anxiety; and the like. Best
WL i Carrying Out the Invention 10 In the present specifi€&TohS3#ts/015646

term "hydrocarbyl" means a univalent group containing only carbon and

hydrogen. In the formula (1) and (I'), X¥epresents an oxygen, a sulfur or

-NR3- (wherein R3 is a hydrogen, an optionally substituted hydrocarbyl or

an acyl) . That is, examples of 15 the 5-membered ring in the formula (1)

N anig.(lg) include,an oxazol ring, a thiazole ring and an imidazole ring.
T Bamplesof %@%%Foc%{ﬁﬁﬁ ofthéopfidnafly SEbshtutedPhy Bt aHGRT <A/

Jepre ented by R3 af the f ula;. -NR3- include an optionally substjtuted
wh a%pha%tig%rﬁy%ergc;gloen ggrgﬁp, gﬁcgﬁ%?wgllyasrh%asﬁ%‘%g Elic?}/lgl?cor 3inE" o

th@yggqg@éa%g@ygnga opﬂgpglly substituted alicyclic- aliphatic

hydrocarbon group, an optionally substituted alicyclic-alicyclic

(2 dydiocarbon grospe A0 Oplionaly sybstituted aromatieshydrecarbpd spove-

group, an optionally 25 substituted aromatic-aliphatic hydrocarbon group
mer(80 WMOR00ALH412RGHUS 2006015646 1 daralkyligigup); 28d¢he  or

like. Examples of said aliphatic hydrocarbon group include a saturated
preaiphaticihyiisocasiongredp having 4§ sathDie at@mso(edd ralkyl€pewr)s i on

such as methyl, ethyl, propyl, 5 isopropyl, butyl, isobutyl, sec-butyl,
ort@nxi@ﬂypaﬁwg the like.

Best Mode for Carrying Out the Invention
In the present specification, the term "hydrocarbyl”
means a univalent group containing only carbon and hydrogen.

In the formula (I) and (I'), X represents an oxygen, a

sulfur or -NR’- (wherein R® is a hydrogen, an optionally
substituted hydrocarbyl or an acyl). That is, examples of
the 5-membered ring in the formula (I) and (I') include an

oxazole ring, a thiazole ring and an imidazole ring.
Examples of the "hydrocarbyl" of the "optionally
substituted hydrocarbyl" represented by R® of the formula:
-NR’-  include an optionally substituted aliphatic
hydrocarbon group, an optionally substituted alicyclic
hydrocarbon group, an optionally substituted alicyclic-
aliphatic hydrocarbon group, an optionally substituted
alicyclic-alicyclic  hydrocarbon  group, an optionally
substituted aromatic hydrocarbon group, an optionally

substituted aromatic~aliphatic  hydrocarbon group (an
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isopentyl, neopentyl, tert-pentyl, hexyl, isohexyl, heptyl, octyl, etc.; and an

unsaturated aliphatic hydrocarbon group having 2-8 carbon atoms (e.g.,
WQRpHLetBUp, alkynyl group, alkadienyl group, alkadiynyl grd$d/E52006/015646

such as vinyl, 10 alkyl, 1-propenyl,' 2-methyl-I-propenyl, 1-butenyl, 2-

butenyl, 3-butenyl, 3-methyl-2-butenyl; d-pentenyl, 2- pentenyl,

3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1- hexenyl, 2-hexenyl,

3-hexenyl, 4-hexenyl, 5-hexenyl, 2,4- hexadienyl, 1-heptenyl, 1-octenyl,

ethynyl, 1-propynyl, 2 15 propynyl, 1-butynyl, 2-butynyl, 3-butynyl,
ari;&eﬁyr‘%ﬁ P entyAR S?B@né/hi?ﬁ 4-pentynyl, 1-hexynyl, 2-hexynyl, 3-

hexynyl, 4-hexynyl, 5-hexynyl, 2,4-hexadjynyl, 1-heptynyl, 1-octynyl, etc.
Exa)rﬁnq%?gn oT ssgié}/ gli@y%ﬁ?h%ﬁ&%?ﬁdﬁg%’(éﬁﬂ&ﬁﬁ?%2@’%%‘&5’rafébdude a
' ic hyd on group having_3-7 carbon atoms (e.q., cycloalkyl
2 i, 1) Sk 28 o Gyl Sty CESbentol Hyior, c=roon
at6¥elohgptyl, andthe ikeg%'%HB§atB'[?é%d %'%W%'&{}%’ Eocamﬁ:(gggroug%ropyl,

having 3- carbon atoms (e.g-, cycloalkenyl group, cycloa nyl

15 ML ELG.) WS,1—%@9@%@@9%%@yB@@?mEenxle§éNQu% 6/116412,1,
PCT/US2006/015646 17 cyclopentenyl, 1-cyclohexenyl, 2-cyclohexenyl,

is8peyaiohexatybdeeycjahenteny -2syelphepteayl, 8; cydehertenyl heptyi,
2,4-cycloheptadienyl, etc.; a partly saturated and fused bicyclic
ochydrocation: graug [preferably; BrGeda partysatttatet and fusedbbicyelicoup
hydrocarbon group,
having 2-8 carbon atoms (e.g., alkenyl group, alkynyl group,
alkadienyl group, alkadiynyl group, etc.) such as vinyl,
allyl, l-propenyl, - 2-methyl-l-propenyl, l-butenyl, 2-
butenyl, 3-butenyl, 3-methyl-2-butenyl, Il-pentenyl, 2-
pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1-
hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 2,4-
hexadienyl, l-heptenyl, l-octenyl, ethynyl, l-propynyl, 2-
propynyl, 1l-butynyl, 2-butynyl, 3-butynyl, l-pentynyl, 2-
pentynyl, 3-pentynyl, 4-pentynyl, l-hexynyl, 2-hexynyl, 3-
hexynyl, 4-hexynyl, 5-hexynyl, 2,4-hexadiynyl, l-heptynyl,
l-octynyl, etc.

Examples of said alicyclic hydrocarbon group include a
saturated alicyclic hydrocarbon group having 3-7 carbon
atoms (e.g., cycloalkyl group, etc.) such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the
like; an unsaturated alicyclic hydrocarbon group having 3-7

carbon atoms (e.g., cycloalkenyl group, cycloalkadienyl

group, etc.) such as l-cyclopentenyl, 2-cyclopentenyl, 3-



10

15

20

25

etc. (including those where the benzene ring is combined to 5- or
6-membered non-aromatic cyclic hydrocarbon group)] such as 1-indenyl,
WQ2EA¢¥13 -indanyl, 2-indanyl, 1,2,3,4-tetrahydro-I-naphthyl PCT/US2006/015646
1,2,3,4-tetrahydro-2 10 naphthyl, 1,2-dihydro-l-naphthyl,
1,2-dihydro-2-naphthyl, 1,4-dihydro-idi¥aphthyl, 1,4-dihydro-2-naphthyl,
3,4- dihydro-I-naphthyl, 3,4-dihydro-2-naphthyl, etc.; and the like. Said
alicyclic hydrocarbon group may be cross-linked. Examples of said
alicyclic-aliphatic hydrocarbon group 15 includeéhose h%re the

CYGhEEMENGhed alicychE X/ dtEERBON Yroup afd ﬁ?éc\gﬁov%}fl%%ﬁgimed 3=

aliphatic _hydrocarban group are combined, for gxam hose having _
Cyﬁiffl ggr%%%gdtoms %c%%%%%%?gﬁlﬁ%ethyl, %y&%%ﬁ%%%fﬁﬁ ,nyi ! 3

cyclob thyl, cyclohut I tylmeth . ar
cY %{gy%?ﬁg%énqt{gn{;ﬂmeth%f,%-% cé:%%gége%%/ n%gt%E)}/%/'cyclo%lér(1:ti/fethyl,aL partly

sat¥eohexyImethyt, 2 gy Cp{‘@ﬂ%‘fm@%%r%‘@é@@gﬁx%*waﬁthﬁre ferably,
cyclohexylethyl, cycloheptylmethyl, cycloheptylethyl, 2-(3,4-dihydro-2-

co NapbietRyl s2rfl 2k ddetahy drerdarpphty)eihylc 2 2pd rocarbon group,
(3,4-dihydro-2-naphtyl)ethenyl, etc. (e.g., C3_7 cycloalkyl WO
et 2006416213 BET/US2006/016646t 18 Gledzalky gramy G3 ombined to
cycloalkenyl-C1_4 alkyl group, C3-7 cycloalkyl-C2_4 alkenyl group, C3_7
5-cycloalken@rC2 rédlkenyh -croopa€3 c1 0qarily sathratetbard igsed group) |
bicyclic hydrocarbon-C1_4 alkyl group, C9_10 partly saturated and 5
sufised bigyclié hyddeatbon-C2 Alalkemy yroups -éedanyl,  2-indanyl,
1,2,3,4¥tetrahydro—l—naphthyl, 1,2,3,4-tetrahydro-2-
naphthyl, 1,2-dihydro-l-naphthyl, 1,2-dihydro-Z-naphthyl,
1,4-dihydro-l1-naphthyl, 1,4-dihydro-2-naphthyl, 3,4~
dihydro-l-naphthyl, 3,4-dihydro-2-naphthyl, etc.; and the
like. Said alicyclic hydrocarbon group may be cross-linked.
Examples of said alicyclic-aliphatic hydrocarbon group
include those where the above-mentioned alicyclic

hydrocarbon group and the above-mentioned aliphatic

hydrocarbon group are combined, for example, those having

4-14 carbon atoms such as cyclopropylmethyl,
cyclopropylethyl, cyclobutylmethyl, cyclobutylethyl,
cyclopentylmethyl, 2-cyclopentenylmethyl, 3-

cyclopentenylmethyl, cyclopentylethyl, cyclohexylmethyl, 2-
cyclohexenylmethyl, 3-cyclohexenylmethyl, cyclohexylethyl,
cycloheptylmethyl, cycloheptylethyl, 2-(3,4-dihydro-2-
naphtyl)ethyl, 2-(1,2,3,4-tetrahydro-2-naphtyl)ethyl, 2-

(3,4-dihydro-2-naphtyl)ethenyl, etc. (e.g., Csz— cycloalkyl-
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Examples of said alicyclic-alicyclic hydrocarbon group include a C1_4
alkyl group substituted with two C3_7 cycloalkyls selected from the
WQRMweLERtioned alicyclic hydrocarbon group, for example, PgE@S2006/015646
represented by the 10 formula: ~" e and Examples of said aromatic
hydrocarbon group include an aryl gréip having 6-10 carbon atoms
(including that where a 5- to 6-membered non-aromatic hydrocarbon ring
is fused 15 with phenyl group) such as phenyl, a-naphthyl, (3-naphthyl,
4-indenyl, 5-indenyl, 4-indanyl, 5-indanyl, 5,6,7,8- tetrahydro-1-naphthyl,
C15 6,785 raf%?ﬁ‘?&é’-naﬁﬁtﬁyl,cé,’é:-?& ﬁ@&%@i’-%éghTﬁyl,aWkﬁ CECh AN
5,6-dihydro- -naphg]élé 5,6-dihydro-3- naphthyl, 5,6-dihydro-4-paphthyl
CYg c?;aa?n%y eélﬁié. 30 Bxa ﬁple%]\'[&us%id g?‘dha%gf:gli%ﬁdlat]f)céﬂ%ro%é?bo%&kenyl
gigup inglude an asalkyhgroup haying 2-14 carbon.atoms (610 ;e s
graPﬁCl_4 e%ll%ﬁl grc?%p) sug{] as phenyl-aC1_4 alkyl group, e.g., benzyll,cyc e

hyBRenetbyl,d-phenylethy i‘pW{&SQPWCQ_WO§99§@§64§3turated and
PCT/US2006/015646 19 phenylpropyl, 3-phenylpropyl, etc.;

fuBaphtbylkGd14 @l reun sueh as a;naphibylnetayloamaphétydethyl, 1-
naphthylmethyl, (3-naphthylethyl, etc.; 06_10 aryl-C2_4 alkenyl group

sucleaspbeey-CZ_4 alkenylldroup e g-abistyyll tinnapudcete rland theoup

like. The above-mentioned "hydrocarbyl" group may have a substituent at
inagkuBstitutmblé€pasitien. Example®opsuckubstituted with two Ciz-
cycloalkyls selected from the above-mentioned alicyclic

hydrocarbon group, for example, those represented by the

formula:

L o Lol ,0Y

Examples of saild aromatic hydrocarbon group include an
aryl group having 6-10 carbon atoms (including that where a
5- to 6-membered non-aromatic hydrocarbon ring is fused
with phenyl group) such as phenyl, a-naphthyl, B-naphthyl,
4-indenyl, 5-indenyl, 4-indanyl, 5-indanyl, 5,6,7,8-
tetrahydro-l~naphthyl, 5,6,7,8-tetrahydro-2-naphthyl, 5, 6-
dihydro-l-naphthyl, 5,6-dihydro-2-naphthyl, 5,6-dihydro-3-
naphthyl, 5,6-dihydro-4-naphthyl, etc.; and the like.

Examples of said aromatic-aliphatic hydrocarbon group
include an aralkyl group having 7-14 carbon atoms (Cg-10
aryl-Ci-4 alkyl group) such as phenyl-Ci-4, alkyl group, e.g.,

benzyl, phenethyl, l1-phenylethyl, l-phenylpropyl, 2-
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substituent include a halogen, nitro, cyano, oxo, (1) an optionally
substituted heterocyclic group, (2) an 10 optionally substituted sulfinyl
WQR8MH1BY1ANn optionally substituted sulfonyl group, (4) optionB(RF/US2006/015646
substituted hydroxyl group, (5) optionally substituted thiol group, (6) an
optionally substituted amino group, (A %n acyl group, (8) an optionally
esterified or amidated carboxyl group, 15 (9) an optionally substituted
phosphoryl group, or the like. Examples of the substituent of
above-mentioned (2) an optionally substituted sulfinyl

p,.(3).an
Ph N SRARP ¥dstit eagﬁﬂgﬂlﬁrg%é’[} (4) Gptionally Q&é%ﬁﬁr%ﬁ ?}E/rfroxﬁlkyl
roup, (5) optionally substitut dthlol nd 20 (6 tionall
gr HBstltu?th‘Fgmmasgrou% |H€IE 169 aiy sul%tﬁ{ﬁéb % %ﬁ’yjt B~
ydroc r f.suc ionally substityted drocarb I
naﬁlc]?ﬁ&pi o%fl(::-1 @(émpl ie ?%)E/e gq%%;ﬂ/drocae% may b%y s]lffbstltu%:e%lby
21088 Pf MYERYDSUYRNS a1 @ S ble 2p p%%m lea fth% g.

substltuent group of the WO 2006/116412 PCT/USZOO
st gpYanallyisubstitpted Bydrocagd asraesubstituent group Include halogen,

nitro, cyano, hydroxyl, thiol, amino and carboxyl. As the optionally

substiutehpidfrayhgsatp oh abovenmendwnied(2), spesificallyaCl ave a

alkylsulfinyl (e.g., methylsulfinyl, ethylsulfinyl, propylsulfinyl, butylsulfinyl
sulet)ianckC6_Hraylsalfinyketgitable position. Examples of such
substituent include a halogen, nitro, cyano, oxo, (1) an
optionally substituted heterocyclic group, (2) an
optionally substituted sulfinyl group, (3) an optionally
substituted sulfonyl group, (4) optionally substituted
hydroxyl group, (5) optionally substituted thiol group, (6)
an optionally substituted amino group, (7) an acyl group,
(8) an optionally esterified or amidated carboxyl group,
(9) an optionally substituted phosphoryl group, or the like.

Examples of the substituent of above-mentioned (2) an

optionally substituted sulfinyl group, (3) an optiocnally
substituted sulfonyl group, (4) opticnally substituted
hydroxyl group, (5) optionally substituted thiol group and
(6) an optionally substituted amino group include an
optionally substituted hydrocarbyl. Examples of

"hydrocarbyl” of such optionally substituted hydrocarbyl

include those exemplified above. Such hydrocarbyl may be

. substituted by one or more substituents at a substitutable

position. Examples of the substituent group of the
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phenylsulfinyl, naphthylsulfinyl etc.) are exemplified. As the optionally
substituted sulfonyl group of above- 10 mentioned (3), specifically, C1_6
WQRYIELIfdhY| (e.g., methylsulfonyl, ethylsulfonyl, propylsulfon§CT/US2006/015646

butylsulfonyl etc.) and C6-10 arylsulfonyl (e.g., phenylsulfonyl,

naphthylsulfonyl etc.) are exemplified.0As the optionally substituted

hydroxyl group of above- 15 mentioned (4), specifically, hydroxyl, C1_6

alkoxy (e.g., methoxy, ethoxy, n-propoxy, iSopropoxy, n-butoxy,

isobutoxy, sec-butoxy, t-butoxy, n-pentyloxy, isopentyloxy, neopentyloxy,
optetenantyCesldoayioxyied., [preRe %R T RIphtiRcky 2eté Vard ek&fphifiedt © WP

20 As the optionally substituted thiol group of above- mentioned (5),
incdpudFichiy PIBR C16 E/Ith YRR/ n%YﬁﬁfPﬁ%‘{JeqhyTlﬂFo?Jprop%‘/fgﬁ%? and

etc.) and C6-10 arylthio (e.g., phenylthio, naphthylthio etc.) are
Car&@ﬁ(ﬁii‘fied. 25 As the optionally substituted amino group of above WO

2006/116412 PCT/US2006/015646 .21 menti . (6)1SRecifically Famino, o

moh§-C1% &R %i%rilr?é g r%%%‘nlyifél]rﬂﬁﬁ]% é%eélngl?%% rop%f%mino, ©

isQpropylamina, butylamij h gi-C1_6 alkylaminQ f&sd3 finyl  (e.q.,
e ime %%amik%? éliet%ﬁaetr{%.ifog,%%ylr%’ethylalmﬁlno, 5 rzii‘ig;gropylarﬁirr?lﬁcg,

metqj;jfg@r‘fl\)ﬁfléﬂ‘glq' dibutylanyipg (‘s),llafgntﬂ?@,“ke are exgmpbfiedulfinyl,
Examples of the acyl group of above-mentioned (7)

butylsulfinyl etc.) and Ce-10 arylsulfinyl (e.g.,
phenylsulfinyl, naphthylsulfinyl etc.) are exemplified.

As the optionally substituted sulfonyl group of above-
mentioned (3), specifically, Ci-s alkylsulfonyl (e.g.,
methylsulfonyl, ethylsulfonyl, propylsulfonyl,
butylsulfonyl etc.) and Ce-10 arylsulfonyl (e.qg.,
phenylsulfonyl, naphthylsulfonyl etc.) are exemplified.

As the optionally substituted hydroxyl group of above-
mentioned (4), specifically, hydroxyl, Ci-¢ alkoxy (e.g.,
methoxy, ethoxy, n-propoxy, 1SOpropoxy, n-butoxy, isobutoxy,
sec—-butoxy, t-butoxy, n-pentyloxy, isopentyloxy,
neopentyloxy, etc.) and Ces-10 aryloxy (e.g., phenoxy,
naphthoxy, etc.) are exemplified.

As the optionally substituted thiol group of above-
mentioned (5), specifically, thiol, Cj-¢ alkylthio (e.g.,
methylthio, ethylthio, propylthio, etc.) and Cg-10
arylthio (e.g., phenylthio, naphthylthio etc.) are
exemplified.

As the optionally substituted amino group of above-
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include the same group as the acyl for R3. Examples of the ester group or
amide group of the 10 optionally esterified or amidated carboxyl group of
WQRMweLIpddhtioned (8) include ester group with the same optidKAIS2006/015646

substituted hydrocarbyl as the-substituent of optionally substituted

hydroxyl group of above-mentioned (£Jor amide group with optionally
substituted amino group of above- 15 mentioned (6). As the optionally
esterified carboxyl group, specifically, carboxyl, C1_6 alkoxy-carbonyl

o methoxgcarbonyl ethoxycarbonyl, propoxycarbonyl tert-

meﬁétbszp&.%oh ) etc. SREC 1B 3Hbk-carBByIqe. g MOB Brchoxy g N0
etc) C7_16 aralkyloxy-carbonyl (e.g., benzyloxycarbonyl,
(e fierietyiony DDAV " Bnd the G Srd EaBATied. As tRE SRIGRII O

amidated carbox Iggo S ecificall : £ ba Q/I dnono;

lsglﬁyloégf Smoyl (é.go " mer{]hﬁcar Ao ylca?b%mogy%%?ca)m 81 6§97
dlgqlélé'%%%%%élm“lz PCIA %%@%%%646 22 carbarpayl | (ﬁgthyclamlno,

arbamoyl, diethylcar ethylmethylcarbamoyl etc

di ybggrygmbﬁe gdlﬁl'é%;ﬂi_%?@%&ﬁmé ;Naphhyleaiamays etc.), and

naphthylcarbamoyl etc.), 5- to 6-membered heterocyclic carbamoyl

thee. 0.1 26 Ryrilylcashamey: 34pyridylcarbamoyl, 4-pyridylcarbamoyl,
2-thienylcarbamoyl, 3-thienylcarbamoyl etc.), and the like are exemplified.

Examples of the acyl group of above-mentioned (7)
include the same group as the acyl for R>.

Examples of the ester group or amide group of the
optionally esterified or amidated carboxyl group of above-
mentioned (8) include ester group with the same optionally
substituted hydrocarbyl as the substituent of optionally
substituted hydroxyl group of above-mentioned (4) or amide
group with optionally substituted amino group of above-
mentioned (6).

As the optionally esterified carboxyl group,
specifically, carboxyl, Ci-g alkoxy-carbonyl (e.g.,
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, tert-
butoxycarbonyl etc.), Ce-10 aryloxy-carbonyl (e.g.,
phenoxycarbonyl etc.), Cs.16  aralkyloxy-carbonyl (e.qg.,
benzyloxycarbonyl, - phenetyloxycarbonyl etc.), and the like
are exemplified.

As the optionally amidated carboxyl group,
specifically, carbamoyl, mono-Ci-.¢ alkyl-carbamoyl (e.g.,

methylcarbamoyl, ethylcarbamoyl etc.), di-Ci-¢ alkyl-
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Examples of the "acyl" represented by R3 of the formula: -NR3- include a
formyl and a group where the. 10 carbonyl group is combined with a
W@ Hikl2group, a C2.10 alkenyl group, a C2_10 alkynyl gr&§J/8Se96/p15646
cycloalkyl group, a C5_7 cycloalkenyl group or an aromatic group (e.g.,
phenyl group, pyridyl group, etc.) (e.gazacetyl, propionyl, butyryl,
isobytyryl, valeryl, isovaleryl, pivaloyl, 15 hexanoyl, heptanoyl, octanoyl,
cyclobutanecarbonyl, cyclopentanecarbonyl, cyclohexanecarbonyl,
cycloheptanecarbonyl, crotonyl, 2-cyclohexenecarbonyl, benzoyl, etc.)
CHripiheYike. RESs Preferabshi hgdforeazcharacalkyl, C2d13 alkehyh r2@moyl,
tgfy_lo alkynyl, and more preferably hydrogen, C1_10 alkyl. Specifically,
SRRy cE R Ry droxydtRyland frrelike &Epreferiddarayih thele-g. ,
formula (1) and (1) is an optionally substituted hydrocarbyl, an optionally
phg #Fu%(é)&?flﬁ kie(d 2%‘&?%16%4%%95%Q)ptior‘?&lf?%%ﬁm%é@rbamoYl
-linked:WQO,2006/116412 PCT/US2006/015646 23 heteroaryl group, a
St of o S Gimone e HE:i?-%l?n&%%ﬁ“é $&id “SPtRAERY SubStinded 2~

e
cyano or an acyl. Here, thé téfm

_jl_. a l —“ h glokd— rleI‘
w il snyls sm, Beste s ke Ao don

of the heterocyclic group of R1t used bi

2-the feruladBpaplsgathe term, Nyl QEB&H}?{P%%@”WUQ%UI@& like
N-linked heteroaryl group” means that R1 is linked via a nitrogen atom o
artBeexemplified.

Examples of +the "acyl" represented by R® of the
formula: ~NR’-~ include a formyl and a group where the
carbonyl group 1s combined with a Ci_ig alkyl group, a C246
alkenyl group, a C;.30 alkynyl group, a Cs_; cycloalkyl group,
a Cs-7 cycloalkenyl group or an aromatic group (e.g., phenyl

group, pyridyl group, etc.) (e.g., acetyl, propionyl,

butyryl, isobytyryl, valeryl, isovaleryl, pivaloyl,

hexanoyl, heptanoyl, octanoyl, cyclobutanecarbonyl,
cyclopentanecarbonyl, cyclohexanecarbonyl,
cycloheptanecarbonyl, crotonyl, 2—-cyclohexenecarbonyl,

benzoyl, etc.) and the like.

R® is preferably hydrogen, Ci-10 alkyl, Cao1o alkenvyl,
Cz-10 alkynyl, and more preferably hydrogen, Ci-1¢ alkyl.

Specifically, as R?, methyl, ethyl, hydroxyethyl and
the like are preferred.

R' in the formula (I) and (I') is an optionally
substituted hydrocarbyl, an optionally substituted C-linked

heterocyclic group, an optionally substituted N-linked
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heteroaryl group of Ri to the fused bicyclic ring represented by the

formula (I). 10 Examples of the "optionally substituted hydrocarbyl" for R1
WOdBIeHE2 same groups as those exemplified with respect tE¢HEAIS2006/015646

optionally substituted hydrocarbyl of R3. Examples of the "optionally

substituted heterocyclic group” in the 3gptionally substituted C-linked

heterocyclic 15 group” for R1 include the same groups as those

exemplified below with respect to the optionally substituted heterocyclic

roup of R2. Examples of the "heteroaryl group” in the "optionally
fetfad NdrKed hefersafglfroqs ferR BipvludeBe3€20 tohe term "C-
,10-membered aromatic heterocyclic group optionally containing 1 to 3

L1RdiER atonfiselectéd from a AitfoyeR3atbYn, a SiHes Bidriteed an Gxybenked
h tom in adldjtion to one,, nitrogen atom e.gRlpy‘rronl,.oxazolyI, isoxazolyl,
et%uearz% ,Clsét%ia%@/ﬁﬁ?mid%?gﬁl,spﬁa 1,21$25 d%dfidz0KAa & carbon
4- jazalyl, 1,3,4-oxadiazolyl, WO 2Q06/116412 _ ,
e OGO B 5 b aiOTD A hidtiassiyiche A HTEaboig 1 ic
. 1.3,4-thiadiazal ,2,3-tri yl, 4-triazolyl, tetrazolyl, pyridyl, "
rlg)j)(/%imri(%%%%)é/%gggny}i%pygz%ylF]t?%%ﬁl%ﬁ ir@&w, A sdbiyi e term "N~
1 iberzimidszoivhdndagabl sieh Baidshpelereanlaraunimay g sostied. )
a

with 1 to 3 substituents selected from the group consisting of halogen,
grClp8 allwhhz?_bralkensd, Gls6 alkaxe@1y8 2yl £hcfogen atom of the

heteroaryl group of R!' to the fused bicyclic ring
represented by the formula (I).

Examples of the "oétionally substituted hydrocarbyl"
for R include the same groups as those exemplified with
respect to the optionally substituted hydrocarbyl of RS.

Examples of the "optionally substituted heterocyclic
group" in the "optionally substituted C-linked heterocyclic
group" for R!' include the same groups as those exemplified
below with  respect to the optionally substituted
heterocyclic group of RZ.

Examples of the "heteroaryl group” in the "optionally
substituted N-linked heteroaryl group" for R include a 5-
to 10-membered aromatic heterocyclic group optionally
containing 1 to 3 hetero atoms selected from a nitrogen
atom, a sulfur atom and an oxygen atom in addition to one
nitrogen atom (e.g., pyrrolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-

oxadiazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl,
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cycloalkyl, C6-10 aryl (said aryl may have 1 or 2 substituents selected

from halogen, C1_6 alkyl, halogeno C1_6 10 alkyl and CI-6 alkoxy),
WEP0¢41844%yl (said aralkyl may have 1 or 2 substituents sel@&@d/i§6/015646

halogen, C1_6 alkyl, halogeno CI_6 alkyl and C1_6 alkoxy), hydroxy,

hydroxy-C1_6 alkyl, C6_10 aryloxy (sa4d aryloxy may have 1 or 2

substituents selected from halogen, C1_6 alkyl, halogeno C1_6 15 alkyl

and C1_6 alkoxy), 714 aralkyloxy, C6_10 aryl-carbonyl, carboxyl, C1 6

alkoxy-carbonyl, carbamoyl, C6 10 aryl- carbamoyl, amino, C6_10
fuggkeaibbnyldmihod cah Brakpzedmonylamidescthgadiazolyl, 1,3,4-

alkoxy-carbonylamino, C6_10 arylthio, C6__ to arylsulfonyl, cyano, 5- to
Eh33RdmBeredhetéraoyeiic §FGAP 28-andloxe:. EXamMIES b the "BEE fGrO 1YL/

R1 include the same groups as those exemplified with respect to the acy!l

PYSHREIAMRGTHBLE RY It th&OrHitAE (T 8nd (I'PET Bretéibly aft +a2 10yl
. _aptionally substituted acyclic branched C3 14 25 hydrocarbyl (preferably, _ .
T byt p ot o oy Gr B BT S8 1A ooy Ys (EEEfbasa
o 06/0 2 h -pr - L, 3-peptyl,4-heptyl, .

n Et%%, %%ggptioéjf?ﬁﬁjbs?ﬁ%%d g%e_zlo %%ﬁ,sa%nfgﬁi%n%ly gl%sk%ituti% t ?

subdinked Sr 1 14memberedbeterosyclic grup eiNdinked 13- t9f halogen,

10-membered heteroaryl group. 5 R2 in the formula (1) and (I') is an
c, Qptiopalky, sybstituted cyaliedigiocarhy] or anoptionally substifutedl,  cs.,

heterocyclic group.

cycloalkyl, Ce-10 aryl (said aryl may have 1 or 2
substituents selected from halogen, Ci¢ alkyl, halogeno Ci_¢
alkyl and Cj-¢ alkoxy), Cj-14 aralkyl (said aralkyl may have
1 or ‘2 substituents selected from halogen, Ci-g alkyl,
halogeno Ci.g alkyl and Ci-¢ alkoxy), hydroxy, hydroxy-Ci-s
alkyl, Cg-10 aryloxy (said aryloxy may have 1 or 2
substituents selected from halogen, Ci¢ alkyl, halogeno Ci.g
alkyl and Ci-¢ alkoxy), Cy-1sa aralkyloxy, Csi19 aryl-carbonyl,
carboxyl, Ci—¢ alkoxy-carbonyl, carbamoyl, Ce-10 aryl-
carbamoyl, amino, Ce-10 aryl—-carbonylamino, Cimg alkyl-
carbonylamino, Ci-¢ alkoxy-carbonylamino, Cg-10 arylthio, Cs-
10 arylsulfonyl, cyano, 5- to 7-membered heterocyclic group
and oxo.

Examples of the "acyl" for R' include the same groups
as those exemplified with respect to the acyl of R,

Among these, R' in the formula (I) and (I') is
preferably an optionally substituted acyclic branched Cz-i4

hydrocarbyl (preferably acyclic branched Cz;.; hydrocarbyl
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Examples of the "cyclic hydrocarbyl" of the "optionally substituted cyclic
hydrocarbyl" for R2 include 10 a C3_7 cycloalkyl group (e.g., cyclopropyl,
W@ yeneiuet2cyclopentyl, cyclohexyl, cycloheptyl, etc), a C3_7 RGBIBSIREG1)15646

group (e.g., 1-cyclopentenyl, 2-cyclopentenyl, 3-cyclopentenyl,
1-cyclohexenyl, 2-cyclohexenyl, 3- cyelohexenyl, 1-cycloheptenyl,
2-cycloheptenyl, 3 15 cycloheptenyl, etc), an aryl group having 6-10
carbon atoms (including that where a 5- to 6-membered non-aromatic
hydrocarbon ring is fused with phenyl group) such aslghenyl, a-naphthyl,

su@@nashthyh RLiRBEAY|, SSndeRyl 4-int@§n B Indafyiieptyl, etc.), an
5,6,7,8-tetrahydro-l-naphthyl, 5,6,7,8-tetrahydro 20 2-naphthyl, ,

OPE 8y dib- ISty U5 BUifyaro- 2haphttRR: SBdiRYarbI-naphmbE: tuted
5,6-dihydro-4-naphthyl, etc.; and the like. Examples of the "heterocyclic”

C-ofth e%ptgo_naﬁﬁs%vs_ﬁ?ﬁ@aeﬁe?gro% g%rg%ﬁﬁ‘gf%? RZYRAHAET) ?%ﬂ Jiked

_25 7-membered heterocyclic group containing one sulfur atom, WO

> 2%86??62??’%%3’7§S%g/8§/5§%&% 76 one nitrogen atom or one oxygen
atome(ii) 4,5- (-6 meghered heterpcyglic.gropp.containing, 2-4 BitiogeRa1 1y
atoms, (iif) a 5- to 6-membered heterocyclic group containing 1-2

supiirogenadems aad onerspifis o5 sxygenatom, () @i8eit 12-memberegkeq
fused bicyclic or tricyclic heterocyclic group containing 1-4 heteroatoms

hes@lesteddnan nifiagen.atom, sulfur atom and oxygen atom, and the like.
In addition,

Examples of the "cyclic hydrocarbyl"” of the
"optionally substituted cyclic hydrocarbyl" for R? include
a Csz-7 cycloalkyl group (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, etc), a Cs-7
cycloalkenyl group (e.g., l-cyclopentenyl, 2-cyclopentenyl,
3-cyclopentenyl, l-cyclohexenyl, 2-cyclohexenyl, 3-
cyclohexenyl, l-cycloheptenyl, 2—-cycloheptenyl, 3-
cycloheptenyl, etc), an aryl group having 6-10 carbon atoms
(including that where a 5- to 6-membered non-aromatic
hydrocarbon ring is fused with phenyl group) such as phenyl,
o-naphthyl, P-naphthyl, 4-indenyl, 5-indenyl, 4-indanyl, 5~
indanyl, 5,6,7,8~tetrahydro-1-naphthyl, 5,6,7,8-tetrahydro-
2-naphthyl, 5,6-dihydro-l-naphthyl, 5,6-dihydro-2-naphthyl,
5, 6-dihydro-3-naphthyl, 5,6-dihydro-4-naphthyl, etc.; and
the like.

Examples of the "heterocyclic" of the "optionally

substituted heterocyclic group" for R® include (i) a 5- to

7-membered heterocyclic group containing one sulfur atom,



10

15

20

25

each of the heterocyclic groups exemplified in (i) to (iv) may be a
saturated or unsaturated heterocyclic group and 10 the unsaturated
W eeeddgelx group may be either aromatic or non-aromatic. B43rVSRIGaAF15646
the heterocyclic group for an optionally substituted heterocyclic group of
R2 include an aromatic monocyclic hgterocyclic group and a
non-aromatic 15 heterocyclic group. Specific examples of the heterocyclic
group for an optionally substituted heterocyclic group include (i) an
aromatic monocyclic heterocyclic group (e.qg., furyl, thienyl, pyrrolyl,
onexandlyk ¢smaazoNCthiagaly| Z®iscthiazelyl, imtigBzolyl pyrazalylp~ to 6-
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-
metﬁﬁméﬁom?I%@W&dﬁéﬁolﬂ}—”?}@?4-ﬁﬁ§&iéia@/r}gl,é?,/?f-ltri&id‘igﬂ?gen atoms,
1,2.4-triazolyl, tetrazolyl, pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, .
(§55irf, ST, Fand 28 A PG a PR PR Cy HE TR R 0 CRA 12
WO 21)1)6/116412 PCT/US211116/1115646 27 azetidinyl, oxetanyl
1R, B ARy G T (Rt ety (20174 8= to

1 2%?%%5?5%&0%)%’8@&( Is e@oipjh %}Qwi@i%@orgﬂ% !i?f%@ ’lRiB er}?é g !:' &5%/%1 ?ﬁ‘@d group

used heterocyclic group such as -membered 5 bicCyclic or

cotiEyslic: Aeferqeyelicgroup e gorlenzafurand dsobepgofuiamylogen  atom,

benzothienyl, indolyl, isoindolyl, 1H-indazolyl, benzindazolyl,
suenzoxazo, LRd oxygen atom, and the like. In addition,
each of the heterocyclic groups exemplified in (i) to (iv)
may be a saturated or unsaturated heterocyclic group and
the unsaturated heterocyclic group may be either aromatic
or non-aromatic.

Examples of the heterocyclic group for an optionally
substituted heterocyclic group of R? include an aromatic
monocyclic heterocyclic group and a non-aromatic
heterocyclic group.

Specific examples of the heterocyclic group for an

optionally substituted heterocyclic group include (i) an

_aromatic monocyclic heterocyclic group (e.qg., furyl,

thienyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, 1,2,3-oxadiazolyl,
1,2,4-oxadiazolyl, 1,3,4~oxadiazolyl, furazanyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, etc.) and

(i1) a non-aromatic, heterocyclic group (e.g., oxiranyl,
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benzoisooxazolyl, benzothiazolyl, benzopyranyl, 1,2- benzoisothiazolyl,
1H-benzotriazolyl, quinolyl, isoquinolyl, 10 cinnolinyl, quinazolinyl,

WQMeN il phthalazinyl, naphthyridinyl, purinyl, pteridinyl, #$Ba234p6/815646
carbolinyl, [3-carbolinyl, y-carbolinyl, %c?:idinyl, phenoxazinyl,
phenothiazinyl, phenazinyl, phenoxatfinyl, thianthrenyl, phenanthridinyl,
phenanthrolinyl, indolizinyl, 15 pyrrolo[1,2-b]pyridazinyl,
pyrazolo[1,5-a]pyridyl, imidazo[1,2-a]pyridyl, imidazo[1,5-a]pyridyl,

az #pifazally 2- blpyridazinyh{gidazo[1,2-glpygimidipyl, 1,2,4- nyrrolidinyl,
triazolo[4,3-a]pyridyl, 1,2,4-tr|azolo[4,3-b]pyrldazmy(,

tedrhhfdtelahygro-4H-pyrealalsyd, 1-ijlguinelingy etc.). - e ydropyranyl,
above-mentioned "cycloalkyl", "cycloalkenyl”, "aryl" and "heterocyclic

mo groufll'in X2 meay havetbh samey sybstitpentzas thpse exeaplified suviid
respect to the optionally substituted hydrocarbyl group of R3 and further
(1may lraveuhedahetgrovpiasloptiogalysulsstitiited s2S hydrocarbyhgmpred
of R3 as their substituent. WO 2006/116412 PCT/US2006/015646 28 In
biguditibn, twosf the Subistiifshisof théedyrdie chigdrbearbyldipote (e.g.,
"optionally substituted cyclic hydrocarbyl" or "heterocyclic group" in the
be“@ﬁﬁh%ﬂ%}yéubstitl}téﬁ’]ﬁ%’fé?@%&é‘w&p" foP R2%ARY bRtdbined Bdef Y1/

. 5 other to form a fused ring with the cyclic hydrocarbyl or heterocyclic
1515 BRhmplbs SR IRARISE rinf TRAGHETEP BRam e AP Srreade 1r2-

be%ggyggﬁgggyfgiQDUpggﬁgg%gﬁg%olyl, benzopyranyl, 1,2-

benzoisothiazolyl, 1lH-benzotriazolyl, quinolyl, isoquinolyl,
cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,
naphthyridinyl, purinyl, pteridinyl, carbazolyl, o
carbolinyl, B-carbolinyl, y-carbolinyl, acridinyl,
phenoxazinyl, phenothiazinyl, phenazinyl, phenoxathinyl,
thianthrenyl, phenanthridinyl, phenanthrolinyl, indolizinyl,
pyrrolo[l,2-bljpyridazinyl, pyrazolo[l,5-alpyridyl,
imidazo[l,2-alpyridyl, dimidazo[l,5-alpyridyl, imidazoll,2-
blpyridazinyl, imidazo[l,2-alpyrimidinyl, 1,2,4-
triazolo[4,3~-a]pyridyl, 1,2,4-triazolo[4,3-blpyridazinyl,
1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ijlquinolinyl, etc.).
The above-mentioned  "cycloalkyl", "cycloalkenyl”,

"aryl" and "heterocyclic group" in R? may have the same
substituent as those exemplified with ©respect to the
optionally substituted hydrocarbyl group of R® and further
may have the same group as optionally substituted

hydrocarbyl group of R’ as their substituent.
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12-membered aromatic fused heterocyclic group (preferably, heterocyclic
group consisting of the above-mentioned 5- or 10 6-membered aromatic
Worgetietié heterocyclic group fused with a benzene ring or REBIGRPOEO15646
group consisting of the above-mentioned 5- or 6-membered aromatic
monocyclic heterocyclic group fused 2th the same or different above-
mentioned 5- or 6-membered aromatic monocyclic heterocyclic 15 group),
etc. (e.g. benzofuranyl, isobenzofuranyl, benzothienyl, indolyl, isoindolyl,
1H-indazolyl, benzindazolyl, benzoxazolyl, 1,2-benzoisooxazolyl,
benZdtridofA, HetizopyraryI Of 2-bRRzoisiRiaEENEATE bekzobeolyFyclic
h auinol l, isciqpinolyl, cinnolinyl, 20 quinazolini/l, quinoxalinyl, phthalazinyl, _
YHESAYRShY!, pdrihyl, ﬁﬁé‘ﬁdinyl,oc%%é’ﬂﬁﬁ -carBURIF(BHsGblinyfyclic

-carbolinyl, acridinyl,, phenoxazinyl, .phenothiazipyl,, phenaziny|, ,
hyéﬁgr?oax%b i?lyl, tﬁi]énthr%%%/ﬁrp%%ﬁgriﬁ(ﬁdir%ﬁo %enaﬁﬁ]roﬁlﬁﬁ ind’cﬁf&?ﬁ%ally

Lol -blpyridaz) 5. pyrazololl,5- riclyl, imidazo[1,2-alpyridyl,
oL B W ORI TS0 et Do Ay et each
otiaigazofl.2lpyridaginyl dmidazg[1,2-alpyrigudipyl. 1 5 ¢ hydrocarbyl or

1,2,4-triazolo[4,3-a]pyridyl, 1,2,4-triazolo[4,3-b]pyridazinyl, étc.); etc.

he EunBerparecthersibstitesnteb thes"welie shydresarbyl'ig the, ontigaally o -
substituted cyclic hydrocarbyl” or "heterocyclic group” in the "optionally
exsupstiyted heteroaycliccgroupe OriRZ: mayde-edmbigedup such as 8- to
12-membered aromatic fused heterocyclic group (preferably,
heterocyclic group consisting of the above-mentioned 5- or
6-membered aromafic monocyclic heterocyclic group fused
with a benzene ring or heterocyclic group consisting of the
above-mentioned 5- or 6-membered aromatic monocyclic

heterocyclic group fused with the same or different above-

mentioned 5- or 6-membered aromatic monocyclic heterocyclic

group) , etc. (e.qg. benzofuranyl, isobenzofuranyl,
benzothienvyl, indolyl, isoindolyl, 1H-indazolyl,
benzindazolyl, benzoxazolyl, 1,2-benzoisooxazolyl,

benzothiazolyl, benzopyranyl, 1,2-benzoisothiazolyl, 1H~-
benzotriazolyl, quinolyl, isoguinolyl, cinnolinyl,
quinazolinyl, gquinoxalinyl, phthalazinyl, naphthyridinyl,
purinyl, pteridinyl, carbazolyl, a-carbolinyl, B-carbolinyl
y-carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl,
phenazinyl, phenoxathinyl, thianthrenyl, phenanthridinyl,
phenanthrolinyl, indolizinyl, pyrrolo[l,2-blpyridazinyl,

pyrazolo[l,5-alpyridyl, imidazo[l,2-alpyridyl, imidazo[l,5-
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together with the substituent: R4 of -NR4-, -NR4-alk-, - CONR4- or
-NR4CO0- in Z of formula (I) or (I') to form a 10 nitrogen-containing fused
WoiR¢elifte4He cyclic hydrocarbyl or heterocyclic group of R2. BXAibiSRIY @ 15646
the fused ring include, for example, 8- to 12-membered bicyclic
heterocyclic group formed by a fusioreef a benzene ring with a saturated
monocyclic heterocyclic group containing 15 one nitrogen atom such as
1,2,3,4-tetrahydroquinolyl, 2,3,4,5-tetrahydro-IH-lI-benzazepinyl, and the
like. The above-mentioned "fused ring" and "nitrogen- containing fused
a] pingl thayrfurther i dmaad inree oB&tidemsSélected fromh@gp L1/ 2-
(e.g., acetyl, propionyl, 20 etc.), an amide &e.g. dimethyl,aminocarborr;}l{ll,8 4
vy

a ) pydthramiRoEarbonyl, ete3; 4n i a9 timethliaMmindY methyla
aminq, etc.), a halogen (e.g,, fluorine, chlorine, bromine, etc.), a |

tr Jaﬁ(f/?aé?ét.% h?’e?#ﬁ?%ﬂéﬁﬁﬁﬂ@dm&%f/lj fc.$&5d a Iovserea(l:kog/ ?e\z/\./g.r, 25
methoxy,.ethoxy, trifluo th hi "eveli
00 AT B HUS 20081 S0 HE e mdisahess HE L

hy%sﬁ%@é&fsw'an optionaliy, substitytad 66,19 aryl (Mase preferally  cyclic

enyl) or an optionally substituted 5- to 8-mémbered (more preferably 5

hyéfe@a@@fmbereekhet@{eﬁwlgcgrem<§m edrgferably pyidyl)."Bgds onally
more preferably phenyl which is 2,4-di substituted, 2,4,6-trisubstituted or
suBdbatrisubstituted athdwela:  group”™ for R? may be combined
together with the substituent: R* of -NR*-, -NR*-alk-, -
CONR*~ or -NR*CO- in Z of formula (I) or (I') to form a
nitrogen-containing fused ring with the cyclic hydrocarbyl
or heterocyclic group of RZ. Examples of the fused ring
include, for example, 8- to 12-membered bicyclic
heterocyclic group formed by a fusion of a benzene ring
with a saturated monocyclic heterocyclic group containing
one nitrogen atom such as 1,2,3,4-tetrahydroquinolyl,
2,3,4,5-tetrahydro-1H-1-benzazepinyl, and the like.

The above-mentioned "fused ring" and "nitrogen-
containing fused ring" may further have one to three
substituents selected from an acyl (e.g., acetyl, propionyl
etc.), an amide (e.g., dimethylaminocarbonyl,
methylaminocarbonyl, etc.), an amine (e.g., dimethylamino,
methylamino, amino, etc.), a halogen (e.g., fluorine,
chlorine, bromine, etc.), a lower alkyl (e.g., methyl,
ethyl, trifluoromethyl, etc.) and a lower alkoxy (e.g.,

methoxy, ethoxy, trifluoromethoxy, etc.), each of which may
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three substituents, or pyridyl which is disubstituted or trisubstituted with
two or three substituents. The 10 substituents for the phenyl and pyridyl
WO ¢ same or different and examples thereof include &AW G015646
acetyl, propionyl, etc.), an amide (e.g., dimethylaminocarbonyl,
methylaminocarbonyl, etc.), an aming {e.g., dimethylamino, methylamino,
amino, etc.), a halogen 15 (e.g., fluorine, chlorine, bromine, etc.), a lower
alkyl (e.g., methyl, ethyl, trifluoromethyl, etc.) and a lower alkoxy (e.g.,
methoxy, ethoxy, trifluoromethoxy, etc.), each of which may be
be ssbbtituiddi e the formula (1) and ('), Y' is CR3a or a nitrogen, 20 Y2 is
CR3b or a nitrogen, and Y3 js CR3, or a nitrogen_(wherein R3a R3b and
R3 ARoMdepel®@&ffra hylrogeri s haldere BaRty, a cfidho, ptionally
optionally substituted hydrocarbyl, an optionally substitute%
sulSHiddarsoxy: ak opfibially stlsitute® h§afotabyithic ARbhtibnalff 25 3"
substituted amjno_aqr,an acyl), provided that.one or less of WO _
P SHORLLBAL 3 P TASI00/015646 SITVE V2 Bhd P e AR Y
to6@ﬁ§g%§g?%&pg#@%gﬁ%éY%ﬂﬂg\/ gqgsg%%@gifgk%%%ggf§a§_ idyl) .
containing one or less nitrogen atom  such as benzene ring and pyridine

r? 1104. Sbxamples.ethalpgen ipelude flugpng.ghlgrinep blamingyindineuted,
and the like, preferably, chlorine and bromine.

2,4,6-trisubstituted or 2,4,5-trisubstituted with two or
three substituents, or pyridyl which i1s disubstituted or
trisubstituted with two or three substituents. The
substituents for the phenyl and pyridyl may be the same or
different and examples thereof include an acyl (e.g.,
acetyl, propionyl, etc.), an " amide (e.g.,
dimethylaminocarbonyl, methylaminocarbonyl, etc.), an amine
(e.g., dimethylamino, methylamino, amino, etc.), a halogen
(e.g., fluorine, chlorine, bromine, etc.), a lower alkyl
(e.g., methyl, ethyl, trifluoromethyl, etc.) and a lower
alkoxy (e.g., methoxy, ethoxy, trifluoromethoxy, etc.),
each of which may be substituted.

In the formula (I) and (I'), Y is CR* or a nitrogen,
¥2 is CR® or a nitrogen, and Y’ is CR*® or a nitrogen
(wherein R%*, R® and R*® are independently a hydrogen, a
halogen, a nitro, a cyano, an optionally substituted
hydrocarbyl, an optionally substituted hydrocarbyloxy, an

optionally substituted hydrocarbylthio, an optionally

substituted amino or an acyl), provided that one or less of
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Examples of the "optionally substituted hydrocarbyl" in R3a, R3b and R3c
include the same groups as those 10 exemplified with respect to the

W@ RN 13ubstituted hydrocarbyl of R3. Among them, an op®&Fal§2006/015646
substituted C1- 3 alkyl is preferred, and an unsubstituted C1-3 alkyl, C1_3
alkyl substituted with hydroxy and C13 8 alkyl substituted with an amine
(e.g., dimethylamino, methylamino, 15 pyrrolidine, etc.) are more
preferred. Examples of the hydrocarbyl for said "optionally substituted
hydrocarbyloxy" and "optionally substituted hydrocarbylthio” of R3a R3b

Y', a¥d Rawlinéfudstheisame ghoups as those exemplified with respect to
the optionally 20 substituted hydrocarbyl of R3. In partiqular, hydrocarbyl
havifitel foheaRsoreatomsng pietdtied AméngIRém Yan %ﬁtigrﬂﬁly formula
substituted' C1_3 alkoxy is preferred, and an substituted C1_3 alkoxgl anqC

(Thefenbled SUbsTutece1oSBIRbR) HE righe prbretfet afi i 25en = com

particular, methoxy, difluoromethoxy and triflugromethoxy WO
Su%o%ﬁﬁ%&ﬁ%Tﬁ%@&%Y gﬁna?e%%g’f%fred. Examples of the

"optionally substituted amino” for R3a, Ri and R3{nclyde amino greup. ,
an firﬁcl)nlﬁéofessubstﬁgted%é?nﬁﬁga?oup%ﬁ&%n N,N-dii-substitufed amino e

brSFQYR: Exanples.of saif sulstititerigmino graupsinglude S hiat havig  and
one or two substituents of an optionally substituted hydrocarbyl group
pré&dna C1_g alkyl group, a C3_7 cycloalkyl group, a C2_8 alkenyl group,

a C2_8 alkynyl
Examples of the "optionally substituted hydrocarbyl”
in R*, R¥® and R®* include the same groups as those
exemplified with respect to the optionally substituted
hydrocarbyl of R®. Among them, an optionally substituted Ci-

3 alkyl is preferred, and an unsubstituted Ci-s alkyl, Ci-3

alkyl substituted with hydroxy and Ci-3 alkyl substituted

with an amine (e.qg., dimethylamino, methylamino,
pyrrolidine, etc.) are more preferred. Examples of the
hydrocarbyl for said "optionally substituted
hydrocarbyloxy" and "optionally substituted

hydrocarbylthio” of R*, R® and R*® include the same groups
as those exemplified with respect to the optionally
substituted hydrocarbyl of R®. In particular, hydrocarbyl
having 1 to 4 carbon atoms is preferred.

Among them, an optionally substituted C;-3 alkoxy is
preferred, and an substituted C;-3 alkoxy and halogenated
substituted C;-3 alkoxy are more preferred, and 1in

particular, methoxy, difluoromethoxy and trifluoromethoxy
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group, a C3_7 cycloalkenyl group, a C6_10 aryl group that may have a

C1_4 alkyl group, etc.), an optionally substituted 10 heterocyclic group
WQayo/thetthme group as an optionally substituted heterocycREEBBPF015646

R2), or the formula: - COR3d (wherein R 3d represents hydrogen atom or

an optionally substituted hydrocarbyl gpoup or an optionally substituted

heterocyclic group. As for "the hydrocarbyl group” or 'the 15 heterocyclic

group" in "an optionally substituted hydrocarbyl group” or "an optionally

substituted heterocyclic group” of Rid may have the same substituent as
arehap e RRE FyBroda¥ByIRFeEp” gt FthetHtteroCRIE HPBEE"L 1h "afubstituted

optionally substituted hydrocarhyl" of R3 or "an 20 optionally substituted
ampBRrocyefic droup of R31prdteradhr a¥9L 18"y PyBtpYR g, &Y ~ono-

Ilkanoyl, benzoyl, nicotinoyl, etc.). Specific examp|es thereof, includ .
Sl A R s o P P e AL R
dibutylamino, diallylamipo, cyclohexylamino,.25 phenylaming .
o e S T AT Moo anciuae

£nE € IMY50006/015646 33 prapignylamine.henzoylamige, nicotingylaming, 1 1

and the like. "In addition, the two groups in said substituted amino™ groups

suhay e qumnbined (o forpg nitrogepreontaining Sytoc/-membered fingup,  a

(e.g., piperidino, piperazino, morpholino, 5 thiomorpholino, etc.).
cs Exampies of theiacyktaiR3 3aa Rib, apd-Raeinglude tamsame groupsaascynyl

those exemplified with respect to the acyl
group, a Ciz-7 cycloalkenyl group, a Cs10 aryl group that may
have a Ci-, alkyl group, etc.), an optionally substituted
heterocyclic group (e.g., the same group as an optionally
substituted heterocyclic group of R?), or the formula: -
COR%*® (wherein R*® represents hydrogen atom or an optionally
substituted hydrocarbyl group or an optionally substituted
heterocyclic group. As for “the hydrocarbyl group” or “the
heterocyclic group” in "an optionally substituted
hydrocarbyl group" or "an opticnally substituted
heterocyclic group" of R may have the same substituent as
that of “the hydrocarbyl group” or “the heterocyclic group”
in “an optionally substituted hydrocarbyl"™ of R® or "an
optionally substituted heterocyclic group” of R?),
preferably a Cj-j0 acyl group (e.g., a Cs-y alkanoyl, benzoyl,
nicotinoyl, etc.). Specific examples thereof include
methylamino, dimethylamino, ethylamino, diethylamino,
dipropylamino, dibutylamino, diallylamino, cyclohexylamino,

phenylamino, N-methyl-N-phenylamino, acetylamino,
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for R3. In particular, an acyl having 2 to 4 carbon atoms is preferred. 10
In the formula (1) and (I'), Y1, Y2 and Y3 are preferably CR3a, CR3b and
WEReYIsdpctively, or one of Y1, Y2 and Y3 is nitrogen. R3aPRTASaHIE/015646
Ric are preferably hydrogen, halogen, cyano, acyl, C1_4 alkyl optionally
substituted by hydroxy (for example, 3gethyl, ethyl, hydroxymethyl),
amino, 15 and C1_4 alkoxy (for example, methoxy, ethoxy) . As R3a
chlorine, bromine, methoxy and methyl are more preferred. In the formula
() and ('), Z is a bond, -CO-, an oxygen (-0-), a sulfur (-S-), -SO-, -502-,
profRanyNRA-alk-, CCORRAL BRIRRACHL COF SBRYARNS BR opfiBRalkhe 1ike.
substituted C1_4 alkylene such as methylene, ethylene, propylene, )
butyléhe2&id- e Tike 1 st Ry B GER San- Bptihafly Sitbstitdieted amino
hydrocarbyl or an acyl, The "optionally substituted 25 hydrocarbyl" an
I OARF 1’8?1&49ﬁcl&8@“¥rfen§éjmgar sWEﬁ@@E&é%f reiing %- o
PCT/US2006/015646 34 those exemplified with re - 10 the optionally.
BTG Myehhatty oun et Syl R e i g e iao,
th%%%‘&i%erg?tf%%h,er é/xg@.t e su_bstituent of t_he cyclic hydrocarbyl or _
eterocyclic group 5 in the optionally substituted hydrocarbyl or optionally

subsfitutedhhetergeyclie group.of R2Je fam a g, Gxamples ohsaiddag the
include the same rings as those
same groups as those exemplified with respect to the acyl
for R®. In particular, an acyl having 2 to 4 carbon atoms
is preferred.

In the formula (I) and (I'), Yl, Y?> and Y® are
preferably CR®, CR® and CR* respectively, or one of Y', Y
and Y® is nitrogen. rR%, R® and R3¢ are preferably hydrogen,
halogen, cyano, acyl, Ci-4 alkyl optionally substituted by
hydroxy (for example, methyl, ethyl, hydroxymethyl), amino,
and Ci-; alkoxy (for example, methoxy, ethoxy). As R,
chlorine, bromine, methoxy and methyl are more preferred.

In the formula (I) and (I'), Z is a bond, -CO-, an
oxygen (-0-), a sulfur (-S-), -S0-, -S0,-, -NR*-, -NR‘-alk-,
~CONR*~ or -NR‘CO-.

Said alk is an optionally substituted Ci;-4 alkylene
such as methylene, ethylene, propylene, butylene and the
like.

R* is a hydrogen, an optionally substituted
hydrocarbyl or an acyl. The T"optionally substituted

hydrocarbyl" and "acyl" for R? include the same groups as
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exemplified with respect to the rings formed by the two substituents of R2

mentioned above. 10 Provided that (i) the compound wherein X is -NH-,
WQRHWOoRY# An optionally substituted thiophene ring, (ii) the coRfpBUAP06/015646

wherein R1 is cyano, Ric is methyl substituted with three substituents,

one of which is acyl, and other two o8which may form a ring, 15 (iii) a)

6-amino-2-[(2,6-dichlorophenyl)amino]-I-methyl-IH-

benzimidazole-7-carbonitrile, b)

N-{7-cyano-2-[(2,6-dichlorophenyl)amino]-I- methyl IH- _
theppzimiggesne-jfacdamide te) respect the optionally

6-amino-2-[(2,6-dichlorophenyl)amino]-1- methg;l -IH20 _,
sulpgh3ind |@3?d6a°r66%§ﬁﬁ?deg HAgRy)and for R°.

6- {[ allylam b }-2-[(2,
dich &%Sﬁéﬁ#&%wﬂoﬁhﬁ%m enz%mfaazgle%- carp ce)Egnefde W(l vsh the
su%s(éz {@SCQOF%Eh%ﬁ@%%)_gﬂ& %glig:%@%'xj f5or hetergcycllc group

&nzimidazol- -yl}oxy)-N-methylpyridine-2-carboxamide, W

1n 20084116412, BCT{Y Zogéggé%%@téé(vhmfrocarbyl or optionally

N-[3,5-bis(trifluoromethyl)phenyl]-7-methyl-IH- benzimidazol-2-amine, (vi)
sutha-sempewnd whewip R isisubsiitdeg heleroayimethyl, R24s a ring.

4-piperidinyl bearing a substituent 5 at the 1- position, (vii)

Ex Snghlere-4-wiethyi-Napipericin-4-yld Hadoenzintidazels?reaminn@nd as  those
exemplified with respect to the rings formed by the two
substituents of R® mentioned above.

Provided that (i) the compound wherein X is =-NH-, and
R? is an optionally substituted thiophene ring,
(1i1) the compound wherein R! is cyano, R3* is methyl
substituted with three substituents, éne of which is acyl,
and other two of which may form a ring,
(i1i) a) 6-amino-2-[(2,6-dichlorophenyl)amino]-1-methyl-1H-
benzimidazole-7-carbonitrile,
b) N-{7-cyano-2-[(2,6-dichlorophenyl)amino]-1l-methyl-1H-
benzimidazol-6-yl}acetamide,
c) 6-amino-2-[ (2, 6-dichlorophenyl)amino] -1-methyl-1H-
benzimidazole-7-carboxamide, and
d) 6-{[ (allylamino) carbonothioyl]amino}-2-[ (2, 6-
dichlorophenyl)amino]-l-methyl-1H-benzimidazole-7-
carboxamide,
(iv) 4—({2—[(4—chlorophenyl)amino]—1,7—dimethyl—1ﬂ;

benzimidazol-5-yl}oxy)-N-methylpyridine-2-carboxamide,
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(viii) the compound wherein R2 is substituted 8-oxo-5-thia-
1-aza-bicyclo[4.2.0]oct-2-en-7-yl are excluded from the 10 compounds of
WRRSKIAedIZ (1). As a preferred compound of the formula (1) arRCRJ/S06/015646

compound wherein X is NR3 (wherein R3 is preferably methyl, ethyl,
hydroxyethyl, etc.); Y'is CR3a (wheBgin R3a is preferably H, Me, halogen
(eg. F, CI, Br), cyano, acyl, 15 alkoxy, etc.), Y2 is CR31' (wherein Rib is
preferably H, Me, halogen (eg. F, Cl, Br), etc.) or nitrogen and Y3 is CR3a
(wherein R3a is preferably H, Me, halogen (eg. F, Cl, Bri, etc.) or

(v) nitrogen: Z i&NR4 Brkérairtra i Britereh Ml CahengikyI dedhy 1 - 1H-
oxygen, Rl is an optionally substituted 20 acyclic branched C3_7

bengiartans (in FEMECRar, 2-propyl, 3-hexyl, 3-pentyl, 4-heptyl); and R2 is
an optionally substituted €6.20 réllr ir}LRartic ar, phenyl, more

(Vibreferm di- o frEStibtittited p‘ﬁé ylyor an op ionaIIyl substit%]fltlz'odS By}ril:ély%ed
in particular. idylmore 25 preferably di- ar tyi- itut iy i
et G A 26 L7 LE PO DT 15648 36 Amang. ™
em,-pargi eferred is the compound wherein R1 is 3-pentyl,
at g‘%h%x%/l ofg é((l?-) %%)'t{y%fl)'( is NR3, R3 is methyl, ethyl or hydroxyethyl, Y1 is
(vi ER3a. ¥R1is LR3I isGRF R ds-chlorp, Hromo; mathewyietimetiyl—2-

Rib is a hydrogen, Rao 5 is a hydrogen, R2 is phenyl which is
amid&,6-figubstituted, 2,4,5-trisubstituted or 2,4-disubstituted with

substituents or pyridyl which is trisubstituted or disubstituted with
(viii) the compound wherein R? is substituted 8-oxo-5-thia-
l-aza-bicyclo[4.2.0]oct-2-en-7-yl are excluded from the
compounds of the formula (I).

As a preferred compound of the formula (I) and (I'),

a compound wherein X is NR® (wherein R® is preferably
methyl, ethyl, hydroxyethyl, etc.); Y' is CR®™ (wherein R™
is preferably H, Me, halogen (eg. F, Cl, Br), cyano, acyl,
alkoxy, etc.), Y?is CR¥® (wherein R® is preferably H, Me,
halogen (eg. F, Cl, Br), etc.) or nitrogen and y? is CR®¢
(wherein R*® is preferably H, Me, halogen (eg. F, Cl, Br),
etc.) or nitrogen; Z is NR? (wherein R* is preferably H, Ci
alkyl, etc.) or oxygen; R' is an optionally substituted
acyclic branched Cz-7 hydrocarbyl (in particular, 2-propyl,
3-hexyl, 3-pentyl, 4-heptyl); and R?* is an optionally
substituted Ce¢-10 aryl (in particular, phenyl, more
preferably di- or tri-substituted phenyl) or an optionally

substituted pyridyl (in particular, pyridyl, more

preferably di- or tri-substituted pyridyl) is exemplified.
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substituents. Examples of the substituents for the phenyl and pyridyl

include an acyl such as acetyl and propionyl, 10 an amide such as
WQRsthigdRinocarbonyl and methylaminocarbonyl, an amine bR $2906/015646

dimethylamino, methylamino and amino, a halogen such as fluoro, chloro

and bromo, a lower alkyl such as me8wl, ethyl and trifluoromethyl and a

lower alkoxy such as methoxy, ethoxy 15 and trifluoromethoxy, each of

which may be substituted. Compound (1) or (I') may be in the form of a

A ha R N OGTRSRRREL) 6 (6 & FEBEHB Wi aReLn
R A T .
Gt TSI Tro SO (h on U By oy it - B
S S R e e e S S R
is oait%%w%%@,in Rydroxyhgraup in gemeaunds(l) ok (13 is agyatedy 1 ruted,

alkylated, phosphorylated, or converted into borate (e.g., a compound or
2, its salt whergip chydroxyl greup jmcernpauire (B e £q is cenvestaskinta Sent s

acetyloxy, palmitoyloxy, propanoyloxy, pivaloyloxy, succinyloxy,
orfumaryldxy, alanytdaxy,idimethydamimomeathyaarbenytixyuptet)i auted with

compound or its
substituents. Examples of the substituents for the phenyl
and pyridyl include an acyl such as acetyl and propionyl,
an amide such as dimethylaminocarbonyl and
methylaminocarbonyl, an amine such as dimethylamino,
methylamino and amino, a halogen such as fluoro, chloro and
bromo, a lower alkyl such as methyl, ethyl and

trifluoromethyl and a lower alkoxy such as methoxy, ethoxy

and trifluoromethoxy, each of which may be substituted.

Compound (I) or (I') may be in the form of a prodrug
thereof. The prodrug of compound (I} or (I') refers to a
compound that is converted into compound (I) or (I') by a

reaction with an enzyme, gastric acid, or the like under a
physiological condition in the living body, namely, (i) a
compound that i1s converted into compound (I) or (I') by an
enzymatic oxidation, reduction, hydrolysis, or the 1like,
and (ii) a compound that is converted into compound (I) or
(I') by hydrolysis with gastric acid or the like. Examples

of a prodrug of compound (I) or (I') to be used include a
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salt wherein carboxyl group in compound (l) or (I') is esterified or
amidated (e.g., a compound or its salt 10 wherein carboxyl group in
WeaMpdlitd2(1) or (1) is subjected to ethyl esterification, phenyPCT/US2006/015646
esterification, carboxyoxymethyl esterification, dimethylaminomethyl
esterification, pivaloyloxymethyl esterifiGation, ethoxycarbonyloxyethyl
esterification, phthalidyl 15 esterification,
(5-methyl-2-oxo-l,3-dioxolan-4-yl)methyl esterification, _
cyclohexyloxycarbonyl esterification, or conversion into the methyl amide,
Coé‘){e.‘?}l&fim%ﬁ ket STHERE ridiegs Fanbesionrite § 5ebE diry toaperssl (1)

Kk ,method or its modified method. 20 Further, a prodrug of
Orcgfnvé%ur??c? (1) 8r (I')ar%g?%geadtomﬁ&dﬁéfolBFﬁgsalt tﬂ%i%%‘ﬁi?é@té&ﬁﬂo or

. : iological diti d ibed i .
o e ot} DGR Volnd 7 Mol AT DRGGR: HiiskadiShalgazeLn

"Development of Drugs

. . /1115646 .
58 G e mehia Biaducian ol comound of RV o752

38 General syn ¢ method Production of a com a

ac 88it dhereof ofifhe presept invention igggggﬁaﬁéﬁw-tm@gg@%%oxy,

examples are given to illustrate the invention 5 and are no to be
suactusivedr@ny manner. Alternativghethods may be employed Qié’ﬁ?loxy,

skilled in the art.

dimethylaminomethylcarbonyloxy, etc.), a compound or its
salt wherein carboxyl group in compound (I) or (I') is
esterified or amidated (e.g., a compound or its salt
wherein carboxyl group in compound (I) or (I') is subjected
to ethyl esterification, phenyl esterification,
carboxyoxymethyl esterification, dimethylaminomethyl
esterification, pivaloyloxymethyl esterification,
ethoxycarbonyloxyethyl esterification, phthalidyl
esterification, (5-methyl-2-oxo-1, 3-dioxolan-4-yl)methyl
esterification, cyclohexyloxycarbonyl esterification, or
conversion dinto the methyl amide, etc.), or the like.
These prodrugs can be produced according to a per se known
method or its modified method.

Further, a prodrug of compound (I) or (I') may be a
compound or its salt that is converted into compound (I) or
(I') wunder physiological conditions as described in
“Development of Drugs”, Volume 7, Molecular Design,

Hirokawa Shoten, 1990; pages 163-198.
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A process for preparing compound () or a salt thereof of the present

invention is shown in the following methods. 10 (Scheme 1) Rla R3 Rla
WERDRIBIRIB23 Y3 ArZH Y3 Y N~Q -~ Y YIMN~L1 -~ Y yi NrZ4PA/IS9 @) 15646

(step b) (1) (111 (la) wherein Rla is an optionally substituted hydrocarbyl,

an optionally substituted C-linked het&ocyclic, an optionally 15

substituted N-linked heteroaryl and amyl, Ar is an optionally substituted

aryl, L' is a leaving group (for example, halogen atom such as chlorine,

bromine and iodine, etc, sulfonyloxy group such as p-toluenesulfonyloxy

Geprditl mBataRistifoMAcRPEroup and trifluoromethanesulfonyloxy 20

group, etc., and acyloxy group such as acetylo roup and. benzoyloxy
grodi U5 Ehaeadhtof Bth oWd@hé’s%a ﬁ%rg?wli#ggde inéd above.  S>tt

WO 2006/116412 PCT/US2006/015646_39.Co g;mg @pras3 Th
thﬁwre?gg‘ c(?afélL b%hgreggr%%eb%/% hé%‘égﬁ%tjl’gr% sﬁﬁony ation or acgygﬁon of ©

f OE%W:?Had d a %ﬁgglt @féeotg\ﬁ/_@gﬁ halpgenation-agent, stifenylatiotn i on

agent or-acylation agent, respectively. 5 Examples of a halogenation
anf@gentioclygephosphorpiss oxyehloride, phesphwrous oxybrogtde, manner.
phosphorous
Alternative methods may be employed by one skilled in the
art.

A process for preparing compound (I) or a salt thereof

of the present invention is shown in the following methods.

(Scheme 1)
Rla R3 R1a R3 R1a R3
3 N 3R N ArZH Y3\ N
$‘2\‘ =0 —> $'2 Lot /> I\?—ZA
v /1 . r
Y H (step a) YN (step b) Y

) () (la)

wherein R is an optionally substituted hydfocarbyl, an
optionally substituted C-linked heterocyclic, an optionally
substituted N-linked heterocaryl and acyl, Ar 1s an
optionally substituted aryl, ' is a leaving group (for
example, halogen atom such as chlorine, bromine and iodine,
etc, sulfonyloxy group such as p-toluenesulfonyloxy group,
methanesulfonyloxy group and trifluoromethanesulfonyloxy
group, etc., and acyloxy group such as acetyloxy group and
benzoyloxy group, etc.) and each of other symbols has a

meaning defined above.
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trichloride, phosphorous tribromide, phosphorous pentachloride, chlorine,
bromine and thionyl chloride. The halogenation agent is employed in an
WQ296e/htd12 moles to 10 excess per 1 mole of compound (I1)P§TAES2006/015646
solvent. Examples of solvent having no adverse effect on the reaction
include aromatic hydrocarbons such agsd¥enzene, toluene and xylene,
ethers such as diethyl ether, dioxane and tetrahydrofuran, esters such as
ethyl acetate, nitriles 15 such as acetonitrile, halogenated hydrocarbon
such as chloroform and dichloromethane, amides such as N,N-
dimethifd it del N AL didBthglagethimide it o-etayl-2bpirmligiponed by
etones such as acetone and 2-butanone and_sulfoxides such as
haﬁi?r%?ﬁﬁgﬁ?&fde?‘#ﬁé&&%%ﬁf%l}ne@rbea%%%Ea%y rﬁi&in@%ﬁ@?und (I1)
apprepriate ratio, While the reaction.temperature may vary depending on
Orcg%[%c%uir?%j (fl or & %%It‘fdﬁe%éofa er%wlﬁl%?/gé)%g?@é?%sa&ﬁ’é?; rcoRbtibARYt R Ton
2 f 2 0 C. The reactian time is 10 minutes to 24
ag%éﬁrs?grg‘%ﬁ%%ﬁ%%59%.%%5%1??%85%5‘.’ & 21)1)6/116412
PCTELERPALIS L5616, 40 e by Abtaled ompaUngII) G018, o o1

o
isolated and purified by the known isolating and purifying met

oxgxample; gencentratispgupies reduced pressyrs, gxdragtion witlsolvant, ..
crystallization, recrystallization, transfer 5 dissolution and _

t réhriomatdgraphy. Wietbls'ds arsiilfonyloxytor ash-@eWexy groupifbsphorous

pentachloride, chlorine, bromine and thionyl chloride. The

halogenation agent is employed in an amount of 1 moles to

excess per 1 mole of compound (II) or as a solvent.

