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PCT/ EP96/ 01654 BENZI.M DAZQLE COVPQUNDS AND THEI R USE_AS
MODULATORS OF THE GABA[ err] RECEPTOR COVPLEX This invention
rel ates to novel benzim dazol e conpounds, pharmaceutical conpgsiil 5
cont ai ni ng t he¥@%MPounds, net hods of treating therewth, angé#;gb%%rrﬁe"'t‘hod
of preparing such benzi m dazol e conpounds. The novel conpounds are
usefdl in the treatnment of central nervous system di seases and

di sorders, which are responsive to nodul ati on of the GABA[ err]

merory di 28?32?2:5%%@8?@8@@6@&2@19%@%% & SE0yATgns, oF JHEQGBAX RecePTOR
Background of thé tion Receptors for [err]-am nobulyric acid

(GABA), GABA[err] receptors are the nost abundant i nhibitory
receptors in manmal i an brain. The GABA[err] receptor are structurally 15

constituted as nihieanvehtionubiates kerovelheazimidarole compaumds,| phasmegceutidal compositienso f
[err], B, and Jerrl/lerr ot ej Io: e of such
GABA[ err] r ecgpt W@'&'ﬁ%%é{"&ﬁ&'% %@%‘héheéc ni é@etgigp mﬁ‘%ﬁém

mol ecul ar bi ol ogpreparing suciEherizintiddztle coppopnds: Theongyeksompornds are usefulimther i de

I on channel that | diJaLiE?é RO ngﬁg“{ane,
and multiple recgg%ﬁ'tb{'f)&rﬁ%g@@'e@é% rrtglnl no ulazl'taor Zek)g']%%:ééég@#gs such as
benzodi azepi nes, medviaionaf thed@ABA reepias eomplox,sch a3 fop pxanpnieprxiely, sieep When
GABA interacts WyishrdbisS meffoPPdifdrders, ihdiepilpsia®i Bffler éohvalBivg 8idordérs! OF | de

influx is enhanced, the nenbrane Is hyperpolarized and the cell
becones | ess‘?esponsi ve to excitatory stinmuli. This GABA i nduced ion
current can be regul ated by di ver s Bgggidund of the inveatiéndi ng agents t hat
Interact with the benzodi azepi ne receptor or recognition site. 25

Agents that bind or interact with the nodul atory sites on the GABAl err]

receptor conpl eXxReceptors fdit amifsbulyfit acRiIGRBA), GABAL26GEptire drthe Mostatptiant,
C e e GgY radplhy A alonra. 1o GABES oty e oty
agoni sts), ams at tenstitated e midremblecularthetsroptintamieriafaséeihilies i(combinatigns ofwe, B,
modul ation of 't hgnd /3 protein subunits). Several subtypes of such GABA, receptors have been
described by techniques of modern molecular biology. :
Each GABA, receptor complex comprises a chioride ion channel that controls chioride:
_ flux across the neuronal membrane, and multiple recognition sites for small modulatory
20 molecules such as benzodiazepines, barbiturates, picrotoxin, and certain steroids.
When GABA interacts with its receptor, the ion channel is opened, chloride infiux is
enhanced, the mambrane is hyperpolarized and the cell becomes less responsive to
excitatory stimuli. This GABA induced ion current can be regulated by diverse agents,

including agents that interact with the benzodiazepine receptor or recognition sits.

25
Agents that bind or interact with the modulatory sites on the GABA, receptor complex,
such as for example the benzodiazepine receptor, can have either enhancing effect on
the action of GABA, i.e. a positive modulatory effect of the receptor (agonists, partial
agonists), an attenuating effect on the action of GABA, i.e. negative modulation of the
30  receplor (inverse agonists, partial inverse agonists), or they can block the effect of
both agonists and inverse agonists by competitive block (antagonists or ligands without

intrinsic activity).



30 reteptor (inverse agonists, partial inverse agonists), or they can

bl qck the_effect of __both agonists and inverse agonists hy conpetitive
bl ock (antagoni sts or |igands w thout intrinsic activity).