Examples of solvent having no adverse effect on the
reaction include aromatic hydrocarbons such as benzene,
toluene and xylene, ethers such as diethyl ether, dioxane
and tetrahydrofuran, esters such as ethyl acetate, nitriles
such as acetonitrile, halogenated hydrocarbon such as
chloroform and dichloromethane, amides such as N,N-
dimethlformamide, N,N-dimethylacetamide and l-methyl-2-
pirrolidinone, ketones such as acetone and 2-butanone and
sulfoxides such as dimethylsulfoxide. These solvents may be
used by mixing at an appropriate ratio.

While the reaction temperature may vary depending on
compound (II) or a salt thereof employed as well as other
conditions, it is 0 to 200 °C, preferably 20 to 150 °C. The
reaction time is 10 minutes to 24 hours, preferably 30

minutes to 12 hours.
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compound (IIl) or a salt thereof, compound (lll) or a salt thereof can be
prepared by reacting compound (II) with a sulfonylation agent or an
WQ2Watldedyent after base 10 treatment of compound (11). A BAIEUPRYPEGLS646
example be an alkaline metal hydroxide such as sodium hydroxide and
potassium hydroxide, etc., an alkaling pnetal hydrogen carbonate such as
sodium hydrogen carbonate and potassium hydrogen carbonate, etc., an
15 alkaline metal carbonate such as sodium carbonate and potassium
carbonate, etc., a cesium salt such as cesium carbonate, etc., an alkaline
metdfydtidie SucPas segidmchyiedudand patassigarhydfide,sed.ated and
sodium amide, an alkoxide such as sodium methoxide and sodium

PUghbXRI, Bit. DtParkafiife dRhasiisetAPRNNE Hdthyanise aads, for

dus?ﬁropylethylamlne etc., a cyclic amine such as pyridine, etc.

XBURHBles DY A EHohFiatiGh aé’é"rﬂ‘?ﬁclulﬁ%%Ct%i%leﬁ’gsqﬁi%ﬁﬁlechlo‘?ﬁa?aCtlon
ethan sulf yIchIorl e trlfluoromethanesulf hloride, etc.
ook WO DG Io B STUVE L Tobb A1 0 i enster

dlg@{; Qolpl y %%Qo%[a]t'ég’ 1 Ies preferably 1 to 5 moles per 1

compoun Examples gn acylation agent include

acetyichloride, benzqyl gmm%ﬁsxyﬂe&pyl%on@g%@ﬁnggp'og%@dga in

5 an amount of 1 to 10 moles, preferably 1 to 5 moles per1 mole of
coﬁ@BQQQnQﬁbI or a salt thereof, compound (III) or a salt
thereof can be prepéred by reacting compound (II) with a
sulfonylation agent or an acylation agent after base
treatment of compound (II).

A base may for example be an alkaline metal hydroxide
such as sodium hydroxide and potassium hydroxide, etc., an
alkaline metal hydrogen carbonate such as sodium hydrogen
carbonate and potassium hydrogen carbonate, etc., an
alkaline metal carbonate such as sodium carbonate and
potassium carbonate, etc., a cesium salt such as cesium
carbonate, etc., an alkaline metal hydride such as sodium
hydride and potassium hydride, etc., sodium amide, an
alkoxide such as sodium methoxide and sodium ethoxide, etc.,
an amine such as trimethylamine, triethylamine and
diisopropylethylamine, etc., a <c¢yclic amine such as
pyridine, etc.

Examples of a sulfonylation agent include p-

toluenesulfonyl chloride, methanesulfonylchloride,

trifluoromethanesulfonylchloride, etc. The sulfonylatioh
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Examples of the solvent having no adverse effect on the reaction include
water, alcohols such as methanol and ethanol, ethers such as diethyl
WeHee/1dfdkane and 10 tetrahydrofuran, aromatic hydrocarbonB(sU{ER2886/015646
benzene, toluene and xylene, esters such as ethyl acetate, halogenated
hydrocarbons such as chloroform and; gdichloromethane, nitriles such as
acetonitrile, amides such as N,N-dimethylformamide and
N,N-dimethylacetamide, and 15 sulfoxides such as dimethylsulfoxide.

These solvents may be used by mixing at an appropriate ratio. While the
agpsHctioh téMPeRIGR ayaAarprepatdied oh EompBure iPsor dsaiferably
thereof employed as well as other conditions, it is 0 to 200 C, preferably O

1 19150 ®OFRE RfrfeattiBRtimeS HPMRRIES 0324 hours, preferably 30
minutes to %2 hours. The thus obtained compound (III% can be isolated
and “FtHRUT (e Ko gomRtnGanddsuttying HatHEdE F6F Ehahiga tde -
cone ntratiﬁn gggef redgged Qﬁssure xtraction 25 with solvent

[

erérzy%%/alizg A ?an%e¥ lfﬁl)%?lefhtﬂis employed in

on, recr)/sta(ﬁlzation,

anPSlfMdRe1 1A 641115646 %Q'éé‘?'“g%%%‘}gﬂg‘?ﬁg‘afo%@pgy- %ﬂ'g%fe'f:”edr 1
(la) or a salt thereof, which iIs encompassed within compound (1) of t

mo iNYeptoR, GaRE,Rrepeared by reacting compound (Il) with ArZH. 5 In this
step, 1 to 20 moles, preferably 1 to 10 moles of a compound represented

by ArZHngs Besaltdereatareolvent having no adverse effect on

b

the reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide and N,N-dimethylacetamide, and
sulfoxides such as dimethylsulfoxide. These solvents may be
used by mixing at an appropriate ratio.

While the reaction temperature may vary depending on
compound (II) or a salt thereof employed as well as other
conditions, it is 0 to 200 °C, preferably 0 to 150 °C. The
reaction time is 10 minutes to 24 hours, preferably 30
minutes to 12 hours.

The thus obtained compound (III) can be isoclated and
purified by the known isolating and purifying methods, for
example, concentration under reduced pressure, extraction

with solvent, crystallization, recrystallization, transfer
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employed per 1 mole of compound (lll) or a salt thereof. This reaction may

be performed under basic conditions. A base may for example be an
WQRMRAdoIdtal hydroxide such 10 as sodium hydroxide and pRftd£Ef2Aq6/015646

hydroxide, etc., an alkaline metal hydrogen carbonate such as sodium

hydrogen carbonate and potassium H&irogen carbonate, etc., an alkaline

metal carbonate such as sodium carbonate and potassium carbonate,

etc., a cesium salt such as cesium 15 carbonate, etc., an alkaline metal
%%ride such as sodium hydride and potassium hydride, etc., sodium

. h
A1 SHA4E P h R e FRERIP K %TRRMER as sodium methoxide, sodium

ethoxide, sodium tert-butoxide ang ofassium tert-butoxide, etc., an
S TRENAE Bty e iy BATRE aha gL Ch Ts- encompassed

wiiglj‘!_SL%Dr tg% gﬂin )et.CO’ta %}ﬁ:lic aminee %U‘Ch as gggdil%% e%)ﬁ:‘(ﬁ@élered by

inv on
Examples of solvent having no adverse effect on'the reaction

redvater, alcohgls such as mefhanol and . ethanol, ethers such as diethy!

ether, dioxane and 25 tetrahydrofuran, aromatic hydrocarbons such as

benzenes WO 21)d)6/136412 BGTHALS2006/1115646-43 Jolyeng,afd moles

xylene, esters such as ethyl acetate, halogenated hydrocarbons such as
of chioretafipoand dicbioremethanse, nitriles:such as acetenitrite, BRUARS F are

such as N,N-dimethylformamide, N,N-dimethylacetamide and 1 5
empiethye? -pyrrolidinoie, keforesnpucimas 4ddidne anda2-duitananeard £ .
sulfoxides such as dimethylsulfoxide. These
This reaction may be performed under basic conditions.
A base may for example be an alkaline metal hydroxide such
as sodium hydroxide and potassium hydroxide, etc., an
alkaline metal hydrogen carbonate such as sodium hydrogen
carbonate and‘ potassium hydrogen carbonate, etc., an
alkaline metal carbonate such as sodium carbonate and
potassium carbonate, etc., a cesium salt such as cesium
carbonate, etc., an alkaline metal hydride such as sodium
hydride and potassium hydride, etc., sodium amide, an
alkaline metal alkoxide such as sodium methoxide, sodium
ethoxide, sodium tert-butoxide and potassium tert-butoxide,
etc., an amine such as trimethylamine, triethylamine and
diisopropylethylamine, etc., a «cyclic amine such as
pyridine, etc.
Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and

ethanol, ethers such as diethyl ether, dioxane and

tetrahydrofuran, aromatic hydrocarbons such as benzene,
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20

solvents may be used by mixing at an appropriate ratio, or may not be
used. While the reaction temperature may vary depending on 10
WQamMpdLd2(11l) or a salt thereof employed as well as other reBEilidp2006/015646
conditions, itis 0 to 200 C, preferably 20 to 150 C, or the reaction may be
heated by microwave irradiation. Thegmeaction time is 5 minutes to 48
hours, preferably 5 minutes to 24 hours. 15 The thus obtained compound
(Ia) can be isolated and purified by the known isolating and purifying
methods, for example, concentration, concentration under reduced
toprsssere, ertlactis Withesolveit epystallizition, rexvystailiiZayion, tRestate,
dissolution and chromatography. 20 (Scheme 2) CO2R5 C02R5 R6
ha FMRPRERT H RYREMGPRIR3 YIUGIR3 4P Y3 NRI§BFRIR. ysand
N Y~ NH YY~ NBC R7TMgL3 Y7Yi NBC Y?Y~ NBC lgC(E,}'Lelp C) Ha iteg d)

AP BPRIRPIa) (o]t WOrED) 17671 868 T2™ e, amidbs such
assuct&’ ﬁéé%ﬁ%ﬁ%&ﬁd” hereip Fz{\?—é%r@?édcr 72 aé‘g%ﬂ‘io tionally, -, _

sfi and R5 may be combined each other to form
e 00 SN Bl SR PO SR 2-
butanone and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio, or
may not be used.

While the reaction temperature may vary depending on
compound (III) or a salt thereof employed as well as other
reaction conditions, it 1is 0 to 200 °C, preferably 20 to
150 °C, or the reaction may Dbe heated by microwave
irradiation. The reaction time is 5 minutes to 48 hours,
preferably 5 minutes to 24 hours.

The thus obtained compound (Ia) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced

pressure, extraction with solvent, crystallization,

recrystallization, transfer dissolution and chromatography.

(Scheme 2)
OH
CO,R5 CO,R® RE_[LR7 RE R’
\ R®  RomgL2 R? R?
Y3\ N~R3 ___>Y.3\ N):O DR - Y3\ NFO—-> Y3\ NFO
G Y2, i R'Mgl® Y2 ¢ Y2
Y' NH, N Yy N N

(step c) H (step d) H (step e) H
(V) (lia) (tb) (i)
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5 iodine and each of other symbols has a meaning defined above.

Compound (lla) or a salt thereof can be prepared by treatment of
WQampdldd2(1\V) with |,I'-carbonyl diimidazole, phosgene, triphBeiara0ediofso46

haloformate such as ethyl 10 chloroformate, phenyl haloformate such as

phenyl chloroformate or urea, etc. Cotapound (IV) or a salt thereof is

mainly commercially available or can be prepared from the nitro

derivatives corresponded to compound (IV). In this step, 1 to 5 moles,

preferably jto3 moles of 15 an agent for cyclization or a salt thereof are
whegpldyedber 15noRYSHEdFFOUNBTR) G sAPThEPEGLEXampleRsfiituted

solvent having ng adverse, effect on the reaction include water, alcohols

hYSFaras Mctharol &t ethamitYether SO A HiefiRfT R PRioxde dod™ 2

. 20 tetrahydrofuran, aromatic hydrocarbons such, as penzene,. toluen d .
SH R Sl S LR D bbbt

an%hl(ﬁ@;osé%’eﬁﬂgaqgﬁlﬁ Omg%%gse ! %ﬁé P SQ%“ axAcstonilrile, ANides e ang

suc methylformamide, imethylacetamide and 1 25

1 o@eLhyl-Zpyrralidinone, kelgpgs suchas,aqetong.and 2 WQ 200601 164712 n oy
PCT/US2006/015646 45 butanone and sulfoxides such as

apdinethylsulfoxide. These solvents may be used by mixing at an
appropriate ratio, or may not be used. While the reaction temperature
mayo@mpeependingan or a salt thereof can be prepared by

treatment of compound (IV) with 1,1’-carbonyl diimidazole,
phosgene, triphosgene, alkyl haloformate such as ethyl
chloroformate, phenyl haloformate such as phenyl
chloroformate or urea, etc. Compound (IV) or a salt thereof
is mainly commercially available or can be prepared from
the nitro derivatives corresponded to compound (IV).

-In this step, 1 to 5 moles, preferably 1 to 3 moles of
an agent for cyclization or a salt thereof are employed per
1 mole of compound (IV) or a salt thereof.

Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-

methyl-2-pyrrolidinone, ketones such as acetone and 2-
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5 compound (IV) or a salt thereof employed as well as other reaction

conditions, itis 0 to 150 C, preferably 20 to 100 C. The reaction time is 5
WOAMe@to4d248 hours, preferably 5 minutes to 24 hours. The tRGI/GB4MedH 5646

compound (Ila) can be isolated and 140 purified by the known isolating

and purifying methods, for example, cc?ncentration, concentration under

reduced pressure, extraction with solvent, crystallization,

recrystallization, transfer dissolution and chromatography. Compound (lIb)

butbasal thereof san be:prepared Byl SL&ngrd acton of eapPUNd Thege
(Ila) or a salt thereof with R6MgL2 and R7MgL3. When R6 is equal to R7

solnvearapound, (I, ReMyloy may:beysedindhis ster-d¥bea RS isolo, or
equal to R7 in compound (lIb), the Grinard reactions may be performed
ma gteputiséby BEMgLZ and R7MgL3 in this step. 20 In this step, 1 to 20
moles, preferably 1 to 10 moles of a compound represented by R6MgLZ
and RyMgL 3tdrea saie dlivdienf drergrepleyed pemb moieasfcodymenditg) on
or a salt thereof. Examples of solvent having no adverse effect on the 25
CoFRLRf inclide etheps stkhtastdiathgiodthemeioxdnd and WLl as other
2006/116412 PCT/US2006/015646 46 tetrahydrofuran, aromatic
reRGHrbRRrbeAB SUER A3henténel ollerdecant>y letto, habgéramdly 20 to
ydrocarbons such as_chloroform and dichloromethane, ketones such as

h
108 cetdite ahle2-HiftaeBnd stlféxides sueh 48 diHetfyisiifoxidé. These s,

preferably 5 minutes to 24 hours.

The thus obtained compound (IIa) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced
pressure, extraction with solvent, crystallization,
recrystallization, transfer dissolution and chromatography.

Compound (IIb) or a salt thereof can be prepared by
Grinard reaction of compound (IIa) or a salt thereof with
R°MgL® and R'MgL®. When R® is equal to R’ in compound (IIb),
R®MgL? may be used in this step. When R® is not equal to R’
in compound (IIb), the Grinard reactions may be performed
stepwise by R®°MgL? and R’MgL® in this step.

In this step, 1 to 20 moles, preferably 1 to 10 moles
of a compound represented by R°MgL? and R'MgL® or a salt
thereof are employed per 1 mole of compound (IIa) or a salt
thereof.

Examples of solvent having no adverse effect on the

reaction include ethers such as diethyl ether, dioxane and
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5 solvents may be used by mixing at an appropriate ratio, or may not be
used. While the reaction temperature may vary depending on compound
WQIp8Y@H&a4dalt thereof employed as well as other reaction conB&iBHS290{015646
-20 to 150 C, preferably 0 to 10 100 C. The reaction time is 5 minutes to
24 hours, preferably 5 minutes to 12 hours. The thus obtained compound
(Ilb) can be isolated and purified by the known isolating and purifying
methods, for example, concentration, concentration under reduced 15
pressure, extraction , with solvent cr%stalliza i0

, n, recrystallizati
tetgahsidr@isediation a?f&oé‘FﬁBh%togj‘r% A found’ ﬁﬁ:%?olrzazsg)a%%%%eeo S

can be prepared by dehydration of compound (lIb) or reof wi
tolusgeandie oléf el%?hena]&ea u%%ﬁ%@gfngappﬁgé%tga%%ﬁggucin%iv gg;e?l?as

ch1¥ C&%%I%tic h}/l%ro ¢ Qﬁ&i%n 'o'?h%?ﬁigr{g?y @@W@@@k@r&@oéﬂlﬁ%ﬂ%ﬁ@dand
S Thyd d sy

r . . 7
uch as rochioric aci uric acid, nitric acid and thionyl chloride,

2*b%tﬁar?ggé’maq{gin@m%&%@c@é%h as foimie acish acetieacie. These
triffluoroacetic acid and methanesulfonic 25 acid, etc. as well as a Lewis

5013 WO 2006511 6P E T/ 48200640 156 46n 4 & ppdebydratien stepid, or
mole to excess of an acid is employed per 1 mole of compound (lib) or a
maysq{tc;{ae@@f V&, acid may be employed as a solvent. Examples of
solvent having no adverse effect on the

While the reaction temperature may vary depending on
compound (IIa) or a salt thereof employed as well as other
reaction conditions, it is =20 to 150 °C, preferably 0 to
100 °C. The reaction time is 5 minutes to 24 hours,
preferably 5 minutes to 12 hours.

The thus obtained compound (IIb) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced
pressure, extraction with solvent, crystallization,
recrystallization, transfer dissolution and chromatography.

Compound (IIc) or a salt thereof can be prepared by
dehydration of compound (IIb) or a salt thereof with an
acid, and the olefine is then reduced by an appropriate
reducing agent or catalytic hydrogenation.

An acid may for example be an inorganic acid such as
hydrochloric acid, sulfuric acid, nitric acid and thionyl
chloride, etc., and an ordinary organic acid such as formic

acid, acetic acid, trifluoroacetic acid and methanesulfonic

acid, etc. as well as a Lewis acid.
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5 reaction include water, alcohols such as methanol and ethanol, ethers
such as diethyl ether, dioxane and tetrahydrofuran, aromatic
WegetieltHrbdns such as benzene, toluene and xylene, esters SUHESWHY15646
acetate, halogenated hydrocarbons such as chloroform and 10
dichloromethane, nitriles such as acétonitrile, amides such as
N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such as acetone and 2- butanone and
sulixidgg sy as dipetbyiayfods, Jigse solugnisspaybe Ugedha i
mixing at an appropriate ratio, or 15 may not be used. While the reaction

emp%@ygaaﬁg%nﬁwﬂﬁqﬁd%Ee@%ﬁ%QBngNW@@HFj@@)Qréé@gt@ﬁ@QEOf or

employed as well as other reaction conditions, it is 0 to 200 C, preferably

an 221 1RAC pEhergariordimasissd puinuiesta 48 hours, 20 preferably 5
minutes to 24 hours. The thus obtained olefine can be isolated and
purifieshnpy ¢he khbwadselating anrd-purfying methadss for exampte, on  the
concentration, concentration under reduced pressure, extraction with

reasdivent, ctystallizddionyesoeystallizationo25 trassfsr dissolutisrthadol  and
chromatography. WO 2006/116412 PCT/US2006/015646 48 In reduction

ethstop,la redetingtgensisPrefetably Soaitny borohydsde, littkpxane and
borohydride, sodium cyanoborohydride and sodium

tetmabetdxpdoreRydridé CeBtitc h)adEeRatbIP ARy 58 periofRedIRRFES

step.
toluege and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and

dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such as acetone and 2-
butanone and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio, or
may not be used.

While the reaction temperature may vary depending on
compound (IIb) or a salt thereof employed as well as other
reaction conditions, it is 0 to 200 °C, preferably 20 to
150 °C. The reaction time is 5 minutes to 48 hours,

preferably 5 minutes to 24 hours.

The thus obtained olefine can be isolated and purified
by the known isolating and purifying methods, for example,
concentration, concentration under reduced pressure,
extraction with solvent, crystallization, recrystallization,

transfer dissolution and chromatography.
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5 Examples of a catalyst include a palladium catalyst such as palladium
black, palladium oxide, palladium barium sulfate, palladium on carbon,
W amdilewlRydroxide, a platinum catalyst such as platinum bIBER/giadiwfHdo46
oxide and platinum on carbon, or nickel catalyst such as reduced 10
nickel, oxidized nickel, and Raney nickel. In this step, 1 to 20 moles,
preferably | to 10 moles of a reducing agent are employed per 1 mole of
the olefine or a salt thereof. Examples of solvent having no adverse effect
on the 15 reaction include water, alcohols such as methanol and ethanol,
etheks suehcarcditalyl effe@Pdioxaneras tefrahydidfltan, Afomatigferably
hydrocarbons such as benzene, toluene and xylene, esters such as ethyl
sogesfite, hRREeRYERIRRIrocarbdAs Bl Fas chidPaTh o sodium

dichloromethane, nitriles such as aceéonitrile, argides such a

cywﬂgﬁﬁ%mgmide,%ﬁ-dim&ﬁ at&tamide 5ﬁai?toxy%or°hydride .
Calr:'1

thyl-2-pyrrolidinone, ketones such as acetone and 2- butano d
sﬁ%&_&%&é:s s% %%%ﬁr%%%%/%rﬁlfo@(ﬁé._%eesg S0 y%l%e%aylb%e uggéa%y step-
Exmnl%lﬁg 21 8 ARl é%“%él\é@gegh%gqq%'aﬂdﬁmes%gﬁs@waw as

depen ing on WO 2006/116412 PCT/US20H06/1115646 49 the olefine
pa?i agallthereot employedas wall 3 fker praction condiignsdhissdiTate,

150 C, preferably 0 to 100 C. The reaction time is 5 minutes to 48 hours,
pabieferally SJninutesiecd,houss.l1adium hydroxide, a platinum
catalyst such as platinum Dblack, platinum oxide and
platinum on carbon, or nickel catalyst such as reduced
nickel, oxidized nickel, and Raney nickel.

In this step, 1 to 20 moles, preferably 1 to 10 moles
of a reducing agent are employed per 1 mole of the olefine
or a salt thereof.

Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N}N;dime£hylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such as acetone and 2-
butanone and sulfoxides such as dimethylsulfoxide. These

solvents may be used by mixing at an appropriate ratio.

While the reaction temperature may vary depending on
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5 The thus obtained compound (lic) can be isolated and purified by the
known isolating and purifying methods, for example, concentration,
WQaMeeratlon under reduced pressure, extraction with solveRGCT/US2006/015646

crystallization, recrystallization, transfer dissolution and chromatography.
10 (Scheme 3) OH C02R5 R3 R6Mgk2 R6 R7 R3 R6 R7 R3 3~ y3y3~
"TZ.RTML320>_Z.z">-Zyyl N Ar (stepflyy~N Ar (stepg) y Y~ N Ar
(Ib) (Ic) (Id) wherein each symbol has a meaning defined above.
Preparation of compound (Ic) or a salt thereof, which 15 is encompassed

thith eoiipouRd (I)aofﬁ?elﬁ'lvé’rﬁ%ﬁ?ﬂémem%’ﬁﬁd @ of alshit Brer&dther
can be carried out similar to preparation of compound (Ilb) in Scheme 2.
reprddH RGP BResHBBENd (i) dsa Lait thekalr, which4s ERtahbYsedo 100
o~ Within compound (I) of the invention, from 20 compqund (Ic) or a sal
C therBf d%ﬁgﬁé?fcaﬁie%ﬁ? sijn"ﬁlag tg‘b?él&aeratéﬁ otagon%lﬁéﬁ#d' Ry Fn%erably
5 ggg%@gg.é/goz%oql%ﬁ%@.lz PCT/US2006/015646 50 (Scheme 4)
02R5 R6
The thus obtained compound (IIc) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced

pressure, extraction with solvent, crystallization,

recrystallization, transfer dissolution and chromatography.

(Scheme 3)
OH

CO,R® RE LR’ R8__R’

R3 R8MgL2 R® R®
CUNS N ———- Y3 NG N —— Y3 A N
$'2 J_2—Z  R'MgL3 v Az ve J 2z
“v1™N ‘YT'™N Ar ‘“YI"™N Ar

(step f) (step 9)

(Ib) (Ic) (1d)

wherein each symbol has a meaning defined above.

Preparation of compound (Ic) or a salt thereof, which
is encompassed within compound (I) of the invention, from
compound (Ib) or a salt thereof can be carried out similar
to preparation of compound (IIb) in Scheme 2.

Preparation of compound (Id) or a salt thereof, which
is encompassed within compound (I) of the invention, from
compound (Ic) or a salt thereof can be carried out similar

to preparation of compound (IIc) in Scheme 2.



R3 R6MgL2 R3 yY3NY3NOO y1N(steph)yYtN (lla) (lid) wherein
each symbol has a meaning defined above. Preparation of compound (Iid)
WQRrWERIb#h2reof from 5 compound (ll1a) or a salt thereof can BEBAREHOEAIF646
similar to preparation of compound (IIb) in Scheme 2. (Scheme 5)
COZR5 R6 O 3 R3 R6MgL2 R y3 NP1~ ys'~' Yy~ N~Z.4r (step i) Yy~
NrZAr (Ib) (le) 10 wherein each symbol has a meaning defined above.
Preparation of compound (le) or a salt thereof, which is encompassed
(Sc\p{ietrr}lin cp pound (1) of the invention, from compound (Ib) or a salt thereof
can be carried out similar to preparation of compound (llb) in Scheme 2.
C l@cheme 6) RB Het. NH2 R3 L4 R3 RIbB( or N Rio R3 Ysys N ~O Rs

. R ,
$3232 Y~Y~ HBO (step j) IN Yy N¥(ssafk) J5{ H
Yoga2 NG gLI%J) y N(ork)gdviH Q

Y3\ N — Y3\ N
ve_Jd O ve_ L =0
\4 ﬁ (step h) Y! H

(Ha) (lid)
wherein each symbol has a meaning defined above.
Preparation of compound (IId) or a salt thereof from
5 compound (IIa) or a salt thereof can be carried out similar

to preparation of compound (IIb) in Scheme 2.

(Scheme 5)
CO,R3 R6_O
R® ROMg.2 R®

VIR N — V3R N
v J oz . ve L 2z

“VIN Ar (step i) YI"ON O Ar

(Ib) (le)

10 wherein each symbol has a meaning defined above.

Preparation of compound (Ie) or a salt thereof, which
is encompassed within compound (I) of the invention, from
compound (Ib) or a salt thereof can be carried out similar
to preparation of compound (IIb) in Scheme 2.

15

(Scheme 6)

R Het. ‘e
3 R1°B or R R3
AN YIRS YIX
% | =0 ————— 5, ] =0 > ), ] =0
YN _ Y2, N Y21

H (step )) H (step k)
V) %)

NH2 R3
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(V) NO (lle) WO 2006/116412 PCT/US2006/015646 51 wherein Rib is an
optionally substituted hydrocarbyl and an optionally substituted C-linked
W eeeddgelx, R1a is an optionally substituted hydrocarbyl, arPEFtioy4fg/015646

substituted C-linked heterocyclic and an optionally 5 substituted N-linked
heteroaryl, Re and R9 are independéstly hydrogen, optionally substituted
hydrocarbyl, hydroxy and optionally substituted alkoxy and may be
combined each Het. other to form a ring, H is a heteroaryl, L4 is a
halogen ,gtom such as chlorine, bromine and iodine,each of other., 10

whe gt K had & ridariRg deffad AoSve: Combaund () -4 SaN THergsf ="

opt 102 PIEPUELY: flnenalion alEOmPHICLLY sy Rl thefeet W Aey

alogenation agent. Examples of a halogenation agent include chlorine,

optivhramine, iodingsthignyl chloride,copgerbichioride, gapperdt;onally

chloride, copper(l) bromide, copper(ll) bromide, sodium chloride, sodium

sublromide csodium-ipgides potassivar-indide, seic. Thadalogenatiopagentds 1y
employed in an amount of 0.5 moles to 10 moles, preferably 0.5 moles to

subBt20: modes, pel irnele efcompoungl(V)Rh thisisteb ahe diaztmiumdype 1y
compound may be produced before introduction of a halogen atom.
hydEramaples op ahcagento pradsice thes didzdnigmaypeslopmpotmdlineiide and
optionally substituted alkoxy and may be combined each
Het.

other to form a ring, ﬁ is a heteroaryl, L* is a halogen
atom such as chlorine, bromine and iodine each of other
symbols has a meaning defined above.

Compound (VI) or a salt thereof can be prepared by
halogenation of compound (V) or a salt thereof with a
halogenation agent.

Examples of a halogenation agent include chlorine,
bromine, iodine, thionyl <chloride, copper(I) chloride,
copper (II) chloride, copper(I) bromide, copper(II) bromide,
sodium chloride, sodium bromide, sodium iodide, potassium
iodide, etc. The halogenation agent is employed in an
amount of 0.5 moles to 10 moles, preferably 0.5 moles to 5
moles, per 1 mole of compound (V).

In this step, the diazonium type compound may be
produced before introduction of a halogen atom. Examples of
an agent to produce the diazonium type compound include

sodium nitrite, potassium nitrite and tert-butyl nitrite,
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sodium nitrite, potassium nitrite and tert-butyl nitrite, WO 2006/116412

PCT/US2006/015646 52 etc. The agent is employed in an amount of 1
WQogIe/id #02 moles, preferably 1 mole to 5 moles, per 1 mole dNISHBOUNRS646

(V) . This reaction can be carried out under an acidic 5 condition.

Examples of an acid include an inordahic acid such as hydrochloric acid,

hydrobromic acid, hydroiodic acid, sulfuric acid, a nitric acid and copper

sulfate, etc., as well as Lewis acid. An acid is employed in an amount of

2 moJes to excess per 1 male of compound (% 10 Examples of splvent
etChav“ﬁ*benoagcﬁ;é?sele?fegfngﬁﬂ%’eeﬁe iofithe Oun% ofy &> mobe P 10

e water, alcoholS sdch as

methanol and _ethanal, ethers uch%as diethyl ether, gi%gﬂg @g a
mﬂt%?réﬁ&r%?uergﬁ%gr%rgat% JISe/eolrfigar ons isﬁg’ﬁ a %lénzene, toluenecglr?g oun
xylene, esters such as ethyl acetate, 15 halogenated hydrocarbons such

as chloroform and dichloromethane, nitriles such as acetonitrile, amides

suchh as N Nsdimethyiformamide, N Nrdimethylasgtamidesand lan  acidic
methyl-2-pyrrolidinone, ketones such as acetone and 2- butanone and
corziifoxisies suchap direthyisulfoxide i Bhese20sivests maybgarsed bycid

mixing at an appropriate ratio. While the reaction temperature may vary
sudiependingfir cempound (V) af &, salh thierebfremployesldsiwelllasiothepdic

conditions, it is -20 to 150 C, preferably 0 to 100 C. The reaction time is
acitl) minités to 24 Aours, peefetdbty @0acid and copper sulfate, etc.,
as well as Lewis acid. An acid is employed in an amount of
2 moles to excess per 1 mole of compound (V).

Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N;N;dimethylacetamide and 1~
methyl-2-pyrrolidinone, ketones such as acetone and 2-
butanone and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio.

While the reaction temperature may vary depending on
compound (V) or a salt thereof employed as well as other
conditions, it is -20 to 150 °C, preferably 0 to 100 °C.

The reaction time is 10 minutes to 24 hours, preferably 30

minutes to 12 hours.
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25 minutes to 12 hours. WO 2006/116412 PCT/US2006/015646 53 The
thus obtained compound (V1) can be isolated and purified by the known
WosHItihyHAd purifying methods, for example, concentration Fi§dgpS2006/015646
reduced pressure, extraction with solvent, crystallization, recrystallization,
transfer 5 dissolution and chromatogrdphy. When R1o is an optionally
substituted hydrocarbyl, an optionally substituted C-linked heterocyclic in
compound (lie) or a salt thereof, compound (lie) or a salt thereof can be

pregared fy reacting compound (Wl yith RIRBRRY org 10,58l thereof .
in the presence o apaﬁf}s\dlum ca ys?, preferably ate

puEfgfgﬁagghgﬁﬂPhQﬁgwﬁegﬁﬁg%%ﬁgg)ggﬁlgﬁrifyingo?ethods, for

tris(dibenzylidenacetate)dipa a catalytic amoun a phosphine

exdifend, prefgiably 2= ddicyclohexylphosphind)Riphep¥kb sure, extraction
2-(dicyclohexylphosphino) 15 2',6'-dimethoxy-1,1'-biphenyl (é-Phos) and

witdr (disyslehexylphosphinn)-2:4 18 drisoprepylldtkiphemd t GoRho)antka e
base according to the procedure of Suzuki coupling (Organic Synthesis
dissda Borares, a0l 3:Suaukit egulisigy A.Suzuki and H.C.Brown, Aldrich,
2002) and the 20 modified methods, or a trialkyl aryl tin such as aryl
trini8tleyltirROT iyl tréoutydtin; Beo1a0k lysadtuthereiof vdretoptipnabadditivds  an
according to the procedure of Stille coupling (Angew. Chem. Int. Ed.
optEggla Py SRMa 986 P wRd the TAddifed méibasocyclic in  compound
(IIe) or a salt thereof, compound (IIe) or a salt thereof
can be prepared by reacting compound (VI) with R'™BR®R® or a
salt thereof in the presence of a palladium catalyst,
preferably tetrakis (triphenylphosphine)palladium(0) and
tris(dibenzylidenacetate)dipalladium(Q), a catalytic amount
of a phosphine ligand, preferably 2~
(dicyclohexylphosphino)biphenyl, 2-(dicyclohexylphosphino)~
27,6’ —dimethoxy-1, 1’ -biphenyl (S-Phos) and 2~
(dicyclohexylphosphino)-2',4’,6' ~triisopropyl-1,1’-biphenyl
(X-Phos) and a base according to the procedure of Suzuki
coupling (Organic Synthesis via Boranes, wvol. 3: Suzuki
coupling, A.Suzuki and H.C.Brown, Aldrich, 2002) and the
modified methods, or a trialkyl aryl tin such as aryl
trimethyltin or aryl tributyltin, etc. or a salt thereof
and optional additives according to the procedure of Stille

coupling (Angew. Chem. Int. Ed. Engl., 25, 504 (1986)) and

the modified methods.
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WO 2006/116412 PCT/US2006/015646 54 He 8 When R10is N in
compound (lie), compound (lie) or a salt thereof can be also prepared by
Woateimtp¢Bmpound Het) (VI) or a salt thereof with N or a saltREEEPOf1$/015646
the presence of a palladium catalyst é)referably palladium (lI) 5 acetate
or a copper agent, preferably copper{t) acetate. A catalytic amount of a
phosphine ligand, preferably 2- (dicyclohexylphosphino)biphenyl, may be
employed. This reaction can be carried out according to the procedure of
Buchwald et al. (J. Am, Chem. Soc. 1998, 120, 9722) and Lam 10 et. al.
(Tetrahedron Lett., @ 39, 2941) and the modified methods. (Scheme
7) $isdietrRE? R3 R B'R R&ARbudberNdRIiq RBe Ys YesompeauYd H {step or
Y.Y~ H (step m) YI HNO (VII) (Ile) 15 wherein each symbol has a

a daeaningdefingd abave georpeundd Vi) arasalb iherecf cande prepg®end
by reaction of compound (VI) or a salt thereof via lithiation or coupling
reaction with a boron agent.

Het.

(VI) or a salt thereof with ﬁ or a salt thereof in the
presence of a palladium catalyst, preferably palladium (II)
acetate or a copper agent, preferably copper(II) acetate. A
catalytic amount of a phosphine ligand, preferably 2-
(dicyclohexylphosphino)biphenyl, may be employed. This
reaction can be carried out according to the procedure of
Buchwald et al. (J. Am. Chem. Soc. 1998, 120, 9722) and Lam

et. al. (Tetrahedron ILett., 1998, 39, 2941) and the

modified methods.

(Scheme 7)

R8RS Het.
T NRs R™L2  or R R
YIS
J\J: =0 ———= Q?JINFO J\L =0
(step I) Yo u (step m)
(Vi) (lle)

wherein each symbol has a meaning defined above.
Compound (VII) or a salt thereof can be prepared by
reaction of compound (VI) or a salt thereof via lithiation
or coupling reaction with a boron agent.

When the <reaction is ©performed via lithiation,

examples of a boron agent include trialkyl Dborate,
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When the reaction is performed via lithiation, 20 examples of a boron
agent include trialkyl borate, WO 2006/116412 PCT/US2006/015646 55

W Rehertitei Iriisopropyl borate. In this step, 1 to 10 moles, prefBeABP096/6 5646
moles of a boron agent are employed per 1 mole of compound (VI) or a
salt thereof. 5 A lithiation agent may o example be alkyl lithium,
preferably n-butyl lithium, sec-butyl lithium and tert- butyl lithium and is
employed in an amount of 1 to 5 moles, preferably 1 to 3 moles per 1

pre'}‘&l_ﬁ glﬁgr@ l{LnsdoQél))Bg,j’_i salithereof. 10 Examples of solvent having

no adverse effect on the “reaction include aromatic hydrocarbons such as

bengzene;, talugne gnd xylere, eshers sush ap disthylather, dioxane; apdies
tetrahydrofuran, and halogenated hydrocarbon such as chloroform and

of dichigremethans These selventsyway pe ysed déiky Bixingalcdund  (VI)
appropriate ratio. While the reaction temperature may vary depending on

or GompAund:-(8)rena salt thereof employed as well as other conditions, it is
-100 to 100 C, preferably -80 to 50 C. The reaction time is 10 minutes to
24 Rours Hpredarably 30y@0tmimates fot2 hsars Veherethe touplingithium,
reaction using a metal catalyst is carried out, examples of a boron agent

preifelngb U4, 55oetramethy 2 Bamdiox@dersiahg andt ithium  and  tert-

bis(pinacolato)diborane. ,
butyl lithium and is employed in an amount of 1 to 5 moles,

preferably 1 to 3 moles per 1 mole of compound (VI) or a
salt thereof.

Examples of solvent having no adverse effect on the
reaction include aromatic hydrocarbons such as benzene,
toluene and xylene, ethers such as diethyl ether, dioxane
and tetrahydrofuran, and halogenated hydrocarbon such as
chloroform and dichloromethane. These solvents may be used
by mixing at an appropriate ratio.

While the reaction temperature may vary depending on
compound (VI) or a salt thereof employed as well as other
conditions, it is -100 to 100 °C, preferably -80 to 50 °C.
The reaction time is 10 minutes to 24 hours, preferably 30
minutes to 12 hours.

When the coupling reaction using a metal catalyst is
carried out, examples of a boron agent include 4,4,5,5-
tetramethyl-1,3,2-dioxaborolane and bis(pinacolato)diborane.
In this step, 1 to 10 moles, preferably 1 to 5 moles of a

boron agent are employed per 1 mole of compound (VI) or a
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In this step, 1 to 10 moles, preferably 1 to 5 moles of a 25 boron agent are
employed per 1 mole of compound (VI) or a WO 2006/116412
WEROIHIE2006/015646 56 salt thereof. A palladium catalyst, BETEPaHN6/015646

palladium(ll) diacetate, a catalytic amount of a phosphene ligand,

preferably 2-(dicyclohexylphosphinofb@phenyl and a base can 5 be

employed according to the procedure described in J. Org. Chem., 62,

6458 (1997) and the modified methods. Examples of solvent having no
sal@d gﬁgg cton the reaction include water, alcohols such as methanol

and ethanol, ethers such as diethyl ether, dioxane and 10

tetrghydrofurag sarematichydrecarbons syeh, @épg@zgne, fnlueneiand (11)

xylene, esters such as ethyl acetate, halogenated hydrocarbons such as
diachleroferm and dighlargrethangxpifiies sueh as acgtomitpiel agides gand,
such as N,N-dimethylformamide, N,N-dimethylacetamide and 1 15
preheftabPypyrrolidinope] katoxessiuck sis acejdneparch 21 batatioaelsnsle can
sulfoxides such as dimethylsulfoxide. These solvents may be used by
be mixiiggean appopliaterdtio, themay noebe nsediawhité tisalrdaction Org.
temperature may vary depending on 20 compound (VI) or a salt thereof.
Cheamplo§ed a&49dll 43 8ther emtitidrs, s Dt 2D thressably 20 to |

150 C. The reaction time is 10 minutes to 48 hours, preferably 30 - -
mirkeE RS hGiffs. solvent having no adverse effect on the

reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such as acetone and 2-
butanone and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio, or
may not be used.

While the reaction temperature may vary depending on
compound (VI) or a salt thereof employed as well as other
conditions, it is 0 to 200 °C, preferably 20 to 150 °C. The
reaction time is 10 minutes to 48 hours, preferably 30
minutes to 24 hours.

The thus obtained compound (VII) can be isolated and

purified by the known isolating and purifying methods, for
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The thus obtained compound (VII) can be isolated and 25 purified by the

known isolating and purifying methods, for WO 2006/116412
WEROIHIE2006/015646 57 example, concentration under reduBed/US2006/015646

pressure, extraction with solvent, crystallization, recrystallization, transfer

dissolution and chromatography. Pre¥p7aration of compound (lle) or a salt

thereof from 5 compound (VII) or a salt thereof can be carried out similar

to preparation of compound (lle) in Scheme 6. (Scheme 8) Rs Het. L4 R3

L4 X L4 R1b N R1 |~ 7.
AR AN AR e G i

with0 whetsin each.symbalhas.a megning definediabove, Dreparation ghsfer
compound (VIII) ora salt thereof from compound (VI) or a salt thereof can

di 528 sarriedoul simital rtanarepgration of compound (Il) or a salt thereof in
Scheme 1. 15 Preparation of compound (IX) or a salt thereof from
compeyrd-Adthar asaltibereafrean beleayriesroui similar tolpseparatidirom
of compound (Is) or a salt thereof in Scheme 1.

compound (VII) or a salt thereof can be carried out similar

to preparation of compound (IIe) in Scheme 6.

(Scheme 8)
4 4 4 1bB‘R8 Het 1c
L R? L X L R3 R'™B, g Of Ny R R:B
Y3 N N Y3 ~N N ArZH Y3 DS N R H YS NS N
V2 - =0 > V2 o L Ve . —Z - v . —Z
Y H (stepn) "YI'™N (step 0) WITN O Ar (step p) YN A
vh (vin (IX) (1

wherein each symbol has a meaning defined above.

Preparation of compound (VIII) or a salt thereof from
compound (VI) or a salt thereof can be carried out similar
to preparation of compound (III) or a salt thereof in
Scheme 1.

Preparation of compound (IX) or a salt thereof from
compound (VIII) or a salt thereof can be carried out
similar to preparation of compound (Ia) or a salt thereof
in Scheme 1.

Preparation of compound (If) or a salt thereof, which
is encompassed within compound (I) of the invention, from
compound (IX) or a salt thereof can be carried out similar
to preparation of compound (IIe) or a salt thereof in

Scheme 6.
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Preparation of compound (If) or a salt thereof, which 20 is encompassed
within compound (1) of the invention, from compound (I1X) or a salt thereof
W@ aMpdlealtied out similar to preparation of compound (lle) oP&EER2006/015646
thereof in Scheme 6. WO 2006/116412 PCT/US2006/015646 58
(Scheme 9) R11 NHNH2 O O NH2 R§ R3 R10 A"A R11 R10 N' R3 (X
NO YYY FO~O~ Y.Y1'H (stepq) Y1 H(stepr) Y~H (V) (X) (1(f)
wherein R10 and R1' are hydrogen and optionally substituted 5
hydrocarbyl and each of other symbols has a meaning defined above.
Compound (X) or a salt thereof can be prepared by reaction of compound
(sdiYaR% aggalt thereof with sodium nitrite, and the obtained diazonium salt is
reduced by an 10 appropriate reducing agent. In this step, 1 to 5 moles,
preferably 1 to 3 moles of sodium nitrite are employed per 1 mole of p11
compound (V) or a salt thereof. Examples of aaadug’ng agentin yle

alkaline metal NHNH, /' '\
3N 3N (X1 3N
\;;'zj\j: =0 — $‘2 J_ O > \\';'? ) N)=O
YN (step q) YN (step 1) Yo R
(V) (X) (11f)

wherein R!® and R are hydrogen and optionally substituted
hydrocarbyl and each of other symbols has a meaning defined
above.

Compound (X) or a salt thereof can be prepared by
reaction of compound (V) or a salt thereof with sodium
nitrite, and the obtained diazonium salt is reduced by an
appropriate reducing agent.

In this step, 1 to 5 mqles, preferably 1 to 3 moles of
sodium nitrite are employed per 1 mole of compound (V) or a
salt thereof.

Examples of a reducing agent include alkaline metal
borohydride, preferably sodium borohydride, lithium
borohydride, sodium cyanoborohydride and sodium
triacetoxyborohydride, metal, preferably Fe, 2Zn, Sn and
SnCl, and metal catalyst, a palladiﬁm catalyst such as
palladium black, palladium oxide, palladium barium sulfate,
palladium on carbon, palladium hydroxide, a platinum

catalyst such as platinum Dblack, platinum oxide and
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15 borohydride, preferably sodium borohydride, lithium borohydride,
sodium cyanoborohydride and sodium triacetoxyborohydride, metal,

W RehertitshiFe, Zn, Sn and SnC12 and metal catalyst, a palla8iFUS2¢af/at5646
such as palladium black, palladium oxide, palladium barium sulfate, 20
palladium on carbon, palladium hydréf?lde, a platinum catalyst such as
platinum black, platinum oxide and WO 2006/116412
PCT/US2006/015646 59 platinum on carbon, or nickel catalyst such as

p1aBgyged nickel, oyidized n;s%e'ﬁ%%gfn%va%@ws'tfhesrggﬂcirggs agentis-ed
emp oye(ﬂn an amount of catalytic amount to excess per 1 mole of

nicsampougd ). 2 Exampies of solygat Wywomﬁgﬁ. effegontbeucing
e

reaction include water, alcohols such as methanol and ethanol, ethers

agettich as diethyh eien dioxangandrigiiaitydrofurais @80paiec  amount to
hydrocarbons such as benzene, toluene and xylene, esters such as ethyl
excgetaige 10 hategenated bygipeardonssuch as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such as
N, Nsdimethyoromamide] ReNdirmethytagetamidedanrekge effect on the
methyl-2-pyrrolidinone, and sulfoxides such as dimethylsulfoxide. These
reasgihients marbudsedwhytmixing at ashen&ppopriate petio, e Bieyeet bend
used. While the reaction temperature may vary depending on compound

ethan ot a saftherdf efipied 88 wellhsdidr c6iidifidns, it PR 5024

C, preferably 0 to 100 C. ,
tetrahydrofuran, aromatic hydrocarbons such as benzene,

toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, and sulfoxides such as
dimethylsulfoxide. These solvents may be used by mixing at
an appropriate ratio, or may not be used.

While the reaction temperature may vary depending on
compound (V) or a salt thereof employed as well as other
conditions, it is -20 to 150 °C, preferably 0 to 100 °C.
The reaction time is 10 minutes to 24 hours, preferably 30
minutes to 12 hours.

The thus obtained compound (X) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration under reduced pressure, extraction
with solvent, crystallization, recrystallization, transfer

dissolution and chromatography.
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The reaction time is 10 minutes to 24 hours, preferably 30 20 minutes to
12 hours. The thus obtained compound (X) can be isolated and purified

W@ R0eel krfddvn isolating and purifying methods, for example, RFEEIAWGEIS646
under reduced pressure, extraction \g/'Bh solvent, crystallization,
recrystallization, transfer 25 dissolution and chromatography. WO
2006/116412 PCT/US2006/015646 60 Compound (lIf) or a salt thereof
can be prepared by reaction of compound (X) or a salt thereof with

corppasl(X) of asplt drereof. da this steprdde StaelesPrafew@blrbio by

3 moles of 5 compound (XI) or a salt thereof are employed per 1 mole of
rezeompeund{X)-emp saktherenf. Arracid maybetisedsnt farexampbepeund
an inorganic acid such as hydrochloric acid, sulfuric acid and nitric acid,

(XIetcoand asedrdingrg oegainic acid such as formic 10 acid, acetic acid,
p-toluenesulfonic acid, trifluoroacetic acid and methanesulfonic acid, etc.
as Wwell ab bsl ewisracid.  Egarhpieslost solvene haviag o ddverse efediesh of
the reaction include water, alcohols such as methanol and ethanol, ethers
comprirgd dighy| eher didkahe HRICES fetfdlfy FBRISY 2Fomatic 1 mole of
hydrocarbons such as benzene, toluene and xylene, esters such as ethyl

compand  Ralogdhated Ry drotdfoRe Such as chloroform and

dlcl}llgrognce{gann?égltrggs %uscehda Saargg tOngleé}a{rglIh%%sesqu an inorganic

acid such as hydrochloric acid, sulfuric acid and nitric
acid, etec., and an ordinary organic acid such as formic
acid, acetic acid, p-toluenesulfonic acid, trifluoroacetic
acid and methanesulfonic acid, etc. as well as a Lewis acid.
Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dicoxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, acids such as formic acid and
acetic acid and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio.
While the reaction temperature may vary depending on
compound (V) or a salt thereof employed as well as other

conditions, it is 0 to 200 °C, preferably 20 to 150 °C. The
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15

as N,N-dimethylformamide, N,N-dimethylacetamide and 1 20
methyl-2-pyrrolidinone, acids such as formic acid and acetic acid and
W@ aMsxides Zuch as dimethylsulfoxide. These solvents may b@GEA$HY6/015646
mixing at an appropriate ratio. While the reaction temperature may vary
depending on compound (V) or a saltéhereof employed as well as other
25 conditions, it is 0 to 200 C, preferably 20 to 150 C. The WO
2006/116412 PCT/US2006/015646 61 reaction time is 10 minutes to 24
hoqcrs, preferably 30 minutes to 12 hours. The thus obtained compound
LEAN Cat be iddisted Snd BurtitittyPifie kRowhdsohaigsand DEfifpagbly 30
mi@ﬁ%heogst@rjh%% ample, concentration under reduced pressure,

. ours. . . . .
extraction with solvent, crystallization, recrystallization, transfer

dissalytio c raphy. (Scheme 0JOjR~1 NH2R3Y

V'Rl@lHFteélgt %ﬁ%s %%%%)%%%33/81{9% ~c§ %tgﬁ sSTIV19E- 16 Rigye and

whereinyeagh symb ing-defin bove.. Preparation of
pucompound Ig) or aqérgﬁﬁﬁergg? f%lr%lggémp;go%%dg(l\%%? “salt tﬁlgr%e% ggﬁ tor
exheparied euhsigtiar 40 5aPaEALRN-Of compaund (i) oL a.salt thereofin, ;

with solvent, crystallization, recrystallization, transfer

dissolution and chromatography.

{(Scheme 10)
0
10 / W R"
NH, R3 R TI/\/[LR“ R1OQ R
ve L FO > $‘2 J_ =0
YN (step s) YN
V) (llg)

wherein each symbol has a meaning defined above.
Preparation of compound (IIg) or a salt thereof from

compound (V) or a salt thereof can be carried out similar

to preparation of compound (IIf) or a salt thereof in

Scheme 9.

(Scheme 11)
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CO2R5 CO2R5 C02R5 C0 11 2" N O Yam N H O yat NI-12 a N yatsKY7
WQROMMNHRO2 u Y V' NH -Y Y2 NCO (step) (step ) 2 (step BCAHSIHNGH15646

(XIV) (XV) (XVI) R12-L2 or CO2R5 Ra-L2 or CO2R5 C02R5 (R12 )20 al
H(Ra)20R3R3 JI--~YN~YaNj-¥aN (stepw)Y YiRkO (stepx) Y
y1 R (step Y) Y.yi HBO (XVII) (will) (Ila) wherein R22 is an optionally
substituted Cl_6 alkylcarbonyl (for example. formyl, methylcarbonyl and
ggmearbonyl etc.), plaﬁglz\f\learbonyl a C1_6 gligylexycarbonyl (for

CO,RS

q.qnple 5 methoxycarfbopyl, ethoxycarbonyl nd tert-butoxycarbonyl, H
lo

y3 T&en nyloxygarbgys ample, Qenzeps nyl), C7- 3N

Y
Yéaralkylcarbonyl (for € benn on carb (7_10 aralk I(foyz N>=0
a%/gand 4- meth&xybé 791, ?etc )W?/( " BnthaiSiHP ¥c. A H

mple,
‘2{9 stituent on each of(t)ﬁ'é()groups 10 listed atf may be a halogen asf?%‘)
(frR'&x&mple, fluoOsRS chlop(wgpomln@aflelslodlne etc.), a CI_6O0.R

3
al1Baonyl H (R3),0 R® R
Y = —_— Yz\ N —_— ¥3\ =
(stepw) Yy N, (stepx) Yyi Nio (stepy)  TYTN
(Xvi) (XViil) (ta)

wherein R'? is an optionally substituted Ci-¢ alkylcarbonyl
(for example. formyl, methylcarbonyi and ethylcarbonyl,
etc.), phenylcarbonyl, a Ci_g alkyloxycarbonyl (for example,
methoxycarbonyl, ethoxycarbonyl and tert-butoxycarbonyl,
etc.), phenyloxycarbonyl (for example, benzoxycarbonyl),
C7-10 aralkylcarbonyl (for example, benzyloxycarbonyl), Cq.1p
aralkyl (for example, benzyl and d~methoxybenzyl, etc.),
trityl, phthaloyl, etc. A substituent on each of the groups
listed above may be a halogen atom (for example, fluorine,
chlorine, bromine and iodine, etc.), a Ci alkylcarbonyl
(for example, methylcarbonyl, ethylcarbonyl and
butylcarbonyl, etc.) and a nitro group, and each of other
symbols has a meaning defined above.

Compound (IIa) or a salt thereof can be also prepared
by the procedure as shown in scheme 11.

Compound (XIV) or a salt thereof can be prepared by
nitration of compound (XIII) or a salt thereof with a
nitration agent. Compound (XIII) or a salt thereof is

mainly commercially available or can be prepared from the
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(for example, methylcarbonyl, ethylcarbonyl and butylcarbonyl, etc.) and
a nitro group, and each of other symbols has a meaning defined above.
WQ 20@sHHpdand (I1a) or a salt thereof can be also prepared byRA&/US2006/015646
procedure as shown in scheme 11. Compound (XIV) or a salt thereof can
be prepared by nitration of compoun@3$XIIl) or a salt thereof with a
nitration agent. Compound (XIII) or a salt thereof is 20 mainly
commercially available or can be prepared from the WO 2006/116412
PCT/US2006/015646 63 aniline derivatives corresponded to compo n&a
aniiiy by 4e60A BbEGTaticn FRRBEERInpiCs &‘g‘\gﬁﬁ&ﬁgn aﬁ%#{)mjcl ¢ @
nitric acids Szfaor example, fuming nitric acid, a solution of nitric acid 5 and
USHatACEEY El‘&},%tra%{éafgé example, sodium nitrate, potassium nitrate,

silv nitratf ammeniym nitrate, benzoyl nitrate, . Co ;
& g . falsy %91.% %? 'include nitric acids
benelziﬁﬁ?b%enfllpﬁospﬁomﬁlm J?f;jtralte, blsrr%t subnitrate, etc) . The

(f pitratio t i%&ﬁlm%ngi@ﬂ%ageym of0.9noles & 50MelesAlc acid

may be 10 employed as a solvent, preferably 0.5 moles to 30 moles, per

and Mole ef.campoypd §XIIB¢ Ehis reagtion is-also carded oskiiibee, sodium
presence of additives. Examples of additives include anhydrides (for

niexample, agrticanhyakide, drfliereagetic anhydride, A5 taethanesufonionium

anhydride, etc), acid chlorides (for example, thionyl chloride, etc), acids
nitrate, benzoyl nitrate, benzyltriphenylphosphonium
nitrate, bismuth subﬁitrate, etc). The nitration agent 1is
employed in an amount of 0.5 moles to 50 moles, or may be
employed as a solvent, preferably 0.5 moles to 30 moles,
per 1 mole of compound (XIITI).

This reaction is also carried out 1in the presence of
additives. Examples of additives include anhydrides (for
example, acetic anhydride, trifluorocacetic anhydride,
methanesulfonic anhydride, etc), acid chlorides (for
example, thionyl chloride, etc), acids
(for example, acetic acid, methanesulfonic acid, etc),
metals (for example, iron, etc).

The additives are employed in an amount of 0.5 moles
to 50 moles, preferably 0.5 moles to 30 moles, per 1 mole
of compound (XIIT).

Examples of solvent having no adverse effect on the
reaction include water, acetic acid, halogenated

hydrocarbons such as chloroform and dichloromethane, 1,2-

dichloroethane, etc. These solvents may be used by mixing
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(for example, acetic acid, methanesulfonic acid, etc), metals (for example,
iron, etc). The additives are employed in an amount of 0.5 moles 20 to 50
WOrRResL 16#d2erably 0.5 moles to 30 moles, per 1 mole of compatukit2eN$015646
Examples of solvent having no adverse effect on the reaction include
water, acetic acid, halogenated hydro&arbons such as chloroform and
dichloromethane, 1,2 25 dichloroethane, etc. These solvents may be used
by mixing WO 21)1)6/116412 PCT/US2111)6/1)15646 64 at an
appropriate ratio, or may not be used. While the reaction temperature
At APVaRPRESEHEAG Bn E6rpBund XIS al@lt thfeofeRfbloylihse the
well as other reaction conditions, it is -20 to 150 C, preferably 0 to 100 C.

“5 Thé TBactiohime 1'5 Tniflites Y548 OGRS prefFantys SrivRES D 2411 1)
o B AR e T o2 e e Yion

the known isolating and pu methaods, for example, corcentration,

co%%&cgﬁ&%‘g?n yndey reduged presydp. ¢ tfactiogfétrhaga%ﬁf%e”%o 100, °C-

crystallization, recrystallization, transter issoTtion an omatograp

ThEeompawd BhV)wrgsalidthereqficane prepargg by deacetylationof. 1,1, 5
compound (XIV) or a salt thereof with an acid or base, and then reduction

miefibefitrogroup hywns 15 appropHate regucing agepbarcAtaWtic(x1v) can
hydrogenation. An acid may for example be an inorganic acid such as

be isolated and purified by the known isolating and

purifying methods, for example, concentration,

concentration under reduced pressure, extraction with

solvent, crystallization, recrystallization, transfer

dissolution and chromatography.

Compound (XV) or a salt thereof can be prepared by
deacetylation of compound (XIV) or a salt thereof with an
acid or base, and then reduction of the nitro group by an
appropriate reducing agent or catalytic hydrogenation.

An acid may for example be an inorganic acid such as
hydrochloric acid, sulfuric acid, nitric acid and thionyl
chloride, etc., and an ordinary organic acid such as formic
acid, acetic acid, trifluorocacetic acid and methanesulfonic
acid, etc. as well as a Lewis acid.

A base may for example be an alkaline metal hydroxide
such as sodium hydroxide and potassium hydroxide, etc., an
alkaline metal hydrogen carbonate such as sodium hydrogen
carbonate and potassium hydrogen carbonate, etc., an

alkaline metal carbonate such as sodium carbonate and
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hydrochloric acid, sulfuric acid, nitric acid and thionyl chloride, etc., and
an ordinary organic acid such as formic acid, acetic acid, trifluoroacetic
W i@Hd4¥ethanesulfonic 20 acid, etc. as well as a Lewis acR{:TAUSZ&/015646
may for example be an alkaline metal hydroxide such as sodium
hydroxide and potassium hydroxide, &i8., an alkaline metal hydrogen
carbonate such as sodium hydrogen carbonate and potassium hydrogen
carbonate, etc., an 25 alkaline metal carbonate such as sodium carbonate
and WO 2006/116412 PCT/US2006/015646 65 potassium carbonate,
POBRS 54 BBsiUTR SRR REER as 84Sium GrbionaiéBicS BhtalkéifB meeal cesium
%?ridqcsuch as sodium hydride and potassium hydride, etc., sodium

e A akifiite mathl AkORitE SucRSSSbdRT etfoxit Boditimss 91 um

thoxide, sodium tert-butoxide and potassium tert-butoxide, etc. In,

hy ggggeetylaﬁgﬁ stgﬁecla%sojrél {o exé/egs]!é.)légfae an ac%%‘r ’basseolslélrﬁplo%a%%‘r 1an

alﬂﬂ%ﬂgc%lﬂ%ﬂ'd é&ﬁé/é}?fc?esagug}?r_egé 058(51&9}9 I%%*Q%}?{n elc,)yesdoa ium
a solvent. 10 Examples of solvent having no adverse eftect on the

et FRACLIQA Includs water alcoBalssichas methanol aad . thanol effgrs . ; ge
such as diethyl ether, dioxane and tetrahydrofuran, aromatic

etBydrocarbons such as benzene, toluene and xylene, esters such as ethyl
acetate, 15 halogenated hydrocarbons such as chloroform and

dichioromethasey hittilessush @s ,acetamitlite, amides-suth of an acid or

h
ca

base is employed per 1 mole of compound (XIV) or a salt
thereof, or an acid may be employed as a solvent.

Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such as acetone and 2-
butanone and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio, or
may not be used.

While the reaction temperature may vary depending on
compound (XIV) or a salt thereof employed as well as other
reaction conditions, it is 0 to 200 °C, preferably 20 to

150 °C. The reaction time is 5 minutes to 48 hours,
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as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such as acetone and 2- butanone and
Wa@aMsxides Zuch as dimethylsulfoxide. These 20 solvents mayR6éd¥$80p§)15646

mixing at an appropriate ratio, or may not be used. While the reaction
temperature may vary depending on &@mpound (XIV) or a salt thereof
employed as well as other reaction conditions, it is 0 to 200 C, preferably
20 to 25 150 C. The reaction time is 5 minutes to 48 hours, WO
2006/116412 PCT/US2006/015646 66 preferably 5 minutes to 24 hours.

PrefifF s bbtafdd witRs c&MpdandSB&S be isolated and purified by the

known isolating a uriL%/'n nethods, for example, concentratiqn,

con eﬁtrgﬁb Sun‘#e%%é& éegg%FeossﬁPé?%Qﬁgégoncﬁﬁh Sivéfo+ated and

crystallization, . recrystallization - transfer dissolution.and chromatography.
P e S T B o St B PR o

exémﬁﬂglbm@éwﬁ@¥h§99%ﬁeﬁwG“QQBHHQHH9%€£9§0dﬂﬁﬂder reduced

triacetoxyborohydride. 10 Catalytic hydrogenation may be performed in

prdbBissien. Examples of agatalyghipglude gpajlagium catadyst sHeR BSation,
palladium black, palladium oxide, palladium barium sulfate, palladium on

redayiken Priladivm hydroxides aqlatinune ccatalysthsuchaspiadndmdaciohy .

platinum oxide and 15 platinum on carbon, or nickel catalyst such as

rediced mickettdxidizesitripkel, andiRaheyinigkebgent 1is preferably
sodium borohydride, lithium borohydride, sodium
cyanoborohydride and sodium triacetoxyborohydride.
Catalytic hydrogenation may be performed 1in this step.
Examples of a catalyst include a palladium catalyst such as
palladium black, palladium oxide, palladium barium sulfate,
palladium on carbon, palladium hydroxide, a platinum
catalyst such as platinum black, platinum oxide and
platinum on carbon, or nickel catalyst such as reduced
nickel, oxidized nickel, and Raney nickel.

-In this step, 1 to 20 moles, preferably 1 to 10 moles
of a reducing agent are employed per 1 mole of the nitro
compounds or a salt thereof.

Examples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as Dbenzene,

toluene and =xylene, esters such as ethyl acetate,

halogenated hydrocarbons such as chloroform and



10

15

20

25

In this step, 1 to 20 moles, preferably 1 to 10 moles of a reducing agent

are employed per 1 mole of the nitro compounds or a salt thereof. 20
WEXMbIes!Idf solvent having no adverse effect on the reactioRGAEHGB06/015646

water, alcohols such as methanol and ethanol, ethers such as diethyl

ether, dioxane and tetrahydrofuran, &@matic hydrocarbons such as

benzene, toluene and xylene, esters such as ethyl acetate, 25

halogenated hydrocarbons such as chloroform and WO 2006/116412

oy CJ/USZO /015646 67 dichloromethane, nitriles such as acetonitrile,
lCa:\ml cH 3N I\P&H@tb’l?l?or%%d@SNW%W%)@EC%%m@%Jé%%Sl such

2- idi ket t t d
Squ Xyl.%e%"ﬁﬁc e e e e oty 1-
meewmg 2t a0.2APRIRyialg tatio. WWhile the re@ﬁ%%em gggyeeg}gg%ﬁgﬁy vany, o-

dependingon compound (XIV) or a salt thereo as other

buteAR canditions it isq & 450:G Rreferably; 0 ta- 109 a1 BOs Fepctionyy o oo

time is 5 minutes to 48 hours, preferably 10 5 minutés to 24 hours. The
solhusmeained cempaisd G )ncanibryisatated angdppurifiethy thesknown

isolating and purifying methods, for example, concentration,

congéntiation haderaeduded presgiseedtstiarnwitkrselyedlepending on

crystallization, 15 recrystallization, transfer dissolution and
comhrotmatodaphy. Preparatidn otbempotinde@OVIy ped salt thverbdf ismother
reaction conditions, it is 0 to 150 °C, preferably 0 to 100
°C. The reaction time is 5 minutes to 48 hours, preferably

5 minutes to 24 hours.

The thus obtained compound (XV) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced
pressure, extraction with solvent, crystallization,
recrystallization, transfer dissolution and chromatography.

Preparation of compound (XVI) or a salt thereof from
compound (XV) or a salt thereof can be carried out similar
to preparation of compound (IIa) in Scheme 2.

Compound (XVII) or a salt thereof can be prepared by
reacting compound (XVI) with R'-1? or anhydride (R'?),0.

In this step, 1 to 10 moles, preferably 1 to 5 moles
of a compound represented by R'¥-L? or anhydride (R'?),0 or a
salt thereof are employed per 1 mole of compound (XVI) or a
salt thereof.

This reaction may be performed under basic conditions.
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compound (XV) or a salt thereof can be carried out similar to preparation
of compound (Ila) in Scheme 2. Compound (XVII) or a salt thereof can be

W Reptdet By 20 reacting compound (XVI) with R12-L2 or  PCT/US2006/015646
anhydride(R12)20. In this step, 1 to 10 moles, preferably 1 to 5 moles of
a compound represented by R12-L2 of &nhydride (R12)20 or a salt
thereof are employed per 1 mole of compound (XVI) or a salt thereof. 25
This reaction may be performed under basic conditions. WO 2006/116412

RGTUS2006/015646_68 A base may far.example be an alkaline metal
ADb
hydlrgxi & guc O%ses}éacm?nﬁ%y%r%x? e é%d{ é((%lrsﬁseiurr[ﬁeﬁy%ro eregidy such

asalkgla'ﬂﬁmtah{g&f%@agarb%&te ggmaér;fg%iuukg hydogen carbonate

and potassium hydrogen carbonate, etc. ihe metal carbonate

al&#iﬁﬁ%ﬂ¥@ﬂaﬁaﬂ¥ﬁ@@§éﬁdéﬁ@%ﬁﬂgﬁgagﬁ@ﬂmhgmséﬁﬁﬁmﬂﬂiﬁgogen
ch as sadi

such as cesium carbonate, etc., an alkaline metal hydride su um

catysigetand potassippdysidenetch padivhaamide, g alialine metal - 4y
alkoxide such as sodium methoxide, sodium 10 ethoxide, sodium
alfentliutexidectrullpotassivomtertbutoxide, efe., abvamine SUe-89nate and
trimethylamine, triethylamine and diisopropylethylamine, etc., a cyclic
Poimirreisuch asrppidine, 4-ditnethylaminopytidine, ABY, etadixamplesof i um
solvent having no adverse effect on the 15 reaction include water,
cazleBREIs Juclt B meth@nct Ald Léthanslesthérsraithiatediethyhether, sodium

dioxane and _ _
hydride and potassium hydride, etc., sodium amide, an

alkaline metal alkoxide such as sodium methoxide, sodium
ethoxide, sodium tert-butoxide and potassium tert-butoxide,
etc., an amine such as trimethylamine, triethylamine and
diisopropylethylamine, etc., a cyclic amine such as
pyridine, 4-dimethylaminopyridine, DBU, etc.

bExamples of solvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxane and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and
dichloromethane, nitriles such as acetonitrile, amides such
as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2~pyrrolidinone, ketones such as acetone and 2-
butanone and sulfoxides such as dimethylsulfoxide. These
solvents may be used by mixing at an appropriate ratio, or

may not be used.
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tetrahydrofuran, aromatic hydrocarbons such as benzene, toluene and
xylene, esters such as ethyl acetate, halogenated hydrocarbons such as
WQRMOFErhh2and 20 dichloromethane, nitriles such as acetonitfETAPd=015646
such as N,N-dimethylformamide, N,N-dimethylacetamide and 1-
methyl-2-pyrrolidinone, ketones such &§ acetone and 2- butanone and
sulfoxides such as dimethylsulfoxide. These solvents may be used by
mixing at an appropriate ratio, or 25 may not be used. WO 21)1)6/116412
PCT&¥&8§006/}1}115646 ,(39 While the reaction tem£§rature may vary
depRting o Corstt e V1) S Saiftharéot Bbloyebtas War s biner on

cor:nzba&tlilola C?Q@Pgn%’rit s Ostg l%oot%’eefree fetr atél | &.&r?#sgg ’ x% !Lr}Le as .Sogher

action may b heated by microwave 5irra e reaction time i

reJUAYIES tgc%% IS, sr?.feﬂb'y%% mg%eé ) § hﬁ]égi- F%Peef@%s fg.?tairf to

compoun can be isolated and purified by wn 1Solating an

15BUrifing methods, for example, congenfratign, copeentratiop Undge - .o ve

reduced 10 pressure, extraction with solvent, crystallization,
i rrecsystatizationTtransferdisseltioniand chsomatagraphys Prepatsdiondhirs,

compound (XVIII) or a salt thereof from compound (XVII) or a salt thereof
predrbelehyried nuhsteitarto pedparatiars of compound (XVII). 15

Compound (lla) or a salt thereof can be prepared by deprotection of
Theomipouad Vi)Y oed saltthe@ehdith(@VII) can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced
pressure, extraction with solvent, crystallization,
recrystallization, transfer dissolution and chromatography.

Preparation of compound (XVIII) or a salt thereof from
compound (XVII) or a salt thereof can be carried out
similar to preparation of compound (XVII).

Compound (ITa) or a salt thereof can be prepared by
deprotection of compound (XVIII) or a salt thereof with an
acid or a base, or catalytic hydrogenation.

An acid may for example be an inorganic acid such as
hydrochloric acid, sulfuric acid, nitric acid and thionyl
chloride, etc., and an ordinary organic acid such as formic
acid, acetic acid, trifluoroacetic acid and methanesulfonic
acid, etc. as well as a Lewis acid.

A base may for example be an alkaline metal hydroxide

such as sodium hydroxide and potassium hydroxide, etc., an

alkaline metal hydrogen carbonate such as sodium hydrogen
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acid or a base, or catalytic hydrogenation. An acid may for example be an
inorganic acid such as hydrochloric acid, sulfuric acid, nitric acid and
WoRieiA 13 hloride, etc., and an ordinary organic acid such aBGdHN208@(d 5646
acetic acid, trifluoroacetic acid and methanesulfonic acid, etc. as well as a
Lewis acid. A base may for example B& an alkaline metal hydroxide such
as sodium hydroxide and potassium hydroxide, etc., an 25 alkaline metal
hydrogen carbonate such as sodium hydrogen WO 21)1)6/116412
PCT/US2111)6/1)15646 70 carbonate and potassium hydrogen
carBHEHate, et an RARRBtal BYPBRERFSuchHSCSHlR carfdifate a0

nd . potassiu arbonate, etc., a cesium salt such as cesium carbonate,
T R elE RS B ST HE ari GARE . and

po@yggg%ggccasé?%@@md%@@ alkgline metal alkoxide such as sodium .. -

: . g 10 :
met ,sodium ethéxide, soflium tertbutoxide an potassium

calgythataxides gtc. Catalytig hydrogenationmay bg performed ip this Zé%ium

10 Examples of a catalyst include a palladium catalyst such as palladium

hydfacke paliadiumyexide sRalladigpdbariye sulfate, palladigman camher,  an

palladium hydroxide, a platinum catalyst such as platinum black, platinum

allexicerandmplatinuna DRcarben, suoickel €atalyst suchrastiedieed , 15sodium
nickel, oxidized nickel, and Raney nickel. In this step, 1 mole to excess of
etlaosacickor adasens tert-butoxide and potassium tert-butoxide,

etc.

Catalytic hydrogenation may be performed in this step.
Examples of a catalyst include a palladium catalyst such as
palladium black, palladium oxide, palladium barium sulfate,
palladium on carbon, palladium hydroxide, a platinum
catalyst such as platinum Dblack, platinum oxide and
platinum on carbon, or nickel catalyst such as reduced
nickel, oxidized nickel, and Raney nickel.

In this step, 1 mole to excess of an acid or a base is
employed per 1 mole of compound (XVIII) or a salt thereof,
or an acid may be employed as a solvent.

Examples of sclvent having no adverse effect on the
reaction include water, alcohols such as methanol and
ethanol, ethers such as diethyl ether, dioxané and
tetrahydrofuran, aromatic hydrocarbons such as benzene,
toluene and =xylene, esters such as ethyl acetate,
halogenated hydrocarbons such as chloroform and

dichloromethane, nitriles such as acetonitrile, amides such
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employed per 1 mole of compound (XVIII) or a salt thereof, or an acid
may be employed as a solvent. Examples of solvent having no adverse
WS da43e 20 reaction include water, alcohols such as mefaHESaM4/015646
ethanol, ethers such as diethyl ether, dioxane and tetrahydrofuran,
aromatic hydrocarbons such as benzehg, toluene and xylene, esters such
as ethyl acetate, halogenated hydrocarbons such as chloroform and 25
dichloromethane, nitriles such as acetonitrile, amides such WO
200 ]za,_6412 P&T/USZOOGIQ15646 71 as N,N-dimethylformamide,
2N, N it ERE T F BAG A O hrethy Vb HalRIFIOAL: Refeiesdeich ad 1-
one and Sl.f<|fOXideS such as dimethylsulfoxide. These

d 2- buta
mezto grrlltesz %?%Vyrﬁé’ E%egdl By Aiking &t At S5propriate rat, ot ShRRnotse  2-

buSthEhile e TERSaNIEMNeraiie may A GERENEING, PR CAROUN o

(XVIII) or a salt thereof employed as well'as other redction condi
sd1{e308 CrbelB@bly20: 18950 G e ieaction UBg.s siainuies 19,45
hours, 10 preferably 5 minut%s to Zdyr?gurs. The t%rgsgo alf}wle#e rdtio, or
magompeunds earbe isolated and purified by the known isolating and
purifying methods, for example, concentration, concentration under

reduded lpressise, sxtractiom witkmplveat erestalbgation.rlp depending on
recrystallization, transfer dissolution and chromatography. A starting
coggrmpognd f8Vadrpound (Ipaceeddingtthdheof employed as well as
other reaction conditions, it is 0 to 200 °C, preferably 20
to 150 °C. The reaction time is 5 minutes to 48 hours,
preferably 5 minutes to 24 hours.
The tﬁus obtained compounds can be isolated and
purified by the known isolating and purifying methods, for
example, concentration, concentration under reduced

pressure, extraction with solvent, crystallization,

recrystallization, transfer dissolution and chromatography.

A starting compound for compound (I) according to the
invention may be in a form of a salt, including a salt with
an inorganic acid (for example, hydrochloric acid,
phosphoric acid, hydrobromic acid and sulfuric acld, etc.)
and a salt with an organic acid (for example, acetic acid,
formic acid, propionic acid, fumaric acid, maleic acid,
succinic acid, tartaric acid, citric acid, malic acid,
oxalic acid, ©benzoic acid, methanesulfonic acid and

benzenesulfonic acid, etc.). When any of these compounds
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invention may be in a form of a salt, including a salt with an inorganic acid
(for example, hydrochloric acid, 20 phosphoric acid, hydrobromic acid and
W@aMriteddidl, etc.) and a salt with an organic acid (for exampRGHES##06/015646
acid, formic acid, propionic acid, fumaric acid, maleic acid, succinic acid,
tartaric acid, citric acid, malic acid, ox&lic acid, benzoic acid,
methanesulfonic acid and 25 benzenesulfonic acid, etc.). When any of
these compounds WO 2006/116412 PCT/US2006/015646 72 carries an
acidic group such as -COOH, etc., a salt with an inorganic base (for
CaL ARl Ak Sirfe FEEHBr §HCRkahe EX méthSuchdasSsodiumith an
inggtagsiu&n, %ag%igm z?%% ma\gﬂxne?[iluq]é ammonia,sﬁ?c.)%or with an organic
aSe (ror 5 example, tr:C1_3 5 Famine Sith &s tHtVIEMIRE wid) May 2
1R formed. Jpaachaf the wactions desgrived above, when.a staring, ., o
compound carries as a substituent an amino grcﬁjp, an amide group, a

ma BRYOZ{RR, 9Tl Shyrea group, & catboxyli1Q graup Oéfg%x@{exyha%@%p’ (for

then such group may be derivatized with a protective group employe

exefgnarly ifrpeptide chemystay, whichds cleaved after adgastion; i desied,
to yield an intended compound. A protective group for an amino group, an

magmide goatped 5 and a urea group may for example be an optionally
substituted C1_6 alkylcarbonyl (for example. formyl, methylcarbonyl and
ethylcarbeayh eto), phérylcarbanylians described above, when a

starting compound carries as a substituent an aminoc group,
an amide group, a hydrozino group, a urea group, a carboxyl
group or a hydroxyl group, then such group may be
derivatized with a protective group employed ordinarily in
peptide chemistry, which is cleaved after a reaction if
desired to yield an intended compound.

A protective group for an amino group, an amide group
and a wurea group may for example be an optionally
substituted Ci-g alkylcarbonyl (for example. formyl,

methylcarbonyl and ethylcarbonyl, etc.), phenylcarbonyl, a

Cizg alkyloxycarbonyl (for example, methoxycarbonyl,
ethoxycarbonyl and tert-butoxycarbonyl, etc.),
phenyloxycarbonyl (for example, Dbenzoxycarbonyl), Ci-19
aralkylcarbonyl (for example, Dbenzyloxycarbonyl), Cr-10

aralkyl (for example, benzyl and 4-methoxybenzyl, etc.),
trityl, phthaloyl, etc. A substituent on each of the groups
listed above may be a halogen atom (for example, fluorine,

chlorine, bromine and iodine, etc.), a Cig alkylcarbonyl
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C1_6 alkyloxycarbonyl (for example, methoxycarbonyl, ethoxycarbonyl
and tert-butoxycarbonyl, etc.), 20 phenyloxycarbonyl (for example,

W ieopdttbonyl), C7_10 aralkylcarbonyl (for example, PCT/US2006/015646
benzyloxycarbonyl), C7-1c) aralkyl (for example, benzyl and
4-methoxybenzyl, etc.), trityl, phthaloyl3etc. A substituent on each of the
groups listed above may be a halogen atom (for example, fluorine, 25
chlorine, bromine and iodine, etc.), a C1_6 alkylcarbonyl WO

( f%006/116412 PgT/U82006/015646 73 (for example, methylcarbonyl,
SthylcarSoHIBAE  butylBREIHIE FREP QR Brnitro g%@éf,]\ﬁlé?iﬁi?%doccurand
but bout 3 times. A protective group for a carboxyl groyp may for 5
e gn%l]g%oengr%pt?cﬁcaﬂil sﬁ%éﬁtgte& R a3 eXAmGR, ‘%ﬁé’thﬁ?cur 1
t oetiyhReprepyl; i-propyl, n-butyl and t-butyl, etc.), phenyl, trityl and silyl,
etc. A substituent on each of the groups listed above may be a halogen

aton (fop, &x@aule fuori lorige,.bramine_and iodine, eic). a
C1_6 alkylcarbonyl (for (ggon%e, forrlr}yl, methylcart%%%yl, ge%thyléparégﬁ I for

exang betyicaraenylpetcorand & ndig.groupy vdck maysaqapt 1 e abolt 3, 1 ¢

times. A protective group for a hydroxyl group may for example be an
mebptidnallyesithstifuted-Gkopalkyl (forpxample, 18methyl ethvian-propyl v,

i-propyl, n-butyl and tert-butyl, etc.), phenyl, a C7_10 aralkyl (for example,
etpenzyl pétey b Ctr8 aikylcanborsl (fot example, forewsroethydearbenyl ecach
of the groups listed above may be a halogen atom (for
example, fluorine, chlorine, bromine and iodine, etc.), a
Ci-¢ alkylcarbonyl (for example, formyl, methylcarbonyl,
ethylcarbonyl and butylcarbonyl, etc.) and a nitro group,
which may occur 1 to about 3 times.

A protective group for a hydroxyl group may for
example be an optionally substituted Cig alkyl (for example,
methyl, ethyl, n-propyl, i-propyl, n-butyl and tert-butyl,
etc.), phenyl, a Ci.y9 aralkyl (for example, benzyl, etc.),
& Ci-g alkylcarbonyl (for example, formyl, methylcarbonyl
and ethylcarbonyl, etc.), phenyloxycarbonyl (for example,
benzoxycarbonyl, etc.), Cy.1p aralkylcarbonyl (for example,
benzyloxycarbonyl, etc.), pyranyl, furanyl, silyl, etc. A
substituent on each of the groups listed above may be a
halogen atom (for example, fluorine, chlorine, bromine and
iodine, etc.), a Ci alkyl, phenyl, a Cq.30 aralkyl, nitro,
etc., which may occur 1 to about 4 times.

A method for cleaving a protective group is a method
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and ethylcarbonyl, etc.), phenyloxycarbonyl (for example,

benzoxycarbonyl, etc.), C7_10 aralkylcarbonyl (for example, 20
Whatmadedi@arbonyl, etc.), pyranyl, furanyl, silyl, etc. A substitBeh{lERWadHS646

of the groups listed above may be a halogen atom (for example, fluorine,

chlorine, bromine and iodine, etc.), ax@1_6 alkyl, phenyl, a C7_10 aralkyl,

nitro, etc., which may occur 1 to about 4 times. 25 A method for cleaving

a protective group is a method WO 21)1)6/116412

PCT/US2111)6/1)15646 74 known per se or an analogous method, such
KnoWry tReHfmém fof eBm B WittEQY SciliSt base, aFedlctRh, B g tment

hydrazine, phenylhydrazine, sodium N-methyldithiocarbamate, ,
Co e BRI AmBATH oriBe  fallaBiunFacetats, e Thaons UV light,

nyBfiayaceuical composition containing camoound (1), 9101 of the present.
mvention is Xpectied 10 be use Ul inthe freatment a prevention o

e HIS89583110Mueh GRF: 15 ivolyed, SUGH a5 dgRressian, Majok. ¢,

depression, bipolar 10 depression, dysthymia, seasonal affective disorder,
recurrent depression, postpartum depression, suppression symptom,
mania, anxiety, generalized anxiety disorder, anxiety syndrome, panic

disordey, phabinasesialiphobiacfbsessie-eompulsiverdiserdebmpound (I)

posttraumatic stress 15 disorder, stress-induced insomnia, post psychic
ortrdgdra strfessldisopders dotretteisssynosome sautispe passionodiserdese ful

adjustment disorder, dysthymic disorder, sleep
in the treatment and prevention of diseases, in which CRF
is involved, such as depression, major depression, bipolar
depression, dysthymia, seasonal affective disorder,
recurrent depression, postpartum depression, suppression
symptom, mania, anxiety, generalized anxiety disorder,
anxiety syndrome, panic disorder, phobia, social phobia,
obsessive-compulsive disorder, posttraumatic stress
disorder, stress-induced insomnia, post psychic trauma
stress disorder, Tourette’s syndrome, autism, passion
disorder, adjustment disorder, dysthymic disorder, sleep
disorder, insomnia, bipolar disorder, circulatory disease,
neurosis, schizophrenia, digestive ulcer, irritable Dbowl
syndrome, inflammatory bowel disease, ulcerative colitis,
Crohn’s disease, stress-induced gastrointestinal disorder,
nervous emesis, peptic wulcer, diarrhea, constipation,
postoperative ileus, gastrointestine dysfunction and

nervous vomiting associated with stress, Alzheimer’s

disease, Alzheimer’s type senile dementia, nervous
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disorder, insomnia, bipolar disorder, circulatory disease, neurosis,
schizophrenia, digestive ulcer, irritable bowl 20 syndrome, inflammatory

W gWelldeddase, ulcerative colitis, Crohn's disease, stress-indBEAAUS2006/015646
gastrointestinal disorder, nervous emesis, peptic ulcer, diarrhea,
constipation, postoperative ileus, gasttbintestine dysfunction and
nervous vomiting associated with stress, Alzheimer's 25 disease,
Alzheimer's type senile dementia, nervous WO 2006/116412

q PCT/US§0%6/015,646 75 degenerated disease such as,Parkinson's
CHiRBEEE ERE HMIRGRHS diSSHER, nfifti-inERAdeMEnis sefiessase  and

mentia, nervous, orexia inactivity,.eating disorder, anorexia nervosa, .
H ) — :
uﬁ%ﬁ(ﬁgﬁgaasand %tjhse? ﬁﬁsgee‘stlonng:lsl(‘i:raer, SBeshy, di%%&?&? HicoholSen1le

de%%@%¥¥¥myﬂ¥¥¥€5§°p@9@xg%ﬂ Y@Qg€?¥¥tmkﬂamgt§%e$;disorder
i Ulsorder, Aervous !

headache, tension headache, ischemic nervous er,

andiserdel, errebral Jnaralysisr-progressive supraguclear palsy; amygiroplis.

lateral sclerosis, multiple sclerosis, muscular convulsion, 10 chronic

obtasigue syndeasee.lgucoraMenies syedreme, JHaRemICGivalance, grug
alopecia, hypertension, cardiovascular disorder, tachycardia, congestive

wihaant attatk, hyperpleandyronshied asthmaaapres: jnfantsydden deatbiache,
syndrome, inflammatory disorder, pain, allergic disorder, impotence, 15

ispieempausal eisorder, fedtilizatide disorderrintertility d taneere immuberebral
function abnormality at HIV infection, immune functional abnormality due

paﬁﬁ§ﬁ§%§cae@ﬁygmﬁﬁsive supranuclear palsy, amyotrophic

lateral sclerosis, multiple sclerosis, muscular convulsion,
chronic fatigue syndrome, glaucoma, Meniere syndrome,
autonomic imbalance, alopecia, hypertension, cardiovascular
disorder, tachycardia, congestive heart attack, hyperplea,
bronchial asthma, apnea, infant sudden death syndrome,
inflammatory disorder, pain, allergic disorder, impotence,
menopausal disorder, fertilization disorder, infertility,
cancer, immune function abnormality at HIV infection,
immune functional abnormality due to stress, cerebrospinal
meningitis, acromegaly, incontinence or osteoporosis.
Compound (I) or (I') of the present invention can be
formulated with a pharmaceutically acceptable carrier and
can Dbe orally or parenterally administered as solid
formulations such as tablets, capsules, granules, powders,
or the 1like; or 1liquid formulations such as syrups,
injections, or the 1like. Also, there can be prepared

formulations for transdermal administration such as
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meningitis, acromegaly, incontinence or osteoporosis. Compound (I) or (I')
of the present invention can be 20 formulated with a pharmaceutically
W deeptdlE carrier and can be orally or parenterally administBSHES IS S646
formulations such as tablets, capsules, granules, powders, or the like; or
liquid formulations such as syrups, injéctions, or the like. Also, there can
be prepared 25 formulations for transdermal administration such as WO
2006/116412 PCT/US2006/015646 76 patchings, cataplasms, ointments
(including creams), plasters, tapes, lotions, liquids and.solytions,
PatGEi&sons, SANRBMSYSmys, Sid HREMHKE As z)lrnacpj)'ﬁla Hb%euti%gl?yams) ’
acceptable caggieré ab va[jL%t¥ of organic or, inor%anic caarrrligr subS:s NGeSons,

Pl3R& Frave b PUS 1

ah c%hventlonaﬁy employed a formulation materia S, IS

used and compg ab ;ngl ageny & luricant,a, binding agent,
sugﬁg%sdig%?égr%%{wg‘ggﬁdsforr%% ations; anvehicle, a solubilizing agent, a

suspending,agent, an,1q jsetonicity agantya byffedpg ageat, apdahier, a

analgesic in liquid formulations. If necessary, formulation excipients such

va s &dyesarvalivg, an antigxidant, stabizers Ar celorirgiBgeRndes, which
sweetening agent, and the like can be used. 15 Preferred examples of

hathe Bdkingagent includes 1acfoseysustese, Hsmanniiol] stateln cnystaltinels,
cellulose, light anhydrous silicic acid, and the like. Preferred

is used and compounded as a bulking agent, a lubricant, a

binding agent, and a disintegrator in solid formulations; a

vehicle, a solubilizing agent, a suspending agent, an

isotonicity agent, a buffering agent, and an analgesic in

liquid formulations. If necessary, formulation excipients

such as a preservative, an antioxidant, a stabilizer, a

coloring agent, a sweetening agent, and the like can be

used.

Preferred examples of the Dbulking agent include
lactose, sucrose, D-mannitol, starch, crystalline cellulose,
light anhydrous silicic acid, and the like. Preferred
examples of the lubricant include magnesium stearate,
potassium stearate, talc, colloidal silica, and the like.
Preferred examples of the binding agent include crystalline
cellulose, o-starch, sucrose, D-mannitol, dextrin,
hydroxypropyl cellulose, hydroxypropylmethyl cellulose,
polyvinyl pyrrolidone, and the like. Preferred examples of
the disintegrator include starch, carboxymethyl cellulose,

calcium carboxymethyl cellulose, croscarmellose sodium,
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examples of the lubricant include magnesium stearate, potassium

stearate, talc, colloidal silica, and the like. 20 Preferred examples of the
WMy @dent include crystalline cellulose, a-starch, sucrosePOIRAHIEN1S646

dextrin, hydroxypropy! cellulose, hydroxypropylmethyl cellulose, polyvinyl

pyrrolidone, and the like. Preferred exaimples of the disintegrator include

starch, carboxymethyl cellulose, 25 calcium carboxymethyl cellulose,

croscarmellose sodium, WO 2006/116412 PCT/US2006/015646 77

odium carboxymethyl starch, low-substituted hydr%(g]/gro yl cellulose,
SOGhHTh e deP PFITRREIY e afHSEr the Y¥RRIEP frich teR YSTRfeERS PPy 1

ohol, propyle lycol, . macrogol, sesame oil, corn oil, and the like. 5 If
Ce??&éfs%%%, fé:)};n §E gu%p%%é{ Of tasté ﬁ‘fi%ﬁ?ﬁ@, SHIEMP L5, of ProlSfgedsLe

ingslon, ogllormuigions sgnch prepared by coaing by aper seroun

method. Examples of this coa ing a ydr pylmeéth

maeliese, elbyleelulase, udiaypeihyleluipse. Rydiopropyl 10

cellulose, polyoxyethylene glycol, Tween 80, Pluronic F68

[polyaxyethydens: (L60) pob/&zypr@@adensdiigbg@cog,f cellulasgacgtate, ; g,
phthalate, hydroxypropylmethyl cellulose phthalate, hydroxymethyl

entellulese-aeetateyphihalaie o Eodergit Geandacturad by Rohan COMRSAY: can

methacrylic acid- 15 acrylic acid copolymer), and the like. Preferred
be exaraplesst they solobitizing dgentinckidespolyathytene«glyieal.. propyengles
glycol, benzyl benzoate,
of this coating agent include hydroxypropylmethyl cellulose,
ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl
cellulose, polyoxyethylene glycol, Tween 80, Pluronic F68
[polyoxyethylene (160) polyoxypropylene (30) glycoll],
cellulose acetate phthalate, hydroxypropylmethyl cellulose
phthalate, hydroxymethyl cellulose acetate phthalate,
Budragit (manufactured by Rohm Company, methacrylic acid-
acrylic acid copolymer), and the like.

Preferred examples of the solubilizing agent include
polyethylene glycol, propylene glycol, benzyl benzoate,
ethanol, trisamiomethane, cholesterol, triethanolamine,
sodium carbonate, sodium citrate, and the like. Preferred
examples of the suspending agent include surface active
agents such as stearyltriethanolamine, sodium lauryl
sulfate, laurylaminopropionic acid, lecithin, benzalkonium
chloride, benzethonium chloride, glycerin monostearate, and

the 1like; hydrophilic, high molecular substances such as

polyvinyl alcohol, polyvinyl pyrrolidone, sodium
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ethanol, trisamiomethane, cholesterol, triethanolamine, sodium
carbonate, sodium citrate, and the like. Preferred 20 examples of the

W@ 2epeHdig agent include surface active agents such as ~ PCT/US2006/015646
stearyltriethanolamine, sodium lauryl sulfate, laurylaminopropionic acid,
lecithin, benzalkonium chloride, benZéthonium chloride, glycerin
monostearate, and the like; hydrophilic, high molecular substances such
as 25 polyvinyl alcohol, polyvinyl pyrrolidone, sodium WO 2006/116412
PCT/US2006/015646 78 carboxymethyl cellulpse,_ methyl celllzlilose

canRRFSRRAtet cefdidSe MtroxPsthiicellufSse: My arosyprosy LeMBsE YL
d.the like; f | f ' ici
e SHNE8 SoatHt CHEATS Srod D TRl e TRy breiag Lose:

anExarpples of the. b“aﬁfr?éi“98%9e%&i'?dudepbﬁg;@éfgwonég@q@%spr@fe, the

an acetate, a carbonate, a citrate, or the Preferable examples of the

is @98119@&%'90' -henzyl alaghel andthe like. fprefaried examplesofithe  p-

preservative include 10 paraoxybenzoic acid esters, chlorobutanol, benzyl

nardieahel, phengihy! @lgohol, debydroaceticaeid rsarbicagicsinsktheotike. the
Preferred examples of the antioxidant include sulfites, ascorbic acid, and

bu the ke d 5 The following.examples«andsexpetittents deseripgthepegrmer an
and process of making and using the present invention and are illustrative

ac¢atheethan limiingotias ¢p be understooe, thaithereenaldeeothédireferable
embodiments which

examples of the analgesic include benzyl alcohol and the

like. Preferred examples of the preservative include

paraoxybenzoic acid esters, chlorobutanol, benzyl alcohol,

phenethyl alcohol, dehydroacetic acid, sorbic acid, and the

like. Preferred examples of the antioxidant include

sulfites, ascorbic acid, and the like.

The following examples and experiments describe the
manner and process of making and using the present
invention and are illustrative rather than limiting. It is
to be understood that there may be other embodiments which
fall within the spirit and scope of the present invention
as defined by the claims appended hereto.

In the following examples, preparative HPLC was
carried out under a condition described below.

Equipment: Gilson high through put purification system
Column: YMC CombiPrep ODS-A S-5um, 50x20 mm

Solvent: A; 0.1% aqueous trifluoroacetic acid, B; 0.1

o°



10

15

20

fall within the spirit and scope of the present invention 20 as defined by

the claims appended hereto. In the following examples, preparative HPLC
WQRPg6dasdEd out under a condition described below. EquipmePET@iR8p6/015646

high through put purification system Column: YMC CombiPrep ODS-A

S-5Rm, 50x20 mm 25 Solvent: A; 0.1%%queous trifluoroacetic acid, B;

0.1% WO 2006/116412 PCT/US2006/015646 79 trifluoroacetic acid in

acetonitrile Gradient cycle: 0.00 min (A/B = 95/5), 1.00 min (A/B = 95/5),

5.20 min (A/B =5/95), 6.40 min (A/B = 5/95), 6.50 min (A/B = 95/5), 6.60
trr%lgngb&)/ﬁo(:aﬁg)%“}% BlowFate? RTREARMT BetSetion: UV 220 nm Example

-(4-Bromo-2-methoxy-6-methylph nylkl-meyﬂuyl-%(l 10 ,

Gré%\l;)éfb%tyﬁyﬁ-ﬁ%énz?rﬁ@gzomjz@amfﬁée %y&rei‘ﬁé idd N GNEONTHE BFA/B =
9sMethyl 2-chjorp-3;nit zoaig A slurry of 99 m e})é) of

2-Cc foro-3-nitrobenzc()%}e§qcid in é%(ﬂﬁL iéfﬁ@rg{lrr%&hérg was c86|%%>in afi- >0

milce hath J.Sﬁ;jr;r@mylf@(r@@n}{g%(OCAQénQ was qued to the reaction

Flow rate: 20 mL/min

Detection: UV 220 nm

Example 1
N;(4—Bromo—Z—methoxy—6—methylphenyl)—1—methyl—7—(1—

propylbutyl) -1H-benzimidazol-2-amine Hydrchloride

AN
N
X
| )—NH  OMe
N
HCl

Br

Methyl 2-chloro-3-nitrobenzoate

A slurry of 20 g (99 mmol) of 2-chloro-3-nitrobenzoic
acid in 800 mL dichloromethane was cooled in an ice bath.
Dimethylformamide (0.40 mL) was added to the reaction
followed by drop wise addition of 13.85 g (109 mmol) of
oxalyl chloride. The reaction was allowed to warm to room
temperature and was stirred for 6 h. Methanol (200 mL) was
added drop wise and the reaction was stirred overnight.

The reaction was concentrated to a residue, dissolved in
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followed by drop wise addition of 13.85 g (109 mmol) of oxalyl chloride.

The reaction was allowed to warm to room temperature and was stirred
WOoR0eeH 164Ethanol (200 mL) was added drop wise and the re R4ibV$986/015646

stirred overnight. 20 The reaction was concentrated to a residue,

dissolved in WO 2006/116412 PCT/U82006/015646 80 dichloromethane

and passed through a plug of silica eluting with a 50% ethyl

acetate/hexane mixture. The filtrate was concentrated in vacuo to give

00%) of the title compound. 5 1H NMR (CDC13) 8 3.98 (s, 3H),
dlfjﬁg‘%[%‘“ Az, fﬂ)j $3359%) LU H)PFEE @33 i1 8% ahyting

thyl eth ino-3- be zoate A solutlon of 21.5 g (99.5 mmol) of
m%@th%l %dgﬁlo%- £10% nltrncb nzé}é S HPS0dht c‘ﬁ‘r[é:‘tfah urfajnl(tﬁﬂi—) as

coW@%ntE%aJwggdv'tgrgrqpa\ggs a?gr“%n Of 3%(1 %rsg? the title

methylamine (2M solution in and was d overnlg t affroom
cotgpaparature. The reaction was concentrated to dryness, dissolved in
dichloromethane, and washed with 15 aqueous sodium bicarbonate and

1y WRtes. T&@@@gm@ \rgerggdr@d OVEE od| m4%ulf§q:e filtered, ;,mg Hz, 1H)
concentrated in vacuo to give 20.8 g (100%) of the title compound. 1H '

7.BMREDCIB) $.2.884¢, I8)5.5 Hz9 8H)d3.9(s=3H),86 %5 (1.1} 7.8 Hz,
1H), 7.97 (d, J = 8.2 Hz, 1H), 8.04 (J 20 = 7.8 Hz, 1H), 8.57 (s, 1H). MS
Calcd.: 210; Found: 211(M+H).
Methyl Z2-Methylamino-3-nitrobenzoate
A solution of 21.5 g (99.5 mmol) of methyl 2-chloro-3-
nitrobenzoate in 300 mL of tetrahydrofuran (THF) was
treated with drop wise addition of 300 mL (597 mmol) of
methylamine (2M solution in THF) and was stirred overnight
at room temperature. The reaction was concentrated to
dryness, dissolved in dichloromethane, and washed with
aqueous sodium bicarbonate and water. The organics were
dried over sodium sulfate, filtered, and concentrated in
vacuo to give 20.8 g (100%) of the title compound.
'H NMR (CDCl;) & 2.82 (d, J = 5.5 Hz, 3H), 3.9 (s, 3H),
6.65 (t, J= 7.8 Hz, 1H), 7.97 (d, J = 8.2 Hz, 1H), 8.04 (J
= 7.8 Hz, 1H), 8.57 (s, 1H).

MS Calcd.: 210; Found: 211 (M+H).

Methyl 3-amino-2-methylaminobenzoate

A solution of 20.7 g (98 mmol) of methyl 2-

methylamino-3-nitrobenzoate in 1200 mL of methanol was
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Methyl 3-amino-2-methylaminobenzoate A solution of 20.7 g (98 mmol) of

methyl 2- 25 methylamino-3-nitrobenzoate in 1200 mL of methanol was
WoRe@opeI216412 PCT/US2006/015646 81 inerted with nitroBER/UB30{4I415646

solution was added 5 g (2.3 mmol) 10% palladium on carbon (50% wet).

The reaction was purged with hydrodeh and stirred under balloon

pressure hydrogen for 7 h. The catalyst was removed by filtration 5 and

the filtrate was concentrated in vacuo to give 17.5 g (99%) of the title
. compound. MS Calcd.: 180; Found: 181(M+H). Methyl
inqrhethyrd ik d-BtaTo-IH-benLimifaAfe T 19 arBoxyisdesfo 2 9 (2-3

solution of 17.5 g (97 mmol) of Methyl 3-amino-2- methylaminobenzoate
MGl asd thi méﬁ%éﬁ%fu?ﬁn %%Egao deéig%.SwgeﬁQG m)rgn%ﬁ o]feaC%lon was
1,1'-carbonyldiimidazole and the reaction was stirre A tr
PR erdlare. The LEGRabloR foks PeMOAS SOTECTer 2 b A alowb ==
ny§2eldenropaLtemperaturgquepnight; Jhe reaction was,eoncetrated g £ 5 on
vacuo and the residue was dissolved’in 1 L ethyl acetate and washed

anWith 900 ;b ot water, Lhe erganicsweresdied ovel sediuppsyiaie, 17.5 g
filtered, and concentrated in vacuo to 20 a residue. The residue was

(o pynifiegEby Hash ichrematagyaphyieluting with a solution of 50% ethyl
acetate /dichloromethane to give 7.22 g (78%) of the title compound.

MS Calcd.: 180; Found: 181 (M+H).

Methyl l-methyl-2-oxo-1,3-dihydro-1H-benzimidazole-7-
carboxylate

To a solution of 17.5 g (97 mmol) of Methyl 3-amino-2-
methylaminobenzoate in 550 mL of tetrahydrofuran was added
20.5 g (146 mmol) of 1,1’-carbonyldiimidazole and the
reaction was stirred overnight at room temperature. The
reaction was heated at 50 °C for 2 h and allowed to cool to
room temperature overnight. The reaction was concentrated
in vacuo and the residue was dissolved in 1 L ethyl acetate
and washed with 400 mL of water. The organics were dried
over sbdium sulfate, filtered, and concentrated in vacuo to
a residue. The residue was purified by flash
chromatography eluting with a solution of 50% ethyl
acetate/dichloromethane to give 7.22 g (78%) of the title
compound.
'H NMR (CDCls) & 3.59 (s, 3H), 3.95 (s, 3H), 7.08 (t, J =

7.8 Hz, 1H), 7.27 (d, J= 7.8 Hz, 1H), 7.52 (d, J = 8.2 Hz,
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1H NMR (CDC13) 8 3.59 (s, 3H) , 3.95 (s, 3H) , 7.08 (t, J = 25 7.8 Hz,

1H), 7.27 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 8.2 Hz, WO 21)1)6/116412
WEOIHIB2121116/1115646 82 1H). MS Calcd.: 206; Found: 2BGTXISRH6/015646

1-Methyl-7-(1-propylbutyl)-1,3-dihydro-2H-benzimidazol-2- 5 one A

solution of 8.5 mL (17 mmol) of propydthagnesium chloride (2M solution in

diethyl ether) was diluted with 10 mL of diethyl ether and cooled in an ice

bath. To this solution was slowly added 1.0 g (4.85 mmol) of methyl 1 10

methyl-2-oxo-1,3-dihydro-IH-benzimidazole-7-carboxylate and the
1HYeaction was stirred overnight at 35 C. The reaction was quenched with

50 mL of methanol, 100 mL of water, and 10 mL of IN aqueous
MS oAgtRtoricatid. ﬁ%ugaueépg r?%fflﬁl?e‘ was extracted with 50 mL of

diethyl ether and twice with 50 15 mL of dichloromethane. The organics
were combined, dried over sodium sulfate, filtered, and concentrated in

_.yacuo to_-a resic is residue was, di in _
B B R et i g s bt Tha b et 2
ondeated at 75 C for 2 h and then concentrated 20 in vacuo. The resulting

residue was dissolved in dichloromethane and washed with agqueous

sodiym bicarkanrate. okhe organigs wenerdrigtl @ver sediumrsifaleragnesium

filtered, and concentrated in vacuo to give 1.05 g of crude 1-methyl-7-
ch-prapylbuti-enyl)«1;3-cihydto tHeberpzimidarat-2-ores diluted with 10
mL of diethyl ether and cooled in an ice bath. To this
solution was slowly added 1.0 g (4.85 mmol) of methyl 1-
methyl-2-oxo-1,3-dihydro-1H-benzimidazole-7-carboxylate and
the reaction was stirred overnight at 35 °C. The reaction
was quenched with 50 mL of methanol, 100 mL of water, and
10 mL of 1N aqueous hydrochloric acid. The aqueous mixture
was extracted with 50 mL of diethyl ether and twice with 50
mL of dichloromethane. The organics were combined, dried
over sodium sulfate, filtered, and concentrated in vacuo to
a residue. This residue was dissolved in 50 mL of ethanol
and 10 mL of 6N aqueous hydrochloric acid was added. The
mixture was heated at 75 °C for 2 h and then concentrated
in wvacuo. The resulting residue was dissolved in
dichloromethane and washed with agueous sodium bicarbonate.
The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo to give 1.05 g of crude l-methyl-7-
(l-propylbut-l-enyl)-1,3-dihydro-2H-benzimidazol-2-one,

which was used without further purification in the next
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25 which was used without further purification in the next WO

2006/116412 PCT/US2006/015646 83 step. MS Calcd.: 244; Found:
WQ2H¢/1464)2The crude material was dissolved in 50 mL of meR&dHbPAAe015646

inerted with nitrogen. This solution was treated with 300 mg (2.16 mmol)

of 10% palladium on carbon (50% wet}, purged with 5 hydrogen, and

stirred under balloon pressure hydrogen for 36 h. The catalyst was

removed by filtration and the filtrate concentrated in vacuo. The crude

residue thus obtained was purified by flash chromatography eluting with |

stepmixttife 6P8%nethaAGHdiERBRShetan e THE resulftty £6 HApufe te-+as

mixture was triturated with diethyl ether an filterfd. :—EQ filtr.age ggg%ﬁin%q th
waghe fiie Tohiind’dong it siall dAfouHt 8P an dhidentitied impurity,

. was concentrated in vacuo.,The residue thus oé:) aiqy%@l%@@) S (2.16
N1t ERESH the néx lrgacﬁgri 1\"/L\%tjﬁ(())ﬂt fﬂqﬁﬁereﬁﬁﬁﬁgaté)n. 15 MS Calccf.a:/ 24é;

Found: 247(M+H), 2- -I-methyl-7-(1-propyutyl)-1Hybengimi g+
mmoIJ(fzse c?l}ﬁezl%e 3%%%@%%p%%t§%%§?gih&cﬁgbenéﬁgéézo -ltg?ognés%la &
hydSR88 Mme)) was dissgived 204n 19 Ml ghphospbeioss oxyehlegda for

and heated at 100 C overnight. The reaction was allowed to cool to room

36 tepperatgrg.and-goncentraterh i vaede videe residue thus obtainedands the
dissolved in ethyl acetate, washed with agueous sodium bicarbonate,

£1 Oriedaversadiem sulfated 25 filterectapd conténtratechide/acuestodyiee thus
655 mg (86%) of . |
obtained was purified by flash chromatography eluting with
a mixfure of 5% methanol/dichloromethane. The resulting
impure mixture was triturated with diethyl ether and
filtered. The filtrate contained the title compound along
with a small amount of an unidentified dimpurity, was
concentrated in vacuo. The residue thus obtained (710 mg)

was used in the next reaction without further purification.

MS Calcd.: 246; Found: 247 (M+H).

2-Chloro-l-methyl-7- (l-propylbutyl)-1H-benzimidazole

The crude l-methyl-7- (1l-propylbutyl) -1, 3-
dihydrébenzimidazol—Z—one (710 mg, 2.88 mmol) was dissolved
in 10 mL of phosphorous oxychloride and heated at 100 °C
overnight. The reaction was allowed to cool to room
temperature and concentrated in vacuo. The residue thus
obtained was dissolved in ethyl acetate, washed with
aqueous sodium bicarbonate, dried over sodium sulfate,

filtered and concentrated in vacuo to give 655 mg (86%) of
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WO 21)1)6/116412 PCT/US211116/1115646 84 the title compound,
which was used in the next step without further purification. MS Calcd.:
WQW6HMHA: 265(M+H). 5 PCT/US2006/015646

N-(4-Bromo-2-methoxy-6-methylphenyl)-I-methyl-7-(1-
propylbutyl)-1H-benzimidazol-2-aming4Hydrochloride A neat mixture of
100 mg (0.38 mmol) of 2-chloro-I-

methyl-7-(I-propylbutyl)-IH-benzimidazole and 163 mg (0.76 mmol) of

4-bromo-2-methoxy-6-methylphenylamine was heated 10 at 100 C
thepvetigat, THEN@ABoN WA oSI98 t8mpBfattredndheRediihBOUt

was dissolved jn 10 mL of dichloromethane, washed with water, dried
furgiepLollitht Stfate: dtered, and concentrated in vacuo. This residue

thus obtained was purified b rative HPLC to give the 15 title

S c%?rﬁﬁ%hﬂ & the trifith acgt%Z@%%th. The salt was dissolved in
methanol and treated with hydrochloric acid (iN solution in diethyl ether).
The solution was concentrated in vacuo to give 40 mg (23%) of the title

N- ggg}g&;@gﬁz%}peet*?y&@%%%%@Jgﬁ%ﬁw Ri(GRAe43)169-871(L, I = 7.4

, 1.26 (m, 4H), "1.71 (m, 4H), 2.12°(s, 3H), 3.40 (m, 1H), 3.82 (s,
pr V1389 (S, 3H- B3PI HY R ILH-WhiMe 1HY 02 KS. diH)aer .09 (t, ]

=7.2 Hz, 1H), 7.34 (br s, 1H). MS Calcd.: 443; Found: 444 (M+H). 25 WO

21)R6/45412PCTAYS211A16/40 15646 (0. 38 mmol) of 2-chloro-1-
methyl-7- (1-propylbutyl)-I1H-benzimidazole and 163 mg (0.76
mmol) of A4-bromo-2-methoxy-6-methylphenylamine was heated
at 100 °C overnight. The reaction was cooled to zroom
temperature and the residue was dissolved in 10 mL of
dichloromethane, washed with water, dried over sodium
sulfate, filtered, and concentrated in vacuo. This residue
thus obtained was purified by preparative HPLC to give the
title compound as the trifluorocacetic acid salt. The salt
was dissolved in methanol and treated with hydrochloric
acid (1N solution in diethyl ether). The solution was
concentrated in vacuo to give 40 mg (23%) of the title
compound as the hydrochloric salt.
4 NMR (CDCls) & 0.87 (t, J = 7.4 Hz, 6H), 1.26 (m, 4H),
1.71 (m, 4H), 2.12 (s, 3H), 3.40 (m, 1H), 3.82 (s, 3H),
3.89 (s, 3H), 6.93 (s, 1H), 6.97-6.99 (m, 1H), 7.03 (s, 1H),
7.09 (¢, J= 7.2 Hz, 1H), 7.34 (br s, 1lH).

MS Calcd.: 443; Found: 444 (M+H).



85 Compounds described below were prepared in a similar method.
Table 1 Example Structure Name Physical Data 1-methyl-7-(1-
WOSHMHIBM2N / (2,4,6- MS Calcd.: 2 N trimethoxypheny /NH BCTAN200¢/015646
Found: N _ enzimidazol-2- 412 (M+H HCI % amine 0- Hydrochloride 1H
NMR (CDC13) S 0.87 (t, 6H, J=7.08z); 1.26 (brs, 6H); 1.67-1.70 (m,
4H); 2.19 N-mesityl-I- (s, 4H); 2.28 N ethyl-7-(1- (s, 3H); 3.35 31//~-NH
propylbutyl) - (br s, 1H); N 1H- 3.73 (s, 3H); benzimidazol-2- 5.56 (br s,
amine 1H); 6.92 (s, 3H); 7.07 (br s, 1H); 7.30 (br s, 1H);

Compounds’ describe

below were ‘prepared in'a similar method.

Table 1
Example |Structure Name Physical Data
l-methyl-7-(1-
propylbutyl)-N-
d éiiiéghoxypheny 15 Caled. :
2 2%~NH o— 1)-18- 411; Found:
N benzimidazol-2- 412 (M+H) .
HCI}D amine
o— Hydrochloride
'H NMR (CDCls)
6 0.87 (t, 6H,
J = 7.0 Hz);
1.26 (bxr S,
6H); 1.67-1.70
(m, 4H); 2.19
/ N-mesityl-1- (s, 4H); 2.28
N methyl-7-(1- (s, 3H); 3.35
3 »~—NH propylbutyl) - (br s, 1H) ;
N 1H- 3.73 (s, 3H):
benzimidazol-2-|5.56 (br s,
amine 1H); 6.92 (s,
3H); 7.07 (br
s, 1H); 7.30
(br s, 1H) ;
MS Calcd.:
363; Found:
364 (M+H) .




MS Calcd.: 363; Found: 364 (M+H). WO 21)1)6/116412
PCT/US2111)6/1)15646 86 1H NMR (CDC13) 50.86 (t, J = 7.4 Hz, 6H),
WQ 2p061 8312, N-(4-bromo-2- 4H), 2.12 (s, methoxy-6- 3H), 3PXILAIS2P0¢(H15646

1H), 3.82 N methylphenyl) 4 i,>-NH OMe 7-(1- (s, 3H), 3.89 N
ethylpropyl)-1- (s, 3H), 6.93 methyl-18# (s, 1H), 6.96 benzimidazol-2- (d,
J=7.6 HCl amine Hz, 1H), 7.03 Br 11 1H), 7.07- Hydrochloride (s, 7.11
1H), 7.35 (s, 1H). MS Calcd.: 415; Found: 416 (M+H). 1H NMR

(CDCIS) 'H NMR (CDCls)
5 0.86 (t, J =
7.4 Hz, 6H),
1.70-1.83 (m,
N-(4-bromo-2- i), 2.12 (s,
methoxy-6- 3H), 3.21-3.27
d methylphenyl) - (m, 1H), 3.82
T (s, 3H), 3.89
Zf—NH OMe =1 ( 3H 6.93
4 N ethylpropyl)-1- Sr )r 6.
methyl-1g- | (8- 1), 6.96
benzimidazol-2- (d, J=7.6
HCI - amine Hz, 1H) 7 7.03
Hydrochloride (s, 1R), 7.07-
7.11 (m, 1BH),
7.35 (s, 1H).
MS Calcd.:
415; Found:
416 (M+H).
'H NMR (CDCls)
6 1.39 (d, J =
6.9 Hz, 6H),
2.12 (s, 3H),
/ N-(4~Bromo-2- {3.82 (s, 3H),
N methoxy-6-~ 3.86 (s, 1H),
ZF—NH OMe methylphenyl)-]3.93 (s, 3H),
5 N 7-isopropyl-1-|5.87 (m, 1H),
methyl-1H- 6.92 (s, 1H),
benzimidazol-2-|7.00-7.10 (m,
Br amine 3H), 7.36 (m,
1H). MS
Calcd.: 387;
Found: 388

(M+H) .




31.39(d,J= 6.9Hz, 6H), 2.12 (s, 3H), / N-(4-Bromo-2- 3.82 (s, 3H), N
methoxy-6- 3.86 (s, 1H), methylphenyl)- 3.93 (s, 3H), ~NH OMe 5 &N
WG 23y EI- 5.87 (m, 1H), methyl-IH- 6.92 (s, 1H), benzimi8&IHI2006/015646
7.00-7.10 (m, Br amine 3H), 7.36 (m, 1H). MS Caled.: 387; Found: 388
(M+H) WO 2006/116412 PCT/US2006/015646 87 'H NMR (CDC13) S
2.12 (s, 3H), 3.66 (s, 7-[bis(4- 3H), 3.77 (s, 3H), 3.80 (s, Meo OMe
methoxyphenyl) methyl]-N-(4 6H), 6.12 (m, 1H), N chloro-2-6.50 (d, J =
6 N NH pme 'H NMR (CDCls)
0 2.12 (s,
3H), 3.66 (s,
3H), 3.77 (s,

7-Tbis (4=
MeO O O OMe methoxyphenyl) BH) 14 63Hn)8o (S,
__N_ 4__ 4
methyl] ( 6.12 (m, 1H),
/ chloro-2-~
N —6— 6.50 (4, J =
9 I'EI )—NH OMe methoxy 8.1 Hz,1H)
N methylphenyl) - . ’ ’

6.75-6.88 (m,
6H), 6.95~7.00
(m, S5H), 7.41

l-methyl~1H-
g |benzimidazol-2-

amine (m, 1H). MS
Calcd.: 529;
Found:
530 (M+H) .

‘H NMR (CDCl3)
5 0.99 (t, J =

7.2 HZ, 3H)I

2.00-2.25 (m,

2H), 2.12 (s,

3H7), 3.74 (s,

1H),

N-(4-chloro-2-|3.75 (s, 3H),

MeO methoxy-6- 3.77 (s, 3H),
O methylphenyl)- | 4.47 (t, J =
d T-11-(4- 7.2 Hz, 1H),

7 O )>—NH  OMe methoxyphenyl) 6.76 (d, J =

N propyl]-1- 2.4 Hz,1H),
methyl-1H- 6.82 (d, J =

o benzimidazol-2-| 8.7 Hz,1H),

amine 6.86 (d, J =

2.4 Hz,1H),

7.05-7.20 (m,
4H), 7.37 (m,
1H) . M3
Calcd.: 449;
Found:
450 (M+H) .

Example 8
{2-{ (4-Bromo-2-methoxy-6-methylphenyl)amino] -1l-methyl-1H-

benzimidazol-7-yl} (4-methoxyphenyl)methanone.
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methylphenyl)- 8.1 Hz,1H), 1-methyl-1H- 6.75-6.88 (m, benzimidazol-2-

6H), 6.95-7.00 cl amine (in, SH), 7 .41 (m, 1H) . MS Calcd.: 529; Found:
W& 146412 1H NMR (CDC13) S 0.99 (t, J = 7.2 Hz, 3H), 2.06-P/P%20he/015646

2H), 2.12 (s, 3H), 3.74 (s, 1H), N-(4-chloro-2- 3.75 (s, 3H), MeO

methoxy-6- 3.77 (s, 3H), methylphen@¥ 4.47 (t, J = 7-[1-(4- 7.2 Hz, 1H),

7 ~) NH ome methoxyphenyl) 6.76 (d, J = propyl]-1- 2.4 Hz,1H),

methyl-IH- 6.82 (d, J = G benzimidazol-2- 8.7 Hz,1H), amine 6.86 (d, J =

2.4 Hz,1H), 7.05-7.20 (m,

MeO
9
/
N
O )—NH  OMe
N

Br

7- (4-Methoxybenzoyl)-1-methyl-1, 3-dihydro-2H-benzimidazol-
2-one

A solution of 12 mL (6.00 mmol) of 4-methoxymagnesium
bromide (0.5M solution in THF) was diluted with 15 mL of
THF and cooled in an ice bath. To this solution was slowly
added 309 mg (1.50 mmol) of l-methyl-2-oxo-2,3-dihydro-IH-
benzimidazole-7-carboxylic acid methyl ester and the
reaction was stirred for 24 h at 60 °C. The reaction was
quenched with water. The aqueous mixture was extracted
with ethylacetate. The extract was washed with 1IN agqueous
hydrochloric acid and brine, dried over magnesium sulfate
and concentrated in vacuo. The residue was purified by
column chromatography eluting with 20 - 70% ethyl acetate /
n-hexane to give the title compound (148 mg, 35%).
'H NMR (DMSO-ds) & 3.00 (s, 3H), 3.87 (s, 3H), 6.98 (d, J =
8.1 Hz, 1H), 7.00-7.15 (m, 3H), 7.19 (d, J = 8.1 Hz, 1H),
7.81 (d, J= 7.2 Hz, 2H).

MS Calcd.: 282; Found: 283 (M+H).
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4H), 7.37 (m, 1H). MS Calcd.: 449; Found: 450(M+H). Example 8
{2-[(4-Bromo-2-methoxy-6-methylphenyl)amino]-1-methyl-IH-

W esitield2ol-7-yl}(4-methoxyphenyl)methanone. WO 2006/10GH132006/015646
PCT/US2006/015646 88 MeO O N ~>-NH OMe N O Br

7-(4-Methoxybenzoyl)-1-methyl-1,3-dilBydro-2H-benzimidazol- 2-one A
solution of 12 mL (6.00 mmol) of 4-methoxymagnesium 5 bromide (0.5M
solution in THF) was diluted with 15 mL of THE and cooled in an ice bath.
To this solution was slowly added 309 mg (1.50 mmol) of
(2—Chikay-oloxe- P b Ere AR HeH- AR o|%?zﬂ%bﬁb%>é§}ﬁ29%\8fayrﬂaﬁ1wl
ester and the reaction was stirred for 24 h at 60 C. The reaction was 10
metdineR&d with water. The agueous mixture was extracted with

ethﬁﬁﬁéaitg% F;Qreg \(/—:-é(rtr% ggvr\lliluvggs:fd with 6N aopeous, gyc;lrocrg%rlc agd
methoxybenzoyl)—1—methyl—l,3—dihydro—ZHFbenzlmldazol—Z—one

was dissolved in 1.5 mL of phosphorous oxychloride and
heated at 100 °C for 18 h. The reaction was allowed to
cool to room temperature and concentrated in vacuo. The
residue <thus obtained was dissolved in ethyl acetate,
washed with aqueous sodium bicarbonate, dried over
magnesium sulfate, filtered and concentrated in wvacuo to
give 124 mg (80%) of the title compound, which was used in

the next step without further purification.

MS Calcd.: 300; Found: 301 (M+H).

{2-[ (4-bromo-2-methoxy-6-methylphenyl)amino]-1-methyl-I1H-
benzimidazol-7-yl} (4-methoxyphenyl)methanone

A mixture of 120 mg (0.399 mmol) of (2-chloro-1-
methyl-1H-benzimidazol-7-yl) (4-methoxyphenyl)-methanone and
216 mg (0.998 mmol) of 4-bromo-2-methoxy-6-
methylphenylamine in 0.5 ml of l-methyl-2-pyrrolidone was
heated at 100 °C for 20 h. The reaction was cooled to room
temperature and the residue was dissolved in
dichloromethane, washed with water, dried over magnesium
sulfate, filtered, and concentrated in vacuo. This residue

thus obtained was purified by preparative HPLC to give the
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and concentrated in vacuo. The residue was purified by column

chromatography eluting with 20 - 70% ethyl acetate / 15 n-hexane to give
W@eR8teIH @dpound (148 mg, 350). 'H NMR (DMSO-d6) S 3.00¢d/B$1§06/015646

3.87 (s, 3H), 6.98 (d, J = 8.1 Hz, 1H), 7.00-7.15 (m, 3H), 7.19 (d,J=8.1

Hz, 1H), 7.81 (d, J =7.2 Hz, 2H). MSCalcd.: 282; Found: 283 (M+H). 20

WO 2006/116412 PCT/US2006/015646 89

(2-Chloro-1-methyl-IH-benzimidazol-7-yl)(4-methoxyphenyl)- methanone A
mixture of 145 mg (0.514 mmoal) of 7-(4-

t 1 trhethERYIRIIFBE) ASmERTI- E BLdihyarR 9 PetzimididoiSRbhe 5 RS Salt
dissaolved in 1.5 mL of phosphorous oxychloride and hﬁat d at% 0 C for s
was g AR +ETion WasSioied ?&GCJ%%%/FO r&gﬁ te‘?ﬁ‘psergfg re'and’  2dUeCH

oncentrated in vaguo. The, residue thus obtained was di _%glélgd iq_:ﬂhé/!3 d
S0 Rt (VASREF AR acBba8 soam BISHoraii dasd suseio Lot oere

agnesium sulfate, filiered and concentrated in yacup,tge givE 424400+ 5 +1¢
an%(?%o?%? %htertlaﬂ;:ee%rﬁéou%ngﬁv%iﬁ ng used in t%g npéxt s%ep without
codhgr purification. MS Calcd.: 300; Found: 301 (M+H). 15
{2-[(4-bromo-2-methoxy-6-methylphenyl)amino]-I-methyl-IH-

1y hapgimigagal:7-yB(4meshoxyphemyl)mesharones A mixjyrefd20 neg  3H) ,
(0.399 mmol) of (2-chloro-

3. methy-1Hhenzimjdazolw;yI ) #3metbogypheayl)whethanénéiand 1H) , 6.99

(d, J = 8.7 Hz, 2H), 7.06 (d, J= 1.8 Hz, 1H), 7.10-7.20 (m,

oH), 7.65 (d, J = 6.9 Hz, 1H), 7.96 (d, J = 8.7 Hz, 2H);

MS Calcd.: 481; Found: 482 (M+H).

Example 9
N- (4-Bromo-2-methoxy-6-methylphenyl)-4- (l-ethylbutyl)-3-

methyl-3H-imidazo[4,5-c]pyridin-2-amine

/
x—N

NH OMe
I/N/>—

Br
4-Bromo-3-methyl-I1H-imidazo[4,5-c]pyridin-2(3H) -one
A solution of 20.0 g (103 mmol) 3-methyl-4-nitro-IH-
imidazo[4,5-clpyridin-2(3H)-one in 168 mL 48% hydrobromic
acid was heated for 6 h at 135 °C. An additional 33 mL of
48% hydrobromic acid was added and the reaction was stirred

at 135 °C overnight. The reaction was cooled to room
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216 mg (0.998 mmol) of 4-bromo-2-methoxy-6- 20 methylphenylamine in

0.5 ml of 1-methyl-2-pyrrolidone was heated at 100 C for 20 h. The
WO4beidHAs cooled to room temperature and the residue wX§di553006815646

in dichloromethane, washed with water, dried over magnesium sulfate,

filtered, and concentrated in vacuo. Ttas residue 25 thus obtained was

purified by preparative HPLC to give the WO 2006/116412

PCT/US2006/015646 90 title compound as the trifluoroacetic acid salt.

The salt was dissolved in ethyl acetate and washed with aqueous
CeURGUmMHER bGHAte, ST EPECMahe iU &l at@ilteke® anater.  The

concentrated.in vacuo to give 30 mg (16%) of the title 5 compound. 1H

TERVIR tEBCT3PE S 9WE S3rTa b R als) aRid (& 3, 8L @dgpfion of
.94 (m, 1H), 6.94 (d. J = 1.8 Hz, 1H), 6.99 (d,J = 8.7 Hz, 2H), 7.06 (d, J
123 8Hz 1 W.Jiﬁ(fféo (n%qﬁﬁ’)"‘ﬁasa(rc?f“j’(%lé?% Hztﬁéﬁ?%?%e('d,\]: The

- : : :.481; Fqund: 482 (M+H), E ple
SR, YISO LM OB PR aer anc
drmethyl3Haimidazold,S-clpyridine2-gaine. TNN NH @Me, O 15B8r 5 55 o

4-Bromo-3-methyl-IH-imidazo[4,5-c]pyridin-2(3H)-one A solution of 20.0 g
(7603 mmalh3-methyld-pieslidt as a light yellow solids.
'H NMR (DMSO-dg) & 3.54 (3H,s), 7.08 (1H, d, J = 4.9 Hz),
7.94 (1H, d, J = 4.9 Hz), 11.71 (1H, s).

MS Calcd.: 227; Found: 228 (M+H).

(E)—4—(Hex—3—en—3—yl)—3—methyl—lﬂlimidazo[4,5—c]pyridin—
2 (3H) -one

A mixture of 0.68 g (3.0 mmol) of 4-bromo~-3-methyl-1H-
imidazo[4,5-c]lpyridin-2 (3H)~one and 0.17 g (0.20 mmol) of
PdCl.dppf-dichloromethane complex was dissolved in 12 mL of
toluene and treated with 3.8 mL (7.7 mmol) of 2N sodium
carbonate and 0.72 g. (3.6 mmol) of (Z)-2~(hex-3-en-3-
yl)benzo[d] [1, 3,2]dioxaborole. The resulting mixture was
heated to 90 °C for 5 h, partitioned between water and
ethyl acetate, filtered to remove fine precipitates and
extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over sodium sulfate, filtered
and concentrated in vacuo. The brown oil thus obtained was
purified by flash chromatography eluting with a 25%

methanol/dichloromethane mixture to give 0.40 g (58%) of
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imidazo[4,5-c]pyridin-2(3H)-one in 168 mL 48% hydrobromic acid was
heated for 6 h at 135 C. An additional 33 mL of 20 48% hydrobromic acid
WoRsEtidétt and the reaction was stirred at 135 C overnight. PEdERSHiGA15646
was cooled to room WO 2006/116412 PCT/US2006/015646 91
temperature and quenched into 16759%aL ice water. The resulting slurry
was adjusted to pH 9 by the addition of 125 mL saturated aqueous
ammonium hydroxide. The precipitate was filtered and washed with 200
mL water and 5 dried in a vacuum oven at 50 C overnight to give 17.58 g
the7506) 6 tRORBE PRSHLRE ad adiht Vel SORTS. ARNVR (DMSO-d6) 6
... 3.54(3H,s), 7.08 (1H, d, J = 4.9 Hz), 7.94 (1H,d, J =4.9 Hz& 11.71 (1H,
H JMR1S(ERlcks) 257; FhuRd: o), Ag 7-0 H2) . 110 (SH,t,J

F)-4-(Hex-3-en-3-yl)-3;methyl-IH-imidazg[4,5-c]pyridin-_2(3x)-one
B 1>§iuf£é2§f’0. 5 3. 'r%@ol}%‘?ﬂ-blp rho- -'r%%th;%ﬂ’. ds 9 R4 wz),

3. "%Sg?gﬁ[“'%‘?]py@.i@%z(gl'ih‘,’“eca”dao-y9.(9-219275‘”‘0@.0§815(m, d, J =

dppf-dichloromethane ‘complex was dissolved in 12 mL of toluene

5 . ang freated yith 3.8 miy (7.7 ramgl) of 2] sodigms sarbonate,and 0.72 g.
(3.6 mmol) of (Z)-2-(hex-3-en-3- yl)benzo[d][1,3,2]dioxaborole. The

Ms resulting mixteie wasyheated 1o 90M3-for 5 h, partitioned between water

and 20 ethyl acetate, filtered to remove fine precipitates and extracted

with ethyl acetate. The combined organic layers
4- (Hexan-3-yl) -3-methyl-1H-imidazo[4,5-clpyridin-2 (3H) -one

To a solution of 0.36 g (1.6 mmol) of (E)-4-(hex-3-

en-3-yl)-3-methyl-1H-imidazo[4,5-c]pyridin-2(3H)-one in 30
mL of ethanol was added 0.99 g (10 mol% Pd) of palladium on
carbon (50% wet, Degussa type). The reaction was kept
under a hydrogen atmosphere via a balloon and stirred at
room temperature for 6 h. The catalyst was removed via
filtration and the filtrate was concentrated in vacuo to
give 0.33 g (91%) of the title compound as a grey oil that
solidified upon standing.
'H NMR (CDCls) & 0.81 (3H, t, J= 7.4 Hz), 0.87 (3H, t, J =
7.4 Hz), 1.12-1.29 (2H, m), 1.66-1.82 (2H, m), 1.88-1.99
(2H, m), 3.21-3.28 (1H, m), 3.67 (3H, s), 6.94 (1H, d, J =
5.2 Hz), 8.31 (1H, d, J = 5.2 Hz), 10.25 (1lH, br s).

MS Calcd.: 233; Found: 234 (M+H).

2-Chloro-4- (hexan-3-yl)-3-methyl-3H-imidazo[4, 5-c]pyridine

Prepared from 4-(hexan-3-yl)-3-methyl-IH-imidazol[4,5-
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were washed with brine, dried over sodium sulfate, filtered and
concentrated in vacuo. The brown oil thus obtained was purified by flash
WQRMBeHdfdd?aphy eluting with a 25% 25 methanol/dichlorometReRaIF33e/PdS646
to give 0.40 g (58%) of WO 2006/116412 PCT/US2006/015646 92 the
titte compound as a cream colored s@lgl. 1H NMR (CDC13) 6 1.01 (3H, t,
J=7.6Hz),1.10 (3H,t,J =7.6 Hz), 2.29-2.36 (2H, m), 2.66 (2H, g, J =
7.4 Hz), 3.46 (3H, s), 5.46 (1H,t,J = 7.2 Hz), 6.98 (1H, d, J = 5 5.3 Hz),
8.28 (1H, d, J = 5.1 Hz), 10.83 (1H, br s). MS Calcd.: 231; Found: 232
c] p(veHr 1= 2H SR 81) - 3-AERVIGHITid az8 [4, 5 fpy ritiR AR oflg SFE Hed
solution of 0.36 g (1.6 mmol) of (E)-4-(hex-3 10
pregHL3UMLY- metrhRIH-imidazot4 SrpyrdiR- 2tk )-bnd 1 BEORY SrEanor
was added 0.99,g (10,mo|% P:'Lda? ofgallad(ijlﬁgﬂ on carbon (50% wet,
bengddidazge) Hie Fahttion Waskept Under a hydrogen atmosphere via a

o B TR S N -

ilfrate was conceéntfated In'vacuo to give

. (91%0)0f the title poypd as-a grey-oikthat  selidified upenos-2. 04
7 @tﬁzd?n’g. fHOgM%'(%DC %@)}s 0.8{ (3H, 1, J=7.4 Hz(), 087 (3H,t,J= 7.4

(21121123139 (BHam), b.66-1x82 (2H, 0m), 188-19p, 20 (24, M, o, J =
3.21-3"28"(1H, m), 3.67 (3H, s), 6.94 (1H, d, J = 5.2 Hz), 8.31 (1H, d, J =
5. 5.21Hy), ¥0.25 (YHubhr 8), Ms Cakdy 2835 Found: 234 (M+H).

MS Calcd.: 251; Found: 252 (M+H).

N;(4—bromo—2—methoxy—6—methylphenyl)—4—(1—ethylbutyl)—3—
methyl—3HLimidazo[4,5—c]pyridin—2—amine

Prepared from according to the method described
previously for 2-chloro-4- (hexan-3-yl)-3-methyl-3H-
imidazo[4,5-c]lpyridine in 47% isolated yield.
y NMR (CDCls) & 0.84 (3H, t, J= 7.4 Hz), 0.88 (3H, t, J =
7.4 Hz), 1.14-1.32 (2H, m), 1.68-1.84 (2H, m), 1.93-2.02
(2H, m), 2.18 (3H, s), 3.24-3.31(1H, m), 3.82 (3H, s), 3.90
(34, s), 5.98 (1H, br s), 6.94 (1H, s), 7.06 (1H, s), 7.23
(14, 4, J = 4.5 Hz), 8.29 (1H, d, J = 5.3 Hz).

MS Calced.: 430; Found: 431 (M+H).

Compounds described below were prepared in a similar method.



2-Chloro-4-(hexan-3-yl)-3-methyl-3H-imidazo[4,5-c]pyridine 25 Prepared

from 4-(hexan-3-yl)-3-methyl-IH-imidazo[4,5 WO 2006/116412
WEDHIB2006/015646 93 c]pyridin-2(3H)-one according to thBGHATRY6/015646

described previously for 2-chloro-I-methyl-7-(I-propylbutyl)-1H-

benzimidazole in 68% isolated yield. 34 NMR (CDC13) 8 0.80 (3H, t,J =

7.4 Hz),0.86 (3H,t,J = 5 7.4 Hz), 1.06-1.31 (2H, m), 1.68-1.93 (2H, m),

1.95-2.04 (2H, m), 3.30-3.37 (1H, m), 4.05 (3H, s), 7.43 (1H, d, J = 5.4

Hz), 8.43 (1H, d, J = 5.4 Hz). MS Calcd.: 251; Found: 252 (M+H). 10

-l?romo-Z-methoxy-G-methyIphenyl)-4-(1—ethy|butyl)-3-

methyl-3H-imidazo[4,5-c[pyrndin-g-amine Prepared from

Exenefiod deseriked previously for

imidazo[éL,S-c]pyridine in 47% isq

lated yield. 15 'H NMR

-Shtoro-4-(hexan-3-yl)4

according to the

BtethykiHpata
CDC13) S 0.84

(@BH,t,J¥7.4Hz),088 (3H, L, JE
1.93-2.02 (2H, m), 2.18
3.90 (3H,

(2H, m),

s), 5.98 (1H, br s), 6.9

4.5 Hz), 8.29 (1H, d, J = 5.3 Hz).

74 Hz2), T.14-1.32(
(3H, s), 3.24-3.31(1H,
1 (1H, s), 7.06 (1H, ),

20 MS Calcd.: 430; Fol

B M 68 R4
6@482(2%“ ), J

123 (I8 J="1 12
sk 434 (MEH)- 7 5

Compoumds described below wefe prepared in a similar )thod WO, (3H,
21)1)6/116412 PCT/US2006/1115646 94 Table 2 s), 2 .35 (2H,
m), 2.71 (2H, q,
= N- (4-bromo-2- J= 7.5 Hz), 3.71
d methoxy-6- (3H, s), 5.53
NTX methylphenyl)-4- ((1H, t, J = 7.5
10 | N/>—NH OMﬁ[(lE)—l—ethylbut—Hz), 5.97 (1H,
l-enyl]-3-methyl-m), 6.94 (1H, d,
3H-imidazo[4,5- |[J = 1.8 Hz),
Br clpyridin-2-amine|7.07 (1H, d, J =
1.8 Hz), 7.28
(1H, d, J = 5.4
Hz), 8.25 (1H,
d, J = 5.4 Hz).
MS Calcd.: 428;
Found: 429
(M+H) .
'H NMR (CDCls) &
0.90 (3 H, t,
J=7.3 Hz) 0.89
(3 H, t, J=7.4
Hz) 1.23 - 1.36
(2 H, m) 1.73 -
N-(4-chloro-2- 1.90 (4 H, m)
methoxy-6- 2.18 (3 H, =)
methylphenyl)-7- ;'21 - 3:31 (1
11 (1-ethylbutyl)-1-[r ™) 3.83 (3 H,
nethyl-1H- s) 3.90 (3 H, s)
imidazo[4,5- z'gi’ & i ?
P E R, T : . r r
clpyridin-2 am:Lneu_r___2.2 Hz) 6.92
(1 H, 4, 5=1.7
Hz) 8.17 (1 H,
s) 8.62 (1 H, s)
MS Calcd.: 386;
Found: 387

(M+H) .
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Example Structure Name Physical Data 'H NMR (CDC13) S 1.04 (3H, t,
J= 75Hz),1.12 (3H,t,J=7.5 Hz), 2.22 (3H, s), 2.35(2H, ), 2.71 (2H,
WQ2MN(ALptBmo-2- J= 7.5 Hz), 3.71 ethoxy-6- (3H, s), 5.53 N RET/N}00NA15646
nethylphenyl)-4- (1H, t, 3 =7.5 10 N [(1E)-1-ethylbut- Hz), 5.97 (1H,
1-enyl]-3-methyl ), 6.94 (1H, d, 3H-imgdazo[4,5- ] 1.8 Hz), Br c]
pyridin-2-amine 7.07 (1H,d, J= 1.8 Hz), 7.28 (1H,d, J=5.4 Hz), 8.25
(1H, d,J=5.4 Hz). MS Calcd.: 428; Found: 429 (M+H). 1H NMR
(CDC13)6 0.90 (3H,t, J=7.3Hz)0.89 (3H,t,J=7.4 Hz) 1.23-1.36
Example 12
4-12-[(2,4-Dimethylphenyl)amino) -1~ (2-hydroxyethyl) -1H=
benzimidazol-7-yl]lheptan-4-ol

OH OH

Methyl-2-chloro~3-nitrobenzoate

A slurry of 20 g (99 mmol) of 2-chloro-3-nitorobenzoic
acid in 800 mL dichloromethane was cooled iﬁ an ice bath.
Dimethylformamide (0.40 ml) was added to the reaction
mixture followed by dropwise addition of 13.85 g (109 mmol)
of oxalyl chloride. The reaction was allowed to warm to
room temperature and was stirred for 6 h. Methanol (200 mL)
was added dropwise and the reaction was stirred overnight.
The solvent was evaporated in vacuo. The residue was
triturated with n-hexane. The resulting solid was
collected by filtration, washed with hexane and dried in
vacuo to give 21.0 g (98%) of the title compound.
W NMR (CDCls) & 3.98 (3H, s), 7.49 (1H, t, J = 8.4 Hz),
7.84 (lH, dd, J= 1.8, 8.4 Hz), 7.96 (lH, dd, J= 1.8, 8.4

Hz) .

Methyl 2-[ (2~hydroxyethyl)amino]-3-nitrobenzoate

To a solution of 4.70 g (21.9 mmol) of methyl 2-
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(2H, m) 1.73 N (4 chloro-2 1.90 (4 H, m) ethoxy-6-2.18 (3 H, s)
ethylphenyl)-7- 3.21 - 3.31 (1 11 /I N) N~) p_ (1 ethylbutyl)-1-H m 3.83 3
WOeRON1e#hYI-IH- s) 3.90 (3 H, s) imidazo[4,5- 5.93 (1 H, s) PCT/US2006/015646
c]pyridin-2-amine6'81 (1 H, d, ~~J=2.2 Hz) 6.92 (1 H, d, J=1.7 Hz) 8.17
(1 H, s)8.62(1H,s) MS Calcd.: 3869dound: 387 (M+H). WO
21)1)6/116412 PCT/US2111)6/1)15646 95 Example 12
4-[2-[(2,4-Dimethylphenyl)amino]-1-(2-hydroxyethyl)-IR-
benzimidazol-7-yllheptan-4-of OHOH NH N5 ,
ChNRERTZ-BHIEIREFF AR Zodfe ASRirflof2h o 9B Mifpl)afded dropwise
-chloro-3-nitgrobenzoic_ acid in 800 mL dichloqromethane was cooled in
308, 188 bith, B RERGRSTAARIBE (040 miFiras adBBd o SHE s =e vas

refluxed over night. The reaction was concentrated to
dryness, dissolved in ethyl acetate, and washed aqueous
sodium hydrogen carbonate and water. The organics were
dried over magnesium sulfate, filtered, and concentrated in
vacuo to give 5.00 g (20.8 mmol, 95%) of the title compound.
'H NMR (CDCls) & 1.68 (1H, br), 3.12 (2H, dd, J = 4.8, 10.2
Hz), 3.85 (2H, t, J= 4.8 Hz), 3.92 (1H, s), 6.69 (1H, t, J

= 8.1 Hz), 7.96 (1H, dd, J= 1.8, 8.1 Hz), 8.09 (1H, dd, J

I

1.8, 8.1 Hz), 8.72 (1H, br).

MS Calcd.: 240; Found: 241 (M+H).

9-Nitro-2,3-dihydro-4, 1-benzoxazepin-5(1H) -one

To a solution of 2.00 g (8.32 mmol) of methyl 2-[(2-
hydroxyethyl)amino]-3-nitrobenzoate in 150 mL of THF was
added dropwise 6N HC1l (100 mL) at 0 °C and the mixture was
stirred for 30 min. The reaction mixture was refluxed for
16 h. After being cooled to room temperature, the mixture
was diluted with water (150 ml), and concentrated in vacuo.
The residue was dissolved in ethyl acetate and washed with
aqueous sodium hydrogen sulfate and water. The organics was
dried over magnesium sulfate, filtered, and concentrated in
vacuo to give 1.03 g (5.00 mmol, 60%) of the title compound.

'H NMR (CDCls) &: 3.91-3.95 (2H, m), 4.58-4.61 (2H, m), 6.79
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mixture followed by dropwise addition of 13.85 g (109 mmol) 10 of oxalyl

chloride. The reaction was allowed to warm to room temperature and was
Waeaed 16418 h. Methanol (200 mL) was added dropwise and ®PETYE&2EMer15646

was stirred overnight. The solvent was evaporated in vacuo. The residue

was triturated with n-hexane. The resulting solid was 15 collected by

filtration, washed with hexane and dried in vacuo to give 21.0 g (98%) of

the title compound. 1H NMR (CDC13) 8 3.98 (3H, s), 7.49 (1H,t,J=8.4

Hz), 7.84 (1H, dd, J =1.8, 8.4 Hz), 7.96 (1H, dd, J =1.8, 8.4 Hz). 20
(1Hgetfyl 2%(23h§dr’el)xﬁéthyl)e@mi%%]-é-]rﬁ]trotﬁé?’lzoaﬁeﬁola Soluflorf of %70 g° - 43

21.9 mmol) of methyl 2 WO 2006/116412 PCT/US2006/015646 96
(1Rnhi0P63-ritrobénSaatd irf 366 hiL 8t TRE Was aflfidd dropwise 300 mL of

2-etlJ1[a olamine, (8Q.mma]) and the, ixture was refluxed over night. The
S && fc:)% 'V\‘/arlg5 @%ﬁc&?%?éjd toa%%yn(e@éﬁgi'ssolved in ethyl acetate, and

washed aqueous 5 sodium hydrogen carbonate and water. The organics
were dried over magnesium sulfate, filtered, and concentrated in vacuo

9-30,91Y5 5,0Q 9 {20 8yMn0], 95%2.Af the-title gempqung. - 5hNMR (CDC13)
S 1.68 (1H, br), 312 (2H, dd, J = 4.8, 10.2 Hz), 3.85 (2H, t, J = 4.8 Hz),

3.92(1H, )18 H(1Hh 2, J5l®0= 8y HZ)2 786 (kihasid) J ©4.8,B-AHz0-2, 3-

8.09 (1H, dd, J =1.8, 8.1 Hz), 8.72 (1H, br).
dihydro-4,l-benzoxazepin-5(1H)-one in 500 mL of methanol
was inerted with nitrogen. To this solution was added 100
mg of 10% palladium on carbon (50% wet) and the reaction
was purged with hydrogen and stirred under balloon pressure
hydrogen for 6 h. The catalyst was removed by filtration
and the filtrate was concentrated in vacuo to give 430 mg
(99%) of the title compound.
'H NMR (CDsOD) &: 3.00-3.03 (2H, m), 3.77-3.80 (2H, m), 5.95
(14, t, J = 8.4 Hz), 6.25 (1H, dd, J = 1.5, 8.4 Hz), 6.56
(1, dd, J = 1.5, 8.4 Hz).

MS Calcd.: 178; Found: 179 (M+H).