WD 96/ 33192

PCT/ EP96/ 01654 WO 9633192 PCTIEPI6/01654
Agoni sts generally produce nuscle relaxant, hypnotic, sedative, anxiolytic,
and/ or anti convul sant effects, while i i¥erse agoni sts produce
proconvul sant, anti-inebriant, and anxiogenic effects. Parti al

agoni sts are chargcterized as un XI | fe but
W thout or with r&ﬂi‘&s& E@Y ﬁ?ﬁe%ﬂﬂtot'm% %%Hé q%ﬁ&% a%:lfor
effects, whereas mwnmhanwsmmmmgamtsmmndpmmme anfi-rfebiiants
cognition e [ 0

different series %&ﬁﬂ%ﬂﬁﬁ?ﬂ%vﬁaﬁﬁg\k g&énl%n{é?% Q@&%ﬁ#ﬁﬂ&% %@ﬁ‘z’% I'azepi ne
receptors have bemxiqwimeﬂm b avithoution witl M!UMWU%# relaxgni; hypnotic and sedative
However, althgug f | ed as
very at 1 aciec, PSR b RBIRolaBHRRk e SirbeBredts bB uperl SRABINGH

treat various di s¥hgasess.and di seases, then nearly all previously
synt hesi zed conpounds acting at these receptor sites have failed

during clinical veIo nent be e of u ce table si de effect.s
present inventi oﬁs é‘fabé 3&% B?BEWQ&Y'W QV'H'&“’W th
the benzodltné ammmmaépmé hwebﬁh&&hmlied during tties lastahneb eecadbs e

conpounds of 0 Howayar, BEREUER tne Hb1EIdL2Rrd oshitr Ui die BF uirheled a8 vely"®

"GABA[ err] recept ect
of the invention amhctuve biologicali sitesfor intgriering with thecChS tosieaat vanious disorsiers md

id | b ; ' bl
PP d addi ¢ on oo BacBee #emeaRP RIS/ Byrinesized BIRIIIRGS Hiar 3t bod FdcBPloF ! ©
central nervous dites bavefailesiduing clinigaldevelopment hecaysa ffyinacgeptahle side effects.

15  The present invention provides novel benzimidazole compounds that interact with the
benzodiazepine receptor of the GABA, receptor complex. The compounds of the
present invention are valuable modulators of the GABA, receptor complex.

Object of the inventlon'
20
It is an object of the present invention to provide novel benzimidazole compounds and
pharmaceutically acceptable acid addition salts thereof, which are useful in the
treatment of central nervous system disorders, diseases or ailments, which are
responsive to the modulation of the GABA, receptor complex, especially positive
25 modulation of the GABA, receptor complex.

Another object of the present invention is to provide pharmaceutical compositions

comprising the novel benzimidazole compounds being useful for the above purposes.

Still another object of the present invention is to provide a novel method of treating with
30 the novel benzimidazole compounds. '

A further object of the present invention is to provide a method of preparing the novel
pharmacsutical compositions.



responsi ve to the nodul ation of the GABA[err] receptor conplex, especially
positive 25 modul ati on of the GABA[err] receptor._conplex. ————Another
object of the present invention is to provide pharmaceutical conpositions

. conpr.ising the novel benzim dazole conpounds being useful for PSR

. pur poses. WOSEBMP2 anot her obj ect of the present |nvent|onPF2 to provide
i a novel nmethod of treating with 30 the novel benzi m dazol e conpounds.

A further object of the present invention is 30 provide a nethod of
preparing the novel phar maceuti cal conpositions. WO 96/ 33192
PCT/ EP96/ 01654 " ,

Addi ti onal obj ectAddilionpl ebjectaivill be ebvieus fram, the fallowing ‘??5"'2?&'887?%&““’5 willbe

others will be obviousvorseskiledinthearkilled in the art.

Summary of the Invention : The invention then, inter alia, conprises
t he foll ow ng, alone or in conbination: 10 A compound having the
formula: [err]

5

Summary of the Invention

The invention then, inter alia, comprises the following, alone or in combination:

10
A compound having the formula:

N
‘Hs

15 or a pharmaceutically acceptable salt thereof or an oxide thereof
wherein
Ris

20 wherein
A, B and D each is CH, or one or two of A, B and D Is N and the others are

CH;

R" is phenyl, benzimidazolyt, or monocyclic heteroary! all of which may be
25 substituted one or more times with alkyl, halogen, CF3, amino, nitro, cyano, acylamino,
alkoxy, acyl, phenyl and monocyclic heteroaryl; and
one of R®and R is hydrogen and the other is pyrrolyl which may be
substituted one or more times with substituents selected from halogen, alkyi, phenyl,

and alkoxy;



15 or*a pharmaceutically acceptable salt thereof or an oxide thereof
wharein [err] . 20 wherein . A _B and D.each is CH ar_ane
or two of A, Band Dis N and the others are CH; R[err]
i s phenyl, benzi m dazolyl, or nonocyclic heteroaryl all of wh 8§ 25
substituted on&¥@AHRe tines with al kyl, hal ogen, CF[err], adifng n| ro
.cyano, acyl am no, al koxy, acyl, phenyl and nonocyclic heteroaryl and
one of Rlerr] and R err] is hydrogen and the éther is pyrrolyl which may be
‘substituted one or nore tinmes with substituents sel ected from hal ogen,
al kyl , phenyl, and al koxy; WO 96/ 33192
PCT/ EP96/ 01654 4

a compound as above, which is

1-{3-(3-pyridyl)phenyl)-5-(1-pyrrolyl)benzimidazole, or
1-(3-(5-pyrimidinyl)phenyl)-5-(1-pyrrolyl)benzimidazole,
5 ora pharmaceutically acceptable salt thereof or an oxide thereof;

a pharmaceutical composition comprising an effective amount of a compound as any
above, or a pharmaceutically acceptable salt thereof or an oxide thereof, together with
. at least one pharmaceutically acceptable carrier or diluent;

10 '
the use of a compound as any above for the preparation of a medicament for the
treatment of a disorder or disease of a living animal body, including a human, which
disorder or disease is responsive to modulation of the GABA,, receptor compiex of the
central nervous system;

15
the use of a compound as any above for the preparation of a medicament for the
treatment of a disorder or disease of a living animal body, including a human, which
disorder or disease is resporisive to positive modulation of the GABA, receptor
complex of the central nervous system;

the use of a compound as any above for the preparation of a medicament for the
treatment of anxiety, sleep disorders, memory disorders, epilepsy or any other
convulsive disorder;

25 amethod of treating a disorder or disease of a living animal body, including a human,
which disorder or disease is responsive to modulation of the GABA, receptor complex
of the central nervous system, which comprises administering to such a living animal
body, including a human, in need thereof a therapeuticalty-effective amount of a
compound as any above;

30
a method as above, wherein a disorder or disease responsive to positive modulation of
the GABA, receptor complex is treated;

a method as above, wherein anxiety, sieep disorders, memory disorders, epilepsy or
35 any other convulsive disorder is treated; and



a conpound as above, which is
1-(3-(3-pyridyl)phenyl)-5-(1-pyrrolyl)benzim.dazaole _or -1
-(3-(pyrimdinyl)phenyl)-5-(1-pyrrolyl)benzimdazole, 5 or a
-pharnmaceutically acceptable salt thereof or an oxide thereof; 1
pharnaceuticaI“%EM%Hgftion conprising an effective anount of a conpound as

any above, or a pharnaceutically acceptable salt thereof or an oxide
t hereof, together with at | east one pha& maceutically acceptable
carrier or diluent; 10 the use of a conpound as any above for the
preparation of a nedi canent for the treatnment. of a disorder or

di sease of a living animal body, including a human, which di sorder or

di sease is respongs wRiticd asaBove; Whersirttheabiivelrigiddientds agministaredin form ofa t he

central nervous syste 5 Jhe use of ahove for the
preparation of a ﬁi’@ﬂpg‘lﬁr‘i’éﬁ' c?rg?osm?g?her&ﬁ, 'Rt‘”l"gé‘ﬁ ﬁegﬁgé% tgﬁel s%“r"!c?igr) or

di sease of a |i vipharmaceutitallpadgeptableccamdsrog dituéntran, which di sorder or
di sease is re%oonsi ve to positive nodul ation of the GABA[err] receptor
conpl ex of the central nervous system 20 the use of a conpound as
any above for theHiglegands fiwariva, eiorine ramingneriedingr t he treat ment of
anxi ety, sleep disorders, nenory disorders, epilepsy or any other