4,5-Dihydro-7H-imidazo[4,5,1~j7k] [4,1]lbenzoxazepine-2,7 (1H) -
dione

To a solution of 200 mg (1.13 mmol) of 9-amino-2,3-
dihydro-4, 1-benzoxazepin-5(1H)-one in 20 mL of THF was
added 280 mg (2 mmol) of 1,1’-carbonyldiimidazole and the
reaction mixture was stirred overnight at room temperature.

The reaction mixture was heated at 50 °C for 4 h and
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MS Calcd.: 240; Found: 241 (M+H).
9-Nitro-2,3-dihydro-4,l-benzoxazepin-5(1H)-one 15 To a solution of 2.00 g
WQR2@B/MMbl) of methyl 2-[(2 hydroxyethyl)amino]-3-nitrobenzd¥id/IFF28®0/015646
mL of THE was added dropwise 6N HCI (100 mL) at 0 C and the mixture

was stirred for 30 min. The reaction mgture was refluxed for 16 h. After

being cooled to room temperature, the mixture 20 was diluted with water

(150 ml), and concentrated in vacuo. The residue was dissolved in ethyl

acetate and washed with aqueous sodium hydrogen sulfate and water.
alpeasigabies Was ldrid ovEP ATagHeSTURR SaFatESfilterBiC anieaction  was

concentrated in vacuo to give 1.03 g (5.00 mmol, 60%) of the title
CoRGRIpbLAGSSS 'WNNRIED S stgeglr?@% ©1%, nfpa. 5%1436?3(2’9%)1“ a

6,79 WO 2006/116412 PCT/US2006/015646 97 ,t,J=8.4 H%
ml%fﬁr&d §L 18R AT B R TGS PR 8, &5 7). %86 (17F eﬂwé”lth

Cal d.: 208; Found: 209.

eKmlno Za%hglhyarogiri %enzoxazepln g(]ﬁ-f)l -one . solut?oc}llufHSOOS%lfate'

fli% ehofm'ga%fﬁ?e%r@c : dihydro-4,1-benzoxazepin5(1H)-ongsin go ML 40
methano 100

was inerted with nitrogen. To this solution was added

819, 0% pabadiug en caghen,(R05aMel) and the reaction 10 was
purged with hydrogen and stirred under balloon pressure hydrogen for 6

1y hankle caialysh wais remoyed by/filtration yand the-fifratewas cencenrated, 23
in vacuo to give 430 mg (99%) of the title compound.

(14, t, J = 8.4 Hz), 7.37 (1H, dd, J = 1.2, 8.4 Hz), 7.78

(1H, dd, J = 1.5, 8.4 Hz).

MS Calcd.: 204; Found: 205 (M+H).

2-Chloro-4,5-dihydro-7H-imidaz[4,5,1-jk] [4,1]benzoxazepin-
7T-one

4,5-Dihydro-7H-imidazo[4,5,1-jk] [4,1]benzoxazepine-
2,7 (1H)-dione (1.00 g, 4.89 mmol) was dissolved in 15 mL of
phosphorous oxychloride and heated at 110 °C for 6h. The
reaction allowed to cool to room temperature, poured into
water with an ice, and stirred for 1 h. The aqueous
solution was extracted with ethyl acetate. The extract was
washed with aqueous sodium Dbicarbonate, dried over
magnesium sulfate, filtered and concentrated in wvacuo to
give 1.06 g (98%) of the title compound, which was used in
the next reaction without further purification.

MS Calcd.: 222; PFPound: 223 (M+H).
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1H NMR (CD30D) 8: 3.00-3.03 (2H, m), 3.77-3.80 (2H, m), 5.95 15 (1H, t,

J=8.4Hz),6.25(1H,dd,J=1.5,8.4Hz),6.56 (1H,dd,J=15,84
WOLNFASB3lcd.: 178; Found: 179 (M+H). PCT/US2006/015646

4,5-Dihydro-7H-imidazo[4,5,1-jk][4,1]benzoxazepine-2,7(1H)- 20 dione To

a solution of 200 mg (1.13 mmol) of 9%mino-2,3-

dihydro-4,1-benzoxazepin-5(1H)-one in 20 mL of THE was added 280 mg

(2 mmol) of 1,1'-carbonyldiimidazole and the reaction mixture was stirred

overnlﬁght at room temperature. 25 The reaction mixture was heated at 50
2-E fér ATPame Y BriBRI e S TAI ST PANE/A Y646 8RR btoo 1 -
cool to room temperature. The reaction was concentrated in vacuo and

I khE*rebideRteXaieEBvRd Th 8™ fixture of ethyl acetate/n-hexane (1:1)
and washed with water. The organics were dried over sadium sulfate, 5
X’ i W re £ E—CgﬁorOTje%§éﬁ%¥é§&§%¥%ﬁﬂlﬁﬁ%§éf5'1_

filtered, and concentrated inVacuo o givé ,

TR SR SR (DN e 42 1 Mo 8 2 -

(1A, tJ = 8.4 Hz), 7.37 (IH, dd, 8.4 Hz),

me¥83 71142184 He)7A0 MS Galed.: 204 Foungd: 205 (MiH)or n-methyl-2-
2-Chloro-4,5-dihydro-7H-imidaz[4,5,1-jk][4,1]benzoxazepin- 7-one

py4BoRityeres 7 Hriidazo{4 S&il-ki4, 1henzoxagerinei 4 2.7 (kdigrgi ct ion
(2.00 g, 4.89 mmol) was dissolved in 15 mL of

was cooled to room temperature and the residue was
dissolved in dichloromethane, washed with sodium
bicarbonate and water, dried over magnesium sulfate,
filtered, and concentrated in vacuo. The residue was
triturated with ethyl acetate/n-hexane (1:1) to give 0.96 g
(66%) of the title compound.

H NMR (CDCl3) &: 2.14 (3H, s), 2.22 (3H, s), 4.35-4.37 (2H,
m), 4.78-4.80 (2H, m), 5.98 (1H, br), 6.59 (1H, d, J= 7.2
Hz), 6.84 (1H, 4, J= 7.2 Hz), 6.87 (1lH, s), 7.24 (1H, t, J
= 7.8 Hz), 7.72 (1, 4, J = 7.8 Hz), 7.86 (1H, d, J = 7.8
Hz).

MS Calcd.: 307; Found: 308 (M+H).

4-12-[(2,4-Dimethylphenyl)amino] -1~ (2-hydroxyethyl)-1H-
benzimidazol-7-yl]heptan-4-ol

To a refluxing solution of 30 mL of n-propylmagnesium
bromide (27% in tetrahydrofuran) was added 500 mg (1.63
mmol) of 2-[(2,4-dimethylphenyl)amino] -4, 5-dihydro-7H-

imidazo[4,5,1-jk] [4,1]benzoxazepin-7-one and the mixture
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phosphorous oxychloride and heated at 110 C for 6h. The reaction
allowed to cool to room temperature, poured into water with an ice, and
WQaped 16412 h. The aqueous solution was extracted with ethyP@€dis2806/015646
The extract was 20 washed with aqueous sodium bicarbonate, dried over
magnesium sulfate, filtered and concértttated in vacuo to give 1.06 g
(98%) of the title compound, which was used in the next reaction without
further purification. MS Calcd.: 222; Found: 223 (M+H). 25 WO
2006/116412 PCT/US2006/015646 99 2-[(2,4- Dlmethylphenyl)amlno
wasy efhareFHERTdakod 5, L[4 BBERIGRaz & SHbRe KafixGrOosd to

2-chloro-4,5-dihydro-7H- |m|daz[4 5 1- jK] [4,1]benzgxazepin-7-one 1.06 g
ropR7 7L AR E - Smethyldr %7%? 3%%81 Fin 84 mw'%?er and

I-2.p rrolldon was hea Fgllatl Covernl ht The reaction was
nulg\lr&ea%) rocc)}r/n tempe?laturiel\tl;nd & residu€ was (13L ssolved |n0% ueto was

exdichlarameth &t;&a%xgﬁereg ;93; um bigarbonate and water, drisd.over e

magnesium s concentrated in vacuo. The residue

na YRS st ated with ethyt acetaie/g-hexane (1,10 4o ghed.36 g, (8824),87 The
e title compound. 1TH NMR (CDC13) 6: 2.14 (3H, s), 2.22 (3H, s),

red 390 3Tk, B4 V8:48QH, pukr DrO&H Ho Pr)p8 &9kl dvd =HR2C to
15 Hz), 6.84 (1H, d, J = 7.2 Hz), 6.87 (1H, s), 7.24 (1H, t, J

give the title compound as the trifluorcacetic acid salt.

The salt was dissolved in ethyl acetate and washed with
aqueous sodium bicarbonate, dried over magnesium sulfate,

filtered and concentrated in vacuo to give 161 mg (0.41
mmol, 25%) of the title compound.

'H NMR (CDCls) &: 0.92 (6H, t, J = 7,5 Hz), 1.23-1.41 (4H,

m), 1.81-1.91 (2H, m), 1.98-2.09 (2H, m), 2.13 (3H, s),

2.22 (3H, s), 4.21 (2H, t, J = 4.8 Hz), 4.45 (2H, t, J =
4.8 Hz), 6.59 (1H, 4, J= 7.2 Hz), 6.84 (1H, d, J = 7.2 Hz),
6.87 (1H, s), 6.83 (1H, d, J = 8.1 Hz), 7.03 (1H, t, J =
8.1 Hz), 7.41 (1H, d, J = 8.1 Hz).

MS Calcd.: 395; Found: 396 (M+H).

Compounds described below were prepared in a similar method.
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=7.8Hz),7.72 (1H,d,J=7. 8 Hz), 7.86 (1H, d, J = 7.8 Hz). MS Calcd.:

307;

WO RGN @imethylphenyl)amino]-1-(2-hydroxyethyl)-1H-

Found: 308 (M+H). 20

PCT/US2006/015646

benzimidazol-7-yl]lheptan-4-ol To a refluxing solution of 30 mL of
n-propylmagnesium bromide (27% in 1&ttahydrofuran) was added 500 mg
(2.63 mmol) of 2-[(2,4-dimethylphenyl)amino]-4,5-dihydro-7H- 25
imidazol[4,5,1-jk][4,1]benzoxazepin-7-one and the mixture WO
21)1)6/116412 PCT/US211116/1115646 100 was refluxed for 1 h. The
Takdegtin mixture was cooled to room temperature and diluted with 50 mL

ExShW
plgxtra

At and: puEalization with T
acted with ethyl acetate. The| extract was dried over 5 magnesium

Hied - The agqueous

FIFOTONES Data

Sulld
was
1tiflu
was

Ite, filtered, and. concentratgadyid (VACHQ 4 Lhe resigug th talpggcl
purifiecol prep@qatlve HPL L@Q@%

was:disgglved in ethy
cathanate.riieghover

Cda 1give the title com

I

'7"‘03“71-‘1%)”‘” 1.23- 1 41
mggneﬁwm Sl””@ftevl 91

10 fiJ_ d in vagua o give 1561 mg @H mrigpf 25%)pfs o9
the (CDG1RYr%:0,22 (8H.) &+ -(Z 5'%),, 2.21 (3H,
1.23-1.41 (4H, m)Me’81~1.9X(2H 1m\), 1.98-2.09 (2H, ) 2.13 (3H, s),3H s),
2.22/(3H, s), 4.21 (2H, t, J = 4. 8|Ht&n Zh 48 @ d =|1b @& Hzp®,59:, J =

(1H,
8.1k

Hz), 7.03 (1H, t, J =

d, J = 7.2 Hz), 6.84 (1H, d, J 2-%2 Hmp 687 ¢H

ol

), $.83:(1H, 4, e (2H,
t, J = 4.8 Hz),
(1H, d, J =
(1H,
Hz),
d, J =
03 (1H,
.1 Hz),
d, J =
MS
445;
(M+H) .

Found: 446

Examp

2-[2-[(2,4-Dimethylphenyl)amino]-7-

benzimidazol-1-yl]ethanol

le 14

OH

—

SN

A solution of 100

dihydro-4,1-benzoxazepin-5 (1H)

inert

ed with nitrogen.

mg (0.25 mmol)

To this soluti

(1-propylbutyl)

-1 H-

of 9-nitro-2,3-

-one in 3 mL of ethanol was

on was added an

ethanol solution of Raney nikel and the reaction was purged




10

15

20

8.1 Hz), 7.41 (1H, d, J = 8.1 Hz). MS Calcd.: 395; Found: 396 (M+H). 20

Compounds described below were prepared in a similar method. WO
WQR19998/046412 PCT/US2006/015646 101 Table 3 Exam StrBEIMESrAfES046

Physical Data ple 4-[2-[(4- 'H NMR (CDC13) 8: OH OH H chloro-2- 0.92

(6H, t, J = 13 methoxy-6- 7,5 Hz), 1.2362.41 N H OMe methylphenyl)a

(4H, m), 1.81-1.91 /N mino]-I-(2- (2H, m), 1.98-2.09 N Me CI

hydroxyethyl)- (2H, m), 2.21 (3H, 1H- s), 3.81 (3H, s), benzimidazol- 4.21

(2H,t, J = 7-yllheptan-4- 4.8 Hz%, 4.45 (2H, oft,j=4.8 Hz), 6.82 (1H, d, J
withy Pygyogen (BRdgsFiorediinges (PRLdCPR RIFIUFDIRYAregen

J= g.]th), 7.41 (1H,d, J = 8.1 Hz). MS Calc%: 445; ,
for . "The catalyst was removed by filtration and the
filtrate was concentrated in wvacuo. The residue thus
obtained was purified by preparative HPLC to give the title
compound as the trifluorocacetic acid salt. The salt was
dissolved in ethyl acetate and washed with aqueous sodium
bicarbonate, dried over magnesium sulfate, filtered and
concentrated in vacuo to give 27 mg (0.07 mmol, 28%) of the
title compound.
'H NMR (CDCl3) &: 0.92 (6H, t, J = 7,5 Hz), 1.22-1.41 (4H,
m), 1.79-1.89 (2H, m), 1.98-2.09 (2H, m), 2.12 (3H, s),
2.22 (3H, s), 2.87 (lH, g, J = 7.2 Hz), 4.21 (2H, t, J =
4.8 Hz), 4.45 (2H, t, J= 4.8 Hz), 6.59 (l1H, d, J= 7.2 Hz),
6.84 (1H, d4, J = 7.2 Hz), 6.87 (1H, s), 6.85 (1H, d, J =
8.1 Hz), 7.05 (1H, t, J= 8.1 Hz), 7.45 (1H, d, J = 8.1 Hz).

MS Calcd.: 379; Found: 380 (M+H).

Example 15
N-(4-Chloro-2-methoxy-6-methylphenyl)-7- (2-ethylphenyl)-1-

methyl-1H-benzimidazol-2-amine

=
o

Me Cl
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15

20

25

Found: 446 (M+H). Example 14
2-[2-[(2,4-Dimethylphenyl)amino]-7-(1-propylbutyl)-1H- 5
W esitiel2ol-1-yllethanol yOH N /N N A solution of 100 md@> (XA IHER5646
of 9-nitro-2,3- dihydro-4,1-benzoxazepin-5(1H)-one in 3 mL of ethanol was
inerted with nitrogen. To this solution va3 added an 10 ethanol solution of
Raney nikel and the reaction was purged WO 2006/116412
. PCT/US2006/015646 102 with hydrogen and stirred under balloon

pressure hydrogen for 6 h. The catalyst was removed by filtration and the
T-fieROwAs ‘é]éﬂa@éfr‘ﬁr‘étéﬂlﬂ%(élj‘ol.ﬁ‘rée%éi’d%cmt?@l@otained was purified
by grse}ﬁarative HPLC to _give the title 5 compound as the trifluoroacetic

acid SafOPRe LAY disSoredih ¥t adBrats BAdIVLshaa with one

di bi te, dried fate, filtered and
(22340 S BEaorals, g e pones el ARG o
10 R 6: 6H..t. J=1,5 , 4.22-1.4
RPN S WG ERCIDS G2 (B -To 1 12000 e
Th%'ggr%%ﬁtg’%hf %%lﬁge’cf‘“%]o(zyo&l‘] T 4843t 4 daripbr bthT4;8 Bured

into water with an ice, and stirred for 1 h. The aqueous
solution was extracted with ethyl acetate. The extract was
washed with aqueous sodium bicarbonate, dried over
magnesium sulfate, filtered and concentrated in vacuo to
give 2.32 g of the title compound, which was used in the
next reaction without further purification.

MS Calcd.: 243; Found: 244 (M+H).

7-Bromo-N- (4-chloro-2-methoxy-6-methylphenyl)-1-methyl-I1H-
benzimidazol-2-amine

To a mixture of 7-bromo-l-methyl-1,3~-dihydro-2H-
benzimidazol-2-one 2.32 g (9.69 mmol) and 4-chloro-2-
methoxy-6-methylaniline 4.98 g (29.1 mmol) in 0.5 mL of N-
methyl-2-pyrrolidone was heated at 110 °C for 2 days. The
reaction was cooled to room temperature and diluted with
dichloromethane. The mixture was washed with sodium
bicarbonate and water, dried over magnesium sulfate,
filtered, and concentrated in vacuo. The residue was
triturated with ethyl acetate/hexane (1 : 1) to give 3.13g

(8.23 mmol, 85%) of the title compound.
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20

25

6.84 (1H, d, J =7.2 Hz), 6.87 (1H, s), 6.85 (1H, d, J = 15 8.1 Hz), 7.05
(1H, t, J =8.1 Hz), 7.45 (1H, d, J = 8.1 Hz). MS Calcd.: 379; Found: 380

WQNPOS Y183 mple 15 PCT/US2006/015646
N-(4-Chloro-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl)-1- 20
methyl-IH-benzimidazol-2-amine Me Mé€©OMe N H \ N Me CI WO
2006/116412 PCT/US2006/015646 103
7-Bromo-2-chloro-I-methyl-IH-benzimidazole

... 7-Bromo-I-methyl-I,3-dihydro-2H-benzimidazol-2-one (2.20 g, 9.69 mmol)

H SRS In 8o r?ﬂtg7 pHeSphofdus dx§ehidrdle afid thelmbduré3das s)

ated at 110 C for 2 days. 5 The reaction allowed to cool to room
6 '?e pﬁgt’uré’po‘g@d #ﬂg witdrwithPak ?ce,( 4He stirredfor 14v.4rmigz) » 656

O e S L Soci it bicibpnats, diod ver Baghedtisuidie, &

washéd with aqguieous ‘sbdium bicarbdnaté, dried over maghesiuni's
g filteyed q_gg)c_oncentrated in vacuo to 10 give 2.32 g of the title compound,
which was used in the next reaction without further purification.

MS Calcd.: 379; Found: 380 (M+H).

N-(4-Chloro-2-methoxy-6-methylphenyl)-7- (2~ethylphenyl)-1-
methyl-1H-benzimidazol-2-amine trifluoroacetic acid salt

To a mixture of 25 mg (65.6 pmol) of 7-bromo-N-(4-
chloro-Z-methoxy-6-methylphenyl)-1l-methyl-I1H-benzimidazol-
2-amine, 11.8 mg (78.7 pmol) of 2-ethylphenylboronic acid,
12.0 mg (13.1 pmol) of
tris(dibenzylideneacetone)dipalladium and 12.5 mg (26.2
umol) of 2-(dicyclohexylphosphino)-2’,4’,6" -tri-i-propyl-
1,1’ -biphenyl in 1 mL of 1,2-dimethoxyethane was added 131
ul of 1M aqueous potassium phosphate tribasic solution. The-
reaction mixture was heated by microwave irradiation at 130
°C for 10 min, and allowed to cool to room temperature. The
reaction mixture was diluted with dichloromethane and water,
separated with a filter tube (made by Wattmann) and
concentrated in vacuo. The residue was purified by
preparative HPLC to give 2.5 mg (9.8%) of the title
compound as a trifluoroacetic acid salt.
'H NMR (CDCls) &: 1.05 (3H, t, J = 7.5 Hz), 2.17 (3H, s),

2.40-2.54 (2H, m), 3.07 (3H, s), 3.80 (3H, s), 6.78 (1lH, d,
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MS Calcd.: 243; Found: 244 (M+H).
7-Bromo-N-(4-chloro-2-methoxy-6-methylphenyl)-1-methyl-1H- 15
Whadsittiel20l-2-amine To a mixture of 7-bromo-I-methyl-1,3-dMyEés2046/015646
benzimidazol-2-one 2.32 g (9.69 mmol) and 4-chloro-2-
methoxy-6-methylaniline 4.98 g (29.1 Irhol) in 0.5 mL of N-
methyl-2-pyrrolidone was heated at 110 C for 2 days. The 20 reaction was
cooled to room temperature and diluted with dichloromethane. The
mixture was washed with sodium bicarbonate and water, dried over

J Magndsilthsulfaté; Siteretf! and contetitratedl ifl%aeud® The résitlue fas v =
riturated with etr;()éLﬁlcetate/hexane (1:1)togive 3.13g 25 (8,23 mmol,

7 8594F bt the-titfe doripolid. WG 2008/116412 PCFUS2bbe/0TB648) 1047 - 51
(1§H WRA;CPC}%) :2.17 (3H, s) , 3.82 (3H, s) , 4.04 (3H, s), 6.80 (1H,
JJ="2.4Hz), 6.89 14 d, J=2.4 Hz), 6.56 (1H,t, J=8.1Hz), 7.21 (1H,
el T &1 Hz) 8421k, 4., J46§.1(M;}{)5_MS Calcd.: 379; Found: 380
(M+H). N-(4-Chloro-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl)-1-
methyl-IH-benzimidazol-2-amine trifluoroacetic acid salt To a mixture of 25
mg (65.6 mol) of 7-bromo-N-(4- 10
Exellpnas=24gethioxy-6-methylphenyl)-1-methyl-IH-benzimidazol- 2-amine,
11.8 mg (78.7 Mmol) of 2-ethylphenylboronic acid, 12.0 mg (13.1 mol) of
tris(dikenpylideneacétase)dipatiadiunabie 12.9 mgw26:2 prepared as

trifluorocacetic acid salt and examples 55-60 were prepared
as free base in the similar method described in Example 15.

Table 4

Example [Structure Name Physical Data

O N- (4-chloro-2-

methoxy-6-
N methylphenyl)-1-{ MS Calcd.:

16 O />—NH OMe methyl-7~(2- 391; Found:
N methylphenyl)- (392 (M+H).

lH-benzimidazol-
2—amine

N- (4-chloro-2-
methoxy-6-
d T;t?ylphenyl)“7“Ms Calcd.:
H ; .
17 O N/>—NH OMe dimethylphenyl)‘jgzl(M+H)Found.
1-methyl-1H- '
benzimidazol-~-2~
Cl amine




pmol) of 2-(dicyclohexylphosphino)-2',4',6'-tri-i-propyl 15 1,1'-biphenyl in 1
ml, of 1,2-dimethoxyethane was added 131 | of 1M aqueous potassium

WQRMpHat2Aribasic solution. The reaction mixture was heatedg¥/US2006/015646

microwave irradiation at 130 C for 10 min, and allowed to cool to room
temperature. The reaction mixture w&$diluted with dichloromethane and
water, 20 separated with a filter tube (made by Wattmann) and
concentrated in vacuo. The residue was purified by preparative HPLC to

give 2.

NMR (CDCIL3) 5: 1. 05 (3H, t, J =

(2H, m),

PCT/USZ /1115646 105 J =

5 mg (9.8%) of the title con

7.5Hz), 2.17 (3H, s) ,

% 9286 T1H, d, J

ipound as a trifluoroadetic acid salt. 1H

25 2.40-2.54

O0%(3H, s), 3.80 (3H, s) 678 (1H} 1L W 072006/116412

= 2.4 Hz), 6.89

(1H, d, 8 Hg), 7.13 (1H, t, J § SERIPTIHE N (Aldgm), 7,500k . -
dgd = 7.8 2. MB Calcd.: 405; Fodr?d:lf[% (M+H). 5 Exaople 16-6@cund:
Examples priviple AVeere prepafed ds RRfingrbhcatizacisrsalt and
examples 55-60Nvereprépared as-fr&& badd intthe similar method
descrithed in Examplé 10 TablR 'ExdM518 SHictire] Name Physical

Data N-(4-chloro-2- etho

amine

19

N— (4~chloro-2~
methoxy-6-
methylphenyl)-7-
(3-chloro-2-
methylphenyl)~1-
methyl-1H-
benzimidazol-2-
amine

MG
A425;
426

Calcd.:
Found:
(M+H) .

20

N—-(4-chloro-2~-
methoxy—-6~
methylphenyl)-7-
(3,5-
dimethylphenyl) -
l-methyi-1H-
benzimidazol~2-
amine

MS Calced.:
405; Found:
406 (M+H).

21

N- (4—-chloro-2-
methoxy-~6-~
methylphenyl) -7~
mesityl-1~
methyl-1H-
benzimidazol~2-
amine

MS
419;
420

Calcd.:
Found:
(M+H) .




N ethylphenyl)-I- MS Calcd.: 16 />-NH OMe ethyl-7-(2- 391; Found: N/
ethylphenyl)- 392 (M+H). 1H-benzimidazol- 2-amine CI N-(4-chloro-2-
WRHBY16412ethylphenyl)-7- S Calcd.: OZIE N (2,3 17 />-NH (M&/US2006/015646

dimethylphenyl)-405; Found: N 1-methyl-iH- 406 (M+H) 12
benzimidazol-2- Cl amine WO 2006/116A12 PCT/US2006/015646 106
N-(4-chloro-2- ethoxy-6- ethylphenyl)-7-KS Calcd.: (2,4 18 N --NH OMe
dimethylphenyl)-406 (M+HFound: 4 N 1-methyl-IH benzimidazol-2- amine

CrcCl

22

-(4-chloro-2- ethoxy-6- ethy]

e,

phenyl)-7-"S Calcd.:

N- (4-chloro-2-
methoxy~6c-
methylphenyl) -1~
methyl-7-[2-
(trifluoromethyl
)phenyl]-1H-
benzimidazol-2~
amine

MS Calced.:
445; Found:
446 (M+H).

23

1~(2~{2~[ (4~
chloro-2-
methoxy-6~
methylphenyl)ami
nol-l-methyl-1H-
benzimidazol~-7~
v1}phenyl)ethano
ne

MS
419;
420

Calcd.:
Found:
(M+H) .

24

T~ (5~amino-2~
methylphenyl) -N-
(4-chloro~-2-
methoxy-6-
methylphenyl)~1-
methyl-1H-
benzimidazol-2~
amine

MS
406;
407

Calcd.:
Found:
(M+H) .

25

N~ (4~chloro-2-
methoxy—-6~
methylphenyl)-7-
(3-
methoxyphenyl) -
l-methyl-1#-
benzimidazol-2~
amine

MS
407;
408

Calcd.:
Found:
(M+H) .




N (3-chloro-2 19 /)- OMe 425; Found: ethylphenyl)-1-426 (M+H) N
ethyl-IH- benzimida.zol-2- amine N-(4-chloro-2- ethoxy-6- ethylphenyl)-7-

WQ2®sZ1eHRd.: 20 /> NH OMe 405; Found N 1methylphenyl) 208/{#204§/015646
-methyl-IH enzimidazol-2- amine N-(4-chloro-2- ethoxy-6- ethylphenyl)-7-
MS Calcd.: 21 N esityl-l- 419; Found: QMle ethyl-IH- 420 (M+H). N
benzimidazcl-2- amine Ci WO 21)1)6/116412 PCT/US211116/1115646
107 N-(4-chloro-2 F3C ethoxy-6- ethylphenyl)-1- MS Calcd. 22 N

floa, —2 T
ethyr=7=1

26

N-{4-chloro-~2-
methoxy-6-—
methylphenyl) -7~
(2-
1sopropoxyphenyl
)—l-methyl-1H-
benzimidazol-2-
amine

MS
435;
436

Calcd. :
Pound:
(M+H) .

27

N-{4-chlcro-2-~
methoxy—6-~
methylphenyl)~7-
(2-
ethoxyphenyl)-1-
methyl-1H~
benzimidazol~-2-
amine

MS Calcd.:
421 ; Found:
422 (M+H) .

28

N- (4-chloro-2-
methoxy-6-
methylphenyl)-7-
(2-chloro~6~
methoxyphenyl) -
l-methyl-1H-
benzimidazol-2-
amine

MS
4471 ;
442

Calcd.:
Found:
(M+H) .

29

N- (4~chloro~2-
methoxy-6-
methylphenyl)-7-
(2,4-
dimethoxyphenyl)
-l-methyl-1H~-
benzimidazol-2-
amine

MS
437 ;
438

Calcd.:
Found:
(M+H) .




~--NH OMe (trifluoromethy1445; Found: N )phenyl]-1H- 446 (M+H).
enzimidazol-2- Cl amine 1-(2-[2-[(4- f chloro-2- ethoxy-6 p MS Calcd.: N
WeaHmHEeRA)ami Found: 23/ -NH OMe no]-1-methyl-1H enzi®§dAE820p6/015646
420 (M+H). yl}phenyl)ethano CI ne NH2 7-(5-amino-2- ethylphenyl)-N-
(4-chloro-2- MS Calcd.: 24 N ethoxy-6.406 Found: \ />-NH OMe
ethylphenyl)-1-; N \ ethyl-1H- 407 (M+H). enzimidazol-2- Cl amine MeO
N-(4-chloro-2- ethoxy-6- ethylphenyl)-7 N MS Calcd.: 25 (3_407; Found:

oA

2-{2-[ (4-chloro-
2-methoxy-6-~

Cl

1-methyl-1H-
benzimidazol-2-
amine

MS Calcd.:
N methylphenyl)ami
30 O N/>—NH OMe no}—l-—methyl—lH..;’gZ’ (M+H‘7)?Ound.
benzimidazol-7- ’
v1llphenol
Ci
99 [
o} O (benzyloxy)pheny
1]~N=-(4-chloro- MS Calcd.:
/ 2-methoxy—6~
P O
NH OMe +
y etha 1t 484 (M+H) .
benzimidazol-2-
ol amine
N- (4-chloro-2-
. methoxy-6-
J T;Ehylphenyl>“7' MS Calcd.:
32 O N/>—NH Ohde chlorophenyl)"l-ji;;(M+Hl)?ound:
methyl-1H- )
benzimidazol-2-
cl amine
Cl
N- (d~chloro-2-
O methoxy—-6-
- / T§t2¥lphenyl)’7" MS Calcd.:
o5 z 1 445; Found:
O N/>_‘NH ome [dichlorophenyl)-i,, " . 0y




I-NH OMe ethoxyphenyl)- 408 (M+H). N 1-methyl-IH- enzimidazol-2- ClI
amine WO 2006/116412 PCT/US211116/1115646 108 N-(4-chloro-2 O/
WRBNY164M2 ethylphenyl)-7 _ MS Calcd.: 26 /(2 435; Found: RETAIRIPP6/015646

OMeisopropoxyphenyl436 M+H )-1-methyl-1H- ()" benzimidazol-2 CI
amine N-(4-chloro-2- ~O ethoxy-6 N athglphenyl)-7 MS Calcd.: 27 />-NH
OMe(2 421; Found: N ethoxy-henyl) 1 ethyl-IH- 422 (M1,H).
enzimidazol-2- Cl amine N-(4-chloro-2- ethoxy-6- Med Cy ethylphenyl)-7

34

OMe

(L4

/
N

»)—NH OMe
N

Cl

N~ (4-chloro—-2-~
methoxy-6-
methylphenyl)-7-
(4~
methoxyphenyl) ~
l-methyl-1H-
benzimidazol-2-
amine

MS
407;
408

Calcd.:
Found:
(M+H) .

35

)

%

/

N ’

ﬁ>~NH OMemethylphenyl) -1~
methyl~1H-
benzimidazol~2-

),

N-(4-chloro-2-
methoxy—-6-~
methylphenyl)~7-
(2-ethoxy-5-

al amine

MS
435;
436

Calcd.:
Found:
(M+H) .

36

T~{(1,1'-
biphenyl-2-yl) -
N- {(4-chloro-2-
methoxy~6-

methyl~1H~
benzimidazol-2-
cl amine

Xy
N
N/>_NEH EOMemethylphenyl)-1—~

Calcd.:
Found:
(M+H) .

MS
453;
454

37

N- (2-{2~[ (4-
chloro~-2-
methoxy—~6~
methylphenyl) ami

N
ﬁ>~NH OMeino ] ~1-methyl-1H-

benzimidazol~7-
v1}iphenyl)methan
Cl esulfonamide

MS
470;
471

Calcd.:
Found:
(M+H) .




N (2-chloro-6- MS Calcd.: 28 />-NH OMe ethoxyphenyl)- 441; Found: N\

1-methyl-IH- 442 (M+H). benzimidazol-2- Cl amine OMe N-(4-chloro-2-
W2966§1641R1e0 ethylphenyl)-7 ~ 2,4- MS Calcd.: (2,4 29 N NPCOVRUB15646

dimethoxyphenyl)438 (M+H). M+H). N -1-methyl-IH benzimidazol-2-

amine Cl WO 2006/116412 PCT/US2111)6/1)15646 109 HO

2-{2-[(4-chloro- 2-methoxy-6- MS Calcd.: N ethylphenyl)ami Found: 30

/>-NH OMe no]-1-methyl-1H-393; N enzimidazol-7- 394 (M+H) yllphenol

Vol e}
Cr7=1o°

38

N- (4-chloro-2-
methoxy—6-~
methylphenyl)-1-
methyl-7-(2-
nitrophenyl) ~1H~
benzimidazol-2~
amine

MS
422;
423

Calcd.:
Found:
(M+H) .

39

T-(3-
aminophenyl) —-N~
(d-chloro~-2-
methoxy~6-~
methylphenyl)-1-
methyl-1H-
benzimidazol-2-
amine

MS
392;
393

Calecd.:
Found:
(M+H) .

40

Cl

7— (l-benzothilen-
2~yl)-N-{4-
chloro-2-
methoxy-6-
methylphenyl)-1-
methyl-1H-
benzimidazol-2-~
amine

MS
433;
434

Calcd.:
Found:
(M+H) .

41

7-(1,1"~-
biphenyl-3-yl)~
N—- (4~-chloro-2-
methoxy~6-~
methylphenyl)~1-
methyl-1H~
benzimidazol-2-
amine

MS
453;
454

Calcd.:
Found:
(M+H) .




(benzyloxy)phony 1]-N-(4-chloro- MS Calcd.- 2-methoxy-6 31 />-NH OMe
ethylphenyl) -1- 484 M+HFound: ethyl-1H- ()" benzimidazol-2- amine
WO(2tildedl2- Cl ethoxy-6- ethylphenyl)-7- MS Calcd.: 01:N NRQTIDS200q415646

OMe chlorophenyl)-1-411; Found: ethyl-1H- 412 (M+g)" enzimidazol-2 ClI
amine CI N-(4-chloro-2- ethoxy-6- Cl1ethylphenyl)-7 (2,4- MS Calcd.: 33
N~ NH OMe dichlorophenyl)- 44446 445; Found: N 1-methyl-1H-
benzimidazol-2- amine CI WO 21)1)6/116412 PCT/l 521111fi/1115fi4fi

494n

11U

42

N

/’
/>——NH OMe

CI

N- (4~chloro~2-
methoxy—6-
methylphenyl)-1-
methyl-7- (1~
methyl-1H-
pyrazol-4-yl)-
1H-benzimidazol-
2-amine

MS Calcd.:
381; Found:
382 (M+H).

43

/
N
/ NH OMe

Cl

- (3-{2-[ (4~
chloro-2-~
methoxy—-6-
methylphenyl)ami
nol-l-methyl-1H-
benzimidazol-7-
v1lphenyl)propan
-1-0ol

MS Calcd.:
435; Found:
436 (M+H).

44

%{ )—NH OMe

N- (4-chloro-2-
methoxy-6-
methylphenyl)-7-
[ (E)-2-
cyclohexylvinyl]
~l-methyl-1H-
benzimidazol-2-
amine

MS Calcd.:
409; Found:
410 (M+H).

45

\
/
N
J—NH  OMe
N

N-{4-chloro~2-
methoxy-6~
methylphenyl)-1-
methyl-7~[ (1E) -
prop-l-enyl]-1H-
benzimidazol~-2-
amine

MS Calcd.:
341; Found:
342 (M+H).




OMe N-(4-chloro-2- ethoxy-6- ethylphenyl)-7 _ MS Calcd.: 34 N (4 407,
Found: /~-NH OMe ethoxyphenyl)- 408 (M+H). N 1-methyl-IH-
WRaNMIdEAS]-2- amine Gl N-(4-chloro-2- O ethoxy-6- ethylphd@&AYUSN06/015646
(2-ethoxy-5- MS Calcd.: 35/-NH OMe ethylphenyl)-1-436 435; Found: N
ethyl-1H- (M+H). benzimidazol-2- Cl amie ~ i biphenyl-2-yl) /
N-(4-chloro-2- MS Calcd.: N ethoxy-6 36\ j/>-NH OMe
ethylphenyl)-1-453; Found: ethyl-1H- (M+H). . benzimidazol-2

46

O

Cl

1-(5~{2-[(4~-
chloro-2-~
methoxy-6~
methylphenyl) ami
nol]-l-methyl-1H-
benzimidazol-7~
vllthien-2-
yv1l)ethanone

MS
425;
426

Calced. :
Found:
(M4+H) .

47

4!!> /

)—NH

N

OMe

Cl

N- (4~chloro-2-
methoxy—6-
methylphenyl)-1-
methyl-7-[(E)-2-
phenylvinyl]-1H-
benzimidazol-2~
amine

MS
403;
404

Calcd.:
Found:
(M+H) .

48

N- {4d-chloro-2-
methoxy-6-
methylphenyl)-1-
methyl-7-(1-
naphthyl)-1H-
benzimidazol-2-
amine

MS
427 ;
428

Calcd.:
Found:
{(M+H) .

49

N- (4d-chloro—-2-
methoxy-6-
methylphenyl) -1~
methyl-7-phenyl-~
lH-benzimidazol~
2-amine

MS
377;
378

Calcd.:
Found:
(M+H) .




Cl amine O | N-(2-{2-[(4- 11 S,N / chloro-2 p H ethoxy-6- MS Calcd.: 37 N
ethylphenyl)ami470; Found: N>-NH OMe 03-1-methyl-IH \ enzimidazol-7-
WQ200¢W6H2  yI}phenyl)methan Cl esulfonamide WO 2006/11B4T/2S2006/015646
PCT/US2006/015646 111 N-(4-chloro-2 O~N ethoxy-6 N ethylphenyl)-1-
MS Calcd.: 38/-NH OMe ethyl-7-(2- 422; Found- O0-:N
nitrophenyl)-1H-423 (M+H). enzimidazol-2- amine ¢! HZN 7(3
aminophenyl)-N- (4-chloro-2- MS Calcd.: _ 39 N ethoxy-6 />-NH OMe

2

anvN-1-202 (M

50

fa Yo YOI Pt
o9z, 104

nal:  athyvdnh
o — ety P

Cl

O
inf

CTyT)/~LI~oJIJo (vl

NH OMe

C

LN
LayJ

N~ (4d~chloro-2-
methoxy-6-
methylphenyl)~7-~
(4-~chloro-2-
methylphenyl)-1-
methyl-1H-
benzimidazol-2-
amine

MS
425;
426

Calcd.:
Found:
(M+H) .

51

OMe

s

NH OMe

C

N- (4~chlore-2-
methoxy-~6-
methylphenyl)-7-
(4-methoxy-2-
methylphenyl)~1-
methyl-1H-
benzimidazol-2-
amine

MS
421;
422

Calcd.:
Found:
{(M+H) .

52

g

/
N

N

J—NH  OMme

N-(4-chloro-2-
methoxy-6-
methylphenyl)-1-
methyl~7- (2~
naphthyl)-1H-
benzimidazol-2-
amine

MS
427 ;
423

Calcd.:
Found:
(M+H) .

S3

o~

Z~

P)—NH  OMe

Cl

N-(3~{2-[ (4~
chloro-2-
methoxy-6-
methylphenyl)ami
noj-l-methyl-14-
benzimidazol-7-
v1llphenyl)acetam
ide

MS
434;
435

Calcd.:
Found:
(M+H) .




ethyl-IH- benzimidazol-2- cl amine 7-(1-benzothien- 2-yl)-N-(4- chloro-2-

ethoxy-6- MS CFound; 40 1 -NH OMe ethylphenyl)-1-434 (M+H). N
WREHHH6dRAZzimidazol-2 amine 7-(1,1' iphenyl-3-yl)- N-(4-chl#@Gras2006/015646

ethoxy-6- MS Calcd.: 41 N ethylphenyl)-1-453; Found: /-NH OMe

ethyl-1H 454 (M+H). enzimidazol-2- a@mimne Cl WO 2006/116412

PCT/US2111)6/1115646 112 N (4 chloro 2 N-N / ethoxy-6-

nethylphenyl)-1- MS Calcd. 42 N ethyl-7-(1

O 2-{2~[ (4-chloro-
OHC / 2-methoxy~6- MS Caled. :
54 N methylphenyl)ami 105 o d
)—NH  OMe no]-—l—-methyl—lH—406' ouna:
N benzimidazol-7- (MFH) .
v1llbenzaldehyde
Cl
H NMR (CDCls)
6 1.11 (3H, d,
J = 6.9 Hz),
1.15 (3H, d, J
= 6.9 Hz),
2.18 (3H, s),
2.80-2.95 (1H,
m), 3.09 (3H,
N-(4-chloro-2- |s), 3.81 (3H,
Q methoxy-6- s), 5.79 (1H,
N/ methylphenyl)~-7-(s), 6.78 (1H,
(2= d, J= 2.1
55 O N/>—NH Ohe isopropylphenyl)Hz), 6.87-6.89
,Q -l-methyl-1H- ((2H, m), 7.12
benzimidazol-2~- |(1H, t, J =
Cl amine 7.5 Hz), 7.20-
7.30 (2H, m),
7.42-7.43 (2H,
m), 7.52 (1H,
d, J= 7.5
Hz). MS
Calcd.: 419;
Found: 420
(M+H) .
'H NMR (DMSO-
de) § 2.09
O N- (4-chloro-2- (3H, s), 3.15
~ methoxy-6-~ (3#, s), 3.74
o / methylphenyl)-7- (3H, s), 3.76
N (2- (3H, s), 6.68
26 O N/>_NH OMe methoxyphenyl) - 7(121'}1 d; J =
l-methyl-1H- ’ z), 6.96-
benzimidazol-2- |14 (6, m),
mine 7.28 (1H, d, J
Cl = 7.8 Hz),
7.44 (1H, t, J
= 7.8 Hz),




/>-NH OMe 381; Found: ethyl-IH- N pyrazol-4-yl)- 382 (M+H).
1H-benzimidazol- Cl 2-amine OH 3-(3-{2-[(4- chloro-2- ethoxy-6 N
WeRipHeRA)ami MS CFoun : 43 N NH OMe no]-1-methyl-1HPET/US2006/015646
enzimidazol-7- 436 (M+gFoun )" yl}phenyl)propan CI -1-01 N-(4-chloro-2-
ethoxy-6- ethylphenyl)-7- MS Calcd. 441§ cyclohexylvinyl]409; Found: iN
/--NH OMe -1-methyl-IH- 410 (M+H). A\ enzimidazol-2- amine CI
N-(4-chloro-2- ethoxy-6- N ethylphenyl)-I- MS Calcd.: 45 i>-NH OMe

ethyt7={(1E)=341Found:—Nrop=t-enytFiH=342-(v+H): lffigdddf-ﬂ:lg' s) .
MS Calcd.:
407 ; Found:

408 (M+H).
'H NMR (DMSO-
ds) ) 2.13
(34, s), 3.15
N- (27, 3- (34, s), 3.75
- O dimethoxy-5- (6H, s), 3.81
0] / methyl-1,1"- (3H, s), 6.67
N biphenyl-4-yl)- |(1H, dd, J =
57 O PN o 7.5, 1.2 Hz),
Q oMo methoxyphenyl)- [6.94-7.15 (8H,
l-methyl-1H- m), 7.27-7.47
Q benzimidazol-2- |[(4H, m), 7.86
amine (1H, s). MS
Calcd.: 479;
Found: 480

(M+H) .

'H NMR (CDCls-
CD30OD) 6 2.19
(3H, s), 3.27
(3, s), 3.81
X N- (4-chloro-2- |(3H, S), 3.94
| methoxy—6- (3H, s), 6.84=
N e methylphenyl)-7-0-20 (3H, m),
ol (2~ 7.07-7.14 (2H,
58 ZF_H o_  methoxypyridin- m), 7.33 (1H,
¥ CH,|3-y1)-1-methyl- & < = 8.4
H.C 1H¥benzimidazol—HZ)’ 7.70 (1R,
? 2—-amine d, J o= 7.5
1.8 Hz), 8.23
c (1H, dd, J =
5.4, 1.8 Hz).
MS Calcd.:
408; Found:

409 (M+H) .




amine C1 WO 21)1)6/116412 PCT/US2111)6/1)15646 113 O
1-(5-12-[(4- chloro-2- S ethoxy-6 / ethylphenyl)ami ms Calcd.: 46\ ,)-NH
W@QNe/mB#12methyl-1H-426~(M+HFound: enzimidazol-7-)' NRAEAIEMP6/015646
ylethanone CI/ N-(4-chloro-2- ethoxy-6- ethylphenyl)-1- MS Calcd.: 47 N
ethyl-7-1(E)-2-403; Found: />-NH OM&bhenylvinyl]-1H-404 (M+H). N \
benzimidazol-2- amine CI/ 1\ N-(4-chloro-2-\ ethoxy-6- N ethylphenyl)-1-
MS Calcd.: 48 />-NH OMe ethyl-7-(1- 427; Found:

'H NMR (CDCls-
CD3OD) & 2.07
(34, s), 2.17
(3HI s) 4 3-21
(BH’ S) r 3.81
/ N- (4-chloro-2- |(3H. s), 5.81
N methoxy—6- (1H, s), 6.78
l>—NH OMe nethylphenyl) -1- (1H, d, J =
" 2.1 Hz), 6.88-
59 methyl-7-(3- '
methyl-2- 6.91 (2H, m),
- 7.05-7.14 (2H,
Cl thienyl)-1H- " o
benzimidazol-2~ ) s : (1H,
amine d, J = 3.0
HZ) 14 7.51 (1H,
d, J = 8.1
Hz) . MS
Calcd.: 387;
Found: 398
(M+H) .
'H NMR (CDClj)
5 1.07 (3H, t,
J = 7.6 Hz),
2.23 (3H, S) ,
2.40-2.59 (2
N- (4-chloro-2- [Br m), 3-é782
methoxy—-6- (3 S) s 5.88
methylphenyl)—7-§ z;r 6'81
N (2-ethylphenyl) , 6.

60 />—NH OMe 1“me1§:/h§l—12— (lH d, J =
imidazo[4, 5~ 115 HZ)’ 6.93
clpyridin-2- |[(1H, dr J =

amine 1.5Hz), 7.20-
c 7.51 (4H, m),
8.09 (1H, s),
8.77 (1H, s).
MS Calcd.:
406 Found:
407 (M+H) .
Example 61

N- (4-Bromo-2~methoxy-6-methylphenyl)-7-(2-ethylphenyl)~1-

methyl-1H-benzimidazol-2-amine
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N naphthyl)-1H- 428 (M+H). benzimidazol-2- amine CI/ N-(4-chloro-2-/
ethoxy-6- MS Calcd.: 49/ N ethylphenyl)-1 />-NH OMe

W/ T1pHaNYI-377; Found: 1H-benzimidazol-378 (M+H). 2-BIAESSION@DS5646
2006/116412 PCT/US2006/015646 114 CI N-(4-chloro-2- ethoxy-6-
ethylphenyl)-7 (4-chloro-2- MS C : 504N 425; Found: \ Z--NH OMe
ethylphenyl)-1-426 (M+H). N ethyl-IH- benzimidazol-2- amine ClI OMe
N-(4-chloro-2- ethoxy-6-

/
N

O )—NH OMe
N

Br

7-(2-Ethylphenyl)-1-methyl-1, 3-dihydro-2H-benzimidazol-2-
one

A mixture of 280 mg (1.23 mmol) of 7-bromo-l-methyl-
1, 3-dihydro-2H-benzimidazol-2-one, 222 mg (1.48 mmol) of 2-
ethylphenylboronic acid, 113 mg (0.0123 mmol) of
tris(dibenzylideneacetone)dipalladium, 29 mg (0.0615 mmol)
of X-Phos and 522 mg (2.46 mmol) of potassium phosphate in
9 mL of toluene was stirred at 100 °C for 4 hours. After
cooling, the reaction mixture was diluted with water and
ethyl acetate and passed through celite. The filtrate was
extracted with ethyl acetate (X2). The combined organic
layer was washed with brine (X1), dried over sodium sulfate
and concentrated in vacuo. The residue was purified by
silica gel column chromatography eluting with a 25-65%
ethylacetate/n-hexane gradient mixture to give 200 mg (64%)
of the title compound.
'"H NMR (CDCl;) & 1.04 (3H, t, J = 7.7 Hz), 2.34-2.52 (2H,

m), 2.84 (3H, s), 6.86-6.98 (2H, m), 7.05-7.08 (2H, m),
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15

20
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ethylphenyl)-7- (4-methoxy-2- MS C : 51 N 421; Found: />--NH OMe

ethylphenyl)-l-422 (M+H). N e enzi midadaz ol-2- amine CI N-(4-chloro-2-
WRBy16418thylphenyl)-I- MS Calcd.: 52 N ethyl--7--(2- 427; FBOGRA!IS200q/415646

OMe naphthyl)-1H- 428 (M+H). N enzimidazol-2- amine CIH N

N-(3-{2-[(4- O f/ chloro-2 ethoxy-6 MSiGalcd.: N ethylphenyl)ami 53 434;

Found: />-NH OMeno]-1-methyl-IH--435 (M+H) N enzimidazol-7-

yl}phenyl)acetam

7.18-7.39 (3H, m), 8.58 (1H, br s).

MS Calcd.: 252; Found: 253 (M+H).

2-Chloro-7-(2-ethylphenyl)-1l-methyl-1H-benzimidazole

A mixture of 190 mg (0.753 mmol) of 7-(2-ethylphenyl)-
l-methyl-1, 3-dihydro-2H-benzimidazol-2-one and 1.5 mL of
phosphorus oxychloride was stirred at 80 °C for 5 hours.
After cooling, the reaction mixture was poured into ice and
neutralized by 12 N sodium hydroxide. The aqueous
suspension was extracted with ethyl acetate (X2). The
combined organic layer was washed with brine (X1), dried
over sodium sulfate and concentrated in vacuo. The residue
was purified by silica gel column chromatography eluting
with a 3-10% ethylacetate/n-hexane gradient mixture to give
123 mg (60%) of the title compound.
'H NMR (CDCls) & 1.02 (3H, t, J = 7.5 Hz), 2.30-2.48 (2H,
m), 3.19 (3H, s), 7.05-7.15 (1H, m), 7.26-7.45 (5H, m),
7.60 (1H, m).

MS Caled.: 270, 272; Found: 271, 273 (M+H).

N- (4-Bromo-2-methoxy-6-methylphenyl)-7- (2-ethylphenyl) -1-
methyl-1H-benzimidazol-2-amine

A mixture of 100 mg (O.369hmmol) of 2-chloro-7-(2-
ethylphenyl)-l-methyl-1H-benzimidazole and 239 mg (1.11

mmol) of 4-bromo-2-methoxy-6-methylaniline was stirred at
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15

ide CI WO 21)1)6/116412 PCT/US2111)6/1115646 115 OHG

2-{2-[(4-chloro- 2-methoxy-6- N ethylphenyl)ami MS CFoun : 54 ~--NH
W@Qe/mBi#12meth 1-1H-405; Found: \ | N \ enzimidazol-7- 406 RUFY2006/015646

yl}benzaldehyde CIH NMR (CDC1,) 61.11 (3H,d, J=6.9 Hz), 1.15

(3H,d, =6.9 Hz), 2.18 (3H, s), 2.804295 (1H, ), 3.09 (3H,

N-(4-chloro-2- s), 3.81 (3H, methoxy-6- s), 5.79 (1H, methylphenyl)-7-s),

6.78 (1H, N (2-d, J = 2.1 55 >,-NH OMe isopropylphenyl)Hz), 6.87-6.89

N 12/1 -1-methgll-hH- (2H, ng, 7.12 benzimidazol-2- (1H,t,J =
120 °C for 15 hours. After cooling, the reaction mixture
was neutralized by saturated aqueous sodium hydrogen
carbonate, followed by addition of ethyl acetate. The
resulting crystals were collected by filtration and washed
with water and ethyl acetate, and suspended in hot ethyl
acetate. After cooling to room temperature, the crystals
were collected by filtration and washed with ethyl acetate
and a 50% dimethylsulfoxde/methanol mixture to give 90 mg
(54%) of the title compound.
'H NMR (CDClsz) & 1.05 (3H, t, J = 7.4 Hz), 2.16 (3H, s),
2.40-2.55 (2H, m), 3.09 (3H, s), 3.81 (3H, s), 5.79 (1H, br
s), 6.88-6.92 (2H, m), 7.04 (1H, d, J = 1.5 Hz), 7.12 (1H,
t, J=17.8 Hz), 7.26-7.41 (4H, m), 7.52 (1H, d, J = 7.8 Hz).

MS Calcd.: 449, 451; Found: 450, 452 (M+H).

Compounds described below were prepared in a similar method.

Table 5

Example |Structure Name Physical Data




cl amine 7.5 Hz), 7.20- 7.30 (2H, m), 7.42-7.43 (2H, ), 7.52 (1H,d,J =

7.5 Hz). MS Calcd.: 419; Found: 420 (M+H). 1H NMR (DMSO- d6) 5
WQ2096/N{#hloro-2- (3H, s), 3.15 4 O/ ethoxy-6- (3H, s), 3.7BCT/US2006/015646

ethylphenyl)-7-(3H, s), 3.76 / N (2- (3H, s), 6.68 56 \ i>-NH OMe

ethoxyphenyl)- (1H, d, J = N 7.8 Hz),896 1-methyl-l H- H- 7,14 (6H, m) ,

benzimidazol-2- 7.28 (1H, d, Cl amine = 7.8 Hz), 7.44 (1H, t, = 7.8 Hz),

WO 2006/116412 PCT/US2006/015646 116 7.90 (1H, s). MS Calcd.:

'H NMR (CDCls)
0 2.16 (3H,
N- (4-bromo-2- s), 2.43 (3H,
O methoxy-6- s), 3.25 (3H,
methylphenyl)- |s), 3.82 (3H,
N 1-methyl-7- (3- s),
62 O />—NH OMe methylphenyl)- |5.80 (1H, br
N 1H- s), 6.93-7.53
benzimidazol-2- |(9H, m). MS
amine Calcd.: 435,
Br 437; Found:
436, 438
(M+H) .
H NMR (CDCls)
0 2.16 (3H,
s), 2.44 (3H,
s), 3.26 (3H,
s), 3.82 (3H,
s),
5.83 (1H, s),
6.92 (1H, d, Y
= 1.0 Hz),
O N- (4-bromo-2- 6.94 (1H, d, J
methoxy-6-
methylphenyl) - |- 73 fiz),
/ l-methyl-7— (4~ 7.04 (1H, d, J
63 N methylphenyl)- [ __+-90  Hz),
O N/ NH OMe 1H_YP y 7.13 (1H, t, J
benzimidazol-2- [ __'->  Hz)y
: 7.25 (2H, d, U
amine
Br = 7.8 Hz),
7.35 (2H, d, J
= 7.8 Hz),
7.50 (1H, d, J
= 7.5 Hz). MS
Calcd.: 435,
437; Found:
436, 438
(M+H) .
Example 64

N- (4-Chloro-2-methoxy-6-methylphenyl)

~-1l-methyl-7-{2~

[ (methylamino) methyllphenyl} -1H-benzimidazol-2-amine
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407; Found: 408 (M+H). 1H NMR (DMSO- d6) 8 2.13 (3H, s), 3.15

N-(21,3- (3H, s), 3.75 dimethox 5 ~y- (6H, s), 3.81 ~c ethyl-1,1'- (3H, s),
W@ 2996/blphenyl-4-yl)- (1H, dd, J = 57 LiN~N/\ hne 7 (2 7.5, 1.2€}/)/S2006/015646

ethoxyphenyl)- 6.94-7.15 (8H, oMel-methyl-IH), 7.27-7.47

enzimidazol-2- (4H, m), 7.86 amine {4, s). MS Calcd.: 479; Found: 480

(M+H). 'H NMR (CDC13- CD30D) 8 2.19 (3H, s), 3.27 (3H, s),3.81 N

N-(4-chloro-2- (3H, s), 3.94 nethoxy-6- (3H, s), 6.84- OCH

ethylpheqyl)-7-6.90 (3H, m), cH3 3 (2- 7.07-7.14 (2H, 58 N\ ~~N o\

@

Cl

A mixture of 33 mg (0.0813 mmol) of 2-[2-[ (4-chloro-2-

methoxy-6-methylphenyl)amino]-1-methyl-1H-benzimidazol-7-
vllbenzaldehyde, 0.033 mL (0.325 mmol) of 40% methanol
solution of methyl amine and 1 mL of ethanol was refluxed
for 4 hours. After cooling, 9.2 mg (0.244 mmol) of sodium
borohydride was added. The mixture was stirred at room
temperature for 4 hours, and 15 mg (0.407 mmol) of sodium
borohydride was added. After stirring at room temperature
for 15 hours, the reaction mixture was diluted with water
and extracted with ethyl acetate (X2). The combined organic
layer was washed with brine (X1), dried over sodium sulfate
and concentrated in vacuo. The residue was purified by
preparative HPLC and basic silica gel column chromatography
eluting with a 50-100% ethylacetate/n-hexane gradient
mixture to give 5 mg (17%) of the title compound.

'H NMR (CDCls) & 2.18 (3H, s), 2.27 (3H, s), 3.08 (3H, s),
3.57 (2H, s), 3.81 (3H, s), 6.79 (1lH, s), 6.87-6.89 (2H, m),

7.10-7.15 (1H, m), 7.33-7.53 (5H, m).
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15

N CHa3-yl)-1-methyl- d, J = 8.4 H,c 1H-benzimidazol- Hz) , 7.70 (1H, d,
J=7.52-amine, 1.8 Hz), 8.23 cl (1H, dd, J =5.4, 1.8 Hz). 4S Calcd.:

WQa®sAdeHa: 409 (M+H). WO 2006/116412 PCT/US2006/0138A6UA0p61(H5646
NMR (CDC13- CD30D) 8 2.07 (3H,s), 2.17 (3H,s), 3.21 (3H, s), 3.81/
N-(4-chloro-2- (3H, s), 5.81 N eth (1H,:8}, 6.78 ~>-NH OMe (1H,d, J=/
ethylphe ylphenyl)-1 N 2.1 Hz), 6.88- 59 ethyl-7-(3- 6.91 (2H, m), ethyl-2-
7.05-7.14 (2H, CI thienyl)-1H benzimidazol-2-), 7.22 (1H, amine d, J =
3.0

Example 65

N- (4-Bromo-2-methoxy-6-methylphenyl) -1l-methyl-7- (3-methyl-

lH-pyrazol-1l-yl)-1H-benzimidazol-2-amine

/

g

/

N
)—NH OMe
N

Br

1-Methyl-7-(3-methyl-1H-pyrazol-1-yl)-1,3-dihydro-2H-
benzimidazol-2-one

A suspension of 50 mg (0.220 mmol) of T7-bromo-1-
methyl-1, 3-dihydro-2H-benzimidazol-2-one, 0.035 mL (0.440
mmol) of 3-methylpyrazole, 42 mg (0.0220 mmol) of copper(I)
iodide and 61 mg (0.440 mmol) of potassium carbonate in 1
mL of 1-methyl-2-pyrrolidinone was stirred by microwave
irradiation at 190 °C for 2 hours. After cooling, the
reaction mixtﬁre was diluted with water and extracted with
ethyl acetate (X2). The combined organic layer was washed
with brine (X1), dried over sodium sulfate and concentrated
in vacuo. The residue was purified by silica gel column
chromatography eluting with a 25% ethylacetate/n-hexane

mixture to give 57 mg of a mixture containing the title
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25

Hz), 7.51 (1H, J =8.1 Hz). MS alcd.: 397; Found: 398 (M+H). 1H NMR
(CDC13) 81.07 (3H,t, J=7.6 Hz), 2.23 (3H, a), 2.40-2.59 (2
WORMGERIHE-2- H, m), 3.17 methoxy-6- (3H, s), 3.82 / PCT/US2006/015646
methylphenyl)-7-(3H, a), 5.88 N (2-ethylphenyl)-(1H, a), 6.81 60 N\ ~ i
NH QMe 1-methyl-IH- (1H, d, J = N Aididazo[4 5- 1.5 Hz), 6.93 ,
c]pyridin-2- (1H, d, J = amine 1.5Hz), 7.20- Cl 7.51 (4H, m), 8.09 (1H, s),
8.77 (1H, s). S Calcd.: 406; Found:
compound.
1H NMR (CDCl3) o 2.34 (3H, s), 2.98 (3H, s), 6.26 (1H, d, J
= 2.2 Hz), 6.97-7.18 (3H, m), 7.57 (lH, d, J = 2.2 Hz),
9.60 (1H, br s).

MS Calcd.: 228; Found: 229 (M+H).

N—(4—Bromo—2—methoxy—6—methylphenyl)—1—methyl—7—(3—methyl—
1H-pyrazol-1-yl)-1H-benzimidazol-2-amine

A mixture of 17 mg (0.0745 mmol) of 1-methyl~-7-(3-
methyl—lH;pyrazol-l—yl)—1,3—dihydro~ZH;benzimidazol—Z—one
in 0.5 mL of phosphorus oxychloride was stirred at 80 °C
for 5 days. After cooling, phosphorus oxychloride was
evaporated in vacuo. The residue was neutralized by 12 N
aqueous sodium hydroxide. The aqueous suspension was
extracted with ethyl acetate (X2). The combined organic
layer was washed with water (X1) and brine (X1), dried over
sodium sulfate and concentrated in vacuo. The residue was
purified by preparative TLC eluting with a 30%
ethylacetate/n-hexane mixture to give 2-chloro-1-methyl-7-
(3-methyl-1H-pyrazol-1-yl)-1H-benzimidazole. A mixture 2-
chloro-l-methyl-7- (3-methyl-1H-pyrazol-1-yl)~1H-
benzimidazole obtained above, 48 mg (0.223 mmol) of 4-
bromo-2-methoxy-6-methylaniline and 0.15 mL of l-methyl-2~
pyrrolidinone was stirred at 120 °c for 3 days. After

cooling, the reaction mixture was neutralized by saturated
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15

407 (M+H). Example 61
N-(4-Bromo-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl)-1-

WoRstieAd 1141Benzimidazol-2-amine WO 21)1)6/116412 PCT/US2006/015646
PCT/US211116/1115646 118 N\ ~~NH OMe N Br
7-(2-Ethylphenyl)-1-methyl-1,3-dihydros2H-benzimidazol-2- one 5 A
mixture of 280 mg (1.23 mmol) of 7-bromo-I-methyl-
1,3-dihydro-2H-benzimidazol-2-one, 222 mg (1.48 mmol) of 2-
ethylphenylboronic acid, 113 mg (0.0123 mmol) of

agiRpdiberiSfdene derdreldpalladitherZs g (510815 fHR6IY Of XUBRESsion
and 522 mg (2.46 mmol) of potassium phosphate in 10 9 mL of toluene .

waga8%titea Glo‘cslélﬁored;Hé(dfsaﬂﬁ*éﬁfc%oﬁg&)the%&ctmm% WEganic
diluted with water and , ethyl acetate and passed through celite. The filtrate

tayat ERradEd Wit é%ﬁ%}hc‘é?aﬁsr(xéﬁ%hé‘%rﬂ%}ébeorb}émd |dyet GasC VT

solasheckuith brine (X1). dried.oyer.sodium sulfate 45 and concentrated n
vacuo. The résiduéWas purlﬁeé1 y sifica geIf cofamn Chromatograﬁhy

pufliiagith .25-63%, gllylacelate/n-hexane gradignimiytedn dive,200, 54
mg (64%) of the title compound. 'H NMR (CDC13) 8 .04 (3H, t, J = 7.7

etH§Lé%§%é%@?ﬁaﬁexane mixture to give 5.7 mg (18%) of the

was

title compound.

'H NMR (CDCl3) & 2.17 (3H, s), 2.40 (3H, s), 3.23 (3H, s),
3.80 (3H, s), 5.87 (l1H, br s), 6.28 (1H, d, J = 2.1 Hz),
6.92 (1H, d, J= 2.4 Hz), 7.00-7.13 (3H, m), 7.53 (1H, d, J
= 7.8 Hz), 7.63 (1lH, 4, J= 2.1 Hz).

MS Calcd.: 425, 427; Found: 426, 428 (M+H).

Example 66

N- (4-Bromo—-2-methoxy-6-methylphenyl)-7-(3,5-diethyl-1H-

pyrazol-1-yl)-l-methyl-1H-benzimidazol-2-amine

Br

7-Hydrazino-l-methyl-1, 3-dihydro-2H-benzimidazol-2-one
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20 m), 2.84 (3H, s), 6.86-6.98 (2H, m), 7.05-7.08 (2H, m), WO
21)1)6/116412 PCT/US2111)6/1)15646 119 7.18-7.39 (3H, m), 8.58 (1H,
WeRYO/IWSIZ alcd.: 252; Found: 253 (M+H). PCT/US2006/015646

2-Chloro-7-(2-ethylphenyl)-1-methyl-1H-benzimidazole 5 A mixture of 190
mg (0.753 mmol) of 7-(2-ethylphenyl}-2&methyl
-1,3-dihydro-2H-benzimidazol-2-one and 1.5 mL of phosphorus

oxychloride was stirred at 80 C for 5 hours. After cooling, the reaction
mixture was poured into ice and_neutralized by 12 N sodium _hydroxide.

Th& aqueoE 80 e0spesiochiwas SktractePRith efffPadetdtd (X2yafrdo—1-
combined organic layer was washed with brine (X1), dried ov%sodium

me@b?éféa@d%bﬁ&%%@@TP@W%%%%@O%S purtied by’ silicigel °*
column chromat hy eluti ith.a 3-10% ethyl -
corbqsaigﬁﬁ)mﬂﬁev‘)%é%gyl%é‘?{%% A O of P o b e T hRe =
CDC13) S 1.02 (3H, t,.J =,Z. , -2.48 (2H,. m), 3.1 e
S A h U Ir, 2L 287 A8 T YR L0 (1 o A 527,

i QWL 271273 (MrH) 320, 0 °c  for 30 minutes. Tin(II)
N-(4-Bromo-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl)-1-

ch1BsthylsIH-penzimidazolsa-amingndumixiwse of LOOIBYKEB6I MMDY ofnl. of
2-chloro-7-(2 ethylphenyl)-I-methyl-IH-benzimidazole and 239 mg (1.11

corddemmal)-eiA-hrame-@nmethoxy f=mefhytandinewasstined ah  was added
to the reaction mixture at 0 °C. After one hour, the
nixture was alkalified by 12 N sodium hydroxide, followed
by addition of ethyl acetate to the suspension. After
addition of 24.6 mL of di-tert-butyl dicarbonate (107 mmol),
the mixture was stirred at room temperature for 15 hours.
The aqueous layer was separated and extracted with ethyl
acetate (X1). The organic layer was washed with brine (X1),
dried over sodium sulfate and concentrated in vacuo. The
residual solids were washed with hexane to give 8.53 g of
the Boc derivative of the title compound as yellow crystals.
A suspension of 8.53 g (17.8 mmol) of the Boc derivative of
the title compound in 100 mL of 4 N hydrogen chloride in
methanol was stirred at room temperature for 12 hours. The
resulting crystals were collected by filtration and washed
with methanol to give 3.17 g (52%) of the title compound.

H NMR (DMSO-dg) & 3.52 (3H, s), 6.79-6.82 (2H, m), 6.98
(14, t, J = 8.0 Hz), 8.02 (1H, s), 10.03 (2H, s), 11.00 (1H,

s).
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WO 2006/116412 PCT/US2006/015646 120 120 C for 15 hours. After
cooling, the reaction mixture was neutralized by saturated aqueous
W@ ateiitdrogen carbonate, followed by addition of ethyl acBf3kaISEARS/015646
resulting crystals were collected by filtration and washed 5 with water and
ethyl acetate, and suspended in hot @&yl acetate. After cooling to room
temperature, the crystals were collected by filtration and washed with
ethyl acetate and a 50% dimethylsulfoxde/methanol mixture to give 90
mg (54%) of the title compound. 10 1H NMR (CDC13) 3 1.05 (3H,t, J =
7.4 Hz),2.16 (3H, s), 2.40-2.55 (2H, m), 3.09 (3H, s), 3.81 (3H, s), 5.79
1H, br s), 6.88-6.92 (2H, m), 7.04 (1H,d,J=1.5 Hzféé]'lg%%H t, J =H7.8
7~ (fzf e P AL @MY TR (H, 7S = 1 IS s Te A g RSt
b Fqund: 450 4_%2_&M+H). 15 Compounds described below were prepared
eniﬁ%“éi%‘ﬁé?%]e hod-STable 5 Example Structure -Tame Physical Data WO

SO ESTHSON0LEte AAMNIEOC 9 21ACHL o

1—ﬂ§thyl—1,3-dihydro—2H;benzimidazol—2—one in 2 mL of
acetic acid was added 0.13 mL (0.986 mmol) of 3,5-

heptanedione, the mixture was stirred at 100 °C for 2 hours.
After cooling, the reaction mixture was neutralized by
saturated aqueocus sodium hydrogen carbonate and extracted
with ethyl acetate (X2). The combined organic layer was

washed with brine (X1), dried over sodium sulfate and
concentrated in vacuo. The residue was purified by silica
gel column chromatography eluting with a 50-80%

ethylacetate/n-hexane gradient mixture to give 221 mg (83%)

of the title compound.

ly NMR (CDCls) & 1.16 (3H, t, J = 7.5 Hz), 1.29 (3H, t, J =
7.8 Hz), 2.35-2.53 (2H, br), 2.69 (2H, q, J= 7.8 Hz), 2.85
(34, s), 6.06 (1H, s), 7.01 (1H, dd, J= 7.8, 1.5 Hz), 7.08

(14, t, J= 7.8 Hz), 7.14 (1H, dd, J = 7.8, 1.5 Hz), 9.495

(1H, br s).

2-Chloro-7-(3,5-diethyl-1H-pyrazol-1-yl)-1-methyl-1H-
benzimidazole
A mixture of 220 mg (0.814 mmol) of 7-(2,4-diethyl-1H-

pyrazol—l—yl)—1—methyl—1,3—dihydro—ZH;benzimidazol—Z—one in
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1-methyl-7-(3 ), 62 >-NH OMe ethylphenyl)- 5.80 (1H, br N OCN 1H- s),

6.93-7.53 benzimidazol-2- (9H, m). MS amine Calcd.: 435, Br 437,
WEHHeH16485, 438 (M+H). -'H NMR (CDC13) 6 2.16 (3H, s), PXA4USAN6/8).5646

3.26 (3H, s), 3.82 (3H, s), 5.83 (1H, s), 6.92 (1H, d, N-(4-bromo-2- = 1.0

Hz), 6.94 (1H, d, ethoxy-6 ethylpheny})87.5 Hz), 1-methyl-7-(4- 7.04

(1H, d, N) 63 />-NH OMe ethylphenyl)- 7 1( (01H, t, t, N 1H-7.13
2 mL of phosphorus oxychloride was stirred at 85 °C for 4
hours. After cooling, phosphorus oxychloride was evaporated
in vacuo. The residue was diluted with ice-cold water and
neutralized by agqueous sodium hydroxide. The aqueous
suspension was extracted with ethyl acetate (X2). The
combined organic layer was washed with water (X1) and brine
(X1), dried over sodium sulfate and concentrated in vacuo.
The residue was purified by silica gel column
chromatography eluting with a 25-50% ethylacetate/n-hexane
gradient mixture to give 181 mg (77%) of the title compound.
'H NMR (CDCls) & 1.15 (3H, t, J= 7.5 Hz), 1.30 (3H, t, J =
7.5 Hz), 2.44 (2H, q, J= 7.5 Hz), 2.70 (2H, g, J= 7.5 Hz),
3.20 (3H, s), 6.10 (1H, s), 7.21 (1H, dd, J= 7.8, 1.2 Hz),
7.30 (1, t, J= 7.8 Hz), 7.76 (1H, dd, J= 7.8, 1.2 Hz).

MS Calcd.: 288, 290; Found: 289, 291 (M+H).