~convul si ve disorder; 25 a method of tre&}&‘% di sorder ,qr disease of a
living ani mal bod¥kyl Means 4 stiajoat ghaip.ar branch %ﬂmm %'8&'9%?3%?%@ s
responsi ve to nodiyoirs alkyoffronk iedI0Belen édrborcatoms dncladingbubnot limited tof méthyl,

central nervoys s e ich ¢ rj se d Lsteri {0 LY

ani B
t her apeut i cal | y- adytlepéntylccyalohexyl; nudthyd, ethyl, propyh isopropi anel tdoutyl akeqpreferred

a met hod as abovegm erein a disorder or disease responsive to positive

nodul ati on of he GABA[err] receptor conplex is treated; a
met hod as above, wherein anxiety, sleep disorders, nenory disorders,

epi l epsy or 35  afiioxymisine CORMY, WhRiniIRA s detifed dRecd; and
15 _
Acyl means -(C=0)-H or -(C=0)-alkyt, wherein alkyl is as defined above.

Acylamino is acyl-NH- wherein acyl is as defined above.
20 Amino is -NH; or -NH-alkyl or.-N-(alkyl),, wherein alkyl is as defined above.

Monocyclic hetei-oaryl is a 5- or 6-membered heterocyclic monocyclic group. Such a
monocyclic heteroaryl group includes, for example, oxazol-2-yl, oxazol-4-yi, oxazol-5-
yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-y,

25 isothiazol-3-yl, isothiazol-4-yl, isothiazol-5-yl, 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl,
1.2,4-thiadiazol-3-yl, 1,2,4-thiadiazol-5-yl, 1,2,5-oxadiazol-3-yl, 1,2,5-oxadiazol-4-yi,
1.2,5-thiadiazol-3-yl, 1,2,5-thiadiazol-4-yi, 1-imidazolyl, 2-imidazolyl, 4-imidazolyl, 1-
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thieny}, 2-pyridyl, 3-
pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 3-pyridazinyl, 4-pyridazinyi,

30 2-pyrazinyl, 1-pyrazolyl, 3-pyrazolyl, and 4-pyrazolyl. .

Examples of pharmaceutically-acceptable salts include inorganic and organic acid
addition salts such as the hydrochloride, hydrobromide, phosphate, nitrate,
perchlorate, sulphate, citrate, lactate, tartrate, maleate, fumarate, mandelate,

35 benzoate, ascorbate, cinnamate, benzenesulfonate, methanesulfonate, stearate,
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t he method_as above, wherein the active ingredient is adninistered in_form

of a pharmaceutical conposition thereof, in which it is present
together with a pharmaceutical | y-accept abI e carier or dwliﬁcmmﬁ
Hal ogen is f1 uBP%@hlorine, bromine, or iodine. neans a

straight chain or branched chain of fromone to eight carbon atons or
cycli-c alkyl of fromthree to seven carbon at®ns, including but not linited
to, nethyl, 10 et hyl , propyl i sopropyl, butyl, isobutyl, t-butyl,

Tethyl | ethyl | pr Sisses) dufanal obhipia ymngre-aenRBy Bnbag, FBhESTEY

Al koxy neans - O aizéphthalexdeeaamlphoahtbysalicgdataandefeiaeethteaboammnlé Acyl
means - (C=0-H or -(C=0)-alkyl, wherein alkyl is as defined above.
Acylam no is acyl-NH wherein acyl I's as defined above. 20 Am no is -NH2

or -NH al kyl or -Gthenscigs suchas pxaligiasidewhilenat in themselvespharmacgutigally acceptable

Monocycli c het@f%éybeuﬁafa iPthePregardtiBA BEs e Lﬁ%ﬁéﬁﬁ%ﬁhédiatﬁymﬁm@ gr oup.
Such a monocycl i c het eroara/ groyp i ncl udes, &
tignand their

oxazol - 2-yl, oxaz®SMReLNEs ofhe e pharmacepticy 5?%99{;% acidpdditign salts, |

i soxazol -5-yl, t hgiohQaltgaié formidd ypRdcedulss well khowrinthe it 25
i sot hi azol - 3- yI i sot hi azol -4-yl, 'isothiazol-5-yl, 1,2, 4-oxadiazol -3-yl,

1, 2, 4- oxadi azol - 5-yl, 1, 2, 4 t hi adi azol -3-yl, 1,2, 4-thiadi azol -5-yl,
1, 2, 5- oxadi azol - 3ruyrther, lha?ocﬁnpmmﬁ ofzlis invention may exist in unsolvated as well as in solvated

10 forms with pharmaceutically acceptable solvents such as water, ethanol and the like. In
general, the solvated forms are considered equivalent to the unsolvated forms for the
purposes of this invention.