N- (4-Bromo-~2-methoxy-6-methylphenyl)-7-(3,5-diethyl-1H-
pyrazol-1l-yl)-1l-methyl-1H-benzimidazol-2-~amine

A mixture of 83 mg (0.287 mmol) of 2-chloro-7-(3,5-
diethyl-1H-pyrazol-1-yl)-l-methyl-1H-benzimidazole, 186 mg
(0.862 mmol) of 4-bromo-2-methoxy-6-methylaniline and 0.15
mL of l—méthyl—Z—pyrrolidinone was stirred at 110 °C for 20
hours. After cooling, the reaction mixture was neutralized
with saturated aqueous sodium hydrogen carbonate, followed

by addition of ethyl acetate. The resulting crystals were
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benzimidazol-2- 7 257(25 H, d~) amine Br=7.8 Hz), 7.35(2H,d, 7.8
Hz), 7.50 (1H, d, = 7.5 Hz). MS Calcd.: 435, 437; Found: 436, 438
WQNPOS Y183 mple 64 PCT/US2006/015646
N-(4-Chloro-2-methoxy-6-methylphenyl)-1-methyl-7-{2- [(methylamino)
methyl]phenyl}-1H-benzimidazol-2-aming WO 2006/116412
PCT/US2006/015646 122 -~N N /-NH OMe N CI A mixture of 33 mg
(0.0813 mmol) of 2-[2-[(4-chloro-2-
methoxy-6-methylphenyl)amino]-1-methyl-IH-benzimidazol-7-
colitizatieRtle £0.DB3akI (0 328318 meH B dd % hsthantt Besolutiod ofethyl
methyl amine and 1 mL of ethanol was refluxed for 4 hours. After cooling,
ace59hg (5249 mohiat Bdiurd 36oroRfdiide wak bERle8OTRE Wikiure was

... stirred at room
H NMR (CDClz) & 1.18 (3H, t, J= 7.4 Hz), 1.31 (3H, t, J =

7.6 Hz), 2.17 (3H, s), 2.49 (2H, g, J = 7.4 Hz), 2.72 (2H,
q, J= 7.6 Hz), 3.07 (3H, s), 3.81 (3H, s), 5.81 (1H, br s),
6.09 (1H, s), 6.93-7.16 (4H, m), 7.54 (1H, d, J = 8.8 Hz).

MS Calcd.: 467, 469; Found: 468, 470 (M+H).

Compounds described below were prepared in a similar method.

Table ©

Example [Structure Name Physical Data

'H NMR (CDCls)
5 2.16  (3H,

), 2.18 (3H,

), 2.32 (3H,

), 3.10 (3H,

N- (4-bromo-2- )y, 3.80 (3H,

//[_§: methoxy-6- ), 6.04 (1H,
N methylphenyl) ~ ), 6.29 (1H,

r s), 6.93-

.97 (2H, m),
.03 (1H, s),
.10 (1H, t, 4

N/ 7-(3,5-
o7 ZF—NH OMe dimethyl-1H-
N pyrazol-1-yl)-

l-methyl-1H-

I N1 o0 n n

benzimidazol-2- 7.5 Hz),

Br amine .50 (1H, d, J
7.5 Hz).

MS Calcd.:

439, 441;

Found: 440,

442 (M+H) .
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temperature for 4 hours, and 15 mg (0.407 mmol) of sodium borohydride

was added. After stirring at room temperature 10 for 15 hours, the reaction
WORMGd a4t diluted with water and extracted with ethyl acetdRE€TX2F0qHEIS646

combined organic layer was washed with brine (X1), dried over sodium

sulfate and concentrated in vacuo. The residue was purified by

preparative HPLC and basic silica gel column chromatography 15 eluting

with a 50-100% ethylacetate/n-hexane gradient mixture to give 5 mg

(T790)-of thetittecompound—HNMRH{EDCE3)-8-248(3H52 27 (3H-S)

, 3.08 (3H, s), 3.57 (2H, s), 3.81 (3H, s), 6.79 (1H, s), 6.8'7}%8@5& P,éh)
7.10-7.15 (1H, m), 7.33-7.53 (5H, m)| 20 WO 2006/116412  1-18 " (9H,
PCT/US2006/015646 123 Example|65 s), 2.14 (3H,
N-(4-Bromo-2-methoxy-6-methylphenyl)-I-methyl-7-(3-met ‘Rﬂ-’ 2.31 (34,
1H-pyrazol-1-yl)-1H-benzimidazol-2-amine N N' N />-NH e N°BPS  (3H
1-Methyl}7-(3-methyl-IH-pyrazol-1-yl AZL—,:B@Mm@-FB——ben:ZZ’r%ﬂdaioI- goné(ig’

A susperjsion of 50 mg (0.220 mmoljrof Trloroyrdet+ oo ,
\%/KJ{? methylphenyl) - s) . (1H,
N’

) 7- (5-tert- Z) ' § o1 %Hrl
68 N butyl-3-methyl- H,) 2 d; 1é
N>_NH OMe |1 g-pyrazol-1- dz ! g Y (2 i
v1)-1l-methyl- d - .
1H- Hz), 7.10 (2H,
Br |penzimidazol-2- [C7 J o= 4.5
amine Hz), 7.54 (1H,
d, J = 4.5
Hz) .
MS Calcd.:
481, 483;
Found: 482,
484 (M+H) .
Example 69

N- (4-Bromo-2-methoxy-6-methylphenyl)-7-(2,5-dimethyl-1H-

pyrrol-1l-yl)-l-methyl-1H-benzimidazol-2-amine

It

N

N
@:/)—NH OMe
Br

7-(2,5-Dimethyl-1H-pyrrol-1-yl)-l-methyl-1,3-dihydro-2H-
benzimidazol-2-one
To a suspension of 257 mg (1.57 mmol) of 7-amino-1-

methyl-1,3-dihydro-2H-benzimidazol-2-one in 2 mL of acetic
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methyl-I,3-dihydro-2H-benzimidazol-2-one, 0.035 mL (0.440 10 mmol) of
3-methylpyrazole, 42 mg (0.0220 mmol) of copper(l) iodide and 61 mg
WQeHed ¥rthbl) of potassium carbonate in 1 mL of 1-methyl-2-BG¢HaIRKHIodS646

was stirred by microwave irradiation at 190 C for 2 hours. After cooling,

the reaction mixture was diluted with Water and extracted with 15 ethyl
acetate (X2). The combined organic layer was washed with brine (X1),

dried over sodium sulfate and concentrated in vacuo. The residue was
purified by silica gel column chromatography eluting with a 25% ethyl

achdeis /iARshed midiird toldive 577G bt a PifixRird chrmiiag ismtte the
. WO 2006/116412 PCT/US2006/Q15646 124 compound. 1H NMR
MIFEHET 36 2. B4 (Y, 39898H.%) T8 56 Y1RoUry RS oar ceTingg the

3H,.m), 7.57 (1H,d, J=2.2 Hzé g.GO (iLH,gr S). 5 MS Calcd.: 228;
re 85%8‘ Zdn hyre  was  neu ralize y saturated aqgqueous

~(4-B -2- hgxy-6- hylph N-1-methyl-7-(3-methyl-
so&hﬁh Q. _%%?%tgébeE%%QF%ﬁgygxenggy g(wgg%r§&%¥b72§etate

1H-pyrazol-1-yl)-1H-benzimidazol-2-amine A" mixture o

(xomokrRELupeyi L4311 anic 1 d wi '
methyl-lH-pyrazol-l-yl)c-)l, E-iéliﬁ)(;droc—-;1 ﬁfﬁ,e‘ﬁ?ﬁni gzso -ez-o‘ﬁ% ti% dog i eof(Xl) !

dr phespherus oxyehlgrideswas stined ai60-G hfor sidays- Aftercogling,, . The

phosphorus oxychloride was evaporated in vacuo. The residue was
reneditelized by b2 N srpgous;/sodium bydredde. JheaglecHs SHSRENRSIbhy

was 15 extracted with ethyl acetate (X2). The combined organic
eluting with a 25-50% ethylacetate/n-hexane gradient
mixture to give 258 mg (68%) of the title compound.
'H NMR (CDCls) & 1.97 (6H, s), 2.79 (3H, s), 5.92 (2H, s),
6.93 (1H, dd, J = 7.5, 1.5 Hz), 7.08-7.16 (2H, m), 9.45 (1H,

s).

2-Chloro-7-(2,5~dimethyl~1H-pyrrol-1-yl)-1l-methyl-1H-
benzimidazole

A mixture of 239 mg (0.991 mmol) of 7-(2,5-dimethyl-
1H-pyrrol-1-yl)-1l-methyl-1,3-dihydro-2H-benzimidazol-2-one
in 2 mL of phosphorus oxychloride was stirred at 85 °C for
4 hours. After cooling, phosphorus  oxychloride was
evaporated in vacuo. The residue was diluted with ice and
neutralized by aqueous sodium hydroxide. The aqueous
suspension was extracted with ethyl acetate (X2). The
combined organic layer was washed with water (X1) and brine
(X1), d;ied over sodium sulfate and concentrated in vacuo.

The residue was purified by silica gel column
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layer was washed with water (X1) and brine (X1), dried over sodium
sulfate and concentrated in vacuo. The residue was purified by

W RepHtaeA2 TLC eluting with a 30% ethylacetate/n-hexane nRAGTESEHUGi(E5646
2-chloro-1-methyl-7 20 (3-methyl-IH-pyrazol-I-yl)-1H-benzimidazole. A
mixture 2- chloro-lI-methyl-7-(3-meth§B2ZH-pyrazol-I-y1)-1H- benzimidazole
obtained above, 48 mg (0.223 mmol) of 4-
bromo-2-methoxy-6-methylaniline and 0.15 mL of 1-methyl-2-

pyrrolidinone was stirred at 120 C for 3 days, After 25 cooling, the reaction
Ch NGRS NE Al By SHiifatet WE 2006/ B oot ate / n-nesans

PCT/US2006/015646 125 aquepus sodiwm hydrogen carbonate. The
graggfatudsiispension owﬁ%%?trégt%mith(uégﬁ/?/agé?a%te 5(2%.1{%5 compound.

... combined organic lay hed with ) and brj '
Sy Aoy Sufoctand caRbeniled T b The Jaddut aas 227 )

urified by preparative TL.C eluting.with a 75%, et@/fl{ac te/p-hexang y
7 1%1ixt{ufrg'to %Pé/e ﬁm&(ll%%)io#he}y%sﬂé compound. iHeEI\?MIL?ﬁ(CDC'ls) SZ) '

7. 7%17(@,4, )4 2.40 (3H; 8, 3.23(3H, §), 3.80 (3H, 5), 5.87 (1H, brs), 6.28
H,d,3=21Hz), 106.92 (1H, d, J = 2.4 Hz), 7.00-7.13 (3H, m), 7.53

vs @kh 9qJ .= T HzR 763 (1H .68, J 21 Hz). MS Calcd.: 425, 427; Found:
426, 428 (M+H). Example 66 15

N-(4-Bromo-2-methoxy-6-methylphenyl)-7-(3,5-diethyl-IH-

pyrazol-1-yl)-I-methyl-1H-benzimidazol-2-amine
N- (4-Bromo-2-methoxy-6-methylphenyl) -7-(2, 5-dimethyl-1H-
pyrrol—l—yl)—1—methyl—1H;benzimidazol—2—amine

A mixture of 90 mg (0.347 mmol) of 2-chloro-7-(2,5-

dimethyl—lﬂ;pyrrol—l—yl)—l—methyl—1H;benzimidazole and 225
mg (1.04 mmol) of 4-bromo-2-methoxy-6-methylaniline was
stirred at 110 °C for 15 hours. After cooling, the reaction
mixture was neutralized by saturated aqueous sodium
hydrogen carbonate and extracted with ethyl acetate (X2).
The combined organic layer was washed with brine (X1),
dried over sodium sulfate and concentrated in vacuo. The
residue was purified by silica gel column chromatography
eluting with a 60-90% ethylacetate/n-hexane gradient
mixture. The desired flractions were collected and
evaporated in wvacuo, the residual solids were washed with
diethyl ether to give 53.4 mg (35%) of the title compound.
4 NMR (CDClz) & 1.99 (6H, s), 2.19 (3H, s), 2.96 (3H, s),
3.81 (3H, s), 5.94 (2H, s), 6.92-6.96 (2H, m), 7.05 (1H, d,

J= 1.8 Hz), 7.15 (1H, t, J = 7.5 Hz), 7.54 (1H, d, J = 7.5



N NN /> b:N-NH OMe Br
7-Hydrazino-l-methyl-1,3-dihydro-2H-benzimidazol-2-one WO
WQouB/116842 2 PCT/US2006/015646 126 To a suspension of BEX{/§3006/015646
mmol) of 7-amino-I- methyl-1,3-dihydro-2H-benzimidazol-2-one in 16 mL
of concentrated hydrochloric acid wag agded 8 mL of an aqueous
solution of 2.18 g (31.6 mmol) of sodium nitrite, the 5 mixture was stirred
at 0 C for 30 minutes. Tin(ll) chloride (18.0 g, 94.9 mmol) was dissolved
in 10 mL of concentrated hydrochloric acid, and the solution was added
Hz{o-the reaction mixture at 0 C. After one hour, the mixture was alkalified
by 12 N sodium hydroxide, followed 10 by addition of ethyl acetate to the
M35 F&derfdion. p¥er ddfifori 81246 MB ¥f diéek-biyHdiearbonate (107
mmol), the mixture was stirred at room temperature for 15 hours. The
agueous layer was separated and extracted with ethyl acetate (X1). The
Exgﬂ% éc lﬁ){er_w washed with brine (XI), 15 dried over sodium sulfate
and concentrated in vacuo. The residual solids were washed with hexane

0 Ofe £33 0 oh dhefios dpfvalife ol le copnound selon 1 oy

crystals. A suspension of 8.53 g (17.8 mmol) of the ve of
similar method described in Example 15.

Table 7
Exa | Structure Name Physical Data
mpl
e
N-(4-chloro-2- | H NMR
O-N methoxy-6- (CDC1l;3) &: 2.17
70 N methylphenyl)- | (3H, s), 2.19
/ 7-(3,5- (3H, s), 2.33
N dimethylisoxaz | (3j, s), 3.37
»~NH OMe |ol-4-y1)-1- (3H, s), 3.82
N methyl-1H- (3H, s), 5.90
benzimidazol- (1H, br s),
- 2—-amine 6.80-7.60 (5H,
m). MS Calcd.:
396; Found: 397
(M+H) .
N-(4-chloro-2- |'H NMR (CDClj)
O methoxy-6- S: 2.17 (3H,
71 ~o P methylphenyl) - | g), 3.07 (3H
O 14
7 7-(2, 6- s), 3.80 (3H,
N g 9Me | dimethoxypheny s), 3.82-4.12
O )—Njij\ 1)-1l-methyl- (6H, m), 6.78
N 1H- (1H, d, J = 2.4
Me Cll benzimidazol- Hz), 6.89 (1H,
2—amine d, J= 2.4 Hz),
Trifluoroaceti | .89 (1, d, J
c acid salt = 7.8 Hz), 7.13
(1H, t, J = 7.8
Hz), 7.22-7.40
(3H, m), 7.51
(1H, d, J = 7.8
Hz)
MS Calcd.
437; Found: 438
(M+H) . mp 288~
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the title compound in 100 mL of 4 N hydrogen chloride in 20 methanol was
stirred at room temperature for 12 hours. The resulting crystals were

W@ aNewtdetby filtration and washed with methanol to give 3.17R§ T8U82)061015646
the title compound. 1H NMR (DMSO-d6) 3 3.52 (3H, s), 6.79-6.82 (2H,
m), 6.98 (1H, t, J = 8.0 Hz), 8.02 (1H,3), 10.03 (2H, s), 11.00 (1H, 25s).
WO 2006/116412 PCT/US2006/015646 127
7-(2,4-Diethyl-1H-pyrazol-l-yl)-1-methyl-l,3-dihydro-2H-

pbenzimidazol-Z-one To a suspepsion of 211 mg (0.986 pwndirof
7-hydrazino- 5 1-methyl-1,3-dihydro-2H-benzimidazo|-2-one in 2 mL of
acetic acid was added 0.13 mL (0.986 mmol) of 3,5- heptanedione, the
mixture was stirred at 100 C for|{2 hours. After cooling, the reaction
mixture was neutralized by saturated aqueous sodium hydrogen
carbonate and extracted 10 with ethyl acetate (X2) The combined organic
layer was washed with brine (X{1), dried over sodium| sulfate and

concentrated in vacuo. The residue was purified by sjlica gel column

chromatography-eluting-with-a-56-86%—ethylacetateti-hexanegradient
mixture to glve 221 mg (83%) 15 of the title compound. 1H NMR (CDC13)
81.16 (3H,t,J=7.5Hz), 1.29 (3H, t, J = 7.8 Hz), 2.35-2.53 (2H, br), 2.69

Exq@Hlg, JZ 7.8 Hz), 2.85 (3H, s), 6.06 (1H, s), 7.01 (1H, dd, J 7 8,15

Hz), 7.08 (1H,t,J=7.8 Hz), 7.14 (1H, dd, J = 78 1.5H2),9
N- (4-Bromo-2-methoxy—-6-methy phenyl methyl - (3 methyl-

5-phenyl-1H-pyrazol-1-yl)-1H-benzimidazol-2-amine

IR
N
N

s 2~

»—NH OMe

Z

Br
This compound was prepared in a similar manner
described in Example 66.
4 NMR (CDCls) &: 2.13 (3H, s), 2.42 (3H, s), 3.19 (3H, s),
3.79 (3H, s), 5.81 (l1H, br s), 6.45 (1H, s), 6.91-6.96 (2H,
m), 7.03-7.08 (2H, m), A7.23 (5, s), 7.51 (1H, d, J = 8.4

Hz). MS Calcd.: 501, 503; Found: 502, 504 (M+H).

Example 73
4-[1-(2-Hydroxyethyl)-2- (mesitylamino)-1H-benzimidazol-7-

yllheptan-4-ol



20 (1H, br s). 2-Chloro-7-(3,5-diethyl-iH-pyrazol-1-yl)-1-methyl-IH-
benzimidazole A mixture of 220 mg (0.814 mmol) of 7-(2,4-diethyl-IH- 25
WQQeaed1s#A2)-1-methyl-1,3-dihydro-2H-benzimidazol-2-one irP@AS2006/015646
2006/116412 PCT/US2006/015646 128 2 mL of phosphorus oxychloride
was stirred at 85 C for 4 hours. Aftér3¢ooling, phosphorus oxychloride
was evaporated in vacuo. The residue was diluted with ice-cold water and
neutralized by aqueous sodium hydroxide. The aqueous 5 suspension
was-gxtracted ga ethyl acetate (X2). The combined organic layer was
i (XI) and brine (X1), dried over sodium sulfate and
m vacuo. The residue was purified by silica gel column

chromatogqaphy,elutiewith a 25-50% ethylacetate/n-hexane 10 gradient
(71,>Le (77%) of the title compound. 1H NMR (CDC13) S
WA 1.30 (3H, t, J = 7.5 Hz), 2.44 (2H, q, J = 7.5 H2),
2.70 (2H, H J= .20 (3H, s), 6.10 (1H, s), 7.21 (1H, dd, J = 7.8,
1.2 Hz), 7.30NIH

= 7.8\4!&), 7.76 (1H,dd, J=7.8, 1.2 Hz). 15 MS
Caled. 288,290 Foynd;, 289, 291 {MaFlg

in a similar
N-(4-Bromo-2-methoxy-6-methylphenyl)-7-(3,5-diethyl-IH-
de s PYEa70% Ly -Ematpvl

manner
l4H4enzimidazol-2-amine A mixture of 83 mg (0.287
mmol) of 2-chloro-7-(3,5- 20

mp 2Ethyldbi-pgrazol-1-yl)-1-methyl-IH-benzimidazole, 186 mg (0.862 mmol)
of 4-bromo-2-methoxy-6-methylaniline and 0.15
5 'H NMR (CDsOD) &: 1.24 (6H, t, J = 7,5 Hz),

1.60-1.74 (4H,
(4H, m), 2.52 (6H,

s), 2.63 (3H,

m), 2.16-2.40

s), 4.47 (2H,
J = 4.8 Hz), 5.19

t, (2H, t, J = 4.8 Hz),

7.22 (1H, dd, J =
7.8, 1.2 Hz), 7.28 (2H,

s), 7.32 (1H, t, J= 7.8 Hz), 7.47
(1H, dd, J = 7.8, 1.2 Hz). MS Calcd. : 409; Found: 410
10 (M+H) .
Example 74
2—[2—(Mesitylamino)~7—(1—propylbutyl)-lHLbenzimidazol~1—
yllethanol
OH
N H Me
/—N
N
15 Me Me
This compound was prepared in a similar manner

described previously in Example 14.

'Y NMR (CDCls) &: 0.92 (6H, t, J =

= 7,5 Hz), 1.20-1.40 (4H,
m), 1.77-1.88 (2H, m), 1.98-2.09 (2H,

m), 2.53 (6H, s),
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mL of 1-methyl-2-pyrrolidinone was stirred at 110 C for 20 hours. After
cooling, the reaction mixture was neutralized with saturated aqueous
W@ ataiitdrogen carbonate, followed 25 by addition of ethyl BE&{H00HH 5646
resulting crystals were WO 2006/116#% PCT/US2006/015646 129
collected by filtration and washed with water and ethyl acetate to give 112
mg (83%) of the title compound. 1H NMR (CDC13) 6 1.18 (3H,t,J=7.4
Hz), 1.31 (3H,t,J = 7.6 Hz), 2.17 (3H, s), 2.49 (2H, g, J = 7.4 Hz), 2.72
2. €2H,(5:1, Js 7.62Ha)y 3.07(3Hy 5), %82 {3Ho8), 581 (JH-bus) 6:09 (1H; 45
S), 6.93-7.16 (4H, m), 7.54 (1H, d, J = 8.8 Hz). MS Calcd.: 467, 469; .
(21pund: 468=47Q §MHH). Compoundsdesgdbedsbelow vegre prepared jn a, 27
similar method. 10 Table 6 Example Structure Name Physical Data 1H
(2BMR YCDT13} S(2H6 (8H, 3)=2.18 §3Hiz5), 2R2AEBH(1%), 3dD,(3H, = 7.8,
N-(4-bromo-2- s), 3.80 (3H, \N ethoxy-6- s), 6.04 (1H, N'/ ethylphenyl)-
1.%)H%29 (1H, N 7-(3,5- or s), 6.93- 67 dimethyl-IH- 6.97 (2H, m), iNH OMe

MS Caled. : 393; Found: 3924 (M+H).

Example 75
2-[2-[(4~-Chloro-2-methoxy-6-methylphenyl)amino]-7- (1~

hydroxy-l-propylbutyl)-1H-benzimidazol-1-yl]ethyl acetate

OH OAc
N § OMe
)N
N
Me Cl
A solution of 4-[2-[(4-chloro-2-methoxy-6-

methylphenyl)amino]-1-(2~hydroxyethyl)-1H-benzimidazol~-7-

yllheptan-4-0l1 (100 mg, 0.22 mmol) in pyridine (5 mL) was
treated with acetic anhydride (1 mL) and stirred at room
temperature overnight. The reaction mixture was
concentrated to dryness, diluted with aqueous sodium
hydrogen carbonate, and extracted with ethyl acetate. The
organics were dried over magnesium sulfate, filtered, and
concentrated in vacuo. The residue was chromatographed on a
silica gel to give 97 mg (0.20 mmol, 89%) of the title

compound.
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N yrazol-l-yl)- 7.03 (1H, s), 1-methyl-IH- 7.10 (1H, t, enzimidazol-2- =7.5
Hz), Br amine 7.50 (1H, d, = 7.5 Hz). MS Calcd.: 439, 441; Found: 440,

WQ29¢WLeHZ\WO 2006/116412 PCT/US2006/015646 130 1H REAUS2006/015646
(CDC13) 51.18 (9H, s), 2.14 (3H, s), 2.31 (3H, s), 3.02 (3H,
N-(4-bromo-2- s), 3.80 (3H, nethoxy-639), 5.79 (1H, ethylphenyl)- s),
6.06 (1H, N'/ 7-(5 tert- s), 6.91 (1H, d, J 2.1 68 N butyl-3-methyl /-NH
OMe 1H-pyrazol-I- Hz), 7.03 (1H, N yl)-1-methyl-d, J=2.1 1H- Hz),

... 7-10 (2H, Br benzimidazol-2- t, J = 4.5 amine Hz), 7.54 (1H,

H NMR (CDCl;) &: 0.92 (6H, t, J = 7,5 Hz), 1.23-1.41 (4H,

m), 1.81-1.91 (2H, m), 1.98-2.09 (2H, m), 2.12 (3H, s),
2.15 (3H, s), 3.80 (3H, s), 4.56 (2H, t, J = 4.8 Hz), 4.85
(2H, t, J= 4.8 Hz), 6.80 (1H, d, J= 2.1 Hz), 6.83 (1H, d,

J = 8.1 Hz), 6.88 (1H, d, J = 2.1 Hz), 7.03 (1H, t, J=8.1

Hz), 7.41 (1H, d, J = 8.1 Hz). MS Calcd. : 487; Found: 488
(M+H) .
Example 76

2—{2—[(4—Chloro—2—methoxy—G-methylphenyl)amino]—7—[(lE)—l—
propylbut—l—en—l—yl]—1H>benzimidazol—1—yl}ethyl acetate and
2—{2—[(4—Chloro—Z—methoxy—6—methylphenyl)amino]—7—[(1Z)-1—

propylbut—l—en—l—yl]—lH;benzimidazol—l—yl}ethyl acetate

S OAc

Me Cl
A solution of 2—[2—[(4—ch;oro—2—methoxy—6—
methylphenyl)amino]—7—(1—hydroxy—l—propylbutyl)—1H¥
benzimidazol-l-yl]lethyl acetate (50 mg, 0.10 mmol) and
triethylsilane (1 mL) in diethyl ether (10 mL) was stirred
at room temperature for 14 h. The reaction mixture was
diluted with aqueous sodium hydrogen carbonate, and

extracted with ethyl acetate. The organics were dried over
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d, J=4.5 Hz). 4S Calcd.: 481, 483; Found: 482, 484 (M+H) Example 69
N-(4-Bromo-2-methoxy-6-methylphenyl)-7-(2,5-dimethyl-IH-

W 9A6[116¢I2|-methyl-IH-benzimidazol-2-amine N/ N 4)-NH OMi&/\SRIG/815646
Br 7-(2,5-Dimethyl-1H-pyrrol-1-yl)-1-methyl-l,3-dihydro-2H-
benzimidazol-2-one To a suspension 08857 mg (1.57 mmol) of 7-amino-I-

10 methyl-1, 3-dihydro-2H-benzimidazol-2 -one in 2 mL of acetic WO
2006/116412 PCT/US2006/015646 131 acid was added 0.18 mL (1.57
mmol) of 2,5-hexanedione, the mixture was stirred at 90 C for 1 hour.

MagREF LyBlimp e it action rpied was fearaliruitipsadraiod uggeous The
sodium hydrogen carbonate and extracted with ethyl acetate 5 (X2). The

TCEoMmpie acﬁ'g% ik PR WHARASTE SRt Rbriel 668, @fidd BPersbarunt L mg

0S % te_and co 0 rated in vacuo. The residue was purified by silica gel
( cg u%nrllm([:]ﬁro’ma oglfap?'§ AYS gltle compounds.

'H NMR (CDCl;) &: 0.92 (6H, t, J = 7,5 Hz), 1.28-1.49 (4H,
m), 1.78-1.91 (2H, m), 2.08 (3H, s), 2.17 (3H, s), 3.79 (3H,
s), 4.20-4.41 (4H, m), 5.57 (0.8H, t, J = 7.2 Hz), 5.65
(0.2H, t, J= 7.2 Hz), 6.75 (1H, d, J = 7.2 Hz), 6.80 (1H,
d, J= 2.1 Hz), 6.89 (1H, d, J = 2.1 Hz), 7.04 (lH, t, J =
7.2 Hz), 7.41 (1H, d, J = 7.2 Hz). MS Calcd. : 469; Found:

470 (M+H).

Example 77
N;(4—Bromo—2—methoxy—6—methylphenyl)—4—chloro—7—(1—

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine

/

N
)—NH OMe
N

Cl
Br
7= (1-Ethyl-1-hydroxypropyl)-l-methyl-1,3-dihydro-2H-
benzimidazol-2-one
A solution of ethylmagnesium bromide (3M solution in
diethyl ether; 32 mL, 96 mmol) was added dropwise to a
suspension of methyl 3-methyl-2-oxo-2, 3-dihydro-1H-

benzimidazole-4-carboxylate (5.00 g, 24,2 mmol ) in
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eluting with a 25-50% ethylacetate/n-hexane gradient mixture to give 258
mg (68%) of the title compound. 10 1H NMR (CDC13) 6 1.97 (6H, s), 2.79
WQIPeEHEB2 (2H, s), 6.93 (1H, dd, J = 7.5, 1.5 Hz), 7.08-7.18CAFYSA)6/015646
9.45 (iH, s). 2-Chloro-7-(2,5-dimethyl-IH-pyrrol-1-yl)-1-methyl-iH- 15
benzimidazole A mixture of 239 mg %@.@91 mmol) of 7-(2,5-dimethyl-
1H-pyrrol-1-yl)-1-methyl-l,3-dihydro-2H-benzimidazol-2-one in 2 mL of
phosphorus oxychloride was stirred at 85 C for 4 hours. After cooling,
hosphorus oxychleride was_20 evaporated in ..The residue.
tet%ﬁgl_fé}o#]ura% é%d mﬁ%vg 0 gvano! tedd I}({i?ur%%]re %vg,gse(-js_l_ g?‘%d at

with'ice and ™ neutralized by aqueous so ydroxi

40 aguegHs, syspansionyas extragted withethyl acetale {Xgk thi€yater and

combined organic layer was washed with water (X1) and brine (X1), dried

1N @ier sodiym.sidfate and eenceptigted in-vaeHas 25Jheresidye Wwasbrine.
purified by silica gel column WO 2006/116412 PCT/US2006/015646 132
The Chrompategraphy glpding wittsa 1012096 ethylacetatelghexanengragidate,
mixture to give 185 mg (72%) of the title compound. 1H NMR (CDC13) S
£i1tMe(BH, Rn3.02E3Mdes) m86q2H; 8) , vatn¢lH, ddTHe 78 4idikk), was
7.32 (1H,t,J = 7.8 Hz), 57.75 (1H, dd, J = 7.8, 1.0 Hz). MS Calcd.: 259;
cryFoadd:i260d(MEatdn ethanol/diethylether to afford the title

N-(4-Bromo-2-methoxy-6-methylphenyl)-?-(z,5-dimetoI-IH- .
comperaIdl -715- ISR DepplfiBazel- *amhfe 9, 70%) . mp 199-201 "C.
H NMR (CDCls) & 0.90 (t, J = 7.5 Hz, 6H), 1.90-2.20 (m,
5H), 3.84 (s, 3H), 6.90-7.05 (m, 3H), 9.10-9.30 (m, 1H).

MS Calcd.: 234; Found: 235 (M+H).

7~ (1-Ethylpropyl)-1-methyl-1, 3-dihydro-2H-benzimidazol-2-
one

A mixture of 7-(l-ethyl-l-hydroxypropyl)~-l-methyl-1,3-
dihydro-2H-benzimidazol-2-one (6.00 g, 25.6 mmol) and 6N
HCl (20 mL) in ethanol (100 mL) was stirred at 50 °C for 3
h. The migture was concentrated in vacuo, and the resulting
residue was dissolved in ethyl acetate, washed with aqueous
potassium carbonate. The organic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo to

give pale yellow oil, which was used in the next reaction

without further purification. MS Calcd.: 216; Found:
217 (M+H) . The crude material was dissolved in ethanol (150
ml) . This solution was treated with 10% palladium on

carbon (50% wet; 1.00g), purged with hydrogen, and stirred
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10 A mixture of 90 mg (0.347 mmol) of 2-chloro-7-(2,5-
dimethyl-1H-pyrrol-l-yl)-1-methyl-IH-benzimidazole and 225 mg (1.04
WO BH#42bromo-2-methoxy-6-methylaniline was stirred at PEI/CR404/815646
hours. After cooling, the reaction mixture was neutralized by saturated
aqueous sodium 15 hydrogen carbonat0and extracted with ethyl acetate
(X2). The combined organic layer was washed with brine (X1), dried over
sodium sulfate and concentrated in vacuo. The residue was purified by
silica gel column chromatography eluting with a 60-90%
un@%la%et%?é?ﬁfne%(ﬁéf §ERIet 20 Mixture. THesdesEa Hragtiongawereemoved
collected and evaporated in vacuo, the residual solids were washed with

Py gibthiF Ethet 88 0iv@ 83 MRy £i5%T Bt the'tiie cERIpREREC A /MR vacuo.

CDC13) S 1.99 (6H, s), 2.19.(3H, s), 2,96 (3H, s), 3.81 (3H, s), 5.94 (2H,
Th%, 59516508 (iha,sm)?s %%taﬁld%s JirE% ﬁ{)?@&%@ﬁ%ﬁt yiathey to

54 (1 , J.= WO 2006/116412 PCT/US2006/015646 133 . MS
B e e i1 T e oot 76 YAte Eaarl ey o

548nd 71&@ Table 7 were prepared in the similar method described in
Example 15. Table 7 Exa Structure Name Physical Data mpl e

'H NMR (CDCls) & 0.82 (t, J = 6.6 Hz, 6H), 1.60-1.85 (m,
4H), 3.15-3.25 (m, 1H), 3.65 (s, 3H), 6.85-6.98 (m, 2H),
7.00-7.10 (m, 1H), 10.2-10.5 (m, 1H).

MS Calcd.: 218; Found: 219 (M+H).

4-Chloro-7-(l-ethylpropyl)-l-methyl-1, 3-dihydro-2H-
benzimidazol-2-one

2,2"-Azobisisobutyronitrile (AIBN) (94 mg, 0.57 mmol)
was added to a mixture of 7-(l-ethylpropyl)-l-methyl-1,3-
dihydro-2H-benzimidazol-2-one (2.90 g, 13.3 mmol) and N-
chlorosuccinimide (1.95 g, 14.6 mmol) in carbon
tetrachloride (250 mlL). The mixture was stirred at 70 °C
for 2 days. The reaction was concentrated in vacuo,
extracted with ethyl acetate and washed with brine. The
organic layer was dried over magnesium sulfate, filtered,
and concentrated in vacuo to give residue. The residue was
crystallized from ethanol/iso-propanol to afford the title
compound as colorless crystals (2.28 g, 68%). mp 165-
166 °C.

'W NMR (CDCl3) & 0.81 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,
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N-(4-chloro-2- H NMR O-N methoxy-6- (CDC13) S: 2.17 70t
methylphenyl)- (3H, s), 2.19/ 7-(3,5- (3H, s), 2.33 N dimethylisoxaz (3H,

W@ R0gegz64IpNH OMe ol-4-yl)-1- (3H, s), 3.82 N methyl-IH- (SRCIYUS2905/015646
benzimidazol- (1H, br s), 2-amine 6.80-7.60 (5H, C( m). MS Calcd.: 396;
Found: 397 (M+H). N-(4-chloro-2- 1H{NMR (CDC13) methoxy-6- S: 2.17
(3H, 71 O methylphenyl)- s), 3.07 (3H, 7-(2,6-s), 3.80 (3H, CCNH
OMe dimethoxypheny s), 3.82-4.12 N 1)-i-methyl- (6H, m), 6.78 N iH-

(1H, d, J = 2.4 Me CI benzimidazol- Hz), 6.89 (1H, 2-amined,J=2.4
4HMz), 3TAlucredleti(6.89 YiM, d,33 @lacié salBR)7.8 $1z§7 7.4, (1H, £ 8= 7.81z,
Hz), 7.22-7.40
1H), 7.03 (4, J = 8.7 Hz, 1H), 8.55 (s, 1H). MS Calcd.:

251; Found: 252 (M+H).

2,4-Dichloro~7-(l-ethylpropyl)-1l-methyl-1H-benzimidazole

A mixture of 4-chloro-7-(l-ethylpropyl)-1l-methyl-1,3-
dihydro-2H-benzimidazol-2-one (1L.17 g, 4.63 mmol) in
phosphorous oxychloride (28 g) was stirred at 90 °C for 3 h.
The reaction was allowed to cool to room temperature and
concentrated in vacuo. The residue was dissolved in ethyl
acetate, washed with agqueous sodium bicarbonate and brine.
The organic layer was dried over magnesium sulfate,
filtered, and concentrated in vacuo. The residue was
subjected to chromatography on silica gel (n-hexane/ethyl
acetate = 10:1-1:1) and crystallized from ethyl acetate-
hexane to afford the title compound as colorless crystals
(1.03 g, 82%). mp 94-95 °cC.
'H NMR (CDCl3) & 0.82 (t, J = 7.5 Hz, 6H), 1.60-1.90 (m,
4H), 3.20-3.30 (m, 1H), 4.01 (s, 3H), 7.05 (d, J = 8.4 Hz,
1H), 7.26 (d, J = 8.4 Hz, 1H). MS Calcd.: 270; Found: 271

(M-+H) .

N- (4-Bromo-2-methoxy-6-methylphenyl)-4-chloro-7-(1-
ethylpropyl) -1-methyl~-1H-benzimidazol-2-amine

A mixture of 2,4-dichloro-7-(l-ethylpropyl)-l-methyl-
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(3H, m), 7.51 (1H, d, J = 7.8 Hz). MS Calcd. 437; Found: 438 (M+H).

mp 288 WO 2006/116412 PCT/US2006/015646 134 289 C. Example 72
WORMea16#hDd-2-methoxy-6-methylphenyl)-1-methyl-7-(3-methyRCT/US2006/015646

5-phenyl-IH-pyrazol-1-yl)-1H-benzimidazol-2-amine Cr'N'N/N .)-NH

OMe 1 N 5 Br This compound was prepared in a similar manner

described in Example 66. 'H NMR (CDC13) 6: 2.13 (3H, s) , 2.42 (3H, s) ,

3.19 (3H, s), 3.79 (3H, s), 5.81 (1H, br s), 6.45 (1H, s), 6.91-6.96 (2H, 10

m), 7.03-7.08 (2H, m), 7.23 (5H, s), 7.51 (1H, d, J = 8.4 Hz). MS Calcd.:
1Eghensga el 502 1504 @eH) OEREmpreczs ;  4-bromo-2-methoxy-6-
4- 1-(2-H)ﬁg,roxyethg%-z-(mesitylamino)-lH-benzimidazol-?- 15

PP iNeRtAn-4EW0 2088/116%2 PCT/I82008R 5646 2nd  1-methyl-2-

pyrrolidone (5 drops) was stirred at 130 °C for 2 days
under nitrogen atmosphere. The mixture was dissolved in
ethyl acetate/water, extracted with ethyl acetate and
washed with brine. The organic layer was dried over
magnesium sulfate, and concentrated to give a brown oil.
The oil was subjected to chromatography on a silica gel (n-
hexane/ethyl acetate = 10:1-1:1) and crystallized from iso-
propanol to afford the title compound as colorless crystals
(115 mg, 49%). mp. 218-220 °C.

'H NMR (CDCl3) & 0.83 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,
4H), 2.15 (s, 3H), 3.10-3.25 (m, 1H), 3.76 (s, 3H), 3.79 (s,

3H), 6.08 (s, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.91 (s, 1H),

7.03 (s, 1H), 7.10-7.20 (m, 1H). MS Calcd.: 449; Found:
450 (M+H) .
Examples 78 - 96 were prepared in the similar method

described in Example 77.

Example 78
4-Chloro-N-(4-chloro-2-methoxy-6-methylphenyl)-7-(1-

ethylpropyl)-l1-methyl-1H-benzimidazol-2-amine



135 OHOH P Me H~_N N{ Me Me This compound was prepared in a
similar manner described in Example 12. mp 267-270 C 5 1H NMR
WQeWSOHE? 1.24 (6H, t, J = 7,5 Hz), 1.60-1.74 (4H, m), 2.16-PAOUSRAA0GR) 5046

2.52 (6H, s), 2.63 (3H, s), 4.47 (2H, t,J =4.8 Hz), 5.19 (2H, t, J = 4.8 HZz),
7.22 (1H, dd, J = 7.8,1.2 Hz), 7.28 (2H,35), 7.32 (1H, t, J = 7.8 HZz), 7.47

(1H, dd, J = 7.8, 1.2 Hz). MS Calcd. 409; Found: 410 10 (M+H). Example

74 2-[2-(Mesitylamino)-7-(1-propylbutyl)-1H-benzimidazol-I- yllethanol OH
Me YNN H 15 Me Me This compound was prepared in a similar manner

previously in Example 14. 'H NMR (CDC13) 6: 0.92 (6H, t,J =
7.5 Hz), 1.20-1.40 (4H,

N H
)—N  O0—
N

Cl

Cl
mp 219-221 °C.
'y NMR (CDCls) & 0.83 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,
4H), 2.16 (s, 3H), 3.10-3.20 (m, 1H), 3.75 (s, 3H), 3.79 (s,
5 3H), 6.07 (s, 1H), 6.77 (d, J = 2.1 Hz, 1H), 6.80-6.90 (m,
2H), 7.05-7.20 (m, 1H).

MS Calcd.: 405; Found: 406 (M+H).

Example 79
10 4-Chloro-N-[2, 6-dichloro-4~- (trifluoromethoxy)phenyl]-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine

/>—H Cl

F
o—F
F
mp 147-149 °C.

" NMR (CDCl3) & 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,
15 4H), 3.10-3.20 (m, 1H), 3.87 (s, 3H), 6.75-6.90 (m, 1H),

6.98 (d, J = 8.4 Hz, 1H), 7.20-7.45 (m, 2H), 8.30-8.40 (m,



10

15

m), 1.77-1.88 (2H, m), 1.98-2.09 (2H, m), 2.53 (6H, s), WO 2006/116412
PCT/US2006/015646 136 2.63 (3H, s), 2.87 (1H, m), 4.21 (2H,t,J=4.8
WOLNAIFHIH, t, J = 4.8 Hz) , 7.22 (1H, dd, J = 7.8, 1.2 Hz) , ICIUS2146/8) 5646
7.32 (1H,t,J =7.8 Hz), 7.46 (1H, dd, J = 7.8, 1.2 Hz). 5 MS Calcd. 393;
Found: 394 (M+H). Example 75 144
2-[2-[(4-Chloro-2-methoxy-6-methylphenyl)amino]-7-(1-
hydroxy-I-propylbutyl)-1H-benzimidazol-1-yllethyl acetate OH OAc OMe
N 10 Me ' CI A solution of 4-[2-[(4-chloro-2-methoxy-6-
LHphethylphenyl)amino]-1-(2-hydroxyethyl)-1H-benzimidazol-7-
ylggptan-&oléloo mg, 0.22 mmol) in pyridine (5 mL) was treated with
MSaE&ticCantydfide (1 iurdhd &fifed Mi*bom 15 temperature overnight. The
reaction mixture was concentrated to dryness, diluted with agqueous
sodium hydrogen carbonate, and extracted with ethyl acetate. The
£ af'écs were dried over magnesium sulfate, filtered, and concentrated in
vacuo. T?we residue was chromatographed on a 20 silica gel to give 97 mg

1-EH3Q Pyunel. 89%) of the. tle. Gompaund. WQR006/IH8A1e 1) 1 -methyl-

PCT/US2006/015646
1H-benzimidazol-2-amine

N/

/>—H Cl

N

Cl
Cl

mp 130-132 °cC.
'H NMR (CDCls) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,
4H), 3.15-3.25 (m, 1H), 3.84 (s, 3H), 6.72 (s, 1lH), 6.96 (d,
J = 8.4 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H), 7.29 (d, J = 2.4
Hz, 1H), 7.41 (d, J = 2.4 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H).

MS Calcd.: 395; Found: 396 (M+H).

Example 81
4-Chloro-N-[4-chloro-2-(triflucromethoxy)phenyl]-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-2~amine



137 1H NMR (CDC13) 8: 0.92 (6H,t,J =7, 5 Hz), 1.23-1.41 (4H, m),
1.81-1.91 (2H, m), 1.98-2.09 (2H, m), 2.12 (3H, s), 2.15 (3H, s), 3.80 (3H,

WQ@RAoHAGHR, t, J = 4.8 Hz), 4.85 (2H, t, J = 4.8 Hz), 6.80 (1HPETHS2906/015646
Hz), 6.83 (1H, d, 5J =8.1 Hz), 6.88 (1H, d, J = 2.1 Hz), 7.03 (1H, t,J =
8.1 Hz), 7.41 (1H, d, J= 8.1 Hz). MS Calkd. : 487; Found: 488 (M+H).
Example 76 10
2-{2-[(4-Chloro-2-methoxy-6-methylphenyl)amino]-7-[(1E)-1-

propylbut -l-en-1-yl]-1H-benzimidazol-1-yl}ethyl acetate and

- 1-Ckloro-2-methoxy-6-methylphenyl)amino]-7-[(12)-1-

propylbut- 1/en-1- -yl]-1H-benzimidazol-1-yl}ethyl acetate OAc F N H OMe

Me-eNL5 AHsqutlon of 2-[2-[(4-chloro-2-methoxy-6-

foxy-I-propylbutyl)-1H-

L) was stirred at room temperature for 14 h. The
diluted with aqueous sodium hydrogen carbonate,
cetate. The organics were dried over WO
6/015646

and extracted with et
2006/116412 PCT/US20

mp 126-128 °C.
M NMR (CDCls) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,
4H), 3.15-3.30 (m, 1H), 3.87 (s, 3H), 6.81 (s, 1H), 6.98 (d,

5 J = 8.4 Hz, 1H), 7.20-7.40 (m, 3H), 8.30-8.40 (m, 1H). MS

Calcd.: 445; Found: 446 (M+H).

Example 82

N-(4-Bromo-2, 6-dimethylphenyl)~-4-chloro-7-(1l-ethylpropyl) -

10 l-methyl-1H-benzimidazol-2-amine
N
H
)—N
N
Cl
Br

mp 247-249 °C.

M NMR (CDCl3) & 0.82 (t, J = 7.5 Hz, 6H), 1.55-1.80 (m,

4H), 2.17 (s, 6H), 3.00-3.20 (m, 1H), 3.40-3.65 (m, 3H),
15 5.90-6.00 (m, 1H), 6.70-6.90 (m, 2H), 7.00-7.20 (m, 1H),

7.20-7.30 (m, 1H). MS Calcd.: 434; Found: 435 (M+H).



138 magnesium sulfate, filtered, and concentrated in vacuo. The residue
was chromatographed on a silica gel to give 11 mg (0.023 mmol, 23%) of

W@ER8teIH @dpounds. 1H NMR (CDC13) S: 0.92 (6H, t, J = 7,5PHE)US2006/015646
1.28-1.49 (4H, 5 m), 1.78-1.91 (2H, m), 2.08 (3H, s), 2.17 (3H, s), 3.79
(3H, s), 4.20-4.41 (4H, m), 5.57 (0.8M4§ J = 7.2 Hz), 5.65 (0.2H,t,J =
7.2 Hz), 6.75 (1H, d, J = 7.2 Hz), 6.80 (1H, d, J=2.1 Hz), 6.89 (1H, d, J
2.1Hz),7.04 (1H,t,J= 7.2 Hz),7.41 (1H,d, J = 7.2 Hz). MS Calcd. :
469; Found: 10 470 (M+H). Example 77

Exaqupd-Br§fi0-2-methoxy-6-methylphenyl)-4-chloro-7-(1-
ethylpropyl)-I-methyl-1H-benzimidazol-2-amine >--NH O /O CI
-Gl o~ i ety ﬂ%?&fm ) ALV S e éro 2I|-_||1 <t '\&pmpyl

benzi I-2-one A solution of eth Imagnesmm bromide (3M solution in
I—Wéﬁﬁ%tﬁg’) l%%nmtmé Eﬁr%r%%l) %vas z%/dld%d dropwise to a 20 suspension

met | 3-methyl-2-ox0-2,3-dihydro-IH benzimidazole-4-carboxylate
g, 2 /2 mmol) in WO 2006/116412 PCT/US2006/015646 139

%;§

5 mp 247-249 °C.

'H NMR (CDCl3) & 0.82 (t, J = 7.5 Hz, 6H), 1.55-1.80 (m,
4H), 2.18 (s, 6H), 3.00-3.20 (m, 1H), 3.40-3.65 (m, 3H),
5.90-6.00 (m, 1H), 6.70-6.90 (m, 2H), 7.05-7.20 (m, Z2H).
MS Calcd.: 389; Found: 390 (M+H).

10
Example 84
N- (2-Bromo-4-chlorophenyl)-4-chloro-7-(l-ethylpropyl)-1-

methyl-1H-benzimidazol-2-amine

/
N
)ﬁ-“ Br
N

Cl
Cl

15 mp 136-138 °C.

'H NMR (CDCls) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,
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15

tetrahydrofuran (50 mL) at O C. The mixture was stirred at 40 C overnight.
The reaction was quenched with water and 1N HCI, extracted with ethyl
WQettelid 69¥ashed with brine. The organic layer was dried ovePATAGPRISMS646
sulfate, 5 filtered, and concentrated in vacua. The residue was
crystallized from ethanol/diethylether toiafford the title compound as
colorless crystals (3.39 g, 70%). mp 199-201 C. 1H NMR (CDC13) 8 0.90
(t, J=7.5Hz, 6H), 1.90-2.20 (m, 5H), 3.84 (s, 3H), 6.90-7.05 (m, 3H),
9.10-9.30 (m, 1H). 10 MS Calcd.: 234; Found: 235 (M+H).
407.(13Ethypropsh) - methiil) 3-dihdro-ZH-béH2imidazol-2{ ®ne Wmixtard6f (d,
7-(I-ethyl-I-hydroxypro yI&-l-methyI-l,B- 15
J Fihfdre-2EEberZimidazok2-0hé (6.0, 35.6 nimol) BHd 6N HE (Z6ieht) 7
in ethanol (100 mLi was stirred at 50 _C for 3 h. The mixture was

8. Loncenfratéfrin viduo, Andthd Pesuling resitul fvas disolvedif et
0. §Cgfate. ppshedyith-aqueous petassium carbopate. The organic layer
was dried gver 20'magnesiurm sulfate, fitered, and concentrated in vacuo
to give pale yellow oil, which was used in the next reaction without
further purification. MS Calcd.: 216; Found: 217(M+H). The crude
exaterial yvas dissolved in ethanol (150 mL). This solution was treated with
10% palladium on 25 carbon (50% wet; 1.00g), purged with hydrogen, and
N~ $tirres- W 200816432 RETAUS2006/0 156467 140 LRy Stoms1 ) —1-
hydrogen for 7 h. The catalyst was removed
methyl-1H-benzimidazol-2-amine

i

/>—'r:1' Cl

Cl
Br

mp 127-129 °C.
'H NMR (CDCls) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,
4H), 3.15-3.25 (m, 1H), 3.85 (s, 3H), 6.80 (s, 1H), 6.96 (d,

J = 8.4 Hz, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.42 (dd, J =

8.8, 2.4 Hz, 1H), 7.55 (d, J = 2.4 Hz, 1H), 8.03 (4, J

8.8 Hz, 1H). MS Calcd.: 440; Found: 441 (M+H).

Example 86
N- (2-Bromo-4-methylphenyl)-4-chloro-7-(l-ethylpropyl)-1-

methyl-1H-benzimidazol-2-amine



by filtration and the filtrate was concentrated in vacuo. The residue was
crystallized from ethanol/diethylether to afford the title compound as
Weaigpdtetttystals (3.02 g, 554%). mp 130-132 C. 1H NMR (BD312)& /015646
0.82 (t, J = 6.6 Hz, 6H), 1.60-1.85 (m, 4H), 3.15-3.25 (m, 1H), 3.65 (s,
3H), 6.85-6.98 (m, 2H), 7.00-7.10 (my%Hd), 10.2-10.5 (m, 1H). MS Calcd.:
218; Found: 219 (M+H). 10
4-Chloro-7-(1-ethylpropyl)-1-methyl-1,3-dihydro-2H- benzimidazol-2-one
2,2'-Azobisisobutyronitrile (AIBN) (94 mg, 0.57 mmol) was added to a
mixture Qf 7-(1—ethylpropyl)-l-methyl-l,3- 15

0 to give residue. The residue was crystallized

2 organ) er was dried over magnesium sulfate, filtered,
- \
% pano1l to afford the title compound as colorless

fromthanol/ iso- p )

7.2 Hz, 6H), 1.60-1.85 (m, WO 2006/116412 PCT/US2006/015646 141
4H), 3.10-3.20 (m, 1H), 3.64 (s, 3H), 6.87 (d, J = 8.7 Hz,
‘mp 174-176 °C.

'H NMR (CDCls) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,

4H), 2.30 (s, 3H), 3.15-3.25 (m, 1H), 3.80 (s, 3H),.6.74 (s,
5 1H), 6.94 (d, J = 8.4 Hz, 1H), 7.10-7.15 (m, 1H), 7.20 (d,

J = 8.4 Hz, 1H), 7.38 (d, J = 1.2 Hz, 1H), 7.77 (d, J = 8.4

Hz, 1H). MS Calcd.: 420; Found: 421 (M+H).

Example 87
10 4-Chloro-N-[2-chloro-4-(trifluoromethoxy)phenyl]-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine

/
N
/>—H Cl
N
Cl
F
o
FF

mp 122-123 °C.
'H NMR (CDCl3) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,

15 4H), 3.15-3.25 (m, 1H), 3.87 (s, 3H), 6.81 (s, 1H), 6.96 (d,



1H), 7.03 (d, J = 8.7 Hz, 1H) , 8.55 (s, 1H) . MS Calcd. : 251; Found: 252
(M+H). 5 2,4-Dichloro-7-(l-ethylpropyl)-1-methyl-IH-benzimidazole A

WM @i 4-chloro-7-(1-ethylpropyl)-1-methyl-1,3- PCT/US2006/015646
dihydro-2H-benzimidazol-2-one (1.17 g, 4.63 mmol) in phosphorous
oxychloride (28 g) was stirred at 90 G 6t 3 h. The reaction was allowed to
cool to room temperature and 10 concentrated in vacuo. The residue was
dissolved in ethyl acetate, washed with agqueous sodium bicarbonate and

brine. The organic | er was %ned over n S|u Ifat # red an
J coﬁce%tllé%ed %ﬁ)a’c ré tdud Wasg; jec%é Hro?na oagrap yognH

2e1[ f dg -he ane@thyl acet%g 1(1 1-1:1 1) 3@% cry; lisgg%gd frorp (M+H)
ate- exane Yo a ord the tltle compound as’colorless crystals
(1.03 g, 82%). mp 94-95 C. 1H NMR (CDC13) 6 0.82 (t, J = 7.5 Hz, 6H),
1.60-1.90 (m, 4H), 3.20-3.30 (m, 1H), 4.01 (s, 3H), 7.05 (d, J = 8.4 Hz,
H), 4526 (d, J = 8.4 Hz, IH). MS Calcd.: 270; Found: 271 (M+H).
N-(4-Bromo-2-methoxy-6-methylphenyl)-4-chloro-7-(1-
5 wo-athykprapylsl-methyl-dhbenginydazgl-2-amine 25-A mistiie dhidazol-2-~
2,4-dichloro-7-(I-ethylpropyl)-I-methyl WO 2006/116412
v1 PGF/UB2006/01n646 142, thchenzimidazdieasfi4feng, 0.52 mmol),
4-bromo-2-methoxy-6- methylaniline (335 mg, 1.55 mmol) and 1-methyl-2-

/g (5 drops) was stirred at 130 C for 2 days

mp 224-226 °C.
ly NMR (CDCl3) & 0.82 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,

10 4H), 2.26 (s, 3H), 3.00-3.20 (m, 1H), 3.07 (s, 6H), 3.359 (s,

34), 5.90 (s, 1H), 6.41 (s, 1H), 6.87 (d, J 8.4 Hz, 1H),
7.15 (d, J = 8.4 Hz, 1H), 7.91 (s, 1lH). MS Calcd.: 385;

Found: 386 (M+H).

15 Example 89
N- (4-Bromo-2-methoxy-6-methylphenyl)-4-chloro-1l-methyl-7-

(1-propylbutyl)-1H-benzimidazol-2-amine



under nitrogen atmosphere. The mixture was dissolved in 5 ethyl
acetate/water, extracted with ethyl acetate and washed with brine. The
WQRgeid dalZer was dried over magnesium sulfate, and conce¢dta$2e)6/015646
give a brown oil. The oil was subjected to chromatography on a silica gel
(n- hexanel/ethyl acetate = 10:1-1:1) andccrystallized from iso 10 propanol
to afford the title compound as colorless crystals (115 mg, 490). mp.
218-220 C. 'H NMR (CDC13) 6 0.83 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,
4H) 2.15 (s, 3H), 3.10-3.25 (m, 1H), 3.76 (s, 3H), 3.79 (s, 3H), 6.08 (s,
6:867(d, 3= 8.4 Hz, 1H), 6.91 (s, 1H), 15 7.03 (s, 1H), 7.10-7.20 (m,
Calcd/ 449; Found: 450 (M+H). Examples 78 - 96 were
;r:gﬂar method described in Example 77. 20 Example 78

mp 210-211 °cC.

'H NMR (CDCls) & 0.86 (t, J = 7.5 Hz, 6H), 1.15-1.35 (m,

4H), 1.60-1.80 (m, 4H), 2.15 (s, 3H), 3.25-3.40 (m, 1H),
5 3.75 (s, 3H), 3.79 (s, 3H), 6.07 (s, 1H), 6.85-6.95 (m, 2H),

7.00-7.20 (m, 2H). MS Calcd.: 477; Found: 478 (M+H).

Example 90

4-Chloro-N-(4-chloro-2-methoxy-6-methylphenyl)-1-methyl-7-

10 (l-propylbutyl)-1H-benzimidazol-2-amine
N
H
)—N  O0—
N
Cl
Cl

mp 204-206 °C.

" NMR (CDCls) & 0.86 (t, J = 7.2 Hz, 6H), 1.10-1.30 (m,

4H), 1.55-1.75 (m, 4H), 2.15 (s, 3H), 3.25-3.40 (m, 1H),
15 3.75 (s, 3H), 3.79 (s, 3H), 6.08 (s, 1H), 6.77 (d, J = 2.1

Hz, 1H), 6.80-6.90 (m, 2H), 7.10 (d, J = 8.4 Hz, 1H). MS

Calcd.: 433; Found: 434 (M+H).
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15

1H NMR (CDC13) 6 0.83 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m, 4H), 2.16 (s,
3H), 3.10-3.20 (m, 1H), 3.75 (s, 3H), 3.79 (s, 5 3H), 6.07 (s, 1H), 6.77 (d,

WQ20/11p#121H), 6.80-6.90 (m, 2H), 7.05-7.20 (m, 1H). MS CRIEHYHR996/015646
Found: 406 (M+H). Example 79 10
4-Chloro-N-[2,6-dichloro-4-(trifluoromethoxy)phenyl]-7-(1-
ethylpropyl)-1-methyl-IH-benzimidazol-2-amine NH/>-NCI N/~ CI ClI
O---F F mp 147-149 C. 1H NMR (CDC13) 6 0.85 (t, J = 7.2 Hz, 6H),
1.60-1.85 (m, 15 4H), 3.10-3.20 (m, 1H), 3.87 (s, 3H), 6.75-6.90 (m, 1H),
6.98 (d, J = 8.4 Hz, 1H), 7.20-7.45 (m, 2H), 8.30-8.40 (m, WO

Ex2@004 16412 PCT/US2006/015646 144 1H) MS Calcd.: 479; Found: 480
(M+H). Example 80 5

4 -@rCbloce-N-(224-dichaepbesyh<r} iothylpremyhvi-Aethyl-propylbut vl) -
1H-benzimidazol-2-amine N />-N CI
lH-benzimidazol-2-amine

/>—H Cl

N
Cl

Cl

mp 146-148 °C.

'H NMR (CDCl3) & 0.86 (¢, g = 7.2 Hz, 6H), 1.10-1.30 (m,

4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.84 (s, 3H),

6.79 (s, 1H), 6.97 (d, J = 8.1 Hz, 1H), 7.21 (d, J = 8.1 Hz,
1H), 7.29 (&, J = 2.4 Hz, 1H), 7.41 (4, J = 2.4 Hz, 1H),

8.09 (d, J = 8.4 Hz, 1H). MS Calcd.: 423; Found: 424 (M+H).

Example 92
N-(2-Bromo-4~chlorophenyl)-4-chloro-l-methyl-7-(1-

propylbutyl)~-1H-benzimidazol-2-amine



10

15

N CI CI mp 130-132 C. 1H NMR (CDC13) 8 0.84 (t, J = 7.5 Hz, 6H),
1.60-1.85 (m, 10 4H), 3.15-3.25 (m, 1H), 3.84 (s, 3H), 6.72 (s, 1H), 6.96
WQR0g/HGHPHZ, 1H), 7.21 (d, J = 8.4 Hz, 1H), 7.29 (d, J = 2.4 REZ/Y$3P06/015646
7.41 (d, J =2.4 Hz, 1H), 8.09 (d, J = 8.4 Hz, 1H). MS Calcd.: 395; Found:
396 (M+H). 15 Example 81 152
4-Chloro-N-[4-chloro-2-(trifluoromethoxy)phenyl]-7-(l-
ethylpropyl)-1-methyl-1H-benzimidazol-2-amine WO 2006/116412
PCT/US2006/015646 145 N>-N O0-+F CI Cl mp 126-128 C. 'H NMR
(CDClB) 80.84 (t, J =7.5Hz, 6H), 1.60-1.85 (m, 4H), 3.15-3.30 (m, 1H)
. H)v6.81 (s, 1H) , 6.98 (d, 5J = 8.4 Hz, 1H), 7.20-7.40 (m, 3H),
(m, 1A) MS Calcd.: 445; Found: 446 (M+H). Example 82
' dlmpthylphenyl) -4-chloro-7-(1-ethylpropyl)- 10
ibhzol-2Bimine NH N

Cl

Cl

mp 145-147 °C.

'H NMR (CDCl3) & 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.84 (s, 3H),
6.80 (s, 1H), 7.00 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 8.1 Hz,
1H), 7.31 (dd, J = 8.7, 2.4 Hz, 1H), 7.55 (d, J = 2.4 Hz,
1H), 8.04 (d, J = 8.7 Hz, 1H). MS Calcd.: 469; Found: 470

(M+H) .

Example 93
N-(4-Bromo-2-chlorophenyl)-4-chloro-1-methyl-7-(1-

propylbutyl)-1H-benzimidazol-2-amine

/
N
/>—k|| Cl

N
Cl

Br

mp 145-147 °C.

'H NMR (CDCl3) & 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
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15

20

ClI Br mp 247-249 C. 1H NMR (CDC13) S 0.82 (t, J = 7.5 Hz, 6H),
1.55-1.80 (m, 4H), 2.17 (s, 6H), 3.00-3.20 (m, 1H), 3.40-3.65 (m, 3H), 15

W@29068.5818n, 1H), 6.70-6.90 (m, 2H), 7.00-7.20 (m, 1H), 7.2BCAABINNG/015646
1H). MS Calcd.: 434; Found: 435 (M+H). WO 2006/116412
PCT/US2006/015646 146 Example 833
4-Chloro-N-(4-chloro-2,6-dimethylphenyl)-7-(1-ethylpropyl)-
1-methyl-1H-benzimidazol-2-amine ?:>icl 5 mp 247-249 C. 1H NMR
(CDC13) 6 0.82 (t, J = 7.5 Hz, 6H), 1.55-1.80 (m, 4H), 2.18 (s, 6H),

4H3.,00B.20 (rh; 8A), 840-283 (m 331 -5.96%.00¢m, 1H), 6.705190(gm, 3H),
2H), 7.05-7.20 (m, 2H). MS Calcd.: 389; Found: 390 (M+H). 10 Example

6. 5@ I\HZ Brdmo- Zc@iﬂnréﬁhen{d)‘ﬂ %hporaﬁk(llé[t)nylp%&?l) id, J = 8.1 Hz,
meth%/l 1H-benzimidazol-2-amine N ~~-N Br_ N CI Cl

1H), .41 (dd, g = 9.0, 2.4 Hz, 1H), 7.54 (d, J = 2.4 Hz,

1H), 8.03 (d, J = 9.0 Hz, 1H). MS Calcd.: 469; Found: 470

(M+H) .

Example 94
4-Chloro-N-[4-chloro-2- (trifluoromethoxy)phenyl]-1-methyl-

7-(l-propylbutyl)-1H-benzimidazol-2-amine

Cl
Cl

mp 130-132 °C.

'Y NMR (CDCls) & 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
4H), 1.55-1.80 (m, 4H), 3.30-3.40 (m, 1H), 3.81 (s, 3H),
6.56 (s, 1H), 6.97 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 8.1 Hz,
1H), 7.25-7.30 (m, 2H), 8.00-8.20 (m, 1H). MS Calcd.: 473;

Found: 474 (M+H).

Example 95
4-Chloro-N-{2-chloro-4-(trifluoromethyl)phenyl]-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine



15 mp 136-138 C. 1H NMR (CDC13) 8 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85
(m, WO 2006/116412 PCT/US2006/015646 147 4H), 3.15-3.25 (m, 1H),
WEB46(E1631Y), 6.81 (s, 1H), 6.96 (d, J =8. 4 Hz, 1H), 7.21 (d, BEBISZ0Pf7)15646

1H),7.32 (dd,J = 8.4, 2.4 Hz, 1H), 7.56 (d, J = 2.4 Hz, 1H), 8.06 (d, J =
8.4 Hz, 1H). MS Calcd.: 440; Found: 44% (M+H). 5 Example 85
N-(4-Bromo-2-chlorophenyl)-4-chloro-7-(1-ethylpropyl)-1-
methyl-1H-benzimidazol-2-amine N H N ClI N CI Br 10 mp 127-129 C. 'H
NMR(CDC1)8084(t J =7.5Hz, 6H), 1.60-1.85 (m, 4H), 3.15-3.25 (m,

] (s, 3H), 6.80 (s, 1H), 6.96 (d, J = 8.4 Hz, 1H) , 7.22(d,J=8.4

IN8.8 Hz, 1H) MS Calcd 440 Found 441 (M+H) Example 86

omo}4~|hH+|1ylp@¢nyl)-4-chIoro-?-(1-ethylpropyl)-1-
benzipidazol-2-amine WO 2006/116412 PCT/US2006/015646

mp 128-129 °C.

'H NMR (CDCls) & 0.84 (6 H, t, J=7.4 Hz) 1.65 - 1.88 (4 H,

m) 3.14 - 3.27 (1 H, m) 3.88 (3 H, s) 6.94 - 7.04 (2 H, m)
5 7.20 - 7.28 (1 H, m) 7.55 (1 H, dd, J=8.8, 1.9 Hz) 7.66 (1

H, d, J=1.9 Hz) 8.20 (1 H, d, J=9.9 Hz)

MS Calcd.: 429; Found: 430 (M+H).

Example 96
10 4-Bromo—-N- (4-chloro-2-methoxy-6-methylphenyl)-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine

N
/>—H o—
N
Br
Cl

mp 198-199 °C.
'H NMR (CDCls) & 0.83 (t, J = 7.2 Hz, 6H), 1.60-1.80 (m,

15 4i), 2.17 (s, 3H), 3.15 (m, 1H), 3.72 (s, 3H), 3.78 (s, 3H),
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148 NHNBr NCI mp 174-176 C. 'HNMR (CDC13) 6 0.84 (t,J=7.5
Hz, 6H), 1.60-1.85 (m, 4H), 2.30 (s, 3H), 3.15-3.25 (m, 1H), 3.80 (s, 3H),
W@2p86(51642 H), 6.94 (d, J = 8.4 Hz, 1H), 7.10-7.15 (m, 1H), 7 ROT(HS20868 15646
Hz, 1H), 7.38 (d, J = 1.2 Hz, 1H), 7.731%%, J=28.4 Hz, 1H). MS Calcd.:
420; Found: 421 (M+H). Example 87
4-Chloro-N-[2-chloro-4-(trifluoromethoxy)phenyl]-7-(1-
ethylpropyl)-1-methyl-IH-benzimidazol-2-amine NHN CI N CI O FF mp
6. 122123 C1 il NMRATDGE}30610,846(18 = {5 Hz, 6H),.1682,.858m, 15.87
4H), 3.15-3.25 (m, 1H), 3.87 (s, 3H), 6.81 (s, 1H), 6.96 (d, WO
(s 2008/1,162412 RCT/8S2006/A15646 149 J=8.4 Hz, 1H), 7 .21 (d, J = 8.
4 Hz, 2H), 7.31 (s, 1H), 8.21 (d, J = 8.4 Hz, 1H). MS Calcd.: 445; Found:
MS 4481 (WEHH). 449; Found: 450 (M+H).

Example 97
4-Chloro-2-(2,4-dichloro-6-methylphenoxy)-7- (1~

ethylpropyl)-l-methyl-1H-benzimidazole

/
N
,—Q ClI
N
Cl

Cl

A solution of 2,4-dichloro-7-(l-ethylpropyl)-l-methyl-
1H-benzimidazole (5.5 g, 20.2 mmol), 2,4-dichloro-6-
methylphenol (10g, 56.5 mmol) and potassium carbonate (8.4g,
60.8 mmol) in N, N~-dimethylformamide (55 mL) was heated at
100 °C for 9 h. To the mixture was added 2,4-dichloro-6-
methylphenol (5g, 28.3 mmol) and potassium carbonate (4.2g,
30.4 mmol) and heated at 100 °C for 16 h. Additional 2,4-
dichloro-6-methylphenol (5g, 28.3 mmol) and potassium
carbonate (4.2g, 30.4 mmol) were added and heated at 100 °C
for 9 h. After cooling, the mixture was diluted with water
and extracted with ethyl acetate. The extract was washed

with brine, dried over magnesium sulfate, filtered and
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Example 88 5 N5-[4-Chloro-7-(1-ethylpropyl)-1-methyl-1H-benzimidazol-2-
yl]-N2,N2,4-trimethylpyridine-2,5-diamine N />-N N CI N- mp 224-226 C.

WO HNIR4ZDC15) 6 0.82 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m, 1BUYSZ00@015646
(s, 3H), 3.00-3.20 (m, 1H), 3.07 (s, 6H), 3.59 (s, 3H), 5.90 (s, 1H), 6.41 (s,
1H), 6.87 (d, J =8.4 Hz, 1H), 7.15 (d33& 8.4 Hz, 1H), 7.91 (s, 1H). MS
Calcd.: 385; Found: 386 (M+H). 15 Example 89
N-(4-Bromo-2-methoxy-6-methylphenyl)-4-chloro-I-methyl-7-
(1-propylbutyl)-1H-benzimidazol-2-amine WO 2006/116412

CORCTIU82006/01564@& cib0. NIHe-)xig G-dNaC[WBrs npuzig2ed Gyl HNMRn
(CDC13) S 0.86 (t, J = 7.5 Hz, 6H), 1.15-1.35 (m, 4H), 1.60-1.80 (m, 4H),

chpamaiogry PR Y5 3Ud i sidica gel eluting with a 12.5% ethyl

acetate/n-hexane. The resulting solids were recrystalized
from a 10% ethyl acetate/n-hexane to give 5.3 g (64%) of
the title compound as a colorless crystal.

mp 155-157 °C.

'Y NMR (CDCls3) & 0.86 (t, J =7.2 Hz, 6H), 1.64-1.86 (m, 4H),

2.31 (s, 3H), 3.17-3.28 (m, 1H), 3.99 (s, 3H), 6.93 (d, J =

8.4 Hz, 1H), 7.14 (d, J= 8.4 Hz, 1H), 7.20 (d, J= 2.4 Hz,

1H), 7.31 (d, J = 2.4 Hz, 1H).

MS Calcd.: 410; Found: 411 (M+H).

Examples 98 - 99 were prepared in the similar method

described in Example 97.

Examples 98
4-Chloro-2-(2,4-dichlorophenoxy)-7-(l-ethylpropyl)-1-

methyl-1H~benzimidazole

/
N
»—Q ClI
N
Cl
Cl
mp 87-89 °C.

'H NMR (CDCl3) & 0.84 (6 H, t, J=7.3 Hz) 1.63 - 1.88 (4 H,
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53.75 (s, 3H), 3.79 (s, 3H), 6.07 (s, iH), 6.85-6.95 (m, 2H), 7.00-7.20 (m,

2H). MS Calcd.: 477; Found: 478 (M+H). Example 90
WQL2000d164N-(4-chloro-2-methoxy-6-methylphenyl)-1-methyl-7 PEF/US2006/015646

(1-propylbutyl)-1H-benzimidazol-2-amine N H ~>-N O- N CI CI mp

204-206 C. 'H NMR (CDC13) 6 0.86 (£3J'= 7.2 Hz, 6H), 1.10-1.30 (m,

4H), 1.55-1.75 (m, 4H), 2.15 (s, 3H), 3.25-3.40 (m, 1H), 15 3.75 (s, 3H),

3.79 (s, 3H), 6.08 (s, 1H) 6.77 (d, J = 2.1 Hz, 1H) , 6.80-6.90 (m, 2H),

™) Jd0aT 16412 PETDSI00RDI0AE. 151 Exaipgoie | i 952

Hzfll Chigrp-Niy(2,A- d@h'f’ﬁ%%hezwz;m?t*yﬁzl@ ROPYRUYD-g 5 2.5 nz)
H-benzimidazol-2-amine NH N CI CI'5 CI ' mp 146-148 C. 19 NVIR
7.@DC13)S 486 (g 572 Hz,6H)4 1. 30-4.30{M. =8 .8 Hz) .

MS Calcd.: 396; Found: 397 (M+H).

Examples 99

4-Chloro-7-(l-ethylpropyl)-2-(mesityloxy)-1l-methyl-1H-

benzimidazole
/
N
»,—0
N
Cl

mp 137-139 °C.

ly NMR (CDCls) & 0.87 (6 H, t, J=7.4 Hz) 1.65 - 1.87 (4 H,
m) 2.17 (6 H, s) 2.30 (3 H, s) 3.17 - 3.29 (1 H, m) 3.97 (3
H, s) 6.87 - 6.95 (3 H, m) 7.12 (1 H, d, J=8.2 Hz).

MS Calcd.: 370; Found: 371 (M+H).

Examples 100
N-(4-Chloro-2-methoxy-6-methylphenyl)-7-(l-ethylpropyl)-4-

methoxy-l-methyl~1H-benzimidazol-2-amine
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4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, iH), 3.84 (s, 3H), 6.79 (s, 1H), 6.97
(d,J=8.1Hz, 1H), 7.21 (d, J=8.1 Hz, 10 1H), 7.29 (d, J = 2.4 Hz, 1H) ,
WG 2496(t1632 2.4 Hz, 1H) , 8.09 (d, L7= 8.4 Hz, iH). MS Calcd PEDYSFIGAdS646
424 (M+H). Example 92
N-(2-Bromo-4-chlorophenyl)-4-chlord-&fhethyl-7-(1- 15
propylbutyl)-1H-benzimidazol-2-amine WO 2006/116412
PCT/US2006/015646 152 H/i~N Br N CI ClI mp 145-147 C. 1H NMR
(CDC13) 6 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m, 4H), 1.55-1.80 (m, 4H),
3035(m 1H) 384(s 3H), 5680(s 1H) 700(d J= 81Hz 1H)

7- (1-Ethylpropyl)-4-methoxy-1-methyl-1, 3-dihydro-2H-
benzimidazol-2-one

A solution of 4-bromo-7-(l-ethylpropyl)-l-methyl-1,3-
dihydro-2H-benzimidazol-2-one (250 ng, 0.841 mmol) ,
anhydrous cuprus iodide (192 mg, 1.0l mmol) and 28% sodium
methoxide in methanol (5.2 mL) in N, N-dimethylformamide (5
mL) was heated at 100 °C for 1 h. After cooling, the
mixture was diluted with water and extracted with ethyl
acetate. The organics were dried over magnesium sulfate,
filtered and concentrated in wvacuo to give the title
compound (190 mg, 0.765 mmol, 91%).
H NMR(CDCls) & 0.81 (6H, t, J = 7.5 Hz), 1.65-1.80(4H, m),
3.05-3.15 (1H, m), 3.63 (3H, s), 3.90(3H, s), 6.63 (1H, d,
J= 8.4 Hz), 6.85(1H, d, J = 8.4 Hz), 8.39(1lH, br).

MS Calcd.: 248; Found: 249 (M+H).

2-Chloro-7-(l-ethylpropyl)-4-methoxy-l-methyl-1H-

benzimidazole
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CI 0 Br mp 145-147 C. 15iH NMR (CDC13) 8 0.86 (t, 1 = 7.5 Hz, 6H),
1.10-1.30 (m, WO 2006/116412 PCT/US2006/015646 153 4H), 1.55-1.80
WQ04HI68B0-3.45 (m, 1H), 3.84 (s, 3H), 6.79 (s, 1H), 7.00 (RCTAR4064915646

1H), 7.21 (d, J=8.1 Hz, 1H), 7.41 (dd, J=9.0, 2.4 Hz, 1H), 7.54 (d, J =

2.4 Hz, 1H), 8.03 (d, J =9.0 Hz, 1H).1M8 Calcd.: 469; Found: 470 5

(M+H). Example 94

4-Chloro-N-[4-chloro-2-(trifluoromethoxy)phenyl]-1-methyl-

7-(1-propylbutyl)-1H-benzimidazol-2-amine N>-N O-+F CI 10 ClI mp

130113121@’61LHN|\A>F€(@Dd@@@%@l{@@f%ﬁﬁ%@ﬂqp&yﬂiﬂwwl 1,3~

4H) 1.55- 180(m 4H), 3.30-3.40 (m, 1H) 3.81 (s, 3H), 6.56 (s, 1H), 6.97
dl‘CcY 0 BAHRP A Wise P L2 BOPRIZ, 16 90), 7095.7.39-(§ DHymuol)  in

-8.20 (m, 1H). S Ca d.: 473; Found: 474 (M+H) Example 95 .

phﬁsd?h oro: S[ZOéﬁY(i%I At ﬁor&%e‘]‘tﬁy enyf7-El- tigred at 110 °C for

ﬁthylﬁ%pg%%l%nf%&éan benmﬂdazooll 2: %mlgg \/:}_/Ot%OOrG(%:ILnG 1e2mperature
and concentrated in vacuo. The residue was dissolved in
ethyl acetate and washed with agueous sodium bicarbonate
and brine. The organic layer was dried over magnesium
sulfate, filtered, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel (n-
hexane/ethyl acetate = 10:1-1:1) and crystallized from
ethyl acetate/n-hexane to afford the title compound as
colorless crystals (123 mg, 60%).

MS Calcd.: 266; Found: 267 (M+H).

N-(4-Chloro-2-methoxy-6-methylphenyl)-7-(l-ethylpropyl) -4-
methoxy-l-methyl-1H-benzimidazol-2-amine

A mixture of 2-chloro-7-(l-ethylpropyl)-4-methoxy-1-
methyl-1H-benzimidazole (120 mg, 0.450 mmol), 4-chloro-2-
methoxy-6-methylaniline (231 mg, 1.35 mmol) and l-methyl-2-
pyrrolidone (0.5 mL) was stirred at 130 °C for 2 days under
nitrogen atmosphere. The mixture was diluted with water,
extracted with ethyl acetate and washed with brine. The
organic layer was dried over magnesium sulfate, and
concentrated in vacuo. The residue was purified by column

chromatography on silica gel (n-hexane/ethyl acetate =

L
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154 />-NH CI Cl gF - F mp 128-129 C. 1H NMR (CDC13) 30.84 (6 H, t,
J=7.4Hz)1.65-1.88 (4 H, m)3.14-3.27 (1 H, m)3.88 (3H,s)6.94 -

WG 2086(P1641) 57.20 - 7.28 (1 H, m) 7.55 (1 H, dd, J=8.8, 1.9RGI)USBHH{H15646
H, d, J=1.9 Hz) 8.20 (1 H, d, J=9.9 Hz) MS Calcd.: 429; Found: 430(M+H).
Example 96 10 4-Bromo-N-(4-chloro-240ethoxy-6-methylphenyl)-7-(1-
ethylpropyl)-1-methyl-1H-benzimidazol-2-amine N H ~}-N N Br CI mp
198-199 C. 1H NMR (CDC13) 30.83 (t, J = 7.2 Hz, 6H), 1.60-1.80 (m, 15
4H), 2.17 (s, 3H), 3.15 (m, 1H), 3.72 (s, 3H), 3.78 (s, 3H), WO

105806/1164 PR PCTIS2606/0F5646 1TB 6L 5P TBE BB T 78, B8l the

£ %d, J =8.4 Hz, 1H), 6.87 (s, 1H), 7.20-7.30 &m, 1H%j MS Calcd.; 449;

i 5ﬁn&9ﬂﬁ?ﬁﬁngs colorless crystals (100 mg, 55%).

mp 188-189 °C.

'H NMR (CDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.80 (m,
4H), 2.08 (s, 3H), 3.10-3.20 (m, 1H), 3.79 (s, 3H), 3.82 (s,
3H), 3.90 (s, 3H), 5.89 (m, 1H), 6.61 (d, J = 8.7 Hz, 1H),
6.75 (d, J = 1.8 Hz, 1H), 6.83 (d, J = 1.8 Hz, 1H), 6.86 (d,

J = 8.7 Hz, 1H). MS Calcd.: 401; Found: 402 (M+H).

Examples 101
N-(4-Chloro-2-methoxy-6-methylphenyl)-7-(l-ethylpropyl) -

1,4~-dimethyl-1H~-benzimidazol-2-amine

/

N H
)—N  O—
N
Cl

7-(1-Ethylpropyl)-1,4-dimethyl-1, 3-dihydro-2H-benzimidazol-
2-one

A solution of 4-bromo-7-(l-ethylpropyl)-l-methyl-1,3-
dihydro-2H-benzimidazol-2-one (250 mg, 0.84 mmol) ,
tetrakis (triphenylphosphine)palladium (194 mg, 0.168 mmol),

tetramethyltin (1.16 mL, 8.4 mmol) in hexamethylphosphoric
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5 Example 97 4-Chloro-2-(2,4-dichloro-6-methylphenoxy)-7-(1-
ethylpropyl)-1-methyl-1H-benzimidazole N>-O CI N CI CI A solution of
WQ 204itHibrd-7-(I-ethylpropyl)-1-methyl- 10 1H-benzimidazole PSHE2006015646
mmol), 2,4-dichloro-6- methylphenol (10g, 56.5 mmol) and potassium
carbonate (8.4g, 60.8 mmol) in N,N-dimethylformamide (55 mL) was
heated at 100 C for 9 h. To the mixture was added 2,4-dichloro-6-
methylphenol (5g, 28.3 mmol) and potassium carbonate (4.2g, 15 30.4
mmol) and heated at 100 C for 16 h. Additional 2,4-
trdivhlote-6hethlpheasl (56 2813¢8maly and potassibirt earbepateiag, the
30.4 mmol) were added and heated at 100 C for 9 h. After cooling, the
mipptRe waRgilutetwil Shter VdidtextiRtFwitPefy| a%%ita‘féeg‘?‘éj with
extract was washed 20 with brine, dried over magnesium sulfate, filtered

dighd VO RIoEM o4 1T BT T/ANBBATL56RF A 5&EoTRntFasd in Yaghs Stum

e residug, was purified by column chromatography on NH silica gel .
T RRG with BLES EHE oI n LTI e GaTHy Sollers = e

vefEHREEER. o) LA G AGSiIS e 908 SR (IS (o
hexane/ethyl acetate = 90:10 - 50:50) to give the title
compound (111 mg, 0.48 mmol, 57%).

'H NMR(CDCl3) & 0.82 (6H, t, J = 7.5 Hz), 1.55-1.80(4H, m),
2.38 (34, s), 3.10-3.20 (1H, m), 3.65 (3H, s), 6.84 (1H, d,
J = 8.4 Hz), 6.87(1H, d, J = 8.4 Hz), 10.15(1H, br).

MS Calcd.: 232; Found: 233 (M+H).

2-Chloro-7-(l-ethylpropyl) -1, 4-dimethyl-1H-benzimidazole

A mixture of 7-(l-ethylpropyl)-1,4-dimethyl-1,3-
dihydro-2H-benzimidazol-2-one (105 mg, 0.452 mmol) in
phosphorous oxychloride (1.23 mL) was stirred at 110 °C for
3 h. The reaction was allowed to cool to room temperature
and concentrated in vacuo. The residue was dissolved in
ethyl acetate, washed with agqueous sodium bicarbonate and

brine. The organic layer was dried over magnesium sulfate,

filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (n-
hexane/ethyl acetate = 10:1-1:1) and crystallized from

ethyl acetate/n-hexane to afford the title compound as

colorless crystals (100 mg, 88%).
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1H NMR (CDC13) 3 0.86 (t, J =7.2 Hz, 6H), 1.64-1.86 (m, 4H), 2.31 (s,
3H), 3.17-3.28 (m, 1H), 3.99 (s, 3H), 6.93 (d, J= 8.4 Hz, 1H), 7.14 (d, J =

W@2409216443 7.20 (d, J = 2.4 Hz, 10 1H), 7.31 (d, J = 2.4 Hz, REH/UHEY06/015646
Calcd.: 410; Found: 411(M+H). Examples 98 - 99 were prepared in the
similar method described in Example192 15 Examples 98
4-Chloro-2-(2,4-dichlorophenoxy)-7-(1-ethylpropyl)-1-
methyl-IH-benzimidazole N>-O CI N CI ClI 20 mp 87-89 C. 1H NMR
(CDC13)60.84 (6 H, t, J=7.3 Hz) 1.63 - 1.88 (4 H, WO 2006/116412

MS pCags2006/08 5646 \IsY: mj Bl16(MM3128.(1 H, m) 3.97 (3 H, s) 6.96 (1 H,
d, J=8.2 Hz) 7.18 (1 H, d, J=8.2 Hz) 7.32 (1 H, dd, J=8.8, 2.5 Hz) 7.47 (1
H, d, J=2.5 Hz) 7.74 (1 H, d, J=8.8 Hz). MS Calcd.: 396; Found:

97(M+H). 5 Examples 99

CHBrRFIT TP -2 ReSHR Attty TH b & i ory L) -

1,4-dimethyl-1H-benzimidazol-2-amine

-]

A mixture of 2-chloro-7-(l-ethylpropyl)-1,4-dimethyl-
l1H-benzimidazole (100 mg, 0.399 mmol), 4-chloro-2-methoxy-
6-methylaniline (205 mg, 1.20 mmol) and 1-methyl-2-
pyrrolidone (0.2 mL) was stirred at 120 °C for 2 days under
nitrogen atmosphere. The mixture was diluted with water
and extracted with ethyl acetate, washed with brine. The
organic "layer was dried over magnesium sulfate, and
concentrated in vacuo. The residue was purified by column
chromatography on silica gel (n-hexane:ethyl acetate =
10:1-1:1) and crystallized from iso-propanol to afford the
title compound as colorless crystals (53 mg, 34%).
mp 201-202 °C.

'H NMR (CDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.80 (m,
4H), 2.11 (s, 3H), 2.45 (s, 3H), 3.10-3.20 (m, 1H), 3.78 (s,
3H), 3.81 (s, 3H), 6.00 (m, 1H), 6.78 (d, J = 2.1 Hz, 1H),

6.80-6.95 (m, 3H). MS Calcd.: 385; FoundFound: 386 (M+H).

Example 102
Isopropyl [4-chloro-2-[ (4-chloro-2-methoxy-6-
methylphenyl)amino]-7-(l-ethylpropyl)-1H-benzimidazol-1-

yllacetate
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N>-0 10 mp 137-139 C. 1H NMR (CDC13) S 0.87 (6 H, t, J=7.4 Hz) 1.65 -
1.87(4H, m217(6H,s)2.30(3H,s)3.17-3.29(1H,m)3.97 (3 H,s)
W@2896/166682(3 H, m) 7.12 '(1 H, d, J=8.2 Hz). MS Calcd.: 370;AcduieR006/015646

371(M+H). 15 Examples 100
N-(4-Chloro-2-methoxy-6-methylphenyl¥-(1-ethylpropyl)-4-
methoxy-1-methyl-IH-benzimidazol-2-amine WO 2006/116412
PCT/US2006/015646 158 N H i~-N O- N CI
7-(1-Ethylpropyl)-4-methoxy-I-methyl-1,3-dihydro-2H- benzimidazol-2-one
5 A solution of 4(9romo 7 (1-ethylpropyl)-1-methyl-1,3-

-ben I-2-one (250 mg, 0.841 mmol), anhydrous cuprus
iodig e (192])‘@1{n l) and 28% sodium methoxide in methanol (5.2

|met formamide (5 mL) was heated at 100 C for 1 h. After
re WHVldiluted with water and extracted with ethyl
orga ([Cs Were dried over magnesium sulfate, filtered and

Q\give the title compound (190 mg, 0.765 mmol,

Cl

Methyl 2, 3-diaminobenzoate

To a suspension of methyl 2-amino-3-nitrobenzoate (15
g, 76.5 mmol) in methanol (800 mL) was added 10% palladium
on carbon (50% wet; 6.5 g), and the mixture was stirred at
room temperature for 20 hours under hydrogen atmosphere.
The catalyst was removed by filtration, and the filtrate
was concentrated in vacuo. The residual solid was
crystallized from diisopropyl ether-hexane to give 11.57 g
(69.6 mmol, 91.0%) of the title compound as a dark yellow
needle.
'H NMR (CDCls) &: 3.33 (2H, br s), 3.07 (3H, s), 5.56 (2H,
br s), 6.60 (1H, dd, J = 8.1, 7.5 Hz), 6.85 (1lH, dd, J =
7.5, 1.5 Hz), 7.47 (1H, dd, J= 8.1, 1.5 Hz).

MS Calcd.: 166; Found: 167 (M+H).

Methyl 2-oxo-2,3-dihydro-l1H-benzimidazole-4-carboxylate
To a solution of methyl 2,3-diaminobenzoate (10.5 g,

63.2 mmol) in tetrahydrofuran (100 mL) was added N,N’-
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1H NMR(CDC13) 8 0.81 (6H, t, J = 7.5 Hz), 1.65-1.80(4H, m), 15
3.05-3.15 (1H, m), 3.63 (3H, s), 3.90(3H, s), 6.63 (1H, d, J = 8.4 Hz),

W@ 288¢MH4d2 J = 8.4 Hz), 8.39(1H, br). MS Calcd.: 248; Found PEAYRI44)015646
2-Chloro-7-(1-ethylpropyl)-4-methoxy-I-methyl-IH- 20 benzimidazole WO
2006/116412 PCT/US2006/015646 189 A mixture of
7-(1-ethylpropyl)-4-methoxy-I-methyl-1,3- dihydro-2H-benzimidazol-2-one
(190 mg, 0.765 mmol) in phosphorous oxychloride (2.14 mL) was stirred
at 110 C for 6 h. The reaction was allg\gleg to cooll to room terr}g)erature 5

y

car¥didertaF pivacdd Orie rdsidde was Ha8dIed M athyt scelitd LS

and washed with aqgueous sodium bicgrl%on t% d brine. We or i .
) qo . 2 A 11+
"J‘Elslays’/qérl WS Qrigd ober Ir[ﬁag%%gﬁﬁtslﬁlffate,?lltered,@éﬂajf:séncent$ate gln g

sol\éf?&l%(ei]agqe é%f_d We. \uas purified by colupy, chiamatography oefs_slﬂiﬁa gehy1

exane/ethyl acetate = 10:1-1:1) and crystallized from ethy

aceAsatate/nhexangto afford the titlescampeupd as gpleriess srystale(123 t1e
mg, 600). MS Calcd.: 266; Found: 267 (M+H). 15

com¥drehlare-2-methesrbgnethylphenyl)-7-(1-ethylpropyl)-4-

methoxy-lI-methyl-IH-benzimidazol-2-amine A mixture of

ln Reeklororstrethylpropyl)s4-methpxy) methyd3H-pemzindidazate£120 mg, 7 . 5
0.450 mmol), 4-chloro-2- methoxy-6-methylaniline (231 mg, 1.35 mmol)

Hz )gnds1l-atethylrD- 283pyredblidoneX(0.5 nil) Bvals, stifreditat 180, Cddr 2 days 8- 1,
under
1.2 Hz), 10.82 (2H, br s).

MS Calcd.: 192; Found: 193 (M+H).

4-(1-Ethyl-1-hydroxypropyl)-1,3~dihydro-2H-benzimidazol-2-
one

To a suspension of methyl 2-oxo-2,3-dihydro-1H-
benzimidazole—-4-~carboxylate (513 mg, 2.67 mmol) in
tetrahydrofuran (5 mL) was added 3M solution of ethyl
magnesium bromide in diethyl ether (3.6 ml, 10.7 mmol), and
the mixture was stirred at room temperature for 1 hour and
refluxed for 20 hours. Addition of 3M solution of ethyl
magnesium bromide in diethyl ether (5.3 mL, 16.0 mmol) was
followed by refluxing for 30 hours. The reaction mixture
was acidified with 6 N hydrochloric acid and extracted with
ethyl acetate (X2). The combined organic layer was washed
with brine (X1), dried over sodium sulfate and concentrated
in vacuo. The resulting solid was washed with diisopropyl

ether to give 440 mg (2.00 mmol, 74.8%) of the title
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nitrogen atmosphere. The mixture was diluted with water, extracted with

ethyl acetate and washed with brine. The organic layer was dried over
WQoABeeEitA sulfate, and concentrated in vacuo. The residue REISUSAPHe1S646

by column 25 chromatography on silica gel (n-hexane/ethyl acetate = 1

WO 2006/116412 PCT/US2006/01564&5160 10:1-1:1) and crystallized

from iso-propanol to afford the title compound as colorless crystals (100

mg, 55%). mp 188-189 C. 'H NMR (CDC13) 6 0.85 (t, j = 7.2 Hz, 6H),

1.60-1.80 (m, 5 4H), 2.08 (s, 3H), 3.10-3.20 (m, 1H), 3.79 (s, 3H), 3.82 (s,
COFRPURNAQ (s, 3H), 5.89 (m, 1H), 6.61 (d, J = 8.7 Hz, 1H), 6.75 (d, J=1.8
,..Hz, 1H), 6.83 (d, J = 1.8 Hz, 1H), 6.86 (d, J=28.7 Hz, 1H) MS Calcd.: 401,
HEBMR: 402y 10ERAmPIes 108 N-J = 7.5 Hz), 1.76-1.98 (4H,

m)(4'§h'f5°h§}ﬂ‘:h%)§y'%' ethé"‘g}enw'}?'(lﬁtlhy @pygbléqz), 6.92-7.02

1.,4-dimeét -benzimidazol-2-amine’N O- N

(Zﬁ-(liﬁthyl%(?b@/l)&ﬁ-dig]gtry]l-l,?g-qm;/dr(ci- H-E%r_]zémi'dazol- 2-one A

solutioni of 4-bromo-7-(1-ethylgropyl)-1-methyl-T,

msdiByas2H-enyiminazalz-0ag {238 g oQ B4 mmol),

4-[(1E)-1-Ethylprop~l-en-1-yl]-1,3-dihydro-2H-benzimidazol-
2-one and 4-[(1Z)-1-Ethylprop-l-en-1-yl]-1,3-dihydro-2H-
benzimidazol-2-one

To a solution of 4-(l-ethyl-l1-hydroxypropyl)-1, 3-
dihydro-2H-benzimidazol-2-one (410 mg, 1.86 mmol) in
ethanol (6 mL) was added 6N hydrochloric acid (1.2 mL), and
the mixture was stirred at 75 °C for 2 hours. After cooling,
the reaction mixture was diluted with saturated aqueous
sodium hydrogen carbonate and extracted with ethyl acetate
(X2) . The combined organic layer was washed with water (X1)
and brine (X1), dried over sodium sulfate, passed through
silica gel and concentrated in vacuo to give 364 mg (1.80
mmol, 96.8%) of the title compound as a pale yellow solid.
'H NMR (CDCls) &: 0.95 (3H, t, J = 7.5 Hz), 1.49 (0.75H, d,
J = 6.9 Hz), 1.84 (2.25H, d, J= 6.9 Hz), 2.36 (0.5H, g, J
= 7.5 Hz), 2.50 (1.5H, q, J = 7.5 Hz), 5.62-5.75 (1H, m),
6.82-7.08 (3H, m), 8.29 (0.25H, s), 8.42 (0.75H, s), 9.30
(1H, s).

MS Calcd.: 202; Found: 203 (M+H).
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tetrakis(triphenylphosphine)palladium (194 mg, 0.168 mmol), 20
tetramethyltin (1.16 mL, 8.4 mmol) in hexamethylphosphoric WO
WQous/11842 2 PCT/US2006/015646 161 triamide (5 mL) washHeTiaaa0ft15646
18 h. After cooling, the mixture was diluted with water and extracted with
dichloromethane. The organics were dré& over magnesium sulfate,
filtered and concentrated in vacuo. The residue 5 was purified by column
chromatography on a silica gel (n- hexane/ethyl acetate = 90:10 - 50:50)
to give the title compound (111 mg, 0.48 mmol, 57%). 1H NMR(CDC13) 6
0.82 (6H, t, J = 7.5 Hz), 1.55-1.80(4H, m), 2.38 (3H, s), 3.10-3.20 (1H,
m), 3.65 (3H, s), 6.84 (1H, d,, 10 J = 8.4 Hz), 6.87(1H, d, J = 8.4 Hz),
4-14 18RV 1B omsle artd 2 235 kduer DEpmarpmidazol -2 -one
2-Chloro-7-(I-ethylpropyl)-1,4-dimethyl-IH-benzimidazole, A mixture_of
7-(I-%lt?1y?pr Bﬁ?%{%ﬁﬁ%etﬁﬁl% ﬁgﬁw%%-ﬁ -tlrlén[zfri%)a_z%l_-f-tgﬂ%lﬁﬁgp_l_

en%%%14]5-2@#_-‘2##&8@8%%8%%%%%%%%% %Z%Hé” V%%%S“”e—dr[e?%% )1

for 3 eaction was a e olto room temperatu

etﬁ%%@qd-gmc—% Jhe residug wasdissolyed in eyl acetade, . (329

was with aqueous sodium bicarbonate and 20 brine. The organic layer

mgWas dgedpyet magnesiskmskiiale, igradrand gonceniratedsinyvaghe) in
The residue was purified by column chromatography on silica gel (n-

ethexarie/qthyhdgetates dGdsbil)ay gysedizeddram eibvibon (50% wet;
acetate/n-hexane to afford the title compound as

120 mg), and the mixture was stirred at room temperature
for 15 hours. The catalyst was removed by filtration, and
the filtrate was concentrated in vacuo. The residue was
diluted with water and extracted with ethyl acetate (X1).
The organic layer was washed with brine (X1), dried over
sodium sulfate and concentrated in vacuo to give 354 mg
(>99%) of the title compound as a colorless solid.

'H NMR (CDCl;) 8: -0.80 (6H, t, J = 7.2 Hz), 1.57-1.82 (4H,
m), 2.50-2.62 (1H, m), 6.88 (1H, d, J= 7.8 Hz), 6.92 (1H,
d, J= 7.8 Hz), 7.03 (1H, t, J = 7.8 Hz), 9.44 (1H, s),
9.54 (1H, s).

MS Calcd.: 204; Found: 205 (M+H).

tert-Butyl 4-(l-ethylpropyl)-2-ox0-2,3-dihydro-1H-
benzimidazole-1l-carboxylate

To a suspension of 4-(l-ethylpropyl)-1,3-dihydro-2H-
benzimidazol-2-one (7.25 g, 35.5 mmol) in 1,2-

dichloroethane (5 mL) was added N,N-dimethylaminopyridine
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25 colorless crystals (100 mg, 880). WO 2006/116412
PCT/US2006/015646 162 MS Calcd.: 250; Found: 251 (M+H).
WORMeTHIbED-2-methoxy-6-methylphenyl)-7-(1-ethylpropyl)-  PCT/US2006/015646
1,4-dimethyl-1H-benzimidazol-2-amine 5 A mixture of
2-chloro-7-(1-ethylpropyl)-1,4-dimethyl-6ZH-benzimidazole (100 mg, 0.399
mmol), 4-chloro-2-methoxy- 6-methylaniline (205 mg, 1.20 mmol) and
1-methyl-2- pyrrolidone (0.2 mL) was stirred at 120 C for 2 days under
nitrogen atmosphere. The mixture was diluted with water 10 and extracted
(4with &yl eebatBRashed @it brirer Eheudrganitiliggelwas Bfed dvéf ml,
magnesium sulfate, and concentrated in vacuo. The residue was purified
35by cBifMY cRromatbgriphyBifsifddgdMtithBxandi@hySicetgE 2t 0 °C

10:1-1:1) and crystallized from iso-propanol to afford the. 15 title |,
fod T T e e e Goaat o 1 a8 S 505 et piifi water

D ,J.= 4.2 Hz, 1,60-1,80 (m, 22.11 (s, 3H 5.
0 50530 (3 10, 3 VRO SRS, aH) .00 (e e
orfhrliT 2302, 154 20,8.80:6:95 {1y, 3H)- M Galed.: 3§p; Equrdfequndt g5 ym

86 (M+H). Example 102 Isopropy! [4-chloro-2-[(4-chloro-2-methoxy-6-

suleimdphenyllaminah{-£:elyIpropyhs tdbenzimidazak 28 Wiasette i fied
WO 2006/116412 PCT/US2006/015646

by silica gel column chromatography eluting with a 5-40%
ethyl acetate/hexane gradient mixture to give 7.87 g (25.9
mmol, 72.8%) of the title compound as a colorless solid.

'H NMR (CDCl3) &: 0.79 (6H, t, J = 7.4 Hz), 1.55-1.83 (4H,
m), 1.68 (9H, s), 2.40-2.60 (1H, m), 6.97 (1lH, d, J = 8.0
Hz), 7.09 (1H, t, J = 8.0 Hz), 7.65 (lH, d, J = 8.0 Hz),

8.93 (1H, s).

tert-Butyl 4-(l-ethylpropyl)-3-(2-isopropoxy-2-oxoethyl) -2~
oxo-2,3-dihydro-1H-benzimidazole-1l-carboxylate

To a suspension of tert-butyl 4-(l-ethylpropyl)-2-oxo-
2,3-dihydro-1H-benzimidazole-l-carboxylate (7.70 g, 25.3
mmol) in N,N-dimethylformamide (50 mL) was added potassium
carbonate (3.84 g, 27.8 mmol) and isopropyl bromoacetate
(3.60 ml, 27.8 mmol), and the mixture was stirred at room
temperature for 5 hours. The reaction mixture was diluted
with water and extracted with ethyl acetate (X2). The
combined organic layer was washed with aqueous sodium

chloride (¥X2) and brine (X1), dried over sodium sulfate and
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163 Or-AL N ~}-NH OMe N CI _ 0 CI Methyl 2,3-diaminobenzoate To

a suspension of methyl 2-amino-3-nitrobenzoate (15 5 g, 76.5 mmol) in
WQorstleddetB00 mL) was added 10% palladium on carbon (506 TAE2@&015646

g), and the mixture was stirred at room temperature for 20 hours under

hydrogen atmosphere. The catalysth@&s removed by filtration, and the

filtrate was concentrated in vacuo. The residual solid was 10 crystallized

from diisopropyl ether-hexane to give 11.57 g (69.6 mmol, 91.0%) of the

title comg()ound,as a dark yellow needle.,'H NMR (CDC1, .6:&. 3 (ZHi_“ﬂ:rLca

congeni BILSH I sECEH, B9, E8D(THCAY 3 = BIEY'5B9), B85

o1 ITART S S LALAY) O UEAD LEHRL M CYeGl 00 erys

Fou
acega%§7%§ﬁb%df%-ﬂ- nzimigazolgsdscarhoxylgie o, @§0ytiQ@ of mefiyd 1,
,3-diaminobenzoate (10.5 g, 20 63.2 mmol) in tetrahydrofuran (100 mL)
g7.was agded,N: WQ 2006/ 16418 RGTAIS2006/Q156460164
'H NMR (CDCls) &: 0.82 (6H, t, J = 7.5 Hz), 1.26 (6H, d, J =
6.3 Hz), 1.53-1.76 (4H, m), 1.67 (9H, s), 2.57-2.68 (1H, m),
4.80 (2H, s), 5.02-5.14 (1H, m), 7.03 (1H, dd, J = 8.1, 1.5
Hz), 7.11 (iH, t, J = 8.1 Hz), 7.79 (1H, dd, J = 8.1, 1.5

Hz) .

Isopropyl [7-(1l-ethylpropyl)-~2~oxo-2, 3-dihydro-1H~
benzimidazcl-l~yllacetate

To a solution of tert-butyl 4-(l-ethylpropyl)-3-(2-
isopropoxy-2-oxoethyl)-2-o0x0-2, 3-dihydro-1H-benzimidazole-
l-carboxylate (8.95 g, 22.1 mmol) in ethyl acetate (10 ml)
was added a 4N solution of hydrogen chloride in ethyl
acetate (20 ml), and the mixture was stirred at room
temperature for 1 hour. The reaction mixture was diluted
with saturated aqueous sodium hydrogen carbonate and
extracted with ethyl acetate (X2). The combined organic
layer was washed with brine (X1), dried over sodium sulfate
and concentrated in vacuo. The residue was purified by
silica gel column chromatography eluting with a 5-20% ethyl
acetate/hexane gradient mixture. The residual solid was

washed with hexane to give 5.76 g (18.9 mmol, 85.6%) of the
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carbonyldiimidazole (10.2 g, 63.2 mmol), and the mixture was stirred at

room temperature for 60 hours. The resulting solid was collected by
WOiReaadHeARd washed with ethyl acetate to give 10.2 g (53.1 R&IGLS008H)5646

of the title 5 compound as a colorless crystal. 1H NMR (DMSO-d6) 6:

3.87 (38H, s), 7.03 (iH, dd, J = 8.1, 7.51ld®), 6.85 (1H, dd, J = 7.5, 1.2 Hz),

7.48 (1H, dd, J = 8.1, 1.2 Hz), 10.82 (2H, br s). MS Calcd.: 192; Found:

193 (M+H). 10

4-(1-Ethyl-I-hydroxypropyl)-1,3-dihydro-2H-benzimidazol-2- one To a
tisdspermimrondiet | 2-05%0123 HiwydredM1 Benzimidazole-4-carboxylate

(513 mg, 2.67 mmol) in 15 tetrahydrofuran (5 mL) was added 3M solution

'H of¥Bhy [ GRiGhesRim Brdthidé G4 dicthyl&tirer (3% A)10.7 rtfol),%hd She J =

mixture was stirred at room temferature for 1 hour nd refluxed éor 20

6-Rodts) Adbition of 307 sdititten Bt etriyt %a&nes?ung Om%?e’ indidthyl 2t S)
5 .%tg'et!:; (ig ’2&&96 Oa@m%) )tsle sgo%fgllﬁl\%ﬁd b reflyl%glfogj’_sg hours. :jl'he

reaction mixttiré was acidified wit ydro Hlorlc acid 'extracted
HZ\5V|th 9etm() a(clegate (f(Z) The combined organic layer was washed with

bri ne X1), dried over sodium sulfate and concentrated in vacuo. The

msresyiting solidgyas washed with dliisprippyl 25 ether to give 440 mg (2.00
mmol, 74.8%) of the titte WO 2006/116412 PCT/US2006/015646 165

Isopropyl [4-chloro-7-(l-ethylpropyl)-2~oxo-2,3-dihydro-1H-
benzimidazol-1-yl]acetate

To a solution of disopropyl [7-(l-ethylpropyl)-2-oxo-
2,3-dihydro-1H-benzimidazol-1-yl]acetate (5.29 g, 17.4
mmol) 1in carbon tetrachloride (350 mL) was added N-
chlorosuccinimide (2.55 g, 19.1 mmol) and 2,2~
azobisisobutyronitrile (86 mg, 0.522 mmol), and the mixture
was stirred at 70 °C for 3 days. The reaction mixture was
diluted with saturated aqueous sodium hydrogen carbonate
and extracted with dichloromethane (X2). The combined
organic layer was washed with water (X1) and brine (X1),
dried over sodium sulfate and concentrated in vacuo. The
residue was purified by silica gel column chromatography
eluting with a 10-50% ethyl acetate/hexane gradient mixture
to give 3.83 g (11.3 mmol, 65.0%) of the title compound as
a colorless solid.
'L NMR (CDCls) &: 0.83 (6H, t, J= 7.5 Hz), 1.27 (6H, d, J =

6.3 Hz), 1.57-1.78 (4H, m), 2.59-2.68 (1H, m), 4.80 (2H, s),
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compound. 'H NMR (CDC13) S: 0.83 (6H, t, J = 7.5 Hz), 1.76-1.98 (4H,;
m), 2.19 (1H, br s), 6.72 (1H, d, J = 7.8 Hz), 6.92-7.02 (2H, m), 9.16 (1H,
WY/ 1H, br s). 5 MS Calcd.: 220; Found: 203 (M-H20+T/US2006/015646
4-[(12)-1-Ethylprop-l‘en-I-yl]-1,3-dihydro-2H-benzimidazol- 2-one and
4-[(1Z)-I-Ethylprop-I-en-1-yl]-1,3-dihydror@H- benzimidazol-2-one 10 To a
solution of 4-(1-ethyl-lI-hydroxypropyl)-1,3- dihydro-2H-benzimidazol-2-one
(410 mg, 1.86 mmol) in ethanol (6 mL) was added 6N hydrochloric acid
(1.2 mL), and the mixture was stirred at 75 C for 2 hours. After cooling,
> -8 TeactonlMixtirerwds Sifutdd WithGatufatedtaquedas A5sodu 15, d, J
drogen carbonate and extracted with ethyl acetate (X2). The combined
- rme%%éyerngg whsRed ¥ith water (X1) and brine (X1), dried over

iym sulfate, passed through silica gel and concentrated in vacuo to
Msgsg?\%ljagﬁs'rﬁg %?%)0 AATOL 6%%5 o%ﬂ%‘ﬁﬂe compound as a pale yellow
solid. 20 1H NMR (CDC13) S: 0.95 (3H, t, J = 7.5 Hz), 1.49 (0.75H, d, J =
6.9 Hz), 1.84 (2.25H, d, J = 6.9 Hz), 2.36 (0.5H, q, J = 7.5 Hz), 2.50

SRR b1 e 890 (L 2 25 MS ELIGR 5% P D03 (MR 201
1-W0O 2006446412 PCT/US2006/015646 166
4-(1-Ethylpropyl)-1,3-dihydro-2H-benzimidazol-2-one

A mixture of isopropyl [4-chloro-7~(l-ethylpropyl)-2-
0x0-2, 3-dihydro-1H-benzimidazol-1-yllacetate (3.73 g, 11.0
mmol) and phosphorus oxychloride (20 mlL) was stirred at 100
°C for 48 hours. After cooling, phosphorus oxychloride was
evaporated in vacuo. The residue was neutralized with
saturated aqueous sodium hydrogen carbonate and extracted
with ethyl acetate (X2). The combined organic layer was
washed with brine (X1), dried over sodium sulfate and
concentrated in vacuo. The residue was purified by silica
gel column chromatography eluting with a 5-15% ethyl
acetate/hexane gradient mixture to give 3.82 g (10.7 mmol,
97.2%) of the title compound as an oil.
"M NMR (CDCl3) §: 0.81 (6H, t, J = 7.5 Hz), 1.28 (6H, d, J =
6.3 Hz), 1.62-1.83 (4H, m), 2.72-2.82 (1H, m), 5.06-5.21
(1H, m), 5.08 (2H, s), 7.05 (1H, d, J = 8.0 Hz), 7.28 (1H,

d, J= 8.0 Hz)

MS Calcd.: 356, 358; Found: 357, 359 (M+H).

Isopropyl [4-chloro-2-[ (4-chloro-2-methoxy-6-
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To a suspension of a mixture of 4-[(1E)-1-ethylprop-I- en-1-yl]

-1,3-dihydro-2H-benzimidazol-2-one and 4-[(1Z)-1 5
W@Rmtrd2en-1-yl]-1,3-dihydro-2H-benzimidazol-2-one (329 Had/UB296/015646

mmol) and ammonium formate (820 g] 13.0 mmol) in ethanol (3 mL)

was added 10% palladium on carbonn% do% wet; 120 mg), and the mixture

was stirred at room temperature for 15 hours. The catalyst was removed

by filtration, and 10 the filtrate was concentrated in vacuo. The residue

mewlg;ﬂgﬁq,xv thyyales and extragtedhwith, gty agefaie. (Xl The organic

layer was Washed with brine (XI), dried over” sodium sulfate and

y1¢ereamrated in vacuo to give 354 mg (>99%) of the title compound as a
colorless solid. 15 'H NMR (CDC13)6: 0.80 (6H, t, J= 7.2 Hz), 1.57-1.82
(4H,Aam), 200=4:6241H, Mmy£6.88 (1HeoBrdpyl.8 Hz),[6.92{(dH: 1. JrolB- (1-
Hz), 7.03 (1H, t, J = 7.8 Hz), 9.44 (1H, s), 9.54 (1H, S). MS Calcd.: 204,

et Fplipd: 2051 (M-H): b20 tent: Byt di(ethylgrepyly2eexo-2,3-diloydrey)H- 4. 48
benzimidazole-I-carboxylate To a suspension of

mmal() -ethyhoropyip i S-ditmeich 2Ky bénzisidazol-2~cid (R 25(@,.-3535 mmol} 8 . 6
in 1,2- 25 dichloroethane (5 mL) was added N,N-dimethylaminopyridine

MM 260611 1A T IS 00601566 aBT (434 §L35. 3 AfnoYtadred at

di-tert-butyl dlcarbonate (8.16 ml, 35.5 mmol) at 0 C, and the mixture was
19UHéﬁEﬁ?FC days. After cooling, the reaction mixture

was diluted with saturated aqueous sodium hydrogen
carbonate and extracted with ethyl acetate (X1). The
organic layer was washed with brine (X1), dried over sodium
sulfate and concentrated in vacuo. The residue was purified
by silica gel column chromatography eluting with a 5-20%
ethyl acetate/hexane gradient mixture. The residual solid
was washed with ethyl acetate/diisopropyl ether and n-
hexane to give 1.18 g (2.40 mmol, 53.5%) of the title
compound as a colorless solid. The filtrate was purified by
preparative HPLC to give 204 mg (0.414 mmol, 9.2%) of the
title compound as a solid. mp 205-207 °C.

'H NMR (CDClj3) &: 0.82 (6H, t, J = 7.4 Hz), 1.30 (6H, d, J =
6.3 Hz), 1.58-1.81 (4H, m), 2.11 (3H, s), 2.80-2.92 (1H,

m), 3.83 (3H, s), 4.89 (2H, s), 5.09-5.20 (1H, m), 6.56 (1H,
s), 6.78 (lH, s), 6.87 (1H, d, J = 7.6 Hz), 6.87 (1lH, s),

7.14 (1H, d, J= 7.6 Hz).

MS Calcd.: 491, 493; Found: 492, 494 (M+H).
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for 30 minutes. The reaction mixture was diluted with water and extracted
with dichloromethane (X2). The combined 5 organic layer was washed
Wt Bted12X2), dried over sodium sulfate and concentrated IFGIABERIFRES 646
residue was purified by silica gel column chromatography eluting with a
5-40% ethyl acetate/hexane gradientIfiXture to give 7.87 g (25.9 mmol,
72.8%) of the title compound as a colorless solid. 10 1H NMR (CDC13) 3:
0.79 (6H, t,J=7.4 Hz), 1.55-1.83 (4H, m), 1.68 (9H, s) , 2.40-2.60 (1H,
m) , 697%LH d,J=8.0 Hz),7.09 (1H,t,J=8.0Hz), 7.65(1H, d,J =
EX@W?) B3 (1H, s). 15 tert-Butyl

1ethy| ropyl)-3 2|so opo -2-oxoethyl)-2-
2- 6 S AL e R S BT 5 AR RO ]

ter I4 1e ylpropyl)-2-gxq
gl 0= tH- “Qen%irgm %z&éq%%?ﬁgxylate% J?%télaiéoé mmol) in
N N- dlmethylfog}qmlde (50 mL) was added potassium 20 carbonate
' 8 ol) and isopropyl bromoacetate (3.60 ml, 27.8 mmol)

Ns diluted with water and extracted with ethyl acetate (X2). The
ed p)g-aNHay washed with aqueous sodium 25 chloride
=:i ed over sodium sulfate and WO 2006/116412

PC /US2006/011 68 concentrated in vacuo. The residue was
puryf ibd by silica §etzplumn chromatography eluting with a 5-20% ethyl
acetate/hexane gradie ||nixture to give 8.95 g (22.1 mmol,

To a solution of isopropyl [4-chloro-2-[(4-chloro-2-
methoxy-6-methylphenyl)amino] -7~ (1l-ethylpropyl)-1H-
bénzimidazol—l—yl]acetate (453 mg, 0.920 mmol) in
tetrahydrofuran (5 mL) was added lithium tetrahydroborate
(60 mg, 2.76 mmol), and the mixture was refluxed for 2
hours. After cooling, the reaction mixture was diluted with
water and extracted with ethyl acetate (X2). The combined
organic layer was washed with brine (X1), dried over sodium
sulfate and concentrated in vacuo. The residual solid was
recrystallized with ethyl acetate-n-hexane to give 250 mg
(0.573 mmol, 62.3%) of the title compound as a colorless
crystal. The filtrate was concentrated in vacuo, and the
residual solid was recrystallized with ethyl acetate-hexane
to give 91 mg (0.209 mmol, 22.7%) of the title compound as
a colorless crystal.

'H NMR (CDCl3) 8: 0.85 (6H, t, J = 7.2 Hz), 1.65-1.83 (4H,

m), 2.16 (3H, s), 2.45-2.60 (1H, br), 2.79-2.87 (1H, m),
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87.5%) of the title compound as a colorless oil. 5 1H NMR (CDC13) 6:

0.82 (6H, t, J =7.5Hz), 1.26 (6H, d, J = 6.3 Hz), 1.53-1.76 (4H, m), 1.67
WQaIeh@B7-2 68 (1H, m), 4.80 (2H, s), 5.02-5.14 (1H, m), 7P6F M0} 15646
J=8.1,15 Hz),7.11 (1H,t,j=8.1Hz),7.79 (1H, dd, J =8.1, 1.5 Hz). 10

Isopropyl [7-(1-ethylpropyl)-2-oxo-2,31= i?]ydro-IH- benzimidazol-1-yl]
acetate To a solution of tert-butyl 4-(1-ethylpropyl)-3-(2-
isopropoxy-2-oxoethyl)-2-oxo-2,3-dihydro-IH-benzimidazole- 15

3. fecabeolate (8.95.0, 22 nmp) ineliviacetals (10 p was added.a 4 _

solution’of hydrogén chlo in éthyl acetate (20 ml) , and the mikturd

4. 9vas,stirregl af goomytemperature far § hqun, The geagtion mixture was - 7 g

diluted with saturated aqueous sodium hydrogen carbonate and 20

Hz extracted withyethyl acetate {X2) Hig comkingd organic dayeywasy g uz),
washed with brine (XI), dried over sodium sulfate and concentrated in

7. 3@eu07 0he 1esidua-yas purified by silica gel column chromatography
eluting with a 5-20% ethyl acetate/hexane gradient mixture. The residual

MS sedidavias: 2% dashd@ Withfexade té 3ve BI% g (89 mmol, 85.6%) of the
WO 2006/116412 PCT/US2006/015646 169 title compound as a
colorless solid. 'H NMR (CDC13) 6: 0.81 (6H, t, J=7.5Hz), 1.26 (6H, d, J
= 6.3 Hzg), 1.55-1.79 (4H, m), 2.62-2.73 (1H, m), 4.82 (2H, s),

Example 104

[4-Chloro-2-] (4-chloro-2-methoxy-6-methylphenyl)amino]~7~

(1-ethylpropyl) -1H-benzimidazol-1l-yljacetic acid

Cl

To a solution of 2-[4-chloro~2-{ (4-chloro-2-methoxy-6~
methylphenyl)amino] -7~ (l-ethylpropyl)-1H-benzimidazol-1-
yljethanol (861 mg, 1.75 mmol) in methanol (5 mlL) was added
8N aqueous sodium hydroxide (1.5 mlL), and the mixture was
stirred at room temperature for 15 hours. Water was added
to the reaction mixture, followed by neutralization with 6N
hydrochloric acid. The mixture was concentrated in vacuo,
and the residue was dissolved in methanol. The precipitate
was removed by filtration, and ' the filtrate was
concentrated in vacuo to give 781 mg (1.73 mmol, 99.1%) of

the title compound as an amorphous.



5.05-5.15 (1H, m), 6.90-6.94 (2H, m), 7.04 (1H, d, J=7.8 5 Hz), 9.12
(1H, s). MS Calcd.: 304; Found: 305 (M+H). Isopropyl

WQL2MeldteA T2 (1-ethylpropyl)-2-oxo-2,3-dihydro-IH- benzimidaz AX/IRE8e4xE 646
10 To a solution of isopropyl [7-(I-ethylpropyl)-2-oxo-
2,3-dihydro-IH-benzimidazol-1-yllacetai®4(5.29 g, 17.4 mmol) in carbon
tetrachloride (350 mL) was added N- chlorosuccinimide (2.55 g, 19.1
mmol) and 2,2'- azobisisobutyronitrile (86 mg, 0.522 mmol), and the
mixture 15 was stirred at 70 C for 3 days. The reaction mixture was

'H gRd (ithCsatittePadfeoti§Boditim Wy dfogericaifonate didxtrattethH
with dichlorpmethane (X2), The comhined qrganicJayer was washed with
m)\’/vaEe'ré(cj(]l) (a%%rbr?r?é (>§I)‘,%)(§r'i§d 3\§erP iu css’ulf te@nd(égncesrﬁr’atéd in’ (28,
va h residue was.purified,by sili u hromatography
s) élu(%éljr']og7 ?/—vitﬁlgplo- 0% et_hysf3 dlcgetgé)ﬁeéhcg%gf?d?gét r&%xlgdrem?o’ gi%éag. 3t LH

s)9 (11.3 mmol, 65.0%) of the title compound as a colorless solid. 'H NMR
(CDC13) 6: 0.83 (6H, t, J = 7.5 Hz), 1.27 (6H, d, J = 25 6.3 Hz), 1.57-1.78

5  Ms(@dimh 2592468 (4, mp&SR(2H59), WE 20064116412
PCT/US2006/015646 if 170 5.02-5.14(1H, m), 6.86 (1H, d, J = 8.7 Hz),
7.04 (1H, d, J =8.7 Hz), 8.67 (iH, s). MS Calcd.: 338; Found: 339 (M+H).
Example 105
1-{4-Chloro-2-[ (4-chloro-2-methoxy-6-methylphenyl)amino]-1-

methyl-1H-benzimidazol-7-yl}-2,2~-dimethylpropan-1l-one

10 Cl CI‘

Methyl 7-chloro-3-methyl-2-oxo-2,3-dihydro-1H-
benzimidazole-4-carboxylate

A solution of methyl 3-methyl-2-oxo-2,3-dihydro-1H-

15 benzimidazole-4-carboxylate (500 mg, 2.42 mmol), N-
chlorosuccinimide (355 mg, 2.66 mmol) and 2,2"-
azobis (isobutyronitrile) (20 mg, 0.12 mmol) in carbon

tetrachloride (40 mL) was refluxed for 2 days. After
cooling, the reaction mixture was concentrated in vacuo.
20 The resultant was extracted with ethyl acetate and water.

The organics was dried over magnesium sulfate, filtered,
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5 Isopropyl [2,4-dichloro-7-(1-ethylpropyl)-1H-benzimidazol- 1-yllacetate A

mixture of isopropyl [4-chloro-7-(I-ethylpropyl)-2- oxo-2,
WR2ieidfdH-benzimidazol-1-yl] acetate (3.73 g, 11.0 mmol) BA#/US2006/015646

phosphorus oxychloride (20 mL) was stirred at 100 10 C for 48 hours.

After cooling, phosphorus oxychloridejwas evaporated in vacuo. The

residue was neutralized with saturated aqueous sodium hydrogen

carbonate and extracted with ethyl acetate (X2). The combined organic

layer was washed with brine (X1), dried over sodium sulfate and 15
andogtengaiddriabetud nThe residudiias pasfictiby Yiiea Yeredrpnpraphed

chromatography eluting with a 5-15% ethyl acetate/hexane gradient

onmtufe-tolGite IBL gH20.9 KMol ©7.796) of thedtitle™¥ripound Bk aRbil.the
"H NMR (C-C13) 5: 0.81 (6H, t, J = 7.5 Hz), 1.28 (6H, d, J = 20 6.3 H2),
L1463 £EEREMNM), 2.72-2.82 (1H, m), 5.06-5.21 (iH, m), 5.08 (2H, s), 7.05

(1H,d,=8.0 Hz),.7.28 d, J =8.0,Hz) MS Calcd.: 356, 358; Found: _
H Bg%SJbCWEPI} 255 Ifof’)%%[4-8HIOro§2-%2§l-(c%1‘éro- -Mme Hooifgé\:log’ J =
006/11641 T/US2006/01564
8- r%ne%ﬁz I;Sh(?ny Eﬁ#réé]-?gf(l-%tﬁylgrb%y )-%H—bgﬁ%?n%gz'ol-klj-ryl]écetate A
MsMedyre0f isoprepy! Rerdiehloret/-(Ga )

ethylpropyl)-1H-benzimidazol-1-ylJacetate (1.60 g, 4.48 5 mmol) ,
(4-chloro-2-methoxy-6-methyl)aniline (3.18 g, 18.6
Methyl 2,4-dichloro-l-methyl-1H-benzimidazole-7-carboxylate
Methyl 7-chloro-3-methyl-2-ox0-2,3-dihydro-1H-
benzimidazole-4~-carboxylate (150 mg, 0.63 mmol) was
dissolved in 3 mL of phosphorous oxychloride and heated at
110 °C overnight. The reaction mixture was allowed to cool
to room temperature, poured into a crushed ice, and stirred
for 1 h. The resultant was diluted in ethyl acetate, washed
with aqueous sodium bicarbonate, dried over magnesium
sulfate, filtered and concentrated in vacuo. The obtained
(147 mg, 90%) was used in the next reaction without further

purification.

MS Calcd. : 257; Found: 258 (M+H).

Methyl 4-chloro-2-[(4-chloro-Z2-methoxy-6-

methylphenyl)amino]-1-methyl-1H-benzimidazole-7-carboxylate
A mixture of methyl 2,4~-dichloro-1-methyl-1H-

benzimidazole-7-carboxylate (100 mg, 0.39 mmol) and 4-

chloro-2-methoxy-6-methylaniline (200 mg, 1.17 mmol) was
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mmol) and N-methyl-2-pyrrolidinone (1 mL) was stirred at 110 C for 4.5
days. After cooling, the reaction mixture was diluted with saturated
Wgefedde4dddium hydrogen carbonate and extracted with ethYCd¢e$3986/015646
(XI). The 10 organic layer was washed with brine (X1), dried over sodium
sulfate and concentrated in vacuo. The7residue was purified by silica gel
column chromatography eluting with a 5-20% ethyl acetate/hexane
gradient mixture. The residual solid was washed with ethyl
acetate/diisopropyl ether and n 15 hexane to give 1.18 g (2.40 mmol,
st58:1594) othelfle compuimerdshicolofésS0liGoPHe iltratetigs pigfiedion
by preparative HPLC to give 204 mg (0.414 mmol, 9.2%) of the title
migSHpBund'@Sa sV RiRr265.997 COIH NMIRIEBT 13)8°8 1880 6HIY 429en

7.4 Hz), 1.30 (6H, d, J= 20 6.3 Hz), 1.58-1.81 (4H, m), 2.11 (3H, s), ,
ca3innsbs (ARAmR RS P o MRS S o GES i1 15 EpARL oS

) W8 et 43¢ 203 TG 208, dod (1A 225 WO sboe ket =™
o Earo 3 (4 o052 ey St pheRy TR o9eaphed on 2
s1 threthylgeopyR-dtiRenzigidazold-yiethappl QH INHQMa , 44%) of the
title compound.

'H NMR (CDCls) & 2.19(3H, s), 3.74(3H, s), 3.80(3H, s),
3.95(3H, s), 6.17(1H, br), 6.76(1H, 4, J = 1.8 Hz), 6.88(1lH,
d, J= 1.8 Hz), 7.14(1H, d, J = 8.1 Hz), 7.53(1H, d, J =
8.1 Hz).

MS Calcd. : 393; Found: 394 (M+H).

1-{4-Chloro-2-[ (4-chloro-2-methoxy-6-methylphenyl)amino]-1-
methyl-1H-benzimidazol-7-yl}-2,2~-dimethylpropan-1l-one

A n-pentane solution of tert-butyl lithium (1.46 M, 0.5

ml) was added to a solution of methyl 4-chloro-2-[(4-

chloro-2-methoxy-6-methylphenyl)amino] -1-methyl-1H-

benzimidazole-7-carboxylate (100 mg, 0.23 mmol) in diethyl
ether (5 mL) at -78 °C and stirred for 1h. The reaction
mixture was diluted with water (5 mL), stirred at room
temperature for 0.5 h and extracted with ethyl acetate. The
organics was dried over magnesium sulfate, filtered, and
concentrated in vacuo. The «residue was purified by

preparative HPLC. The resultant was neutralized with
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N CI Cl 5 To a solution of isopropy! [4-chloro-2-[(4-chloro-2-
methoxy-6-methylphenyl)amino]-7-(I-ethylpropyl)-1H-

W esiield2ol-I-yllacetate (453 mg, 0.920 mmol) in tetrahydrdTGTARSE904{0 5646
was added lithium tetrahydroborate (60 mg, 2.76 mmol), and the mixture
was refluxed for 2 10 hours. After coalitig, the reaction mixture was diluted
with water and extracted with ethyl acetate (X2). The combined organic
layer was washed with brine (X1), dried over sodium sulfate and
concentrated in vacuo. The residual solid was recrystallized with ethyl

aquRetste SPHAXEh NI HRRIST0 RREESTREP3 AltolSE2 396 G dhe il ethyl
compound as a colorless crystal. The filtrate was concentrated in vacu

aceiRfhe raSiuaPEIRIWES rebR Staffizag Nt Loy ALEEFeREne"to fate,
ive 91 mg (0.209 mmol, 22.7%2%0f the title comeound.as a%%!orless

£1156850 20 ANMRORISEIHE 685181 1589 2787 O 68-1783 (@, ho: 07>
16 (34, 5), 2.45:2.60 (1H. br), 2.79-2.87 (1H, m), WO 2006/116412
mmcécw%s“ﬁoo 01%13%691%?%. 6"@?%5%321.14 (2H,1,J = 4.5 Hz) , 4.43
Héﬂh?i@ﬁﬁ%?)676ﬂHJLJ:18Fﬁ)683ﬂHJLJ:7BPﬂ)687
(IH-d. J 218 Hz), 6.99 (1H. d, J = 7.8 Hz), 7.50-7.70 (1H, br). 5 MS

1y Q@ﬁg-’:f‘é’%@ﬁ?? ROURd:A36o 438 (M+H)> 20 (3H, s), 3.37(3H, s),
3.80(3H, s), 6.10(1H, br), 6.78(1H, d, J = 1.8 Hz), 6.89(1lH,
d, J = 1.8 Hz), 7.08(1H, d, J = 8.1 Hz), 7.10(1H, 4, J =
8.1 Hz).

MS Calcd. : 419; Found: 420 (M+H).

Example 106
3—{4—Chloro—2—[(4—chloro—Z—methoxy—6—methylphenyl)amino]—l—

methyl—lH;benzimidazol—7—yl}—2,2,4,4—tetramethylpentan—3—ol

OH
/
N H OMe
)—N
N
Cl Cl

A n-pentane solution of tert-butyl lithium (1.46 M,
0.5 ml) was added to a solution of methyl 4-chloro-2-[(4-
chloro-2-methoxy-6-methylphenyl)amino]-1l-methyl-1H-
benzimidazole-7-carboxylate (100 mg, 0.23 mmol) in diethyl
ether (5 ml) at -78 °C and stirred for 1lh. The reaction

mixture was diluted with water (5 mL), stirred at room
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Example 104 [4-Chloro-2-[(4-chloro-2-methoxy-6-methylphenyl)amino] -7-

(1-ethylpropyl)-IH-benzimidazol-1-yl] acetic acid O rAOH 1,>-NH OMe N
W@ OH1D a solution of 2-[4-chloro-2-[(4-chloro-2-methoxy-BCT/US2006/015646

methylphenyl)amino]-7-(1-ethylpropyl)-1H-benzimidazol-I- yljethanol (861

mg, 1.75.mmol) in methanol (5 mL) wag@&dded 8N aqueous sodium

hydroxide (1.5 mL), and the mixture was 15 stirred at room temperature

for 15 hours. Water was added to the reaction mixture, followed by

neutralization with 6N hydrochloric acid. The mixture was concentrated in
teppais tar@ tHeome stiue Wadasseredas rdthuddh TREpYdcipitaEakgs The

removed by filtration, and the filtrate was 20 concentrated in vacuo to give

OXgIT MG (1A mMATEE Y. 1985 e %hte ToHbodnd 58 beranforph&ie Yvo and
2006/116412 PCT/US2006/015646_ 174 1H N%R (CDC13) 8: 0.76%(§H Loy
concenbianeq 5o73 PATURM), 2.078BH, 5530853 1878 H, mIsYeah, DY

oo I S T SO LSO i
aqueous sodium hydrogen carbonate and extracted with ethyl
acetate. The organics were dried over magnesium sulfate,
filtéred, and concentrated in vacuo to give 5 mg (0.010
mmol, 5%) of the title compound.

mp. 246-248 °C.

'H NMR (CDCls) & 1.12(18H, s), 2.20(3H, s), 3.67(3H, s),
3.75(3H, s), 6.76(1lH, s), 6.87(iH, s), 7.09(1H, d, J = 9.0
Hz), 7.21(1H, d, J = 9.0 Hz).

MS Calcd. : 477; Found: 478 (M+H).

Example 107
3-{4-Chloro-2-[ (4-chloro-2-methoxy—-6-methylphenyl)amino]}-1-

methyl-1H-benzimidazol-7-yl1}-2,4-dimethylpentan-3-ol

OH
N
H
2}——N OMe
N
Cl

Cl

To a solution of methyl 4-chloro-2-[(4-chloro-2-
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Example 105 I-{4-Chloro-2-[(4-chloro-2-methoxy-6-methylphenyl)amino]-I-
methyl-IH-benzimidazol-7-yl}-2,2-dimethylpropan-l-one 0 ~ N H OMe N
WORA@C16g12Methyl 7-chloro-3-methyl-2-oxo0-2,3-dihydro-IH-  PCT/US2006/015646
benzimidazole-4-carboxylate A solution of methyl
3-methyl-2-ox0-2,3-dihydro-IH 15 benzingdazole-4-carboxylate (500 mg,
2.42 mmol), N- chlorosuccinimide (355 mg, 2.66 mmol) and 2,2'-
azobis(isobutyronitrile) (20 mg, 0.12 mmol) in carbon tetrachloride (40
mL) was refluxed for 2 days. After cooling, the reaction mixture was
meddHEEN T AtdeR R AERBERY T altart ViRt St tactet- with Bt deetdie — 7 -
and water. The organics was dried over magnesium sulfate, filtered, WO
CA3EGIT 164 PETIUBZ006/0186WBIOL75 ARd EdiRirRES R vacudiThevas

residue was chromatographed on a siljca gel to give 167 mg (0,07 mmol,
) GF IR 16 O T NI TEBE 185 6P6P LTS 366 13, 4 -7

L AP AT 0L D BUD RO D

The 4:lgURHskMe s ik bgazimidazole LLabYIae 1ydrochloric acid,
and extracted with ethyl acetate. The organic layer was
dried over magnesium sulfate, filtered, and concentrated in
vacuo. The residue was purified by preparative HPLC eluting
with a 5-95% acetonitrile/water gradient mixture to give
the title compound (153 mg, 68%).

mp. 218-219 °C.

'H NMR (CDCl3) & 0.87 (d, J = 6.9 Hz, 6H), 0.93 (d, J = 6.9
Hz, ©H), 2.19 (s,3H), 2.31-2.43 (m, 2H), 3.77 (s,3H), 3.87
(s,3H), 6.76 (d, J= 2.1 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H),
6.88 (d, J= 2.1 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H).

MS Calcd.: 449; Found: 450 (M+H).

Example 108
4—Chloro~NL(4—chloro—2—methoxy—6—methylphenyl)~7—(1—
isopropyl-2-methylprop-l-en-1-yl)-l-methyl-1H-benzimidazol-

2—-amine
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Methyl 7-chloro-3-methyl-2-oxo0-2,3-dihydro-IH- 10

benzimidazole-4-carboxylate (150 mg, 0.63 mmol) was dissolved in 3 mL
WQeHleadpRBrous oxychloride and heated at 110 C overnight. PAd/Fs304@ht 5646

mixture was allowed to cool to room temperature, poured into a crushed

ice, and stirred for 1 h. The resultant wa9 diluted in ethyl acetate, washed

15 with aqueous sodium bicarbonate, dried over magnesium sulfate,

filtered and concentrated in vacuo. The obtained (147 mg, 90%) was

used in the next reaction without further purification. MS Calcd. : 257;

as WO 2,'@06/11 fil2 PCT/US2006/015646 176 stirred at 130 C
overnigh er cogling,/the reaction mixture was neutralized by aqueous
sodiim hydrogen ate and extracted with ethyl acetate. The

orgafiics wasdrigd ovelymagnesium sulfate, filtered, and 5 concentrated
in vacuo. The resiagewas chromatographed on a silica gel column to
give 68 mg (0.17 mmol, 34%) of the title compound. 'H NMR (CDC13) S
2.19(3H, s), 3.74(3H, s), 3.80(3H, s),

A solution of 3—{4—chloro—2—[(4—chloro—2—methoxy—6—

methylphenyl)amino]—1—methyl—1HLbenzimidazol—7—yl}—2,4—
dimethylpentan-3-o0l (75 mg, 0.17 mmol) in trifluoroacetic
acid (3 mL) was heated at 70 °C for 1lh. After cooling, the
reaction mixture was concentrated in vacuo, neutralized
with saturated sodium hydrogen carbonate, and extracted
with ethyl acetate. The organic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo. The
residue was purified by preparative HPLC eluting with a 5-
95% acetonitrile/water gradient mixture to give the title
compound (58 mg, 80%).

mp. 166-168 °C.

M NMR (CDCl3) & 0.65 (d, J = 6.6 Hz, 3H), 1.06 (d, J = 6.6
Hz, 3H), 1.40 (s, 3H), 1.82 (s,3H), 2.37 (s,3H), 3.02-3.08
(m, 1H), 3.19 (s,3H), 3.67 (s,3H), 6.70 (d, J = 8.7 Hz, 1H),
6.76 (d, J= 2.1 Hz, 1H), 6.90 (d, J = 2.1 Hz, 1H), 7.22 (d,
J = 8.7 Hz, 1H).

MS Calcd.: 431; Found: 432 (M+H).



3.95(3H, s), 6.17(1H, br), 6.76(IH, d, J = 1.8 Hz), 6.88(1H, 10d,J=1.8
Hz), 7.14(1H, d, J = 8.1 Hz), 7.53(1H, d, J = 8.1 Hz). MS Calcd. : 393;
WEYNGHI8YZ (M+H). PCT/US2006/015646
1-{4-Chloro-2-[(4-chloro-2-methoxy-6-methylphenyl)amino]-1- 15
methyl-IH-benzimidazol-7-yl}-2,2-diméethylpropan-l-one A n-pentane
solution of tert-butyl lithium (1.46 M, 0.5 ml) was added to a solution of
methyl 4-chloro-2-[(4-
chloro-2-methoxy-6-methylphenyl)amino]-1-methyl-IH-
Exﬁéﬁﬁﬁ‘ué@z%le 7-carboxylate (100 mg, 0.23 mmol) in diethyl 20 ether (5
at-78 C and stirred for 1h. The reaction mixture was diluted with

18D Shiffed af Po‘o?ﬁ Ht%ﬁﬂ%ﬁé(tu?e Iﬂ?rtélg tPhfR&Rttacted dhk) ~1-

thyl aceta The_ or wa d pve nes fate, filtered,

et % gl entrgfédlm - esc sildufaﬁw § pur| e Ozlisi)ztre%areﬁ%e
HPLC The resultant was neutrallzed with WO 2006/116412

0Q6/015646 177 aqueous sodium hydrogen carbonate and
extracted W|t)’1 ethyl acetate. The organics was dried over magnesium
sulfate, filteged, and concentrated in vacuo to give 31 mg (0.073 mmol,
32%) of the ti (ﬁnpoun@,@ mp. 249-250 C 1H NMR (CDC13) S
.37(3H, s), 3.80(3H, s), 6.10(1H, br), 6.78(IH, d,
=1.8Hz),7.08 (1H, d, J=8.1 Hz), 7.10 (1H,

o P

Cl

5 Example 109 was prepared in the similar method
described in Example 108.
mp. 166-168 °C.
H NMR (CDCls) & 0.96 (t, J= 7.5 Hz, 3H), 1.82 (d, J = 6.6
Hz, 3H), 2.19 (s, 3H), 2.32-2.57 (m, 2H), 3.58 (s, 3H),

10 3.80 (s, 3H), 5.52 (g, J= 6.6 Hz, 1H), 6.04 (s, 1H), 6.70
(d, J=8.1 Hz, 1H), 6.77 (d, J= 2.1 Hz, 1lH), 6.88 (d, J =
2.1 Hz, 1H), 7.05 (d, J = 8.1 Hz, 1lH).

MS Calcd.: 403; Found: 404 (M+H).

15 Example 110-124 were prepared in the similar method

described in Example 77.

Example 110
4-Chloro-N- (2, 4~-dichloro-6-methylphenyl)-7-(l-ethylpropyl) -

20 l-methyl-1H-benzimidazol-2-amine



10 MS Calcd. : 419; Found: 420 (M+H). Example 106
3-{4-Chloro-2-[(4-chloro-2-methoxy-6-methylphenyl)amino]-1-

Worstied I1I41Benzimidazol-7-yl}-2,2,4,4-tetramethylpentan-3-ol ESH/NSE) 15646
bCI N 15 CI A n-pentane solution of tert-butyl lithium (1.46 M, 0.5 ml) was
added to a solution of methyl 4-chlorot3-}(4-
chloro-2-methoxy-6-methylphenyl)amino]-1-methyl-IH-
benzimidazole-7-carboxylate (100 mg, 0.23 mmol) in diethyl 20 ether (5
ml) at -78 C and stirred for Ih. The reaction mixture was diluted with water

irred at room WO 2006/116412 PCT/US2006/015646 178

re for 0.5 h and extracted with ethyl acetate. The organics was

rQ/agnesium sulfate, filtered, and concentrated in vacuo. The

Was purifigdd by preparative HPLC. The resultant was neutralized

2.20(3H, s), 3.67(3H, 5),\3.75(3H, s), 6.76(1H, s), 6.87(1H, ), 7.09(1H, d,
J=9.0 Hz), 7.21(1H, d, J& 9.0 Hz).

mp 237-238 °C.

'y NMR (CcDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,

4H), 2.18 (s, 3H), 3.15-3.25 (m, 1H), 3.71 (s, 3H), 6.00-
5 6.05 (m, 1H), 6.87 (d, J = 8.4 Hz, 1H), 7.05 (m, 1H), 7.16

(d, J=2.4 Hz, 1H), 7.31(d, J = 2.4 Hz, 1H).

MS Calcd.: 409; Found: 410 (M+H), 412.

Example 111
10 4-Chloro-N-(2,4-dimethoxy-6-methylpyridin-3-yl)-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine

/
-
/A

0
Cl /
N=—

" NMR (CDCl3) & 0.81 (t, J = 7.5 Hz, 6H), 1.60-1.80 (m,
4H), 2.43 (s, 3H), 3.15 (m, 1H), 3.66 (s, 3H), 3.78 (s, 3H),

15 3.88 (s, 3H), 6.45 (s, 1H), 6.85 (d, J = 8.1 Hz, 1H), 7.11
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MS Calcd. : 477; Found: 478 (M+H). 15 Example 107
3-{4-Chloro-2-[(4-chloro-2-methoxy-6-methylphenyl)amino]-1-

WQorstied 11I41Benzimidazol-7-yl}-2,4-dimethylpentan-3-ol 4 OH RCRUSAMS/INS646
C1-0 CI To a solution of methyl 4-chloro-2-[(4-chloro-2 WO
21)1)6/116412 PCT/US211116/111564%3 179
methoxy-6-methylphenyl)amino)-1-methyl-IH-benzimidazole-7-
carboxylate (200 mg, 0.50 mmol) in diethylether (3 mL) was added
dropW|se a pentane solution of i |soprop | lithium (0.7 M solution, 5 mL) at
(d:78€ =arft- stirFser atldl T fof 149 5(Fhe téhction mixture was quenched with
6N hydrochlorlc acid, and extracted with ettlgll acetate. The organic layer

MS Rl Ged oé@rzmagﬂl%&ﬂm $8ad Mitited, H-concentrated in vacuo.

The residue was purified by preparative HPLC eluting with a 5-95%
acetonitrile/water gradient mixture to give 10 the title compound (153 mg,

18-219 C. 1H NMR (CDC13) 6 0.87 (d, J = 6. 9 Hz, 6H) ,
Exg%@@n%ag 6.9 Hz, 6H), 2.19 (s,3H), 2.31-2.43 (m, 2H), 3.77 (s,3H), 3.87

4-Chloro-N-[2-methoxy~-5-(trifluoromethyl)phenyl]-1-methyl-

7-{(l-propylbutyl)-1H-benzimidazol-2-amine

/
N

/>—H o—
N

Cl

mp 178-180 °C.

'H NMR (CDCl3) & 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.75 (s, 3H),
3.99 (s, 3H), 6.90-7.00 (m, 3H), 7.20-7.30 (m. 2H), 8.24 (s,
1H) .

MS Calcd.: 453; Found: 454 (M+H).

Example 113
4-Chloro-N-[2,4-dichloro-5-(trifluoromethyl)phenyl]-1-

methyl-7-(l-propylbutyl)-1H-benzimidazol-2-amine
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(s,3H), 6.76 (d, J = 2.1 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 156.88 (d, J =
2.1 Hz, 1H), 7.08 (d, J = 8.4 Hz, 1H). MS Calcd.: 449; Found: 450 (M+H).
WQEXMHIe41D8 4-Chloro-N-(4-chloro-2-methoxy-6-methylpheny§-7¥$2086/015646
isopropyl-2-methylprop-l-en-1-yl)-1-methyl-IH-benzimidazol- 2-amine WO
21)1)6/116412 PCT/US2111)6/1)156464180 N\/)---N OMe N(CICI A
solution of 3-{4-chloro-2-[(4-chloro-2-methoxy-6-
methylphenyl)amino]-I-methyl-IH-benzimidazol-7-yl}-2,4-
dlmethylpentan -3-ol (75 mg, 0.17 mmol) in trifluoroacetic 5 acid (3 mL)
C for Ih. After coollng the reaction mlxture was

te, figgyred, and concentrated in vacuo. The 10
ified by preparative HPLC eluting with a 5- 95%

(4
)

carbopatg, angiextr ted with ethyl acetate. The organic layer was dried
@

ixture to give the titte compound (58 mg,
R (CDC13) S 0.65 (d, J = 6.6 Hz, 3H), 1.06

80%). nG}. 166-168
(d,J=6.6

mp 206-208 °C.

'y NMR (CDCls) & 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.86 (s, 3H),
6.89 (s, 1H), 7.00 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 8.4 Hz,
1H), 7.56 (s, 1H), 8.25-8.65 (br, 1H).

MS Calcd.: 493; Found: 454 (M+H).

Example 114
4-Chloro-N- (4-chloro-2, 6-dimethylphenyl) -1-methyl-7-(1-

propylbutyl)-1H-benzimidazol-2-amine

/
N H
)—N
N

Cl

Cl

mp 230-232 °C.
'H NMR (CDCls) & 0.85 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,

4H), 1.55-1.80 (m, 4H), 2.10-2.20 (m, 6H), 3.20-3.90 (m,
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15 Hz, 3H), 1.40 (s, 3H), 1.82 (s, 3H) , 2.37 (s, 3H) , 3.02-3.08 (m, 1H),
3.19 (s,3H), 3.67 (s,3H), 6.70 (d, J = 8.7 Hz, 1H), 6.76 (d, J = 2.1 Hz, 1H),
W@E06(H1632 2,1 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H). MS Calcd. PAI1V$280(riejit 5646
432 (M+H). 20 WO 2006/116412 PCT/US2006/015646 181 Example
109 4-Chloro-N-(4-chloro-2-methoxy-6g8aethylphenyl)-7-[(12)-1-
ethylprop-1-en-l-yl]-1-methyl-1H-benzimidazol-2-amine N />_N OMe N
CI CI 5 Example 109 was prepared in the similar method described in
Example 108. mp. 166-168 C. 1H NMR (CDC13) 8 0.96 (t, J = 7.5 Hz,
AHBH)61.82 (dsJ =16 HA 3P, 240 (4, 3HP 433 2,571M, 2H); 8%8/(s20 (m,
3H), 10 3.80 (s, 3H), 5.52 (q, J = 6.6 Hz, 1H), 6.04 (s, 1H), 6.70 (d,J =
3HB:1 Hz, 1H), 6.77 (d, J = 2.1 Hz, 1H), 6.88 (d, J = 2.1 Hz, 1H), 7.05 (d, J
= 8.1 Hz, 1H) MS Calcd.: 403; Found: 404 (M+H). 15 Example 110-124
MS ek Breparéd i tHeeSiRfiar fmethod dEstribed in Example 77.

Example 115
N- (4-Bromo-2, 6—-dimethylphenyl) -4-chloro-l-methyl-7-(1-

propylbutyl)-1H-benzimidazol-2-amine

Cl
Br

mp 234-236 °C.

ly NMR (CDCls) & 0.85 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
4H), 1.55-1.80 (m, 4H), 2.10-2.20 (m, 6H), 3.15-3.80 (m,
4H), 5.90-6.20 (br, 1H), 6.85 (d, J = 8.4 Hz, 1H), 7.00-
7.20 (m, 1H), 7.20-7.25 (m, 2H).

MS Calcd.: 463; Found: 464 (M+H).

Example 116
5-{[4-Chloro-1-methyl-7- (1-propylbutyl)-1H-benzimidazol-2-

yllamino}-4-methylpyridin-2 (1H)-one



Example 110 4-Chloro-N-(2,4-dichloro-6-methylphenyl)-7-(1-ethylpropyl)-
20 1-methyl-1H-benzimidazol-2-amine WO 2006/116412
WEDnIIB2006/015646 182 N\ Zj-N CI N// Cl -0 ClI mp 237-2S8/CS20Pp/015646
NMR (CDC13) 6 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m, 4H), 2.18 (s, 3H),
3.15-3.25 (m, 1H), 3.71 (s, 3H), 6.00-£s6.05 (m, 1H), 6.87 (d, J = 8.4 Hz,
1H), 7.05 (m, 1H), 7.16 (d, J = 2.4 Hz, 1H), 7.31(d, J = 2.4 Hz, 1H). MS
Calcd.: 409; Found: 410 (M+H), 412. Example 111 10
4-Chloro-N-(2,4-dimethoxy-6-methylpyridin-3-yl)-7-(1-
ethylpropyl)-1-methyl-IH-benzimidazol-2-amine N\/,>/-N O- N/ Clj/\ N-
CDt13) 6 0.81 (t, J = 7.5 Hz, 6H), 1.60-1.80 (m, 4H), 2.43 (s,
3H), 3.15 (m, h ), 3.66 (s, 3H), 3.78 (s, 3H),

Cl

mp 237-239 °C.

4 NMR (CDCl;) & 0.80-0.95 (m, 6H), 1.00-1.80 (m, B8H),

2.10-2.30 (m, 3H), 3.20-4.85 (m, 4H), 5.55 (s, 1H), 6.30-
5 7.70 (m, 4H), 8.35-8.60 (br, 1H).

MS Calcd.: 386; Found: 387 (M+H).

Example 117

4-Chloro-l-methyl-7-(l-propylbutyl)-N-(5,6,7,8-

10 tetrahydronaphthalen-1-yl)~-1H-benzimidazol-2-amine
N
H
~—N
N
Cl

mp 236-238 °C.

'y NMR (CDCls) & 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m,

4H), 1.60-1.95 (m, 8H), 2.66 (t, J = 6.3 Hz, 2H), 2.81 (t,
15 J = 6.3 Hz, 2H), 3.20-3.40 (m, 1H), 3.60 (s, 3H), 6.11 (s,

1H), 6.69 (d, J = 7.8 Hz, 1H), 6.81L (d, J = 7.8 Hz, 1H),



10

15

15 3.88 (s, 3H), 6.45 (s, 1H), 6.85 (d, J = 8.1 Hz, 1H), 7.11 WO
2006/116412 PCT/US2006/015646 183 (d, J = 8.1 Hz, 1H), 7.25 (m, 1H)

WQPBaIAIeH12 402; Found: 403 (M+H), 405. Example 1125  PCT/US2006/015646
4-Chloro-N-[2-methoxy-5-(trifluoromethyl)phenyl]-1-methyl-
7-(1-propylbutyl)-1H-benzimidazol-2-ariihe NH/>-NO-N/~ CIFF mp
178-180 C. 1H NMR (CDC13) 8 0.86 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m, 10
4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.75 (s, 3H), 3.99 (s, 3H),
6.90-7.00 (m, 3H), 7.20-7.30 (m. 2H), 8.24 (s, 1H). MS Calcd.: 453;

6. BBun@-454 (MBHf 13 Exdfiple 1183 (£, J ='7.8 Hz, 1H), 7.20 (d,
4-Chloro-N-[2,4-dichloro-5-(trifluoromethyl)phenyl]-1-

I Fethyl- 2@ propyioutyl)-1H-benzimidazol-2-amine WO 2006/116412

usFC{ 23200057040, 4% NG

Example 118
4-Chloro-2- (5-methoxy-2, 3-dihydro-1H-indol-1-yl)-1-methyl-

7- (1l-propylbutyl)-1H-benzimidazole

/

N

2—N

N

Cl
O/

H NMR (CDClz) o6 0.8%9 (t, J = 7.5 Hz, ©6H), 1.15-1.30 (m,
4H), 1.60-1.80 (m, 4H), 3.17 (t, J = 8.1 Hz, 2H), 3.30-3.50
(m, 1H), 3.76 (s, 6H), 4.20 (t, J = 8.1 Hz, 2H), 6.45-7.30
(m, 5H).

MS Calcd.: 411; Found: 412 (M+H).

Example 119
1-[{4-Chloro-1-methyl-7- (1-propylbutyl)-1H-benzimidazol-2-

yl]-6-methoxy-1,2,3,4-tetrahydroguinoline



N/~ CIFCI FF mp 206-208 C. 'H NMR (CDC13) 8 0.86 (t, J = 7.5 Hz,
6H), 1.10-1.30 (m, 4H), 1.55-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.86 (s,
WRERP6/51648D (s, 1H), 7.00 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 8.4 P{ZI/US3§06/015646
7.56 (s, 1H), 8.25-8.65 (br, 1H). MS Calcd.: 493; Found: 494 (M+H).
Example 114 10 4-Chloro-N-(4-chloroi28-dimethylphenyl)-1-methyl-7-(1-
propylbutyl)-1H-benzimidazol-2-amine NH N N CI CI mp 230-232 C. 1H
NMR (CDC13) S 0.85 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m, 15 4H), 1.55-1.80
(m, 4H), 2.10-2.20 (m, 6H), 3.20-3.90 (m, WO 21)1)6/116412
6/1)15646 185 4H), 6.00 (s, 1H), 6.85 (d, J = 8.4 Hz, 1H),

Cl

O—

'H NMR (CDCls) & 0.86 (t, J = 7.2 Hz, 6H), 1.15-1.30 (m,

4H), 1.55-1.75 (m, 4H), 2.05-2.20 (m, 2H), 2.88 (t, J = 6.6

Hz, 2H), 3.30-3.40 (m, 1H), 3.58 (s, 3H), 3.75 (s, 3H),
5 3.88 (t, J = 6.6 Hz, 2H), 6.34 (d, J = 8.5 Hz, 1H), 6.57

(dd, J = 8.5, 3.0Hz, 1H), 6.69 (d, J = 3.0 Hz, 1H), 6.97 (d,

J=28.1 Hz, 1H), 7.19 (d, J = 8.1 Hz, 1H).

MS Calcd.: 425; Found: 426 (M+H).

10 Example 120
1-[4-Chloro-l-methyl-7- (l-propylbutyl)~1H-benzimidazol-2-

yl]-7-methoxy-2,3,4,5-tetrahydro-1H-1-benzazepine

)—N
Cl

O—

'H NMR (CDCl3) & 0.80 (t, J = 7.2 Hz, 6H), 1.05-1.20 (m,

15 AH), 1.50-1.90 (m, 8H), 2.80-3.00 (m, 2H), 3.10-3.25 (m,
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N-(4-Bromo-2,6-dimethylphenyl)-4-chloro-l-methyl-7-(1-
propylbutyl)-1H-benzimidazol-2-amine N HN N Gl Br mp 234-236 C. 10
WO HNIR4EDC13) 6 0.85 (t, J = 7.5 Hz, 6H), 1.10-1.30 (m, 4PQTAUSHA6B05646
(m, 4H), 2.10-2.20 (m, 6H), 3.15-3.80 (m, 4H), 5.90-6.20 (br, 1H), 6.85 (d,

J =8.4 Hz, 1H), 7.00- 7.20 (m, 1H), 772®-7.25 (m, 2H). MS Calcd.: 463;
Found: 464 (M+H). 15 Example 116
5-1[4-Chloro-1-methyl-7-(1-propylbutyl)-1H-benzimidazol-2-
ylJamino)-4-methylpyridin-2(1H)-one WO 2006/116412
1HPCTIUE2006/015646 1867R HA-N3NIGI N -8 O 4ng©@3tBe 2HH 6. 95

NMR (CDC13) 0.80-0.95 (m, 6H), 1.00-1.80 m,8H?
(m, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.87

d, J = 8.4 Hz, 1H),
7.14 (d, J = 8.4 Hz, 1H).

MS Calcd.: 439; Found: 440 (M+H).

Example 121
5-Bromo-N- (4-chloro-2-methoxy-6-methylphenyl) -7~ (1-

ethylpropyl)-l-methyl-1H-benzimidazol-2-amine

2>——H OMe

Br N

C

mp. 276-278 °C.

ly NMR (CDCls) & 0.86 (t, J= 7.5 Hz, 3H), 1.66-1.84 (m,

4#), 2.01 (s, 3H), 2.14 (s, 3H), 3.13-3.21 (m, 1H), 3.82 (s,
3H), 3.83 (s, 3H), 5.80-6.20 (br, 1H), 6.80 (d, J = 2.4 Hz,
1H), 6.89 (d, J = 2.4 Hz, 1H), 7.05 (s, 1H), 7.47 (s, 1H).

MS Calcd.: 493; Found: 494 (M+H).

Example 122
5-Chloro-4-{[4-chloro-1l-methyl-7-(l-propylbutyl)-1H-

benzimidazol-2-yl]lamino}-2- (trifluoromethyl)phenol



2.10-2.30 (m, 3H), 3.20-4.85 (m, 4H), 5.55 (s, 1H), 6.30- 5 7.70 (m, 4H),
8.35-8.60 (br, 1H). MS Calcd.: 386; Found: 387 (M+H). Example 117
WQL20Md 64 methyl-7-(1-propylbutyl)-N-(5,6,7,8- 10 PCT/US2006/015646
tetrahydronaphthalen-I-yl)-1H-benzimidazol-2-amine NH/1>--N 6 CI
mp 236-238 C. 1H NMR (CDC13) 8 018&)(t, J = 7.5 Hz, 6H), 1.10-1.30 (m,
4H), 1.60-1.95 (m, 8H), 2.66 (t, J = 6.3 Hz, 2H), 2.81 (t, 15J = 6.3 Hz,
2H), 3.20-3.40 (m, 1H), 3.60 (s, 3H), 6.11 (s, 1H), 6.69 (d, J = 7.8 Hz, 1H),
6 81 (d J=7.8 Hz, 1H), WO 2006/116412 PCT/US2006/015646 187
34z, 1H), 7.03 (t, J = 7.8 Hz, 1H), 7.20 (d, J = 8.4 Hz, 1H).
. 409 /Found 410 (M+H). 5 Example 118
hethoxy-2,3-dihydro-IH-indol-1-yl)-1-methyl-
ﬁenzim'@azole N-N NCI\

mp 197-199 °C.

'y NMR (CDCls) & 0.87 (t, J = 7.2 Hz, 6H), 1.15-1.35 (m,

4H), 1.60-1.80 (m, B5H), 3.30-3.40 (m, 1H), 3.88 (s, 3H),
5 6.97 (d, J = 8.4 Hz, 1H), 7.13 (s, 1H),7.19 (d, J = 8.4 Hz,

1H), 7.20-7.30 (m, 2H).

MS Caled.: 473; Found: 474 (M+H).

Example 123
10 4-Chloro-N-[2,4-dimethoxy-5-(trifluoromethyl)phenyl]-1-

methyl-7- (1-propylbutyl)-1H-benzimidazol-2-amine

N
H
)—N O—
N
Cl
F o—
F F

mp 196-198 °C.
'Y NMR (CDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.15-1.30 (m,

15 44), 1.60-1.80 (m, 4H), 3.30-3.40 (m, 1H), 3.78 (s, 3H),
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20

O' 'H NMR (CDC13) S 0.89 (t, J = 7.5 Hz, 6H), 1.15-1.30 (m, 10 4H),
1.60-1.80 (m, 4H), 3.17 (t, J = 8.1 Hz, 2H), 3.30-3.50 (m, 1H), 3.76 (s,
WA PER, J = 8.1 Hz, 2H), 6.45-7.30 (m, 5H). MS Calcd.: PLE/FAfe/015646
412 (M+H). 15 Example 119 :
1-[4-Chloro-I-methyl-7-(I-propylbutyl)-1H3benzimidazol-2-
yl]-6-methoxy-1,2,3,4-tetrahydroquinoline WO 2006/116412
PCT/US2006/015646 188 N-N N CI\/ O- 1H NMR (CDC13) 5 0.86 (t,
J=7.2 Hz, 6H), 1.15-1.30 (m, 4H), 1.55-1.75 (m, 4H), 2.05-2.20 (m, 2H),
3-788 (t53 = 8% Hz 32135 3.80-3.40 {m, FHP B.58s, 3H) 3.76 (663H)s5 1H),
6 8gJ:GQHLZH,634%J:85H11H,657de:&53OHL
%ﬁ) %o (4, T B30 HE 11597 (3 48,1 iz= 1R &7 Ba(d1EE8.8 2 (s,
1 H). MS Calcd.: 425; Found: 426 (M+H). 10 Example 120
1-[4-Chloro-I-methyl-7-(1-propylbutyl)-1H-benzimidazol-2-

u/IEZTRRNON3 3,4 BIEiAVdIR M bhgrzazepine N

Example 124-144 were prepared in the similar method

described in Example 97.

Example 124

4—Chloro—2—(mesityloxy)-1—methyl—7—(1—propylbutyl)—1H;

benzimidazole
/
N
~»—0
N
Cl

mp 165-167 °C.
'H NMR (CDCls) & 0.88 (t, J = 7.2 Hz, 6H), 1.20-1.40 (m,
4H), 1.60-1.80 (m, 4H), 2.17 (s, 6H), 2.30 (s, 3H), 3.30-

3.45 (m, 1H), 3.96 (s, 3H), 6.85-6.95 (m, 3H), 7.10 (d, J =
8.1 Hz, 1H).

MS Calcd.: 398; Found: 399 (M+H).

Example 125



/>-N N ClI HNMR (CDC13)50.80 (t, J = 7.2 Hz, 6H), 1.05-1.20 (m, 15
4H), 1.50-1.90 (m, 8H), 2.80-3.00 (m, 2H), 3.10-3.25 (m, WO
WQous/11842 2 PCT/US2006/015646 189 1H), 3.19 (s, 3H) , DCT/US2004)015646
3.80-4.30 (br, 2H) , 6.95 (m, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.87 (d, J=8.4
Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H). MSI@alcd.: 439; Found: 440 (M+H). 5
Example 121 5-Bromo-N-(4-chloro-2-methoxy-6-methylphenyl)-7-(1-
ethylpropyl)-1-methyl-1H-benzimidazol-2-amine N />-N OMe Br\cl 10
mp. 276-278 C. 1H NMR (CDC13) 6 0.86 (t, J = 7.5 Hz, 3H) , 1.66-1.84
4-frhlamp 2201( (5, g 02 2245 6301 e TR 8L PR GROKN), 3782 €s; 3H), 3.83
s, 3H), 5.80-6.20 (br, 1H1, 6.80 (d, J=2.4 Hz, 1H), 6.89 (d, J = 2.4 Hz,
ety PAOR YL TH) PATHEL THIT RS MSTELEF 0463; Found: 494 (M+H).
Example 122 5-Chloro-4-{[4-chloro-I-methyl-7-(1-propylbutyl)-1H-

/

N

)—o

N

Cl
Cl
mp 168-169 °C.
5 'Y NMR (CDCls) & 0.87 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,
4H), 2.81 (s, ©6H), 3.20-3.30 (m, 1H), 3.98 (s, 3H), 6.92 (d,

J= 8.1 Hz, 1H), 7.10 (s, 2H), 7.13 (d, J = 8.1 Hz, 1H).

MS Calcd.: 390; Found: 391 (M+H), 393.

10 Example 126
4-Chloro-2-(2, 6-dimethoxy-4-methylphenoxy)-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazole

/
l\];>-——O o—

O

Cl /

mp 161-162 °C.

15 'H NMR (CDCl3) & 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m,



benzimidazol-2-ylJamino}-2-(trifluoromethyl)phenol WO 2006/116412

PCT/US2006/015646 190 NH/>-NCI N/\ CIFOH FF mp 197-199
W@200p{I¥IR (CDC13) S 0.87 (t, J = 7.2 Hz, 6H), 1.15-1.35 (mP@AYS2006/015646

1.60-1.80 (m, 5H), 3.30-3.40 (m, 1H), 3.88 (s, 3H), 56.97 (d, J = 8.4 Hz,

1H), 7.13 (s, 1H),7.19 (d, J = 8.4 Hz, 1d4), 7.20-7.30 (m, 2H). MS Calcd.:
473; Found: 474 (M+H). Example 123 10

4-Chloro-N-[2,4-dimethoxy-5-(trifluoromethyl)phenyl]-1-
methyl-?-(l-propylbutyl)-1H-benzimidazo|-2-amine N H/>NO-NCIF O-
4HF,mp 136-188 C3HH NMR4EDT1H) S(@.851H )3 = F:7 iz (6H), Hi5-1R3F> (s,

(m. 15 4H), 1.60-1.80 (m, 4H). 330-3.40 (. 1H), 3.78 (5. 3H), |

3H), 6.47 (s, Z2H), d, J =

I

8.4 Hz, 1H).

MS Calcd.: 402; Found: 403 (M+H), 405.

Example 127
4-Chloro-2-(2,4-dichlorophenoxy)-1l-methyl-7-(1-

propylbutyl)-1H-benzimidazole

N
)—0  CI
N

Cl
10 mp 87-88 °C.
4y NMR (CDCls) & 0.87 (t, J = 7.2 Hz, 6H), 1.10-1.40 (m,
4H), 1.60-1.90 (m, 4H), 3.30-3.45 (m, 1H), 3.97 (s, 3H),
6.98 (d, J = 8.4 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 7.32
(dd, J = 8.8, 2.4 Hz, 1H), 7.47 (d, J = 2.4 Hz, 1H), 7.74
15 (d, J = 8.8 Hz, 1H).

MS Calcd.: 424; Found: 425 (M+H).

Example 128
2- (4~-Bromo-2-chlorophenoxy)-4-chloro-1-methyl-7-(1-

20 propylbutyl)-1H-benzimidazole



WO 2006/116412 PCT/US2006/015646 191 3.88 (s, 3H), 3.99 (s, 3H),
6.57 (s, 1H), 6.66 (s, 1H), 6.92 (d, J = 8.4 Hz, 1H), 7.17 (d, J = 8.4 Hz,
WO pIGELERAE, 1H). MS Calcd.: 483; Found: 484 (M+H). 5 Ex31ajhlES2006/015646
124-144 were prepared in the similar method described in Example 97.
Example 124 10 4-Chloro-2-(mesityloxg)I-methyl-7-(1-propylbutyl)-1H-
benzimidazole N N Cl mp 165-167 C. 1H NMR (CDC13) 6 0.88 (t,j = 7.2
Hz, 6H), 1.20-1.40 (m, 15 4H), 1.60-1.80 (m, 4H), 2.17 (s, 6H), 2.30 (s,
3H), 3.30- 3.45 (m, 1H), 3.96 (s, 3H), 6.85-6.95 (m, 3H), 7.10 (d, J= 8.1
Hz, 1H). MS Calcd.: 398; Found: 399 (M+H). 20 Example 125 WO
2006/T16412¥CT/US2006/015646 192
4-Chlorg-2-(4-ohloro-2,6-dimethylphenoxy)-7-(1-
' ethyl-1H-benzimidazole N
/

Cl

Br

mp 97-99 °C.
'Yy NMR (CDCls) & 0.87 (t, J = 7.2 Hz, 6H), 1.10-1.40 (m,
4H), 1.60-1.90 (m, 4H), 3.30-3.45 (m, 1H), 3.97 (s, 3H),
5 6.98 (d, 'J = 8.4 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 7.47
(dd, J = 8.8, 2.4 Hz, 1H), 7.63 (d, J = 2.4 Hz, 1H), 7.70
(d, J = 8.8 Hz, 1H).

MS Calcd.: 470; Found: 471 (M+H).

10 Example 129
4-Chloro-2-(2,4-dichloro-6-methylphenoxy)-1-methyl-7-(1-

propylbutyl)-1H-benzimidazole

/
N
)—0  Cl
N
Cl
Cl
mp 148-150 °C.
15 4 NMR (CDCls) & 0.88 (t, J = 7.2 Hz, 6H), 1.10-1.40 (m,
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N CIClI mp 168-169 C. 5 1H NMR (CDC13) 6 0.87 (t, J = 7.5 Hz, 6H),
1.60-1.85 (m, 4H), 2.81 (s, 6H), 3.20-3.30 (m, 1H), 3.98 (s, 3H), 6.92 (d,

WQ 0GR 1H), 7.10 (s, 2H), 7.13 (d, J= 8.1 Hz, 1H). MS CHET/U320)6/015646
Found: 391 (M+H), 393. 10 Example 126
4-Chloro-2-(2,6-dimethoxy-4-methylpiérioxy)-7-(1-
ethylpropyl)-1-methyl-1H-benzimidazole NN O /\ CI/mp 161-162 C. 15
1H NMR (CDC13) 6 0.84 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m, WO
2006/116412 PCT/US2006/015646 193 4H), 2.36 (s, 3H), 3.20-3.30 (m,

4H) H), B. 60! 686, 3005 (LH3H) ,%.4% (s{BH) 36189 (F -PL83 44, i), #H) -
.10 (d, J = 8.4 Hz, 1H). MS Calcd.: 402; Found; 403 (M+H?, 405. 5

3'%§ar$1iﬂe $57 '4-@h?o70-(2j-(2,HT-cﬁ”cFﬁor%pﬁéno%ﬁh’-m%tﬁﬁ-?-?l’- J = 8.4 Hz,

1pProrylbutyl) IH-benzimidazole oy g 50 (@, g = 2.4 Bz, 1H).

MS Calcd.: 438; Found: 439 (M+H).

Example 130
4-Chloro-2-(4-chloro-2, 6—~dimethylphenoxy)-l-methyl-7-(1-

propylbutyl)-1H-benzimidazole

)—0

Ci
Cl

mp 160-162 °C.

'y NMR (CDCls) & 0.88 (t, J = 7.2 Hz, 6H), 1.15-1.40 (m,
4H), 1.60-1.80 (m, 4H), 2.19 (s, 6H), 3.30-3.45 (m, 1H),
3.97 (s, 3H), 6.94 (d, J = 8.4 Hz, 1H), 7.10-7.20 (m, 3H).

MS Calcd.: 418; Found: 418 (M+H).

Example 131
2- (4-Bromo-2, 6-dimethylphenoxy)-4-chloro-l-methyl-7-(1-

propylbutyl)-1H-benzimidazole



N//>-OCl CINCI 10 mp 87-88 C. 1H NMR (CDC13) 8 0.87 (t,J=7.2
Hz, 6H), 1.10-1.40 (m, 4H), 1.60-1.90 (m, 4H), 3.30-3.45 (m, 1H), 3.97 (s,
W@E6/B16812d, J = 8. 4 Hz, 1H) , 7.17 (d, J = 8. 4 Hz, 1H) , 7.32C{HSY86/015646
8.8, 2.4 Hz, 1H), 7.47 (d, J = 2.4 Hz, 1H), 7.74 15 (d, J = 8.8 Hz, 1H). MS
Calcd.: 424; Found: 425 (M+H). Exampte 128
2-(4-Bromo-2-chlorophenoxy)-4-chloro-l-methyl-7-(1- 20
propylbutyl)-1H-benzimidazole WO 2006/116412 PCT/US2006/015646
194 N CI Br mp 97-99 C. 1H NMR (CDC13) 6 0.87 (t, J = 7.2 Hz, 6H),
, 4H), 1.60-1.90 (m, 4H), 3.30-3.45 (m, 1H), 3.97 (s, 3H), 5
= 8%MHz, 1H), 7.18 (d,J=8.4 Hz, 1H) , 7.47 (dd, J = 8.8, 2.4
7.63(d, J=2.4Hz, 1H), 7.70 (d, J = 8.8 Hz, 1H). MS Calcd.:
e (M-lC-)H). 10 Example 129

Cl

Br

mp 155-157 °C;

'y NMR (CDCl3) & 0.88 (t, J = 7.2 Hz, 6H), 1.20-1.40 (m,

4H), 1.60-1.80 (m, 4H), 2.19 (s, 6H), 3.30-3.45 (m, 1H),
5 3.97 (s, 3H), 6.94 (d, J = 8.4 Hz, 1H), 7.13 (d, J = 8.4 Hz,

1H), 7.20-7.30 (m, 2H).

MS Calcd.: 464; Found: 465 (M+H).

Example 132
10 4-Chloro-1-methyl-7-(l-propylbutyl)-2-(2,4,6-

trichlorophenoxy)-1H-benzimidazole

/
N
)—Q ¢l
N
cC
cl

mp 148-150 °C.

!y NMR (CDCl;) & 0.88 (t, J = 7.2 Hz, 6H), 1.20-1.40 (m,

15 4H), 1.60-1.80 (m, 4H), 3.30-3.45 (m, 1H), 3.99 (s, 3H),
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4-Chloro-2-(2,4-dichloro-6-methylphenoxy)-1-methyl-7-(1-
propylbutyl)-1H-benzimidazole N N CI CI mp 148-150 C. 15 1H NMR
WQeHwe18#820.88 (t,J =7 .2 Hz, 6H), 1.10-1.40 (m, WO 20084 1/8%2906/015646
PCT/US2006/015646 195 4H), 1.60-1.80 (m, 4H), 2.31 (s, 3H), 3.30-3.45
(m, 1H), 3.98 (s, 3H), 6.95 (d, J = 8.4197, 1H), 7.14 (d, J = 8.4 Hz, 1H),
7.20 (d, J = 2.4 Hz, 1H), 7.31 (d, J = 2.4 Hz, 1H). MS Calcd.: 438; Found:
439 (M+H). 5 Example 130
4-Chloro-2-(4-chloro-2,6-dimethyl henog{)-l-meth [-7-(1-
6. Bropifbutyl)-THEhénZihidazBler N'N1 &1 € 107nip %6(‘?—152 C.HHNMR- 26 (s,
1H§CDC}1§%S O.88ét, J =7.2 Hz, 6H), 1.15-1.40 (m, 4H), 1.60-1.80 (m, 4H),
n9'(s, H)(,53.3 Bs (m, 1H), 3.97 (s, 3H), 6.94 (d, J = 8.4 Hz, 1H),

us/PR1EZ0 My SED- MR Galcd s 418 Lqund: 419 (M+H).

Example 133
4-Chloro-2-(2, 6-dimethoxy-4-methylphenoxy)-1l-methyl-7-(1-

propylbutyl)-1H-benzimidazole

/
N
,—0 Oo—
N

O
Cl /

mp 203-205 °C.

'H NMR (CDCls) & 0.87 (t, J = 7.2 Hz, 6H), 1.15-1.40 (m,
4H), 1.60-1.80 (m, 4H), 2.36 (s, 3H), 3.30-3.45 (m, 1H),
3.77 (s, 6H), 3.95 (s, 3H), 6.47 (s, 2H), 6.90 (d, J = 8.4
Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H).

MS Calcd.: 430; Found: 431 (M+H).

Example 134
9-{[4-Chloro-l-methyl-7-(l-propylbutyl)-1H-benzimidazol-2-
ylloxy}-1,2,5,6-tetrahydro~4H-pyrrolo[3,2,1-ij]lquinolin-4-

one



15 Example 131 2-(4-Bromo-2,
6-dimethylphenoxy)-4-chloro-I-methyl-7-(1- propylbutyl)-1H-benzimidazole
W@ 081216412 PCT/US2006/015646 196 N N Cl Br mpPIHBUB3(H06/015646
'H NMR (CDC13) S 0.88 (t, J = 7.2 Hz, 6H), 1.20-1.40 (m, 4H), 1.60-1.80
(m, 4H), 2.19 (s, 6H), 3.30-3.45 (m, 1H%85 3.97 (s, 3H), 6.94 (d,J=8.4
Hz, 1H), 7.13 (d, J = 8.4 Hz, 1H), 7.20-7.30 (m, 2H). MS Calcd.: 464;
Found: 465 (M+H). Example 132 10
4-Chloro-1-methyl-7-(I-propylbutyl)-2-(2,4,6-
trichlorophenoxy)-1H-benzimidazole NN CI CI CI mp 148-150 C. 1H
0.88 (t, J = 7.2 Hz, 6H), 1.20-1.40 (m, 15 4H), 1.60-1.80

mp 150-152 °C.

Yy NMR (CDCl3) & 0.88 (t, J = 7.2 Hz, 6H), 1.15-1.40 (m,

4H), 1.60-1.80 (m, 4H), 2.70 (t, J = 7.8 Hz, 2H), 2.98 (t,
5 J = 7.8 Hz, 2H), 3.17 (t, J = 8.7 Hz, 2H), 3.30-3.45 (m,

1H), 3.92 (s, 3H), 4.10 (t, J = 8.7 Hz, 2H), 6.90-7.05 (m,

3H), 7.17 (d, J = 8.1 Hz, 1H).

MS Calcd.: 451; Found: 452 (M+H).

10 Example 135
2-(2-Bromo-4-chlorophenoxy)-4-chloro~7-(l-ethylpropyl)-1-

methyl-1H-benzimidazole

2}——0 Br

c
cl
mp 114-115 °C.

15 'y NMR (CDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m,
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197 6.97 (d, J = 8.4 Hz, 1H), 7.15 (d, J = 8.4 Hz, 1H), 7.26 (s, 1H), 7.43
(s, 1H). MS Calcd.: 458; Found: 459 (M+H). 5 Example 133
WQL20M0316422(2,6-dimethoxy-4-methylphenoxy)-I-methyl-7-(1- PCT/US2006/015646
propylbutyl)-1H-benzimidazole N />-O O-N/CI O mp 203-205 C. 10 1H
NMR (CDC13) 8 0.87 (t, J = 7.2 Hz, 6H)91.15-1.40 (m, 4H), 1.60-1.80 (m,
4H), 2.36 (s, 3H), 3.30-3.45 (m, 1H), 3.77 (s, 6H) , 3.95 (s, 3H) , 6.47 (s,
2H), 6.90 (d, J =8.4 Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H). MS Calcd.: 430;
Found: 431 (M+H). 15 Example 134

AH . {[AChiord- et 7-LiLbropy iR Ry H-8hzimkla26l-29, 7 = 8.4 Hz,

lJoxy}-1,2,5,6-tetrahydro-4H-pyrrolo[3,2, 1-ijjquinolin-4- one WO
1 hood1 18415p CF 105 So0b/GtB646F 98%%0(?{?' J= 2.4, 8.7 Hz,

1H), 7.63 (d, J= 2.4 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1lH)

MS Calcd.: 440; Found: 441 (M+H), 443, 445.

Example 136
5-Bromo-2- (4-chloro-2, 6—dimethylphenoxy)-7-(1l-ethylpropyl) -

l-methyl-1H-benzimidazole

/>—o

Cl
mp 214-216 °C.
4 NMR (CDCls3) & 0.86 (t, J = 7.5 Hz, 6H), 1.65-1.83(m, 4H),
2.18(s, 6H), 3.18-3.26 (m, 1H), 3.95 (s, 3H), 7.08-7.10 (m,
3H), 7.46 (d, J= 2.1 Hz, 1lH).

MS Calcd.: 433; Found: 434 (M+H).

Example 137
2- (4-Bromo-2, 6-dimethylphenoxy)-4-chloro-7-(l-ethylpropyl) -

l-methyl-1H-benzimidazole



O mp 150-152 C. 1H NMR (CDC13) 6 0.88 (t, J = 7.2 Hz, 6H), 1.15-1.40
(m, 4H), 1.60-1.80 (m, 4H), 2.70 (t, J = 7.8 Hz, 2H), 2.98 (t, 5J = 7.8 Hz,
WQR6GBLI6A1R, J = 8.7 Hz, 2H), 3.30-3.45 (m, 1H), 3.92 (s, 3H), BCIU§2W6/015646
8.7 Hz, 2H), 6.90-7.05 (m, 3H), 7.17 (d, J = 8.1 Hz, 1H). MS Calcd.: 451,
Found: 452 (M+H). 10 Example 135200
2-(2-Bromo-4-chlorophenoxy)-4-chloro-7-(1-ethylpropyl)-1-
methyl-1H-benzimidazole N 0 Br N CI ClI mp 114-115 C. 15 1H NMR
(CDC13) 6 0.85 (t, J = 7.2 Hz, 6H), 1.60-1.85 (m, WO 2006/116412
SI/US2Q06/015646 199 4H), 3.15-3.30 (m, 1H), 3.98 (s, 3H), 6.96 (d, J
8.4{Hz, 1H)/718(d J=8.4Hz 1H),7.37 (dd, J = 2. 4, 8.7 Hz, 1H),

ﬁ%:: 1H), 7.76 (d, J = 7.8 Hz, 1H) MS Calcd.: 440; Found:
3

445, 5 Example 136
-2,6-dimethylphenoxy)-7-(1-ethylpropyl)-

Br
mp 197-198 °C.
ly NMR (CDCls) & 0.86 (t, J = 7.2 Hz, 6H), 1.75-1.82 (m,
4H), 2.18 (s, 6H), 3.19-3.25 (m, 1H), 3.97 (s, 3H), 6.91 (d,
5 J = 8.1 Hz, 1H), 7.12 (d, J = 8.1 Hz, 1H), 7.24 (s, 2H).

MS Calcd.: 434; Found: 435 (M+H).

Example 138

4-Chloro-7-(1l-ethylpropyl)-l1-methyl-2-(2,4,6-

10 trichlorophenoxy)-1H-benzimidazole
/
N
)—0  ClI
N
Cl Cl
Cl

mp 155-157 °C.
ly NMR (CDCls) & 0.86 (t, J = 7.2 Hz, 6H), 1.65-1.77 (m,
4H), 3.18-3.25 (m, 1H), 3.99 (s, 3H), 6.93 (d, J = 8.4 Hz,

15 1H), 7.15 (d, J = 8.4 Hz, 1H), 7.42 (s, 2H).
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1-methyl-1H-benzimidazole N Br N CI 10 mp 214-216 C. 1H NMR
(CDC13) 30.86 (t, J = 7.5 Hz, 6H), 1.65-1.83(m, 4H), 2.18(s, 6H),
WE20863 610, 1H), 3.95 (s, 3H), 7.08-7.10 (m, 3H), 7.46 (d, PEDUSHP6/015646
1H). MS Calcd.: 433; Found: 434 (M+H). 15 Example 137
2-(4-Bromo-2,6-dimethylphenoxy)-4-&iaro-7-(1-ethylpropyl)-
1-methyl-1H-benzimidazole WO 2006/116412 PCT/US2006/015646 200
NN CIBr mp197-198 C. 1H NMR (CDC13) S 0.86 (t, J = 7.2 Hz, 6H),
1.75-1.82 (m, 4H), 2.18 (s, 6H), 3.19-3.25 (m, 1H), 3.97 (s, 3H), 6.91 (d,
MS 5CRE@H HZ4 3R, Fonpd:) 43811 HETHEY, 7.24 (s, 2H). MS Calcd.: 434;
Found: 435 (M+H). Example 138
4-Chloro-7-(I-ethylpropyl)-I-methyl-2-(2,4,6- 10

trichlorophenoxy)-1H-benzimidazole
Example ?38 y)

4-Chloro-T7-(l-ethylpropyl)-2-[ (4-methoxy-2, 6-

dimethylpyridin-3-yl)oxyl-l-methyl-1H-benzimidazole

/
N
)—0O  OMe
N
7 N\
N=

Cl

mp 183-184 °C.

'y NMR (CDCls) & 0.86 (t, J = 7.2 Hz, 6H), 1.68-1.82 (m,
4H), 2.45 (s, 3H), 2.52 (s, 3H), 3.20-3.26 (m, 1H), 3.76 (s,
3H), 3.96 (s, 3H), 6.66 (s, 1H), 6.91 (d, J = 8.4 Hz, 1H),
7.12 (d, J = 8.4 Hz, 1H).

MS Calcd.: 387; Found: 388 (M+H).

Example 140
4-Chloro-2-[2,6-dichloro-4- (trifluoromethoxy)phenoxyl-7-(1-

ethylpropyl) -l-methyl-1H-benzimidazole



N />-O ClI N CICICl mp 155-157 C. 1H NMR (CDC13) S0.86 (t,J=7.2
Hz, 6H), 1.65-1.77 (m, 4H), 3.18-3.25 (m, 1H), 3.99 (s, 3H), 6.93 (d, J =
W@20492164821H), 7.15 (d, J = 8.4 Hz, 1H), 7.42 (s, 2H). WO 2006V U84962015646

PCT/US2006/015646 201 MS Calcd.: 430; Found: 431 (M+H). Example
139 4-Chloro-7-(I-ethylpropyl)-2-[(4-nmthoxy-2,6- 5
dimethylpyridin-3-yl)oxy]-I-methyl-IH-benzimidazole N />-O OMe N CI N-
mp 183-184 C. 1H NMR (CDC13) 6 0.86 (t, J = 7.2 Hz, 6H) , 1.68-1.82
(m, 4H), 2.45 (a, 3H), 2.52 (a, 3H), 3.20-3.26 (m, 1H), 3.76 (s, 10 3H),

Q6 (s.34), 6.66 (s, 1H), 6.91 (d, J = 8.4 Hz, 1H), 7.12 (d, J = 8.4 Hz,
1H). MS Calc/d.: 387; Found: 388 (M+H). Example 140

N
)—0 ¢l
N

OCF

mp 145-147 °C.

ly NMR (CDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.68-1.82 (m,

4H), 3.20-3.24 (m, 1H), 4.00 (s, 3H), 6.95 (d, J = 8.4 Hz,
5 1H), 7.16 (d, J = 8.4 Hz, 1H), 7.32 (s, 2H).

MS Calcd.: 480; Found: 481 (M+H).

Example 141
3-{[4-Chloro-7- (l-ethylpropyl)-1l-methyl-1H-benzimidazol-2-

10 ylloxy}-N,N, 2, 6-tetramethylpyridin-4-amine

/
N
)—0  NMe,
N
7 N\
N=

Cl

mp 175-177 °C.
'y NMR (cDCls) & 0.86 (t, J = 7.2 Hz, 6H), 1.70-1.82 (m,
4H), 2.27 (s, 3H), 2.46 (s, 3H), 2.92 (s, 6H), 3.20-3.24 (m,

15 1H), 3.97 (s, 3H), 6.49 (s, 1H), 6.91 (d, J = 8.1 Hz, 1H),
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15 4-Chloro-2-[2,6-dichloro-4-(trifluoromethoxy)phenoxy]-7-(l-
ethylpropyl)-I-methyl-1H-benzimidazole WO 2006/116412

WERIHIB2006/015646 202 ~Qci/ ~ Cl Cl OCF3 mp 145-14PCT/HPNNMR1S646
(CDCI3) S 0.85 (t, J = 7.2 Hz, 6H), 1.68-1.82 (m, 4H), 3.20-3.24 (m, 1H),
4.00 (s, 3H),6.95(d, J=8.4Hz, 51M4)37.16 (d, J = 8.4 Hz, 1H), 7.32 (s,
2H). MS Calcd.: 480; Found: 481 (M+H). Example 141
3-{[4-Chloro-7-(1-ethylpropyl)-1-methyl-IH-benzimidazol-2- 10
ylloxy}-N,N,2,6-tetramethylpyridin-4-amine N />-O NMe2 N CI N- mp

7. 325497 & WNMRH(BDéﬁé) 6 0.86 (t, J = 7.2 Hz, 6H), 1.70-1.82 (m,
4H) 2.27 (s, 3H), 2.46 (s g 2.92 (s 6H), 3.20-3.24 (m, 15 1H), 3.97

MS (Caipd 6iad POAHCBET (40= 84Nz, 1H) , WO 2006/116412
PCT/U82111)6/1)15646 203 7.12 (d J 8.1 Hz, 1H)

Example 142
3,5-Dichloro-4-{[4-chloro-7-(l-ethylpropyl)-1-methyl-1H-

benzimidazol-2-yl]loxy}-N,N-dimethylaniline

/
N
)—0  Cl
N
c C

NMe

mp 200-202 °C.

'y NMR (CDCls;) & 0.86 (t, J = 7.2 Hz, 6H), 1.68-1.81 (m,
4H), 2.97 (s, 6H), 3.20-3.26 (m, 1H), 3.98 (s, 3H), 6.62 (s,
2H), 6.91 (d, J = 8.4 Hz, 1H), 7.12 (d, J = 8.4 Hz, 1H).

MS Calcd.: 439; Found: 440 (M+H).

Example 143
3,5-Dichloro~-2-{[4-chloro-7-(l-ethylpropyl)-l-methyl-1H-

benzimidazol-2-yl]oxy}-N,N-dimethylbenzamide



MS Calcd.: 400; Found: 401 (M+H). Example 142 5
3,5-Dichloro-4-{[4-chloro-7-(1-ethylpropyl)-1-methyl-IH-

W esiiel2ol-2-ylJoxy}-N,N-dimethylaniline N N /\ CI CI NMROT/#006/015646
200-202 C. 1H NMR (CDC13) 8 0.86 (t, J = 7.2 Hz, 6H), 1.68-1.81 (m, 10
4H), 2.97 (s, 6H), 3.20-3.26 (m, 1H), 3098 (s, 3H), 6.62 (s, 2H), 6.91 (d, J
= 8.4 Hz, 1H), 7.12 (d, J = 8.4 Hz, 1H). MS Calcd.: 439; Found: 440
(M+H). Example 143 15
3,5-Dichloro-2-{[4-chloro-7-(1-ethylpropyl)-1-methyl-IH- benzimidazol-2-yl]
axy}-N,N-dimethylbenzamide WO 2006/116412 PCT/US2006/015646

Cl

mp 141-143 °C.

ly NMR (CDCls) & 0.84 (t, J = 7.2 Hz, 6H), 1.67-1.81 (m,

AH), 2.63 (s, 3H), 3.08 (s, 3H), 3.20-3.23 (m, 1H), 3.95 (s,
5 34), 6.95 (d, J = 8.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H),

7.18 (4, J = 2.4 Hz, 1H), 7.51 (d, J = 2.4 Hz, 1H).

MS Calcd.: 467; Found: 468 (M+H).

Example 144
10 4-Chloro-2- (4—chloro-2-methoxy-6-methylphenoxy)-7-(1-ethyl-

-propyl)-l-methyl-1H-benzimidazole

)—0O  OMe

Cl
Cl
mp 165-167 °C.

4 NMR (CDCls;) & 0.86 (t, J = 7.2 Hz, 6H), 1.75-1.82 (m,

15 4H), 2.27 (s, 3H), 3.20-3.24 (m, 1H), 3.71 (s, 3H), 3.95 (s,
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20

7.18 (d,J =2.4 Hz, 1H), 7.51 (d, J = 2.4 Hz, 1H). MS Calcd.: 467; Found:

468 (M+H). Example 144 10
WQL2000d16422(4-chloro-2-methoxy-6-methylphenoxy)-7-(1-ethyPCT/US2006/015646

-propyl)-1-methyl-IH-benzimidazole N />-O OMe N CI Cl mp 165-167 C.

IH NMR (CDC13) 8 0.86 (t, J = 7.2 HZ ®H), 1.75-1.82 (m, 15 4H), 2.27 (s,

3H), 3.20-3.24 (m, 1H), 3.71 (s, 3H), 3.95 (s, WO 2006/116412

PCT/US2006/015646 205 3H), 6.81 (d, J =2.4 Hz, 1H), 6.86 (d, J =2.4

Hz, 1H), 6.90 (d, J = 8.1 Hz, 1H), 7.11 (d, J = 8.1 Hz, 1H) MS Calcd.: 406;
3HEurft 8ib7 (F?J’Ir—|r|—|'§y EE?(afanféZMElH .86 (d, 2.4 Hz, 1H),

2-(2,4-Dichloro-6-methylphenoxy 1-ethylpropyl)-4-
6. AbtHGky-t.nTethylt 1|—P|%en}ﬁ1|%|daiolé(19N7jN %0 T1 8x miktare b -

chloro-7-(1-et I ropyl)-1- 0 1H-benzimidazole (200 mg,
Ocﬁ')% r%mol)zgél’dl oréPB r%Jg:};:y ol (398 mg, 2.25 mmol),

potassium carbonate (311

Example 145
2-(2,4-Dichloro-6-methylphenoxy)-7-(l-ethylpropyl)-4-

methoxy—-l-methyl-1H-benzimidazole
N
/>7O Cl
N

C

A mixture of 2,4-dichloro-7-(l-ethylpropyl)-1l-methyl-
lH-benzimidazole (200 mg, O.iSO mmol), 2,4-dichloro-6-
methylphenol (398 mg, 2.25 mmol), potassium carbonate (311
mg, 2.25 mmol) and l-methyl-2-pyrrolidone (0.5 ml) was
stirred at 120 °C for 12 h under nitrogen atmosphere. The
mixture was diluted with water, extracted with ethyl
acetate, and washed with brine. The organic layer was
dried over magnesium sulfate, and concentrated in vacuo.
The residue was purified by chromatography on silica gel
with a 2-30% ethyl acetate/n-hexane gradient mixture and
crystallized from methanol to afford the title compound as

colorless crystals (109 mg, 36%).
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mg, 2.25 mmol) and 1-methyl-2-pyrrolidone (0.5 ml) was stirred at 120 C
for 12 h under nitrogen atmosphere. The mixture was diluted with water,

W@ teckEeHRith ethyl 15 acetate, and washed with brine. The dgaMIS2pdH 5646
was dried over magnesium sulfate, and concentrated in vacuo. The
residue was purified by chromatogragtiyson silica gel with a 2-30% ethyl
acetate/n-hexane gradient mixture and crystallized from methanol to
afford the title compound as 20 colorless crystals (109 mg, 36%). WO
2006/116412 PCT/US2006/015646 206 mp 130-131 C. 1H NMR

mp (EBC1 6 686 (t, J = 7.5 Hz, 6H), 1.60-1.85 (m, 4H), 2.30 (s, 3H),
3.15-3.25 (m, 1H), 3.89 (s, 3H), 3.97 (s, 3H), 6.64 (d, J = 8.4 Hz, 1H)

"H QW (d(IRFSA HB, 186 7(15 (071 = 178 Pz ), $B5( lx 20d S (s

1H). MS Calcd.: 406; Found: 407 (M+H), . E le 146
b 22Brind Achibioph n&%/_)%?- -ethnﬁpf%)qp%d)-ﬁ?hrg%o)(is/" g 397 (s,
methyl-IH-benzimidazo 1>-0O NOQCJ-E ple 146
3H)pfe;:%a'r§élin§%é siﬁrgi%r ﬁ'ebzho%z’ B{H)’ %%2 (CHS o mz, 1m),
7.15 (d, J= 1.8 Hz, 1H), 7.25 (d, J = 1.8 Hz, 1lH).

MS Calcd.: 406; Found: 407 (M+H), 4009.

Example 146
2- (2-Bromo-4-chlorophenoxy)-7-(l-ethylpropyl) -4-methoxy-1-

methyl-1H-benzimidazole

/
T}%——O Br
N

Cl

Example 146 was prepared in the similar method
described in Example 145.
mp 106-107 °C.
'y NMR (CDCls) & 0.85 (t, J = 7.2 Hz, 6H), 1.50-1.85 (m,
4H), 3.10-3.25 (m, 1H), 3.92 (s, 3H), 3.97 (s, 3H), 6.66 (d,

J = 8.7 Hz, 1H), 6.95 (d, J = 8.7 Hz, 1H), 7.32 (dd, J =

I

2.4, 7.8 Hz, 1H), 7.59 (d, J 2.4 Hz, 1H), 7.66 (d, J

7.8 Hz, 1H)

MS Calcd.: 436; Found: 437 (M+H), 439, 441.



described in Example 145. mp 106-107 C. 15 1H NMR (CDC13) 5 0.85 (t,
j=7.2 Hz, 6H), 1.50-1.85 (m, 4H), 3.10-3.25 (m, 1H), 3.92 (s, 3H), 3.97
WQ08¢41@86 (d, J =8.7 Hz, 1H), 6.95 (d, J = B. 7 Hz, 1H) , PE2/$300pA15646
2.4,7.8Hz,1H),7.59 (d,J=2.4 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H) 20
MS Calcd.: 436; Found: 437 (M+H), 4397 441. WO 2006/116412
PCT/US2006/015646 207 Example 147
2-(2-Bromo-4-chlorophenoxy)-7-(1-ethylpropyl)-1-methyl-IH-
benzimidazol-4-ol N Br N5 OH / ClI To a solution of
2-(2-bromo-4-chlorophenoxy)-7-(1-
ethylpro yl%-4-methoxy-l-methyl-lH-benzimidazole (80 mg, 0.18 mmol) in
EXEW’\?&OE& hane (2 mL) was added dropwise a dichloromethane solution

1M, 2 mL) of b tribromid 100 G, tirred at t
- S e 100 s e

begr%qmefggazcéﬁq th ethyl acetate. The organic layer. was dried over

magnesium sulfaté, filtered, and concentrated in vacuo. The residue was
washed with isopropyl ether and hexane 15 (1:1) to give the title
ompound (67 mg, 86%). mp 175-177 C.

N Br

>0

N
OH Cl

To a solution of 2—(2—bromo—4—chlofophenoxy)—7—(1—

ethylpropyl)-4-methoxy-l-methyl-1H-benzimidazole (80 mg,
0.18 mmol) in dichloromethane (2 mL) was added dropwise a
dichloromethane solution (1M, 2 mL) of boron tribromide at

10 0 °C, and stirred at room temperature for 1 h. The reaction
mixture was cooled at 0 °C, quenched with water, and
extracted with ethyl acetate. The organic layer was dried
over magnesium sulfate, filtered, and concentrated in wvacuo.
The residue was washed with isopropyl ether and hexane

15 (1:1) to give the title compound (67 mg, 86%).
mp 175—177 °C.
'H NMR (CDCls) & 0.85 (t, J = 7.5 Hz, 6H), 1.66-1.82 (m,
4H), 3.08-3.18 (m, 1H), 3.96 (s, 3H), 6.00-6.40 (br, 1H),
6.71 (d, J = 8.1 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H), 7.35

20 (dd, g = 2.4, 8.7 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 7.65

(d, J = 2.4 Hz, 1H).
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1H NMR (CDC13) 6 0.85 (t, J = 7.5 Hz, 6H), 1.66-1.82 (m, 4H), 3.08-3.18
(m, 1H), 3.96 (s, 3H), 6.00-6.40 (br, 1H), 6.71 (d, J = 8.1 Hz, 1H), 6.92 (d,
WQ20@/11p#21H), 7.35 20 (dd, J = 2.4, 8.7 Hz, 1H), 7.54 (d, J PETUF200144).5646
7.65 (d,J=2.4 Hz, 1H). WO 2006/116412 PCT/US2006/015646 208 MS
Calcd.: 422; Found: 423 (M+H). Exardplé 148
2-(2-Bromo-4-chlorophenoxy)-4-(difluoromethoxy)-7-(1- 5
ethylpropyl)-I-methyl-IH-benzimidazole N Br N F\ O ClI F To a solution of
agueaqus potassium hydroxide £50% solution) was added dropwise a
MSolbfiaiT fz'-é?}b%dm opnd: 423 (M+H).
chlorophenoxy)-7-(l-ethylpropyl)-lI-methyl-IH-benzimidazol 10 4-ol in
dichloromethane (2 mL) at O C. After stirring for 20 min, to the reaction
Ixtur bubbled chlorodifluoromethane at O C for 30 min. The
E%%g%%ce)enw%%xture was diluted with water, and extracted with ethyl acetate.

2-The BIgARIC @&W@f@gﬁgr@% magnesium sylfate. 17 fitered; @396

concentrated in vacuo. The residue was purified by preparative HPL

et@lyting g S930k wseionithle/watergradient mixture to give the title
compound as an oil (24 mg, 43%).

/
S
FYO \©\Cl

F

To a solution of agueous potassium hydroxide (50%
solution) waé added dropwise a solution of 2-(2-bromo-4-
chlorophenoxy)-7-(l-ethylpropyl)-l-methyl-1H-benzimidazol-
4-0l in dichloromethane (2 mL) at 0 °C. After stirring for
20 min, to the reaction mixture was bubbled
chlorodifluoromethane at 0 °C for 30 min. The reaction
mixture was diluted with water, and extracted with ethyl
acetate. The organic layer was dried over magnesium sulfate,
filtered, and concentrated in vacuo. The residue was
purified by preparative HPLC eluting with a 5-95%
acetonitrile/water gradient mixture to give the title
compound as an oil (24 mg, 43%).

'H NMR (CDCl3) & 0.85 (t, J = 7.2 Hz, 6H), 1.64-1.87 (m,

4H), 3.17-3.27 (m, 1H), 3.99 (s, 3H), 6.94-7.00 (m, 2H),
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1H NMR (CDC13) 3 0.85 (t, J = 7.2 Hz, 6H) , 1.64-1.87 (m, 20 4H),
3.17-3.27 (m, 1H), 3.99 (s, 3H), 6.94-7.00 (m, 2H), WO 21)1)6/116412
WEDWIB2121)6/1)15646 209 7.09 (t, J = 76 Hz, 1H), 7.38 (d@CTAIS2006H 15646

Hz, 1H), 7.65 (d, J = 2.4 Hz, 1H), 768éd J = 8.7 Hz, 1H). MS Calcd.:
472; Found: 473 (M+H). 5 Example 44

2-(2-Bromo-4-chlorophenoxy)-7-(1-ethylpropyl)-4-(2-furyl)-
1-methyl-1H- benzimidazole | N/>-OBr NO CI

- 039 e(:]fthy rq:) I§I2 furmmlm?tg)gfliééglhygro

H),
azole Loh& T xture o

Hz,
romo-7-(1- ethylpropyl) Z1 methyl-

nzimid e-2 (159 mg, 0.595 I
615 uthylstanyl)%ur%%] (Baéziﬂmg 7;%% m%?ol)%l toll?en?gg'r)nf)ﬂv?/as added

MS t@%@lgg(tnp@e;ylp%gg@e)gaﬁ@dwmﬁg) (117 15 mg, 0.101 mmol) and the

mixture was refluxed for 3 h. After cooling, the solvent was evaporated in

vacuo and the residue was diluted with ethyl acetate. The ethyl acetate

solution was washed with aqueous saturated sodium bicarbonate and
Exdifilhee dried over magnesium sulfate
2—(2—Bromo—4—chlorophenoxy)—7—(1—ethylpropyl)—4—(2—furyl)—

l-methyl-1H-benzimidazole
N
2}——0 Br
N

— Cl
7-(1-Ethylpropyl) -4-(2-furyl)-l-methyl-1, 3-dihydro-2H-
benzimidazole-2-one

To a mixture of 4-bromo-7-(l-ethylpropyl)-1l-methyl-
1, 3-dihydro-2H~benzimidazole-2-one (150 mg, 0.505 mmol) and
2-(tributhylstanyl) furan (361 mg, 1.01 mmol) in toluene (2
ml) was added tetrakis (triphenylphosphine)palladium(0) (117
mg, 0.101 mmol) and the mixture was refluxed for 3 h. After
cooling, the solvent was evaporated in vacuo and the
residue was diluted with ethyl acetate. The ethyl acetate

solution was washed with agueous saturated sodium

bicarbonate and Dbrine, dried over magnesium sulfate

filtered and concentrated under vacuum. The residue was
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20 filtered and concentrated under vacuum. The residue was WO
2006/116412 PCT/US2006/015646 210 purified by preparative HPLC
WQRMnd AR a 5-95% acetonitrile/water gradient mixture to giv& B RAY6/015646
(0.285 mmol, 56%) of the title compound. 1H NMR (CDC13) 6 0.83 (t, j =
7.5 Hz, 6H), 1.60-1.80 (m, 5 4H), 3.181925 (m, 1H), 3.66 (s, 3H), 6.52
(dd,J=2.1, 3.3 Hz, 1H), 6.68 (d, J = 3.3 Hz, 1H), 6.95 (d, J = 8.1 Hz,
1H),7.25(d,J=B.4Hz, 1H),7.51 (d, J=2. 1 Hz, 1H), 8.74 (s, 1H).
MS_Calcd.: 284; Found: 285 (M+H). , , .
pufﬁ%f%-?-?f{ethﬁ5%%?/5945'-@27-%rylﬁqlb(-i'n(%ethﬁ-]nl—’}ic%8@2imi‘ﬁ%ﬁ}8le p 57I0%

ac%'?%’é_tgﬁ%gﬂ'éz igyé%r og}@é%égz_r{%ryl -J}é@lels’_‘hé/ |_2t7% n%gﬁgs in8 ?[ 5 19 (0.285

ro-2H-benzimidazole-2-one mg, 0.

mg@os@”@g@u%gqu};gorp@t@g%gﬁpggga‘qmol) was stirred at 120 C for 2

h. The reaction was allowed to codl to room temperature and

1y capgenifaeehin vagug, e residugwas -dissolyed i%%tig"baf?é%tﬁa .80 (m,

washed with aqueous saturated sodium bicarbonate and brine. The
4Hprgapicllayer.was drigd 20iover magnesiym sulfate, filtered gngl, 7 = 2.1,
concentrated in vacuo. The residue was purified by chromatography on
3. Siligx gell Wiith & 18D% @thylaeetaté/nHmxank )gradiepbmixtyre to= gve144iz,
mg (0.145 mmol, 52%) of the title compound. 1H NMR (CDC13) S 0.82 (t,
1H) = 7I5 ¥z, 6H), 1.65-1.854m{iz, 1H), 7.51 (d, J = 2.1 Hz, 1H),
8.74 (s, 1H).

MS Calcd.: 284; Found: 285 (M+H).

2-Chloro-7-(l-ethylpropyl)-4~-(2-furyl)-1l-methyl-1H-
benzimidazole

A mixture of 7-(l-ethylpropyl)-4-(2-furyl)-1l-methyl-
1,3-dihydro-2H-benzimidazole-2-one (79 mg, 0.278 mmol) in
phosphorous oxychloride (0.78 ml, 8.33 mmol) was stirred at
120 °C for 2 h. The reaction was allowed to cool to room
temperature and concentrated in vacuo. The residue was
dissolved in ethyl acetate, washed with aqueous saturated
sodium bicarbonate and brine. The organic layer was dried
over magnesium sulfate, filtered and concentrated in vacuo.
The residue was purified by chromatography on silica gel
with a 1-30% ethyl acetate/n-hexane gradient mixture to
give 44 mg (0.145 mmol, 52%) of the title compound.
'"H NMR (CDCl3) & 0.82 (t, J = 7.5 Hz, 6H), 1.65-1.85 (m,

4H), 3.20-3.35 (m, 1H), 4.01 (s, 3H), 6.54 (dd, J = 1.8,
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25 4H), 3.20-3.35 (m, 1H), 4.01 (s, 3H), 6.54 (dd, J = 1.8, WO
2006/116412 PCT/US2006/015646 211 3.3 Hz, 1H), 7.15 (d, J = 7.8 Hz,

WO RM6ANEI2.50 (m, 2H), 7.67 (d, J = 7.8 Hz, 1H) MS Calcd.: 36X/FR4Ae015646
303 (M+H), 305. 5
2-(2-Bromo-4-chlorophenoxy)-7-(1-et@dgropyl)-4-(2-furyl)-
1-methyl-1H-benzimidazole A mixture of
2-chloro-7-(l-ethylpropyl)-4-(2-furyl)-1- methyl-1H-benzimidazole (42 mg,

.139 mmal), 2-bromo-4- chlorophenal (87 mg, 0.417_mmol)and
3 'gotgééiu:ﬁ%ﬁc?a’rbc?n'a & (58710 thg, 0.41 rﬁﬁnbl%?&)s'he%\te‘}uoaﬁlé@c By 165/

nder an. argon atmosp . The mixture was diluted with water. The
! 'Egluegogds s[}olutios:f v@argzektrg‘ggd with ethyl acetate. The extract was

MSW@gﬁ]%\_thhﬁ:@?, gg%glgye%%diqm+%lfat%ogl'§ered and concentrated in

vacuo. The residue was 15 purified by column chromatography on silica
gel with a 1- 20% ethyl acetate/n-hexane gradient mixture to give 45 mg
(0.0950 mmol, 68%) of the title compound) as a colorless crystal. mp

2-159-468r(o-20- i NMB(kdHok3)) 3 0-861t Jth {-D#aBH)) 1470¢2 - 8BH1 ) -
4H), 3.20-3.35 (m, 1H), 4.01 (s, 3H), 6.47 (dd, J = 1.5, 3.3 Hz, 1H), 7.09
1 -k Uy 81 HZz pE), im2ié; J1= 3.3Hz, 1H), 7.35-7.45 (m, 2H), 7.64 (d, J
= 8.1 Hz, 1H), 7.66 (s, 1H), 7.85 (d, J = 9.0 Hz, 1H). 25 MS Calcd.: 472;
FouRd miz8t(MeH)R #78-chloro-7- (1-ethylpropyl) -4- (2-furyl) -1-
methyl-1H-benzimidazole (42 mg, 0.139 mmol), 2-bromo-4-
chlorophenol (87 mg, 0.417 mﬁol)and potassium carbonate (58
mg, 0.417 mmol) was heated at 120 °C for 18 h under an
argon atmosphere. The mixture was diluted with water. The
aqueous solution was extracted with ethyl acetate. The
extract was washed with brine, dried over sodium sulfate,
filtered and concentrated in vacuo. The residue was
purified by column chromatography on silica gel with a 1-
20% ethyl acetate/n-hexane gradient mixture to give 45 mg
(0.0950 mmol, 68%) of the title compound) as a colorless
crystal.
mp 159-162 °C.
'H NMR (CDCl3) & 0.86 (t, J = 7.5 Hz, 6H), 1.70-1.85 (m,
4H), 3.20-3.35 (m, 1H), 4.01 (s, 3H), 6.47 (dd, J = 1.5,
3.3 Hz, 1H), 7.09 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 3.3Hz,
1H), 7.35-7.45 (m, 2H), 7.64 (d, J = 8.1 Hz, 1H), 7.66 (s,
1H), 7.85 (d, J = 9.0 Hz, 1H).

MS Calcd.: 472; Found: 473 (M+H), 475.
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WO 2006/116412 PCT/US2006/015646 212 Example 150
2-(2-Bromo-4-chlorophenoxy)-7-(I-ethylpropyl)-1-methyl-1H-

W 2isitiel2ole-4-carbonitrile N >/O Br NIl N 5 Cl PCT/US2006/015646
7-(1-Ethylpropyl)-l-methyl-2-oxo0-2,3-dihydro-IH- :
benzimidazole-4-carbonitrile A mixturelet
4-bromo-7-(1-ethylpropyl)-1-methyl-1,3 10 dihydro-2H-benzimidazol-2-one
(300 mg, 1.01 mmol) and copper cyanide (116 mg, 1.30 mmol) in
1-methyl-2- pyrrolidone (3 mL) was irradiated by microwave (200w) at
150 C for 1 h. After cooling, to the reaction mixture was diluted with

Ex SR :rLaete;dL §8dium bicarbonate, and extracted 15 with ethyl acetate. The
extract was dried over magnesium sulfate, filtered, and concentrated in

2-@@&%@1@&9};%@%3%@%8%9 JWith 5% dils %QP%&C?ﬁ;fﬂi‘:%%%ﬂ‘? 01 -

give the title compound (209 mg, 86%). 1H NMR(C 80.8

beh B HZBHL1L51-1:83(8n20 AH)e3.18-3.27 (m, 1H), 3.67 (s, 3H), 6.98
(d, J=8.4 Hz, WO 2006/116412 PCT/US2006/015646 213

/
L
Y

7-(1-Ethylpropyl)-1-methyl-2-oxo-2, 3-dihydro-1H-
benzimidazole-4-carbonitrile

A mixture of 4-bromo-7-(l-ethylpropyl)-l-methyl-1, 3-
dihydro-2H-benzimidazol-2-one (300 mg, 1.01 mmol) and
copper cyanide (116 mg, 1.30 mmol) in l-methyl-2-
pyrrolidone (3 mL) was irradiated by microwave (200w) at
150 °C for 1 h. After cooling, to the reaction mixture was
diluted with saturated sodium bicarbonate, and extracted
with ethyl acetate. The extract was dried over magnesium
sulfate, filtered, and concentrated in vacuo. The residue
was washed with 50% diisopropyl ether/n-hexane to give the
title compound (209 mg, 86%).
'"H NMR (CDCl3) & 0.81 (t, J = 7.8 Hz, 6H), 1.57-1.83 (m,

4H), 3.18-3.27 (m, 1H), 3.67 (s, 3H), 6.98 (d, J = 8.4 Hz,
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1H), 7.27 (d, J = 8.4 Hz, 1H), 9.51 (s, 1H). MS Calcd.: 243; Found: 244

(M+H). 2-Chloro-7-(1-ethylpropyl)-1-methyl-1H-benzimidazole-4- 5
WQABhIEHE A mixture of 7-(1-ethylpropyl)-1-methyl-1,3-dihyd R T/US2006/015646

2H-benzimidazol-2-one (3.80 g, 15.6 mmol) and phosphorus oxychloride

(50mL) was heated at 120 C for 6 h.9fter cooling, the reaction mixture

was poured into a crushed ice 10 and stirred for 30 min, neutralized with

sodium hydrogen carbonate and extracted with ethyl acetate. The organic

layers were dried over magnesium sulfate, filtered, c? concentrated in
1H)yaclio? The fesidué whas %‘%eéﬂ%?th (%i':%)i[)ro s§/I et%% to give the title
compound (3,76 9,.92a),. 15 N DC13) S 0.83 (t, J = 7.5 Hz, 6H),
MS f?%rg?l‘?gr (r(%?fl %H)?%&L;%s%l‘i(—%n, H)ﬁ'% (s, 3H), 7.18 (d, J = 8.4 Hz,
1H), 7.58 (d, J = 8.4 Hz, 1H). MS Calcd. : 261; Found: 262 (M+H) 20
2-(2-Bromo-4-chlorophenoxy)-7-(1-ethylpropyl)-i-methyl-1H-
2 - AENzimdazqle-Ascarponitile, £ MiXtwerofy1 -1 -benzimidazole~4-
2-chloro-7-(1-ethylpropyl)-1-methyl-iH benzimidazole-4-carbonitrile (250
ca?Bend.-9%1 mmol), 2-bromo- 4-chlorophenol (595 mg, 2.87 mmol),
potassium carbonate 25 (397 mg, 2.87 mmol) and 1-methyl-2-pyrrolidone

(0.5mbmas A 2006/ 1644 RIRAPAISAIDBAHIL5646h 214 Stifed Hh 1Q0C

for 12 h under nitrogen atmosphere. The mixture was diluted with water,
2 H-éxnactediwitteethyR-one (3.80 g, 15.6 mmol) and phosphorus
oxychloride (50mL) was heated at 120 °C for 6 h. After
cooling, the reaction mixture was poured into a crushed ice
and stirred for 30 min, neutralized with sodium hydrogen
carbonate and extracted with ethyl acetate. The organic
layers were dried over magnesium sulfate, filtered, and
concentrated in vacuo. The residue was washed with
diisopropyl ether to give the title compound (3.76 g, 92%) .
4 NMR (CDCls) & 0.83 (t, J = 7.5 Hz, 6H), 1.65-1.91 (m,
4H), 3.27-3.36 (m, 1H), 4.05 (s, 3H), 7.18 (d, J = 8.4 Hz,
1H), 7.58 (d, J = 8.4 Hz, 1H).

MS Caled.: 261; Found: 262 (M+H).

2-(2-Bromo-4-chlorophenoxy)-7- (l-ethylpropyl) -1-methyl-1H-
benzimidazole-4-carbonitrile

A mixture of 2-chloro-7-(l-ethylpropyl)-l-methyl-1H-
benzimidazole-4-carbonitrile (250 mg, 0.957 mmol), Z2-bromo-
4-chlorophenol (595 mg, 2.87 mmol), potassium carbonate

(397 mg, 2.87 mmol) and l-methyl-2-pyrrolidone (0.5 ml) was
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acetate, and washed with brine. The organic layer was dried over
magnesium sulfate, and concentrated in vacuo. 5 The residue was

W efleed 1y 2chromatography on silica gel with a 2-30% ethyl PCT/US2006/015646
acetate/n-hexane gradient mixture anglﬁrystallized from methanol to
afford the title compound as colorless crystals (134 mg, 320). mp 136-137
C. 10 1H NMR (CDC13) 8 0.85 (t, j = 7.5 Hz, 6H), 1.65-1.90 (m, 4H),
3.25-3.35 (m, 1H), 4.02 (s, 3H), 7.07 (d, J = 8.1 Hz, 1H), 7.39 (dd, J = 2,

stAr8c@Hee Mo 747 (ehd 2 8. & Hzndd), 11856k di 2éddZpHd)ld 81 The
(d, J=7.8 Hz, 1H) MS Calcd.: 431; Found: 432 (M+H), 434. 15 Example

mikbhra-(24Dightore-sameiphencxy)-7{ethypepWikh ethyl
methyl-IH-benzimidazole-4-carbonitrile N/>_ o0 Cl N--O0 NICI 20

acE&xaiple 258 wasgiregareidtin the similar Mmrathod MyehAQ06/32 1841 2va s
PCT/US2006/015646 215 described in Example 150. mp 192-192 C. 1H
dr NMR ¢€OC I®) @ 86Uy FuVf2a kg, 6Ehd.6514@M{mated in vacuo.

The residue was purified by chromatography on silica‘gel
with a 2~-30% ethyl acetate/n-hexane gradient mixture and
crystallized from methanol to afford the title compound as
colorless crystals (134 mg, 32%).

mp 136-137 °C.

'H NMR (CDCls) & 0.85 (t, J = 7.5 Hz, 6H), 1.65-1.90 (m,
4H), 3.25-3.35 (m, 1H), 4.02 (s, 3H), 7.07 (d, J = 8.1 Hz,
1), 7.3%9 (dd, J= 2,4, 8.7 Hz, 1H), 7.47 (d, J = 8.1 Hz,
1H), 7.65 (d, J= 2.4 Hz, 1H), 7.81 (d, J = 7.8 Hz, 1H)

MS Calcd.: 431; Found: 432 (M+H), 434.

Example 151
2-(2,4-Dichloro-6-methylphenoxy)-7- (l-ethylpropyl)-1-

methyl-1H-benzimidazole-4-carbonitrile

/
N
o o
N

|

N

Cl

Example 151 was ' prepared in the similar method
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4H), 2.31 (s, 3H), 3.20-3.35 (m, 1H), 4.01 (s, 3H), 7.04 (d, 5J = 8.4 Hz,

1H), 7.22 (d, J = 2.4 Hz, 1H), 7.32 (d, J = 2.4 Hz, 1H), 7.43 (d, J = 8.4 Hz,
wWa pPsIBalcd.: 401; Found: 402 (M+H), 404. Example 152 ROT/US2006/015646

2-[(4-Chloro-2-methoxy-6-methylphenyl)amino]-7-(1-

ethylpropyl)-1-methyl-1H-benzimidazéfe24-carbonitrile OMe > NN*

H3C I LCI N A mixture of 2-chloro-7-(1-ethylpropyl)-1-methyl-IH-

benzimidazole 4-carbonitrile (1.00 g, 3.82 mmol), 4-chloro- 15

descr % tthI |I|n % .97 g, 11.50 mmol) and 1
thy- -pyrro ?55 ml) was heated at 130 C for 48 h. After cooling,

tkﬂ@éealcé@norelxture was diluted with aqueous saturated sodium hydrogen
carbonate The mixture was extracted with ethyl acetate, dried over

'y Megnesise 20 sufate and concenjrated,in yaguo. ThRyesiqueswas g (n,

purified by column chromatography on silica gel to give the title WO
H)2008/E6412, PGHAUSZ2006/08564%6 246 compoundaas aavhiteryowdero4 (d,
(670 mg, 44%) "H NMR (CDC13) S 0.83 (t, J = 7.5 Hz, 6H), 1.64-1.85 (m,

J “AH), 2.20(s, 3H),,3.17R27 dn, THy 379 ($1:6H)18)13 (3, 3tH) {6,781k J2. 4
= 2.1 Hz, 1H), 6.89 (d, J = 2.1 Hz, 1H),

Hz, 1H), 7.43 (d, J= 8.4 Hz, 1H).

MS Calcd.: 401; Found: 402 (M+H), 404.

Example 152
2-[(4-Chloro-2-methoxy-6-methylphenyl)amino]-7-

ethylpropyl)~-l-methyl-1H-benzimidazole-4-carbonitrile
/ OMe

H,C cl
I :

A mixture of 2-chloro-7-(l-ethylpropyl)-l-methyl-1H-
benzimidazole-4-carbonitrile (1.00 g, 3.82 mmol), 4-chloro-
2-methoxy-6-methylaniline (1.97 g, 11.50 mmol) and 1-
methyl-2-pyrrolidone (0.5 ml) was heated at 130 °C for 48 h.
After cooling, the reaction mixture was diluted with
aquedus saturated sodium hydrogen carbonate. The mixture
was extracted with ethyl acetate, dried over magnesium
sulfate and concentrated in vacuo. The residue was purified

by column chromatography on silica gel to give the title
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56.94 (d, J = 8.1 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H). MS Calcd.: 396;

Found: 397 (M+H). mp. 223-225 C. Example 153 Methyl
WQ2d1tiéRoro-6-methylphenoxy)-7-(l-ethylpropyl)- 10 PCT/US2006/015646

1-methyl-1H-benzimidazole-4-carboxylate N />-0 CI N Me O O CI

Methy! 7-(1-ethylpropyl)-l-methyl-2-ox8£23-dihydro-

1H-benzimidazole-4-carboxylate 15 A mixture of

7-(l-ethylpropyl)-lI-methyl-2-axo-2,3-

. -1H- iy le-a-cabonjtrile. (150 6,6.1 ). patassi
Coﬁ;%g@%eaé)oe%zém 6%?1%8‘1 ,%&ftg'rg@ %ﬂ’ag&" Zh.mmo patassium

roxi nd" éthanol (30 ml) was

1 P gy veflx Jor 48 . The teartion pixiuge, yas copeenirgied

vacuo. The residue was 20 diluted with’ethyl dcetate’and ZN hydrochloric

4n3Gid nasoWR 20864116412 POT/YB20Q6/01564632 badded gngl, 5. 13 (s,

extracted. The extracts were washed with water, dried over magnesium
1H9ylfate aad copcentatediinyacua i give, grudegarboxylig acids Jrimethyl
orthoacetate (10 ml) and toluene (10 ml) were added to the residue and
6. Bdatéd at 3 FOBCIfoH6 h. The redction mixturg was coneentrated in - Ms
vacuo. The residue was purified by column chromatography on
Calcd.: 396; Found: 397 (M+H). mp. 223-225 °C.

Example 153
Methyl 2-(2,4-dichloro-6-methylphenoxy)-7-(l-ethylpropyl)-

l-methyl-1H-benzimidazole-4-carboxylate

/
N

)—0 Cl
N

Me
O 0O

| cl

Methyl 7-(l-ethylpropyl)-l-methyl-2-oxo0-2,3~-dihydro-
lH-benzimidazole-4-carboxylate

A mixture of 7-(l-ethylpropyl)-l-methyl-2-oxo-2,3-
dihydro-1H-benzimidazole-4-cabonitrile (1.50 g,6.17 mmol),
patassium hydroxide (20.0 g, 356 mmol), water (30 ml) and
ethanol (30 ml) was heated under reflux for 48 h. The
reaction mixture was concentrated in vacuo. The residue was

diluted with ethyl acetate and 2N hydrochloric acid was
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silica gel with a 35% ethyl acetate/n-hexane to give 1.31 g (4.74 mmol,

77%) of the title compound as a white powder. 'H NMR (CDC13) 3 0.81
W@ 11412Hz, 6H) , 1.57-1.88 (m, 10 4H), 3.15-3.31 (m, 1H)PGIBEYH)06/015646
3H), 3.95 (s, 3H), 6.96 (d, J=8.48 Hz, 1H), 7.62 (d, J = 8.67 Hz, IH), 9.21

(s, 1H). MS: Calcd.: 276; Found: 272{M+H). Methyl
2-chloro-7-(1-ethylpropyl)-1-methyl-IH-benzimidazole 15 -4-carboxylate A
mixture of methyl 7-(1-ethylpropyl)-1-methyl-2-oxo-
2,3-dihydro-1H-benzimidazole-4-carboxylate (1.30g, 4.70 mmol) and
adds@spishyIeHIGREEaD- miT s FERRRFASL06FE ol 312 $He Yrire RaS T -

diluted with toluene and 20 concentrated jn vacuo to remove excess

dr T)@gg PSP ERERR R Was ARt PAGLeSOR SR IAE Soditin vacue T
. bicarbonat d_extracted with eth . Th
o1 T SR S S el T SRS VP Y

esium su concentrated in vacuo.

he residue purified by chr. tqg i L
I O

108 CHUS3006/045646,218 (4.00. mmol. 854).0fdhe, litle ecsppaiind-asad in
colorless oil. 1H NMR (CDC13) 8 0.82 (t, j = 7.35 Hz, 6H) , 1.64-1.91 (m,

va &), 321 =3.40{mydK) 49148 3k 40D (5, Sl 9dr chia BdPrHphy on
1H), 7.92 (d, J = 8.29 Hz, 1H). 5 Methyl

si2i(@A-giehlaretrmetipaghenaxy)-7s(deathylpropslexane to give 1.31 g
1-methyl-1H-benzimidazole-4-carboxylate

(4.74 mmol, 77%) of the title compound as a white powder.

3 NMR (CDCls) & 0.81 (t, J = 7.44 Hz, 6H), 1.57-1.88 (m,

4H), 3.15-3.31 (m, 1H), 3.65 (s, 3H), 3.95 (s, 3H), 6.96 (d

J = 8.48 Hz, 1H), 7.62 (d, J = 8.67 Hz, 1H), 9.21 (s, 1lH).

MS: Calcd.: 276; Found: 277 (M+H).

Methyl 2-chloro-7-(l-ethylpropyl)-1l-methyl-1H-benzimidazole
—4-carboxylate

A mixture of methyl 7-(l-ethylpropyl)-l-methyl-2-oxo-
2,3-dihydro-1H-benzimidazole-4-carboxylate (1.30qg, 4.70
mmol) and phosphoryl chloride (10 ml) was heated at 100 °c
for 3 h. The mixture was diluted with toluene and
concentrated in vacuo to remove excess reagent. The residue
was diluted with aqueous saturated sodium bicarbonate and
extracted with ethyl acetate. The extracts were washed with
wate;, dried over magnesium sulfate and concentrated in
vacuo. The residue was purified by chromatography on column

silica gel with a 10% ethyl acetate/n-hexane to give 1.18 g
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A mixture of methyl 2-chloro-7-(l-ethylpropyl)-I

methyl-IH-benzimidazole-4-carboxylate (1.15 g, 3.90 mmol), 10
WQL2804itHibId-0-cresol (2.07 g, 11.70 mmol), potassium carboR&E 5208415646

15.60 mmol) and N,N-dimethylformamide (15 ml) was heated at 110 C for

5 h. The residue was diluted with aquéddus saturated sodium bicarbonate

and extracted with ethyl acetate. The extracts were washed 15 with

water, dried over magnesium sulfate and concentrated in vacuo. The

residue was purified by column chromatography, on alumina with a 15%

(4 off) HREtate/ATEXARE 5 YR LBty FIBATHHDI F308) STHhgTingSs ©1t-
d d 177-17§ C. 20 THNMR (CD
VSRS B L R IIRE Y, 1
H). 3. $¢,3H 9 72
48 ) ?é}iﬁso%?d 4Hz)4ll-§§ (?79 (dﬁf]; S%Q&I—%) 1H)1%/|g§J 5171(:3@

43 R quZ 43p( +H) 25 WO 2306/14 644 2;RCTA}H2006/015646 219
Example 154 [2-( /4-Dichioro-6- -methylphenoxy)-7-(1-ethylpropyl)-1-

methyl-IH-benzimidazol-4-yllmethanol NN Me HO

Methyl 2-(2,4-dichloro-6-methylphenoxy)-7-(l-ethylpropyl)-
1-methyl-1H-benzimidazole-4-carboxylate

A mixture of methyl 2-chloro-7-(l-ethylpropyl)-1-
methyl-1H-benzimidazole-4-carboxylate (1.15 g, 3.90 mmol),
4,6-dichloro-o-cresol (2.07 g, 11.70 mmol), potassium
carbonate (2.16 g, 15.60 mmol) and N,N-dimethylformamide
(15 ml) was heated at 110 °C for 5 h. The residue was
diluted with aqueous saturated sodium bicarbonate and
extracted with ethyl acetate. The extracts were washed
with water, dried over magnesium sulfate and concentrated
in vacuo. The residue was purified by column chromatography
on alumina with a 15% ethyl acetate/n-hexane to give 1.41 g
(3.24 mmol, 83%) of the title compound as a white powder.
mp 177-178 °C.
'H NMR (CDCls) & 0.86 (t, J = 7.44 Hz, 6H), 1.65-1.92 (m,
4H), 2.36 (s, 3H), 3.25-3.39 (m, 1H), 3.84 (s, 3H), 4.03 (s,
3H) 7.06 (d, J = 8.29 Hz, 1H), 7.21 (d, J = 1.88 Hz, 1lH),
7.30 (d, J = 2.64 Hz, 1H), 7.79 (d, J = 8.29 Hz, 1H).

MS: Calcd.: 435; Found: 436 (M+H).



Cl 5 A mixture of methyl 2-(2,4-dichloro-6-methylphenoxy)-
7-(1-ethylpropyl)-I-methyl-IH-benzimidazole-4-carboxylate (1.00 g, 2.30
WM IE#AIM borohydride (100 mg, 4.60 mmol) and tetrahyBtFEA(& 015646
ml) was heated at 55 C for 1 h. The reaction mixture was concentrated in
vacuo. The 10 residue was diluted with %queous saturated sodium
bicarbonate and extracted with ethyl acetate. The extracts were washed
with water, dried over magnesium sulfate and concentrated in vacuo. The
Exgﬁﬁiﬁgelvg%s purified by column chromatography on silica gel with a 30%
yl acetate/n 15 hexane to give 920 mg (2.26 mmol, 98%) of the title
[2-SoMPAUnNCLas 8 Wit RIS FplAl 443 £ H NMR (GDEI3) 6)0.8Z (t, J
=7.35 Hz, 6H), 1.66-1.88 (m, 4H), 2.29 (s, 3H), 3.16-3.30 (m, 1H), 3.90
netfyd =16:33 4% 120 50399 {513 YBMEh. J = 6.22 Hz, 2H), 6.98 (s,
2H), WO 2006/116412 PCT/US2006/015646 220 7.20 (d, J =1.70 Hz,
iH), 7,32 (d, J =2.45 Hz, 1H) MS: Calcd.: 407; Found: 408 (M+H).
Example 155 5 2-(2,4-Dichloro-6-methylphenoxy)-7-(l-ethylpropyl)-1-
m yI-IH-/Jenzimidazole-4-carba|dehyde NN OM.

N
,)—0 cCl
N
Me
HO
Cl
5 A mixture of methyl 2-(2,4-dichloro-6-methylphenoxy)-

7-(l-ethylpropyl)-1l-methyl-1H-benzimidazole-4-carboxylate
(1.00 g, 2.30 mmol), lithium borohydride (100 mg, 4.60
mmol) and tetrahydrofuran (20 ml) was heated at 55 °C for 1
h. The reaction mixture was concentrated in wvacuo. The
10 residue was diluted with  agqueocus saturated sodium
bicarbonate and extracted with ethyl acetate. The extracts
were washed with water, dried over magnesium sulfate and
concentrated in vacuo. The residue was purified by column
chromatography on silica gel with a 30% ethyl acetate/n-
15 hexane to give 920 mg (2.26 mmol, 98%) of the title
compound as a white powder.
mp 141-143 °C
'H NMR (CDCls) & 0.87 (t, J = 7.35 Hz, 6H), 1.66~1.88 (m,
44), 2.29 (s, 3H), 3.16-3.30 {(m, 1H), 3.90 (d, J = 6.31 Hz,

20 1H), 3.99 (s, 3H), 4.85 (d, J = 6.22 Hz, 2H), 6.98 (s, 2H),



Cl A mixture of [2-(2,4-dichloro-6-methylphenoxy)-7-(1-

ethylpropyl)-1-methyl-IH-benzimidazol-4-yllmethanol (100 mg, 10 0.25
WOt 1pddhganese(1V) oxide (428 mg, 4.92 mmol) and tetraRGAfBRIPAH (5646

ml) was stirred at room tenperature for 16 h. The reaction mixture was

concentrated in vacuo. The residue #&% purified by column

chromatography on alumina with a 50% ethyl acetate/n-hexane to give 93

mg (0.23 mmol, 15 93%) of the title compound as a white powder. mp

S SR U R R

J1H), 7.24 (d, J= 1. 1H), 7a35 {fhh= 20 2.45 Hz, 1H), 7.72 (d J =
Ms's%ﬁzﬁH)fg%fss%?%,U%ﬁ)‘. WO 20(06/1 6412 PCT/US2006/015646 221

Example 156 2-(2,4-Dichloro-6-methylphenoxy)-7-(1-ethylpropyl)-1-
methyl-4-(pyrrolidin-I-ylmethyl)-1H-benzimidazole NO CI MeS ~NCI s
Fxak® adnixtiwe of 2-(2,4-dichloro-6-methylphenoxy)-7-(1-
ethylpropyl)-I-methyl-IH-benzimidazole-4-carbaldehyde (93
5 2-(2,4-Dichloro-6-methylphenoxy)-7-(l-ethylpropyl)-1-

methyl-1H-benzimidazole-4-carbaldehyde

A mixture of [2-(2,4-dichloro-6-methylphenoxy)-7-(1-

ethylpropyl)-l-methyl-1H-benzimidazol-4-yl]lmethanol (100 mg,
10 0.25 mmol), manganese(IV) oxide (428 mg, 4.92 mmol) and

tetrahydrofuran (5 ml) was stirred at room tenperature for

16 h. The reaction mixture was concentrated in vacuo. The

residue was purified by column chromatography on alumina

with a 50% ethyl acetate/n-hexane to give 93 mg (0.23 mmol,
15 93%) of the title compound as a white powder.

mp 148-149 °C

AH NMR (CDCls) & 0.87 (t, J = 7.44 Hz, 6H), 1.70-1.93 (m,

4H), 2.32 (s, 3H), 3.25-3.39 (m, 1H), 4.04 (s, 3H), 7.11 (d,

J = 8.29 Hz, 1H), 7.24 (d4, J = 1.88 Hz, 1lH), 7.35 (d, J

20 2.45 Hz, 1H), 7.72 (d ,J = 8.10 Hz, 1H), 10.55 (s, 1H).



10

15

mg, 0.23 mmol), pyrrolidine (33 mg, 0.46 mmol), acetic acid (0.5 ml) and
ethyl acetate (1.5 ml) was added sodium 10 triacetoxyborohydride (244
W0/ 1184h3mol) and the reaction mixture was stirred at roomPERIHEWLIES646
for 1 h. The residue was diluted with aqgueous saturated sodium
bicarbonate and extracted with ethyl?a% tate. The extracts were washed
with water, dried over magnesium sulfate and 15 concentrated in vacuo.
The residue was purified by column chromatography on alumina with a
5% ethyl acetate/n-hexane to give 100 mg (0.22 mmol, 94%) of the title
compound as a white powder. mp 107-108 C WO 2006/116412
PCI/UEr 6/015646 222 'H NMR (CDC13) S 0.87 (t, J = 7.35 Hz, 6H),
(2)305’0 8H), 2.30 (s, 3H), 2.47-2.59 (m, 4H), 3.20-3.26 (m, 1H),
%8:3 -(%1%_1]1)18’193 @*ﬁglah?%él{gn% 937 HFl J—E‘Qh@ﬂfr%ﬁﬁ £1 Hz,
1H) 7.21(d,J=1.88 Hz 7.32(d,J 5=2.45Hz, 1H). MS: Calcd.:
430 Found. %ﬂwaﬁﬁ mm@%ﬂ?i ~-1H-benzimidazole
N {[2 (2, 4 |chloro 6-methylphenoxy)-7-(1-ethylpropyl)-1- 10
methyl-IH-benzimidazol-4-ylimethyl}-N-methylethanamine NN Me N

i

To a mixture of 2-(2,4-dichloro-6-methylphenoxy)-7-(1-

ethylpropyl)-1l-methyl-1H-benzimidazole-4-carbaldehyde (93

mg, 0.23 mmol), pyrrolidine (33 mg, 0.46 mmol), acetic acid

(0.5 ml) and ethyl acetate (1.5 ml) was added sodium

triacetoxyborohydride (244 mg, 1.15 mmol) and the reaction
mixture was stirred at room temperature for 1 h. The
residue was diluted with agueous saturated sodium
bicarbonate and extracted with ethyl acetate. The extracts
were washed with water, dried over magnesium sulfate and
concentrated in vacuo. The residue was purified by column
chromatography on alumina with a 5% ethyl acetate/n-hexane
to give 100 md (0.22 mmol, 94%) of the title compound as a
white powder.

mp 107-108 °C
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Cl To a mixture of 2-(2,4-dichloro-6-methylphenoxy)-7-(1-

ethylpropyl)-1-methyl-IH-benzimidazole-4-carbaldehyde (120 mg, 0.296
WOt 164d2hyl amine (2M tetrahydrofuran solution, 15 1.48 nCI/§§2006/015646

mmol), acetic acid (0.5 ml) and ethyl acetate (2.0 ml) was added sodium

triacetoxyborohydride (314 mg, 1.4&#¥nol) and the reaction mixture was

stirred at room temperature for 48 h. The residue was diluted with

agueous saturated sodium bicarbonate and extracted with ethyl 20

acetate. The extracts were washed with water drierc:?% er

0
" e/ {EOkE PCT/Ys 8006/015646 225 MAghEsiunt Suffaté afd L+ 86 (™
o) Song o BUAILn vAga. TDepoiiSe AR puiies DY Lhigmaloganly o) ,

dlumina with"d 5% ethyl “acetaté/n-hexane to give 93 mg (0.21 mmol,

%), of title, cgmpound as\a whitg powgler. 5 LH-N )Ci3)S 7.
3-8 .syg(f, JQE)7T353H?%H%%’1.0%§&,’J g'%ﬁﬁwﬁgé, 3OE|), 1?22%%%%4&), 7o

(a,2-58Ls73k) 229 (s18H), 2.42(d,= &16 Hz.g2H)3,16:881 (m.3tH)(a, o
3.72 (s, 2H), 3.97 (s, 3H), 6.98 (d, J'= 7.91 Hz, 1H), 7.14 (d, J = 7.91 Hz,

= olH)p 78-723)(m, 1H), 7.31 (d, J = 1.88 Hz, 1H). 10 MS: Calcd.: 448;
Found: 449 (M+H). Example 158

MS :N<€41GRloro-2-aiethexyzfdnethglphanyl-7-(1-ethylpropyl)-1-
methyl-4-(trifluoromethyl)-1H-benzimidazol-2-amine N H OMe

Example 157

N-{[2-(2,4-Dichloro-6-methylphenoxy)-7-(l-ethylpropyl)-1-

methyl-1lH-benzimidazol-4-yllmethyl}-N-methylethanamine

| cl

To a mixture of 2-(2,4-dichloro-6-methylphenoxy)-7-(1-
ethylpropyl)-1-methyl-1H-benzimidazole-4-carbaldehyde (120
mg, 0.296 mmol), methyl amine (2M tetrahydrofuran solution,
1.48 ml, 2.96 mmol), acetic acid (0.5 ml) and ethyl acetate
(2.0 ml) was added sodium triacetoxyborohydride (314 mg,
1.48 mmol) and the reaction mixture was stirred at room
temﬁérature for 48 h. The residue was diluted with agueous
saturated sodium bicarbonate and extracted with ethyl

acetate. The extracts were washed with water, dried over



N Me~ ~ F F F - 1s ClI Methyl 2-nitro-4-(trifluoromethyl)benzoate A

mixture of 2-nitro-4-trifluoromethylbenzoic acid (23.5 g, 0.10 mol),
WarpMsthifd4d’thoacetate (60.1 g, 0.50 20 mol) and toluene (60 R§IT{H§2006/015646

heated at 80 C for 16 h. The WO 2006/116412 PCT/US2006/015646 224

reaction mixture was concentrated ind#guo. Toluene was added and

concentrated again to remove excess reagent. The residue was purified

by column chromatography on silica gel with a 1-10% ethyl

acetate/n-hexane gradient mixture to 5 give 24.99 (0.50 mol 100%) of the
e G ot FEGE ciHess SN T NI (O3 8 407 (¢ S, oo reue
.87-7.90. , 1.95- 7. 8.22 (s,1! thyl o ~
wa%-z}r%%]%%%iﬂu ror%ge%r%/ %%é%e%@) A/ m%)l{%tur%él(]:)L F{lr)%gft%yl\lé&%lroi- °% ethyl
acdtiiuoremethyhhenzegte (.43 9 61 '),i@q%am YEIOSulite(8.744, the
0.05 mol), ethanol (20 ml)and water (20 ml) was heated at 50 C for 3 h.

t i Wates sasorgdedand 15extracteghwith-ethyl acetate. The extracts were

washed with water, dried over magnesium sulfate and concentrated in
5 'H waero. (Brrregidige wasg purified by celumrsehramatogrgphyonos (v, J =

7.16 Hz, 3H), 1.65-1.87 (m, 4H), 2.18 (s, 3H), 2.29 (s, 3H),
2.42 (g, J = 7.16 Hz, 2H), 3.16-3.31 (m, 1H), 3.72 (s, 2H),
3.97 (s, 3H), 6.98 (d, J= 7.91 Hz, 1H), 7.14 (4, J= 7.91
Hz, 1H), 7.18-7.23 (m, 1H), 7.31 (d, J= 1.88 Hz, 1H).

10 MS: Calcd.: 448; Found: 449 (M+H).

Example 158
N- (4-Chloro-2-methoxy-6-methylphenyl)~-7-(1l-ethylpropyl)-1-

methyl-4- (trifluoromethyl)-1H-benzimidazol-2-amine

N H
)—N  OMe
N

15 Cl

Methyl 2-nitro-4-(trifluoromethyl)benzoate
A mixture of 2-nitro-4-trifluoromethylbenzoic acid
(23.5 g, 0.10 mol), trimethyl orthoacetate (60.1 g, 0.50

20 mol) and toluene (60 ml) was heated at 80 °C for 16 h. The
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silica gel with a 5% ethyl acetate/n-hexane to give 1.46 g (6.67 mmol
67%) of the title compound as a white powder. 20 'H NMR (CDC13) 8,

W@ 2906(51631p), 5.50-6,20 (brs, 2H), 6.85 (d, J = 8.48 Hz, 1H) , BOOYS§2006/p15646
7.95 (d, J =8.48 Hz, 1H). MS Calcd. : 219; Found: 220 (M+H). 25 Methyl
2-(acetylamino)-4-(trifluoromethyl)betzbate WO 21)1)6/116412
PCT/US211116/1115646 225 A mixture of methyl 2-amino-4-
(trifluoromethyl)benzoate (8.00 g, 0.036 mol), acetic anhydride (11.18 g,

realtfoin o ydine (862 80,403 1) apd ehlorgIotn.(20 M WRRe  wvas
gtlrre at roomUtemperafure or lfé ﬁ € reaction mixture was

adag@nesnyated inacug. Jheesidye was diigdwith water and-extiactedrne

with ethyl acetate. The extracts were washed with 1N hydrochlofic acid

res2RGWalels drigd pvec magpesiymisulfale Andnangeataieddn wcuocdhge1
residue was purified by column chromatography on 10 silica gel with a

with0% ethyl aretate/exanede give/ 8 100 {AH3 L mad 8% ohthetilee to
compound as a white powder. mp 86-87 C. 1H NMR (CDC13) S 2.26 (s,
giv@H)23.93ds, 861)50.32n(dd, 160241, B384t 1H) 1814 (Gdmp 81 28Hzas a
1H), 9.08 (s, 1H), 15 11.11 (s, 1H). MS Calcd. : 261; Found: 262 (M+H).
colMelngd 2-(@tetylamino)-3-nitro-4-(trifluoromethyl)benzoate To an
ice-cooled nitric acid (fuming) (20 ml) was '
'y NMR (CDCls) &.:3.97 (s, 3H), 7.87-7.90 (m, 1H), 7.95-

7.97 (m, 1H), 8.22 (s, 1lH).

Methyl 2-amino-4-(trifluoromethyl)benzoate

A mixture of methyl 2-nitro-4-
(trifluoromethyl)benzoate (2.49 g 0.01 mol), sodium
hydrosulfite (8.71 g, 0.05 mol), ethanol (20 ml) and water
(20 ml) was heated at 50 °C for 3 h. Water was added and
extracted with ethyl acetate. The extracts were washed with
water, dried over magnesium sulfate and concentrated in
vacuo. The residue was purified by column chromatography on
silica gel with a 5% ethyl acetate/n-hexane to give 1.46 g
(6.67 mmol 67%) of the title compound as a white powder.
H NMR (CDCl3) &, 3.90 (s, 3H), 5.50-6,20 (brs, 2H), 6.85
(d, J = 8.48 Hz, 1lH), 6.90 (s, 1H), 7.95 (d, J = 8.48 Hz,
1H) .

MS Calcd. : 219; Found: 220 (M+H).

Methyl 2-(acetylamino)-4-(trifluoromethyl)benzoate
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20 added methyl 2-(acetylamino)-4-(trifluoromethyl) benzoate (7.30 g,

0.028 mol) portionwise and stirred for 30 min. The reaction mixture was
WUl itid ice-water and extracted with ethyl acetate. The BEEHER2M0eH 5646

washed with aqueous saturated sodium bicarbonate and water, dried

over 25 magnesium sulfate and conéehtrated in vacuo. The residue WO

21)1)6/116412 PCT/US2111)6/1)15646 226 was purified by column

chromatography on silica gel with a 30% ethyl acetate/n-hexane to give

3.20 g (0.010 m,ol,t38%) of the tit%compound ag a yellow pow gralH ol
NMR (CDC13V8554 Bs, 3H) , 3.8 (s, 3H) , 768 {03 = 5 8.29°HZ TH)]

(trs'%?ég’r‘] :elatc'%?/ Zblrwb%tlg (S’gsH.)ooMetE}" } Yy acetic

. mol
-amino-3-nitro-4-(triffluoromethyl)benzoate A mixture of methyl

anhg&%eci%'amg‘ﬁ)-fgnig,?-flo(.tfﬂtﬁl@or%ﬂhyl)beg atg;i(dP0ge3.27 MMOBH. 109

nd 10% 10 hydrochloric acid in methanol solution (10 ml) was héated at

mo13° &far 48 1w Fhedeaction mixtyre,was sencendtated inyagueciRR rature
residue was diluted with aqueous saturated sodium bicarbonate and

forexiracted witheethyd acetals. Thecexiractsaere viasbad withawater, drigduo.
over magnesium 15 sulfate and concentrated in vacuo. The residue was

Thepurdietldby celusnrichroreatogiaphyvartsiicagel witta808eethylth ethyl
acetate/n-hexane to give 780 mg (0.030 mol 90%) of the title compound
aceamd yellGhponderabitN MR (CDEA8N83.96 {8 3HY, 5 9drreh i gHycid
6.99 (d, 20J =8.29 Hz, 1H), 8.16 (d, J = 8.29 Hz, 1H). ,
and water, dried over magnesium sulfate and concentrated in
vacuo. The residdé was purified by column chromatography on
silica gel with a 50% ethyl acetate/n-hexane to give 8.10 g
(0.031 mol 86%) of the title compound as a white powder.
mp 86-87 °C.
'H NMR (CDCls) & 2.26 (s, 3H), 3.97 (s, 3H), 7.32 (dd, J =
1.41, 8.38 Hz,1H), 8.14 (d, J = 8.29 Hz, 1H), 9.08 (s, 1H),
11.11 (s, 1H).

MS Calcd. : 261; Found: 262 (M+H).

Methyl 2- (acetylamino)-3-nitro-4- (trifluoromethyl)benzoate
To an ice-cooled nitric acid (fuming) (20 ml) was
added methyl 2-(acetylamino)-4-(trifluoromethyl) benzoate
(7.30 g, 0.028 mol) portionwise and stirred for 30 min. The
reaction mixture was poured into ice-water and extracted
with ethyl acetate. The extracts were washed with aqueous
saturated sodium |bicarbonate and water, dried over

magnesium sulfate and concentrated in vacuo. The residue
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Methyl 2,3-diamino-4-(trifluoromethyl)benzoate To a stirring solution of

methyl 2-amino-3-nitro-4- (trifluoromethyl)benzoate (5.80 g, 0.022 mol),
WQaAeoddd? 25 formate (30.0 g, 0.476 mol) in ethanol (300 mPGCAAS2W4@dS646

WO 21)1)6/116412 PCT/US2111)6/1)15646 227 10% palladium on

carbon (500 mg) at room temperatur: %fhd stirred for 2 h. Insolble was

filtered off and filtrates were concentrated in vacuo. The residue was

diluted with water and extracted with ethyl acetate. The extracts were 5

washed_with, water, dried over magnesium_sulfate and concentrated.i
waswﬁﬁ%}$%e%m% oiu H§%%a% ﬂ?éﬁ% o2l 51fﬁ$%r$%£ ﬁltP a

g C mn f:
€ residue’'was purified by co omatography o cage

Wi % etate/n- to give.5.40 g+0.02 9% of they o
O DB nLAS ybllon poder. 19 LTI (COCLY 3 3 57 (e, )

of 2k 390 (S 3D 88AArs s2H). $88 (i JoRfTitiz, 1H), 7.47 (d, J =
8.67 Hz, 1H). MS Calcd.: 234; Found: 235 (M+H). Methyl

'H fexO-(difiugrometyys2 3linysiig-H-sLenzanidazgle-dicarboxgte s

To a stirring solution of methyl 2,3-diamino-4- (trifluoromethyl)benzoate
8. 25.1%:9, 0.822 nwl)and dliisoproyletbyaming (5.26 9, 0M48smolHn .

toluene (50 ml) was added a solution of triphosgene (2.58 g, 0.0087 20

mol) in toluene (20 ml) dropwise and stirred at room temperature for 16 h.

The reaction mixture was concentrated in vacuo. The residue was diluted
Mehnmi1&ﬁ%mm@gm§ﬁyéﬁgo—4—(trifluoromethyl)benzoate

A mixture of methyl 2-(acetylamino)-3-nitro-4-

(trifluoromethyl)benzoate (1.00g, 3.27 mmol) and 10%
hydrochloric acid in methanol solution (10 ml) was heated
at 55 °C for 16 h. The reaction mixture was concentrated in
vacuo. The residue was diluted with aqueous saturated
sodium bicarbonate and extracted with ethyl acetate. The
extracts were washed with water, dried over magnesium
sulfate and concentrated in vacuo. The residue was purified
by column chromatography on silica gel with a 30% ethyl
acetate/n-hexane to give 780 mg (0.030 mol 90%) of the
title compound as a yellow powder.

'y NMR (CDCls3) & 3.95 (s, 3H), 6.90-7.15 (brs, 2H), 6.99 (d,

J = 8.29 Hz, 1H), 8.16 (d, J = 8.29 Hz, 1lH).

Methyl 2,3-diamino-4-(trifluoromethyl)benzoate
To a stirring solution of methyl 2-amino-3-nitro-4-
(trifluoromethyl)benzoate (5.80 g, 0.022 mol), ammonium

formate (30.0 g, 0.476 mol) in ethanol (300 ml) was added
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and extracted with ethyl acetate and tetrahydrofuran. The extracts were

washed with water, dried over magnesium 25 sulfate and concentrated in
WQaeol 1648dlution of 50% WO 2006/116412 PCT/US2006/01 366U 2886115646

isopropyl ether/n-hexane was added to the residue and white precipitates

were filtered, washed with same solvht to give 5.00 g (0.019 mol 87%)

of the title as a white powder 5 mp. 281-283 C 'H NMR (DMSO - d6) 8

3.92 (s, 3H) 7.32 (d, J = 8.48 Hz, 1H), 7.61 (d, J = 8.48 Hz, 1H), 11.23 (s,

1H) 11.63 (s, 1H). MS Calcd. : 260; Found: 261 (M+H) 10 Methyl

0%3- H%%H;ﬂ-@-&%b ‘?’?tnfﬁ?d?@%thytr)o?3 Iaﬁ‘?ydr% IH£oom Jt'emper\!iture and

benzimidazole-4-carbox Ia To a stirri ture of h I 0X05 Et £
StigHRTbrofmEthel) 2:3-ditydro ﬁbenmm%%?ﬁe 4- caréo%%tllate ?2 347G 800

weégygggg dktb%%|2§??]n%%é43 QenggwaﬁgangJNhluted with

ormami was added 60% sodium hydride (800 mg,

wat-0 mmol). pertionwise and.stirrediat 0L far2 &, The ceaskion Mikirerere

was poured into 1N hydrochloric acid and extracted with ethyl acetate.

wa s eXtiaGts wepg, 2@ washgd with aqieeus satiatedisesliurs biceahenatend
and water, dried over magnesium sulfate and concentrated in vacuo. A

corslutioneftk0% diisepropylethern-hexdnmwas addenlitoithi¢ et sioyie @ntiumn
white precipitates (starting materials) were

chromatography on silica gel with a 20% ethyl acetate/n-

hexane to give 5.10 g (0.022 mol, 99%) of the title

compound as a yellow powder.

ly NMR (CDCls) & 3.87 (brs, 2H), 3.90 (s, 3H), 5.68 (brs,

2H), 6.88 (d, J = 8.67 Hz, 1H), 7.47 (d, J = 8.67 Hz, 1lH).

MS Calcd.: 234; Found: 235 (M+H).

Methyl 2-oxo0-7-(trifluoromethyl) -2, 3~-dihydro-1H-
benzimidazole-4-carboxylate

To a stirring solution of methyl 2,3-diamino-4-
(trifluoromethyl)benzoate (5.10 g, 0.022 mol) and
diisopropylethylamine (6.26 g, 0.048 mol) in toluene (50
ml) was added a solution of triphosgene (2.58 g, 0.0087
mol) in toluene (20 ml) dropwise and stirred at room
temperature for 16 h. The reaction mixture was concentrated
in vacuo. The residue was diluted with 1N hydrochloric acid
and extracted with ethyl acetate and tetrahydrofuran. The
extracts were washed with water, dried over magnesium

sulfate and concentrated in vacuo. A solution of 50%
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filtered off. The filtrates were concentrated in vacuo to 25 give crude
1-tert-butyl 4-methyl 2-oxo-7-(trifluoro WO 2006/116412
WEDnIB2006/015646 229 PCT/US2006/015646

methyl)-2,3-dihydro-IH-benzimidazole-1,4-dicarboxylate as a colorless oil.
To a stirring mixture of obtained crude?dicarboxylate, methyl iodide (2.82
g, 20.0 mmol) and N,N-dimethylformamide 5 (10 ml) was added 60a
sodium hydride (800 mg, 20.0 mmol) portionwise and stirred at room

. .temperature for 30,min. The reaction mi>§1t re.was poured intg |N.
NEY YSg\vag Hourg! d nd
d”r%? rggﬁl%rlg%?é?dr érrfd extracted with etﬁly Acetats. The extracts were. -

whiW%Sfb%dewktgi%%%%oySﬁé{Lga%S@M bicarhenate andyater, dried 1 vent

over 10 magnesium sulfate and concentrated in vacuo to give crude

to lgiepbutyl domethyl B:methyld pxag7irfldgromgthylit1e as a white
2,3-dihydro-IH-benzimidazole-l,4-dicarboxylate as a colorless oil. A
powdbdure of obtained crude 1,4-dicarboxylate and 15 trifluoroacetic acid (5
ml) was stirred at 50 C for 10 min and concentrated in vacuo. The residue
mp .wasg gHaes With aqueous saturated sodium bicarbonate and extracted
with ethyl acetate. The extracts were washed with water, dried over
g magnesusDsuifate)artd Garieentrated3nvatud 2Thel20 Jeside wasHz, 1H),
purified by column chromatography on silica gel with a 20% ethyl
7. Gdcetate/nLhexdnd o give 1148 g (4 122Amo% 4608) of the tfié cotmpddhld:

as a white powder. 1H NMR (ZCDC1§P 8 3.57 (s, 3H), 3.99 (s, 3H), 7.29 (d,
MS falcd. : 260; Found: 261 ( +H)

Methyl 3-methyl-2-oxo-7-(trifluoromethyl)-2,3-dihydro-1H-
benzimidazole-4-carboxylate

To a stirring mixture of methyl 2-oxo-7-
(trifluoromethyl)
-2,3-dihydro-1H-benzimidazole-4-carboxylate (2.34 g, 9.00
mmol), di-t-butyl dicarbonate (4.32 g, 20.0 mmol) and N,N-
dimethylformamide (240 ml) was added 60% sodium hydride
(800 mg, 20.0 mmol) portionwise and stirred at 50 °C for 2
h. The reaction mixture was poured intoc 1IN hydrochloric
acid and extracted with ethyl acetate. The extracts were
washed with agqueous saturated sodium bicarbonate and water,
dried over magnesium sulfate and concentrated in vacuo. A
solution of 50% diisopropylether/n-hexane was added to the
residue and white precipitates (starting materials) were
filtered off. The filtrates were concentrated in vacuo to

give crude l-tert-butyl 4-methyl 2-oxo-7-(trifluoro-
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8.48 Hz, 1H), 7.54 (dd, J = 0.75, 8.48 Hz, 1H), 9.36 (brs, 25 1H). WO
2006/116412 PCT/US2006/015646 230 MS Calcd. : 274; Found: 275
WQNOOE 1162121 -Ethylprop-l-en-I-yl)-1-methyl-4-(trifluoromethyl)- £,8T/US2006/015646
dihydro-2H-benzimidazol-2-one 5 To an ice-cooled solution of methyl
3-methyl-2-oxo0-7- (trifluoromethyl)-2 Zdihydro-IH-benzimidazole-4-
carboxylate (2.80 g, 10.2 mmol) in tetrahydrofuran (30 ml) was added a
solution of 3M ethylmagnesium bromide in diethylether (13.6 ml, 40.8

mmal) dropwise and sticred at 10 45.C for 16 h. Mgthanol a ter were
met@é?@ul%’a%désﬁ?}ggggcérr%gé)s%nez%c%}s%arégégnt.l2£ hoy%?g&ggr}l%lalac%%ewégss @

co13ded. and extracted with ethyl acetate. The extracts were washed with
aqueous saturated sodium bicarbonate and water, dried over magnesium

sulfate and coneeniratadin vacle, £tRang] IH@ 0l ddsoierboxylate,

hydrochloric acid (10 ml) were added to the residue and the resulting

me tRixiuresmasibeatedsat &9, Cofor 6 harldie)reagonvmikigieneeBy 1 formamide
concentrated in vacuo. Aqueous saturated sodium bicarbonate was
(10addey tavthe eesidue @tkextradtechwithyethylbacetste 0T hegyextiagtsOweneol )
20 washed with water, dried over magnesium sulfate and concentrated in
ponziconwT ke residus wasnsutified byoohromeatograhyasn Sifica g6l witiha The
20% ethyl acetate/n- hexane to give 609 mg (2.14 mmol, 21%,
reagd/irans T/ o thaitie GPNIGH BatewhRe poiwgschloric acid and

extracted with ethyl acetate. The extracts were washed with
aqueous saturated sodium bicarbonate and water, dried over
magnesium sulfate and concentrated in vacuo to give crude
l-tert-butyl 4-methyl 3-methyl-2-oxo-7-(trifluoromethyl)-
2,3-dihydro-1H-benzimidazole-1,4-dicarboxylate as a
colorless oil.

A mixture of obtained crude 1,4-dicarboxylate and
trifluoroacetic acid (5 ml) was stirred at 50 °C for 10 min
and concentrated in vacuo. The residue was diluted with
aqueous saturated sodium bicarbonate and extracted with
ethyl acetate. The extracts were washed with water, dried
over magnesium sulfate and concentrated in vacuo. The
residue was purified by column chromatography on silica gel
with a 20% ethyl acetate/n-hexane to give 1.13 g (4.12 mmol
46%) of the title compound as a white powder.

'H NMR (CDCl3) & 3.57 (s, 3H), 3.99 (s, 3H), 7.29 (d, J =
8.48 Hz, 1H), 7.54 (dd, J = 0.75, 8.48 Hz, 1H), 9.36 (brs,

1H).



10

15

20

25

25 1H NMR (CDC13) 8 0.97 (t, J = 7.50 Hz, 3H x 0.75,), 1.06 (t, WO
2006/116412 PCT/US2006/015646 231 J = 7.44 Hz, 3H x 0.25,),

WQ 29061 w410, 3H x 0.25), 1.83 (d, J =6.78 Hz, 3H x 0.75), 2 ROTA8BIPH1015646
2H), 3.44 (s, 3H), 5.49(q,J=6.78 Hz, 1H x 0.75), 5.74 (q, J = 6.78 Hz,
1H x 0.25), 6.80 (d, J = 8.10 Hz, 1H%3§.25), 6.86 (d, J = 5 8.10 Hz, 1H x
0.75), 7.19 (d, J =8.29 Hz, 1H x 0.75), 7.24 (d, J =8.28 Hz, 1H x 0.25),
9.07 (s, 1H). MS Calcd. : 284; Found: 285 (M+H).

MS %]Jt;géhylproin_ylg-_l-@oe&h;g-:4-%tr"f\%uo&iq%el}hyl)-l,3-dihydro- 10

enzinmidazol‘2-one A mixture o -éthylprop-l-en-1-yl)-1-methyl-4-
(trifluoromethyl)-1,3-dihydro-2H-benzimidazol-2-one (486 mg, 1.71
mmol), 10% palladium on carbon (200 mg) and acetic acid (5 ml) was

7- (Aydregenated yoder 3 atamof hydrogan at 15 3Q £ for 2y Grialyst was , 3-

filtered off and filtrates were concentrated in vacuo. Aqueous saturated

diﬁ@ﬁgﬂﬁp@g@g@g&@i&@‘@@g@dggém residue and extracted with ethyl
acetate. The extracts were washed with water, dried over magnesium

sulfate and densentralediinawtio i bhe eSiduetgd portiet:2§ by 2-oxo-7-
recrystallization from diisopropylether/n-hexane to give 350 mg (1.22
(t mhiohSA29pohihe tite, Cordpduntiras- a Whten powdes anp £2@5-206 C 1H
NMR (CDC1,) 6 0.82 (t, J = 7.44 Hz, 6H) , 1.58-1.88 (m, 25 4H),
car®oaBl3e m,(BHE B.67 (sL 8+H3, 7021, Jie gugtmahydrofuran (30 ml)

was added a solution of 3M ethylmagnesium Dbromide in
diethylether (13.6 ml, 40.8 mmol) dropwise and stirred at
45 °C for 16 h. Methanol and water were carefully added to
decompose excess reagent. 2N hydrochloric acid was added
and extracted with ethyl acetate. The extracts were washed
with aqueous saturated sodium bicarbonate and water, dried
over magnesium sulfate and concentrated in vacuo. Ethanol
(40 ml) and conc.hydrochloric acid (10 ml) were added to
the residue and the resulting mixture was heated at 80 °C
for 6 h. The reaction mixture was concentrated in vacuo.
Agueous saturated sodium bicarbonate was added to the
residue and extracted with ethyl acetate. The extracts were
washed with water, dried over magnesium, sulfate and
concentrated in vacuo. The residue was purified by
chromatography on silica gel with a 20% ethyl acetate/n-
hexane to give 609 mg (2.14 mmol, 21%, cis/trans=3/1) of
the title compound as a white powder.

4y NMR (CDCls) & 0.97 (¢, J = 7.50 Hz, 3H x 0.75,), 1.06 (t,
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WO 2006/116412 PCT/US2006/015646 232 1H), 7.21-7.27 (m, 1H), 8.92
(brs, 1H). MS Calcd. : 286; Found: 287 (M+H).

WQ 203164721 -ethylpropyl)-1-methyl-4-(trifluoromethyl)-1H- 5 PCT/US2006/015646
benzimidazole A mixture of 7-(1-ethyI£)ropyI)-1-methyl-4-(trif|uoro-
methyl)-l,3-dihydro-2H-benzimidazol-?—%ne (310 mg, 1.08 mmol) and
phosphoryl chloride (5 ml) was heated at 110 C for 1 h and concentrated
in vacuo. Toluene was added and 10 concentrated again to remove

g £xgessraagen Aqegus.squraied sodiu bigarbogate wasadded lodle

residue and’ extracted with'ethyl acetate. xtracts were wa

g Wajer, dried, oves;magngsiigy sulfate and concepirated jn vacyq. The - 3y,

residue was purified by column chromatography on 15 silica gel'with &

5 . 20% gthylacetatefishexane tp give 306 mg 0:99 mmol, P1%)ofthefile 1y
compound as a colorless oil. 'HNMR (CDC13) S 0.83 (t, J = 7.50 Hz, 6H)

x 0165y1.95 (Mo 4k, 3.24-3.40 (0 1H},,4.051(sx3H), 7549 (ded&67.94Hz. 7 =
1H), 7.53 (d, J = 8.10 Hz, 1H). 20 MS Calcd. : 304; Found: 305 (M+H).

8 . NH(#LhlArB-2:methidxy;6-Mmédthylphenyl)Z-(&ethylprepyl)H-x 0.75), 7.24
methyl-4-(trifluoromethyl)-IH-benzimidazol-2-amine A mixture of

(d2-chlord3 74 8-ettpdpropyd-limethyl-49297 (s, 1H).
(trifluoromethyl)-1H-benzimidazole (290 mg, 0.95 mmol), 4 WO

MS FgobPri641 240 T/ US2ODB10 25646 1988) -

7-(1-Ethylpropyl) -l-methyl-4- (trifluoromethyl)-1, 3-dihydro-
2H-benzimidazol-2-one

A mixture of 7-(l-ethylprop-l-en-1-yl)-l-methyl-4-
(trifluoromethyl) -1, 3-dihydro-2H-benzimidazol-2-one (486 mg,
1.71 mmol), 10% palladium on carbon (200 mg) and acetic
acid (5 ml) was hydrogenated under 5 atom of hydrogen at
50 °C for 2 h. Catalyst was filtered off and filtrates were
concentrated in vacuo. Aqueous saturated sodium bicarbonate
was added to the residue and extracted with ethyl acetate.
The extracts were washed with water, dried over magnesium
sulfate and concentrated in vacuo. The residue was purified
by recrystallization from diisopropylether/n-hexane to give
350 mg (1.22 mmol, 72%) of the title compound as a white
powder.
mp. 205-206 °C
'H NMR (CDCl3) & 0.82 (t, J = 7.44 Hz, 6H), 1.58-1.88 (m,

4H), 3.14-3.36 (m, 1H), 3.67 (s, 3H), 7.02 (d, J = 8.48 Hz,
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chloro-2-methoxy-6-methylaniline (491 mg, 2.86 mmol) and N-
methyl-2-pyrrolidinone (3 drops) was heated at 110 C for 72 h. Aqueous

W@ aseatkdSodium bicarbonate was added to the residue andRGAHER06/015646
with ethyl acetate. The extracts were 5 washed with water, dried over
magnesium sulfate and concentrate83f vacuo. The residue was purified
by chromatography on silica gel with a 10a ethyl acetate/n- hexane and
recrystallized from diisopropylether/n-hexane to give 140 mg (0.32 mmol,

Pt s e et e o, 11 e

20-3.30 (m, 1H). 3H). 3.78,(5.,3H), 6.18 (s, 1H), 6.78 (s, 1H),
M3 é%g‘igl,d Z 22.5})514%%@15@?57 d,(iﬁi 8.29 Hz, 1H), 7.36 (d, J = 8.29

Hz, 1H). MS Calcd. : 440; Found: 441 (M+H). Example 159
N-_(2-Bromo-4-chIorophenyl)-?-(l-ethylpropyl)-l-methyl-4- 20
2 ~citrifesamethyhbanzimidazpl-2-anaine W 21416/ £ 164kdmethyl) -1 H-

PCT/US2111)6/1)15646 234 NHi>-NBr NF FF Cl

benzimidazole

A mixture of 7-(l-ethylpropyl)-l-methyl-4-(trifluoro-
methyl) -1, 3-dihydro~-2H-benzimidazol-2-one (310 mg, 1.08
mmol) and phosphoryl chloride (5 ml) was heated at 110 °C
for 1 h and concentrated in vacuo. Toluene was added and
concentrated again to remove excess reagent. Adgueous
saturated sodium bicarbonate was added to the residue and
extracted with ethyl acetate. The extracts were washed with
water, dried over magnesium sulfate and concentrated in
vacuo. The residue was purified by column chromatography on
silica gel with a 20% ethyl acetate/n-hexane to give 300 mg
(0.99 mmol, 91%) of the title compound as a colorless oil.
'H NMR (CDCls) & 0.83 (t, J = 7.50 Hz, 6H), 1.65-1.91 (m,
4H), 3.24-3.40 (m, 1H), 4.05 (s, 3H), 7.19 (d, J = T7.91 Hz,
1H), 7.53 (d, J = 8.10 Hz, 1H).

MS Calcd. : 304; Found: 305 (M+H).

N- (4-Chloro-2-methoxy-6-methylphenyl) -7~ (1l-ethylpropyl)-1-
methyl-4- (trifluoromethyl)-1H-benzimidazol-2-amine
A mixture of 2-chloro-7-(l-ethylpropyl)-l-methyl-4-

(trifluoromethyl)-1H-benzimidazole (290 mg, 0.95 mmol), 4-
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Example 159 was prepared in the similar method described in Example
158. mp. 151-152 C 5 1H NMR (CDC13) 6 0.84 (t, J = 7.44 Hz, 6H) ,

WQ 2086185310, 4H), 3.19-3.34 (m, 1H), 3.87 (s, 3H), 6.93 (s, IT/EEPP(e/015646
J =8.10 Hz, 1H), 7.34 (dd, J = 2.45, 8.85 Hz, 1H), 7.45 (d, J =7 . 35Hz,
1H), 7.56 (d, J = 2.45 Hz, 1H) , 8.29 @33 = 8.67 Hz, 1H). 10 MS Calcd. :
474; Found: 475 (M+H). Example 160
2-(2,4-Dichloro-6-methylphenoxy)-7- (1 ethylpropyl) 1-

I B B, v
ZaploreLaibyon mevid: 1] mfuorome@xgg%ob;ﬁ'rg%m's sor

00 mmol), 4,6-dichloro-o-cresol ( 531

72 Dﬁtasﬁtgm guearenate 4353 ma.40 mmob and N, N-dimethy 'f%b 5 e (5 1e

ml) was heated at 110 C for 48 h. Aqueous saturated sodium onate

reWwagasldeddodhe residuriand extragted with- ethyl acetate. The exrads yere

were washed with water, dried
washed with water, dried over magnesium sulfate and

concentrated in wvacuo. The residue was purified by
chromatography on silica gel with a 10% ethyl acetate/n-
hexane and recrystallized from diisopropylether/n-hexane to
give 140 mg (0.32 mmol, 34%) of the title compound as a
white powder.

mp. 187-188 °C

'H NMR (CDCls) & 0.83 (t, J = 7.35 Hz, 6H), 1.63-1.89 (m,
4H), 2.18 (s, 3H), 3.20-3.30 (m, 1H), 3.74 (s, 3H), 3.78 (s,
3H), 6.18 (s, 1H), 6.78 (s, 1H), 6.88 (d, J = 2.07 Hz, 1H),
6.97 (d, J=8.29 Hz, 1H), 7.36 (d, J = 8.29 Hz, 1H).

MS Calcd. : 440; Found: 441 (M+H).

Example 159
N- (2-Bromo-4-chlorophenyl) -7-(l-ethylpropyl)-l-methyl-4-

(trifluoromethyl)-1H-benzimidazol-2-amine



over magnesium sulfate and concentrated in vacuo. The 10 residue was
purified by column chromatography on silica gel with a 10% ethyl
WQ2etetd4Bexane and recrystallization from diisopropyletherRCREE2486{0)15646
give 290 mg (0.65 mmol, 65%) of the title compound as a white powder.
mp. 149-151 C 15 'H NMR (CDC13) 8487 (t, J = 7.35 Hz, 6H), 1.66-1.91
(in, 4H), 2.31 (s, 3H), 3.24-3.37 (m, 1H), 4.02 (s, 3H), 7.05 (d, J=8.10
Hz, 1H), 7.21 (d, J = 1.88 Hz, 1H), 7.31 (d, J = 2.45Hz,IH), 7.39 (d, J =
8.10 Hz, 1H). MS Calcd. : 445; Found: 446 (M+H). WO 2006/116412
PCT/ S2006/015646 236 Example 161

was.prepNared § the similar method described in Example 160. mp.

20 MR (EpC13) S 0.85 (t, J = 7.44 Hz, 6H), 1.65-1.91 (m,
] /1H), 4.02 (s, 3H), 7.10 (d, J = 8.10 Hz, 1H), 7.39
E 45 8 1H), 7.44 (d, J = 8.29 Hz,
F~OF
Cl

Example 159 was ©prepared in the similar method

described in Example 158.
mp. 151-152 °C

5 'H NMR (CDCls) & 0.84 (t, J = 7.44 Hz, 6H), 1.65-1.91 (m,
4H), 3.19-3.34 (m, 1H), 3.87 (s, 3H), 6.93 (s, 1H), 7.07 (d,
J = 8.10 Hz, 1H), 7.34 (dd, J = 2.45, 8.85 Hz, 1H), 7.45 (d,
J = 7.35Hz, 1H), 7.56 (d, J = 2.45 Hz, 1H), 8.29 (d, J =
8.67 Hz, 1H).

10 MS Calcd. : 474; Found: 475 (M+H).

Example 160
2—(2,4—Dichloro—6—methylphenoxy)—7—(1—ethylpropyl)—l—

methyl-4- (trifluoromethyl)-1H-benzimidazole
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1H), 7.64 (d, J = 2.45 Hz, 1H), 7.95 (d, J = 9.04 Hz, 1H). MS Calcd. : 475;
Found: 476 (M+H). 15 Example 162
WQuPHALBHERIoro-6-methylphenoxy)-7-(3,5-diethyl-IH-pyrazol- PCT/US2006/015646
1-yl)-1-methyl-1H-benzimidazole WO 2006/116412 PCT/US2006/015646
237 CH3 H3C\ N CH3 N />-0 CH3¥N CI ClI A suspension of
2-chloro-7-(3,5-diethyl-IH-pyrazol-I- yl)-1-methyl-IH-benzimidazole (92 mg,
0.318 mmol), 2,4- dichloro-6-methylphenol (114 mg, 0.643 mmol),
potassium 5 carbonate (89 mg, 0.643 mmol) in N,N-dimethylformamide
(2.5 ,ml) was stirred at 90 C for 5.5 days (2,4-dichloro-6- methylphenol

B & days). After cooling, the reaction mixture was diluted with water and
tracted/with 10 ethyl acetate. The organic layer was washed with water
bripNe, dried over sodium sulfate and concentrated in vacuo. The

ue was pgyified bg polumn chromatography on silica gel eluting with
ethyl gcetate/n-hexane gradient

Me
Cl

A mixture of 2-chloro-7-(l-ethylpropyl)-l-methyl-4-
(trifluoromethyl)~-1H-benzimidazole (304 mg, 1.00 mnmol),
4,6-dichloro-o-cresol (531 mg, 3.00 mmol), potassium
carbonate (553 mg,4.0 mmol) and N,N-dimethylformamide (5
ml) was heated at 110 °c for 48 h. Aqueous saturated sodium
bicarbonate was added to the residue and extracted with
ethyl acetate. The extracts were washed with water, dried
over magnesium sulfate and concentrated in vacuo. The
residue was purified by column chromatography on silica gel
with a 10% ethyl acetate/n-hexane and recrystallization
from diisopropylether/n-hexane to give 290 mg (0.65 mmol,
65%) of the title compound as a white powder.
mp. 149-151 °C
y NMR (CDCls) & 0.87 (t, J = 7.35 Hz, 6H), 1.66-1.91 (m,
4H), 2.31 (s, 3H), 3.24-3.37 (m, 1H), 4.02 (s, 3H), 7.05 (d,
J = 8.10 Hz, 1H), 7.21 (4, J = 1.88 Hz, 1H), 7.31 (d, J =
2.45% Hz, 1H), 7.39 (4, J = 8.10 Hz, 1H).

MS Calcd. : 445; Found: 446 (M+H).
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mixture to give 107 mg (0.249 mmol, 78.3%) of the title 15 compound as
an oil. The oil was crystallized from hexane to give 70 mg (51%) as a pale
WQ il l4Axal. mp: 115-119 C 1H NMR (CDC13).3: 1.19 (3H RCT/ES2086/015646
Hz), 1.32 (3H, t,J =7.5Hz), 2.26 (3H, s), 2.50 (2H, g, J = 7.5 Hz), 2.72
(2H, WO 2006/116412 PCT/US2006/08%646 238 q, j = 7.5 Hz), 3.23 (3H,
s), 6.10 (1H, s), 7.09-7.19 (3H, m), 7.31 (1H, d, J = 2.4 Hz), 7.57 (1H, d, J
= 6.9 Hz). MS Calcd. : 428; Found: 429 (M+H), 431. 5 Example 163
3,5-Dichloro-4-{[7-(1-ethylpropyl)-4-methoxy-I-methyl-IH-
benzimidazoI-Z-yI]oxy}-N,N-dimethylaniline N/>-OClI NOCI-0 N-
EXExa % 3 was prepared in the similar method 10 described in
Emﬁmple 5. mp 176-177 C. 7H NMR (CDC13) S 0.86 (t, J = 7.5 Hz,

?sw?]?%géaotg Ezdg?%]l ]Stg ﬁ‘fﬁ(ﬁ SS6H(9/533 gf 52‘%%%%31 gélag %5%.‘%3)2 ]3173‘37"
(+ M CRletonft3o Fopnd 1436 M) 13381 «

N
2%—() Br
N
F
F" °F
Cl

Example 161 was prepared in the similar method
described in Example 160.
mp. 119-120 °C
'"H NMR (CDCls) & 0.85 (t, J = 7.44 Hz, 6H), 1.65-1.91 (m,
4H), 3.24-3.37 (m, 1H), 4.02 (s, 3H), 7.10 (d, J = 8.10 Hz,
1H), 7.39 (dd, J = 2.45, 8.85 Hz, 1H), 7.44 (d, J = 8.29 Hz,
1H), 7.64 (d, J = 2.45 Hz, 1H), 7.95 (d, J = 9.04 Hz, 1H).

MS Calcd. : 475; Found: 476 (M+H).

Example 162
2-(2,4-Dichloro-6-methylphenoxy)-7- (3, 5-diethyl-1H-pyrazol-

l-yl)-1l-methyl-1H~-benzimidazole
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Experiment 1 Measurement of Corticotropin-Releasing Factor (CRF) 20
binding inhibitory rate WO 21)1)6/116412 PCT/US2006/1115646 239 A
WooBeidpHihding experiment was carried out using a human BRFUR886E646
expressing CHO cellular membrane fraction and ovine CRF, [125I]-tyr
(1251-CRF) . 1000 nM of a test compdlnd was incubated with 1 g of
human CRF receptor 5 expressing CHO cellular membrane fraction and
50 pM of 1251 CRF in a binding assay buffer (50 mM Tris-HC1, 5 mM
EDTA, 10 mM %%012, 0.05% CHAPS, 0.1% BSA, 0.5 mM PMSF, 0.1
g/ml pepstétin,~2G¢ g/ml leupeptin, pH 7.5). In addition, for measuring
binding (NSB), 0.1 .M unlabelled 10 human Urocortin was

e frac@{% and 50 pM of 1251-CRF in a binding assay buffer.
hinding, /reaction was carried out at room temperature for 1.5 hour,

GF- er filtration using a cell harvester (Perkin
Elmer)~a1d wabhed withige-cooled 50 mM Tris-HC1 (pH 7.5). After
drying the glassdjlte d scintillation cocktail (Microscinti O, Perkin
Elmer) was added, a radioactivity of 125I-CRF remaining on a 20

glass filter was measured using Topcount (Perkin Elmer).
(TB-SB)/(TB-NSB) x 100 (S8 radioactivity when a compound is added,

TB: maximum binding radioactivity, NSB: ,
A suspension of 2=chloro-7-(3,5-diethyl-1H-pyrazol-1-

yl)-l-methyl-1H-benzimidazole (92 mg, 0.318 mmol), 2,4-
dichloro-6-methylphenol (114 mg, 0.643 mmol), potassium
carbonate (89 mg, 0.643 mmol) in N,N-dimethylformamide (1.5
ml) was stirred at 90 °C for 5.5 days (2,4-dichloro-6-
methylphenol and potassium carbonate were added in three
equal portions each over 5.5 days). After cooling, the
reaction mixture was diluted with water and extracted with
ethyl acetate. The organic layer was washed with water and
brine, dried over sodium sulfate and concentrated in vacuo.
The residue was purified by column chromatography on silica
gel eluting with a 10-25% ethyl acetate/n-hexane gradient
mixture to give 107 mg (0.249 mmol, 78.3%) of the title
compound as an oil. The oil was crystallized from hexane to
give 70 mg (51%) as a pale yellow crystal.

mp: 115-119 °C

g NMR (CDClz) . &: 1.19 (3H, t, J = 7.5 Hz), 1.32 (3H, t, J

= 7.5 Hz), 2.26 (3H, s), 2.50 (2H, g, J= 7.5 Hz), 2.72 (2H,
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nonspecific binding radioactivity) was calculated to obtain a binding

inhibitory rate under the presence of 1,000 nM of 25 each test substances.
WOrH4a5@alues were calculated by WO 21)1)6/116412 PCT/US2006/015646

PCT/US211116/1115646 240 using GraphPad Prism software. Binding

inhibitory rates of respective compountfd measured by the

aforementioned method are shown in Table 8. Table 8 Example Binding

inhibitory No. rate (%) 1000 nM 1 >80 9 >80 64 >80 69 >80 77 >80 84

>80 90 >80, 97 > 1 103 >8 al of |C50 .of ctive
ar éjc?rﬁpo%'nkac?g{ {Fére %oégﬁjrgﬁy tﬁg’e’afgréﬁme/en |§ﬁ?éds éth(—)Pd,Bﬁg?érﬁe\é H,

m) ,SPPV§Y as fiand B in- Lable 9. {3 less than 19 aM; B: 19-50 g Table 9

MS Calcd. : 428; Found: 429 (M+H), 431.

Example 163
3,5-Dichloro-4-{[7-(1-ethylpropyl)-4-methoxy-1-methyl-1H-

benzimidazol-2-yl]loxy}-N,N-dimethylaniline

/

N

2>——O Cl
N

C

N__

/

Example 163 was prepared 1in the similar method
described in Example 145.
mp 176-177 °C.
'y NMR (CDCl;) & 0.86 (t, J = 7.5 Hz, 6H), 1.65-1.85 (m,
4H), 2.94 (s, 6H), 3.15-3.25 (m, 1H), 3.89 (s, 3H), 3.97 (s,
3H), 6.63 (d, J = 8.4 Hz, 1H), 6.63 (s, 2H), 6.91 (4, J =
8.4 Hz, 1H).

MS Calcd.: 435; Found: 436 (M+H), 438.

Experiment 1
Measurement of Corticotropin-Releasing Factor (CRF)

binding inhibitory rate
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Example IC50 (nM) No.15B 66B 77B 97 A 101 A 145A 10

Industrial Applicability Compound (I) or (I') of the present invention has an
WRRHIEWHCRF antagonistic activity, and therefore useful as di§4f3p06/015646

treating or preventing affective disorder, WO 2006/116412

PCT/US2006/015646 241 depressiod3éhxiety, and the like. 242 CLAIMS

1. A compound selected from the group consisting of

N-(4-chloro-2-methoxy-6-methylphenyl)-7-(2-ethylphenyl)-1-

met yl-1H-benzimidazo|-2-amine, 5

f%?r?oe%%t%%}%lﬂ%tﬁﬁ&’?éﬁ%@ﬁs%aoﬁet%?;FFFiLed out using a
wﬁ%‘%?zbr%%l R ST ehy i R 7AE membrane
£ r SUVIRIAPY); - '89&%{&"&;%“? %0'12%‘%‘31; TCRE) . 1000 nM of a

4-chloro-2-(2,4-dichloro-6-met noxy)-7-(1 10
teggwggﬂﬁgh&dnﬁgy1%KEBSQQQMQQ%gkﬁ 1 pg of human CRF receptor
expressing CHO cellular membrane fraction and 50 pM of *2°I-
CRF in a binding assay buffer (50 mM Tris-HCl, 5 mM EDTA,
10 mM MgCl,, 0.05% CHAPS, 0.1% BSA, 0.5 mM PMSF, 0.1 pg/ml
pepstatin, 20 ug/ml leubeptin, pH 7.5). 1In addition, for
measuring nonspecific binding (NSB), 0.1 pM unlabelled
human Uroccortin was incubated with 1 pg of human CRF
receptor expressing CHO cellular membrane fraction and 50
pM of '?I-CRF in a binding assay buffer. After a binding
reaction was carried out at room temperature for 1.5 hour,
the membrane was entrapped on a glass filter (UniFilter
plate GF~-C/Perkin Elmer) by suction filtration using a cell
harvester (Perkin Elmer), and washed with ice-cooled 50 mM
Tris-HCl1 (pH 7.5). After drying the glass filter, a liquid
scintillation cocktail (Microscinti 0, Perkin Elmer) was
added, and the radioactivity of '?°I-CRF remaining on a
glass filter was measured using Topcount (Perkin Elmer).
(TB-SB) / (TB-NSB) x 100 (SB: radiocactivity when a

compound is added, TB: maximum binding radiocactivity, NSB:
nonspecific binding radiocactivity) was calculated to obtain
a binding inhibitory rate under the presence of 1,000 nM of

each test substances. The ICsy values were calculated by



N-(4-chloro-2-methoxy-6-methylphenyl)-7-(1-ethylpropyl)-
1,4-dimethyl-1H-benzimidazol-2-amine,
WQuPHALH¢Roro-6-methylphenoxy)-7-(1-ethylpropyl)-4- PCT/US2006/015646
methoxy-I-methyl-1H-benzimidazole and 15
4-chloro-N-(2,4-dichloro-6-methylphetd/f-7-(I-ethylpropyl)-
1-methyl-1H-benzimidazol-2-amine, or a salt thereof. 2.
N-(4-chloro-2-methoxy-6-methylphenyl)-7-(2-

ethyl hen ethyl-IH- be mldazol 2-amine, or a salt thereof. 20 3.
us%{m %Lffg] 0{87“6 V%’ﬁ%nyl) 7-(3,5-diethyl-

B Dl e s e
meaesIBXJQEP%) 'ﬂﬂ%th%éli‘el?r?é}%&’mﬂ?é@ %@PHB@ o Sa, Amthereafa 243 g

4-chloro-2-(2,4-dichloro-6-methylphenoxy)-7-(1-

Takgg@@yl@ropyl) 1-methyl-IH-benzimidazole, or a salt thereof. 6.
=(4-chloro-2-methoxy-6-methylphenyl)-7-(1-

éthylﬁ?mllﬂ -d m%ﬂm&qlﬁbéﬁf}ﬁﬁ’d&z%@ dmine, or a 5 salt thereof. 7.
2-(2,4 oro-6-methylph&adKy)-7#(1-ethylpropyl)-4-
methoxy-l-methyl41H- benzidf or_a saltthereof. 8.
A-ChloroN-(2 4-dichloro-6-metfiphenyl)-7-(1}
e hvlnmn?dl1 me hyI-JH-bpﬂ7i?r§{Qa7nL-?£mi > or a salt 10 thereof.
64’ >80
69 >80
77 >80
84 >80
90 >80
97 >80
101 >80
103 >80
5
Values of ICsy of respective compounds were measured
by the aforementioned method, and are shown as A and B in
Table 9. [A: less than 10 nM; B: 10-50 nM]
Table 9
Example ICso (nM)
No.
15 B
66 B
77 B
97 A
101 A
145 A
10

Industrial Applicability
Compound (I) or (I’) of the present invention has an
excellent CRF antagonistic activity, and therefore useful

as drugs for treating or preventing affective disorder,



9. A pharmaceutical composition which comprises the compound
according to any one of claims 1 to 8. 10. A CRF receptor antagonist
WQHRHiE#42 compound according to any one of claims 1 to SPAEYS200648 5646

of the CRF receptor antagonist according to claim 10 for manufacturing a
medicament for preventing or treat%fbla disease wherein a CRF receptor
is implicated. 12. The use according to claim 11 wherein the disease
being treated or prevented is selected from affective 20 disorder,
depression or anxiety. 13. rgir tical composition for preventing or

dephfStiigia disBESE erea}ﬁéa% f:n}'gﬁ%tbr is implicated, which comprises
the CRF receptor antagonist according to claim 10. 25 14. The
pharmaceutical composition according to claim 13 | 244 wherein the
disease being treated or prevented is selected from affective disorder,
depression or anxiety. |
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CLATIMS
1. A compound selected from the group consisting of
N- (4-chloro-2-methoxy-6-methylphenyl) -7- (2-ethylphenyl) -1-
methyl-1H-benzimidazol-2-amine,
N- (4-bromo-2-methoxy-6-methylphenyl) -7-(3,5-diethyl-1H-
pyrazol-1-yl)-1-methyl-1H-benzimidazol-2-amine,
N- (4-bromo-2-methoxy-6-methylphenyl) -4-chloro-7- (1-
ethylpropyl) -1-methyl-1H-benzimidazol-2-amine,
4-chloro-2-(2,4-dichloro-6-methylphenoxy) -7- (1-
ethylpropyl) -1-methyl-1H-benzimidazole,
N- (4-chloro-2-methoxy-6-methylphenyl) -7- (1-ethylpropyl) -
1,4-dimethyl-1H-benzimidazol-2-amine,
2-(2,4-dichloro-6-methylphenoxy) -7- (l-ethylpropyl) -4-
methoxy-1-methyl-1H-benzimidazole and
4-chloro-N- (2,4-dichloro-6-methylphenyl) -7- (1-ethylpropyl) -
l-methyl-1H-benzimidazol-2-amine, or a salt thereof.
2. N- (4-chloro-2-methoxy-6-methylphenyl) -7-(2-
ethylphenyl)-1-methyl-1H-benzimidazol-2-amine, or a salt
thereof.
3. N- (4-bromo-2-methoxy-6-methylphenyl) -7-(3,5-diethyl-
1H-pyrazol-1-yl)-1-methyl-1H-benzimidazol-2-amine, or a
salt thereof.
4. N- (4-bromo-2-methoxy-6-methylphenyl) -4-chloro-7-(1-
ethylpropyl) -1-methyl-1H-benzimidazol-2-amine, or a salt

thereof.



10

15

20

25

243

5. 4-chloro-2-(2,4-dichloro-6-methylphenoxy)-7-(1-
ethylpropyl) -1-methyl-1H-benzimidazole, or a salt thereof.
6. N- (4-chloro-2-methoxy-6-methylphenyl) -7- (1-
ethylpropyl) -1,4-dimethyl-1H-benzimidazol-2-amine, or a
salt thereof.

7. 2-(2,4-dichloro-6-methylphenoxy) -7- (1-ethylpropyl) -4-
methoxy-1-methyl-1H-benzimidazole, or a salt thereof.

8. 4-Chloro-N-(2,4-dichloro-6-methylphenyl) -7-(1-
ethylpropyl) -1-methyl-1H-benzimidazol-2-amine, or a salt
thereof.

9. A pharmaceutical composition which comprises the
compound according to any one of claims 1 to 8.

10. A CRF receptor antagonist which is the compound
according to any one of claims 1 to 8.

11. Use of the CRF receptor antagonist according to claim
10 for manufacturing a medicament for preventing or
treating a disease wherein a CRF receptor is implicated.
12. The use according to claim 11 wherein the disease
being treated or prevented is selected from affective
disorder, depression or anxiety.

13. A pharmaceutical composition for preventing or
treating a disease wherein a CRF receptor is implicated,
which comprises the CRF receptor antagonist according to
claim 10.

14. The pharmaceutical composition according to claim 13
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wherein the disease being treated or prevented is selected

from affective disorder, depression or anxiety.
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