Some of the compounds of the present invention exist in (+) and (-) forms as well as in

15  racemic forms. Racemic forms can be resolved into the optical antipodes by known
methods, for example, by separation of diastereomeric salts thereof, with an optically
active acid, and liberating the optically active amine compound by treatment with a _
base. Another method for resolving racemates into the opticat antipodes is based upon
chromatography on an optical active matrix. Racemic compounds of the present

20 invention can thus.be resolved into their optical antipodes, e.g., by fractional
crystallization of d- or |- (tartrates, mandelates, or camphorsulphonate) saits for
example. The compounds of the instant invention may also be resolved by the
formation of diastereomeric amides by reaction of the compounds of the present
invention with an opfically active activated carboxylic acid such as that derived from (+)

25 or (-} phenylalanine, (+) or {-) phenylglycine, (+) or (-) camphanic acid or by the
formation of diasteraomeric carbamates by reaction of the compounds of the present
invention with an optically active chloroformate or the like.

Additional methods for the resolvation of optical isomers, known to those skilled in the

30 - art may be used, and will be apparent to the average skilled in the art. Such methods
include those discussed by J. Jaques, A. Collet, and S. Wilen in “Enantiomers,
Racemates, and Resolutions”, John Wiley and Sons, New York (1981).

The compounds of the invention may be prepared in numerous ways. The compounds
35 of the invention and their pharmaceutically acceptable derivatives may thus be



1, 2, 5-t hi adl azol -3-yl, 1,2,5-thiadiazol -4-yl, 1-im dazolyl, 2-imdazolyl,
4-im dazol yl, 1- pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-furamyd—
. 3- furanyl 2-thienyl, 3-thienyl, 2-pyridyl, 3- pyridyl, 4-pyridyl,

2- pyr.im d| nyl, 4-pyrinmdinyl, 5-pyrimdinyl, 3-pyridazinyl, 4-yiiddgsicsd! -
30 2- pyr azi n?'lo,%%razol yI 3-pyrazolyl, and 4-pyrazolyl. Bt 1e8¥
Exanpl es of pharmaceuticall y-acceptable salts include Inorganic and organic
acid- addition salts such as the hydrochlori de, hydrobrom de,
phosphate, nitrate, perchl orate, sul phate, citrate, | actate,

tartrate, mal eate, funarate, ndel at e 5 benzoate, ..

ci nnanat e, benzenPtapRrespyanY owR in @'HM'?‘B? 85?#’&%%‘33 SP&%O%"W)“
96/ 33192 analogous structure, and as shown In the representative examples which follows.
PCT/ EP96/ 01654 6

succinate, glutamate, glycollate, tol uene-p-sul phonate, formate, nalonate,
napht hal ene- 2- sul ﬁnuml describé me;ﬂods torm@rema@mmf@p@pwndsem?dm@nﬁon wherein
Qther acids sugh g %ﬁb%é?l ds'td VeRBoP WRBIBRCUL Yoy
acceptable 5 rray f)e usg?u in the prepar ?’(’)n opﬁgalts useful as h

internedi ates in 8pdR i hygrogen can be,pyathasized éﬂawsiynvent ion and their
phar maceutical ly acceptable acid addition salts. Such salts are

formed by procedures wel | in the ar Furt her C ounds
of this inventionSlngsag f'ar]?%n %‘Bﬁﬂm n W'P?F@Bﬂ%{%ﬁ?'%

wi th phar WﬁCGUtiCRh&anmbW retiiyiaoiva protebsesdronttommercialiyp aviilabisd the
like. In ra.I the solvated fornms are considered equivalent to the

g
unsol vat ed folfts FEYTIEHE: pur poses of this invention. Sone of
t he conpounds of the present invention exist in (+) and (-) fornms as well

as in 15 racem Cfgp e ctSRf il réachie Bustibbatiordiff ifd ikcisled BY BolvaRicHal nedhs
g Y such as extraction, crystallization, distillation, chromatography. and the like.

15 Blology

4-aminobytyric acid (GABA) is the major inhibitory neurotransmitter and has been
shown to act throughout both the central and peripheral nervous system. At present
two types of GABA receptors are known, the GABA, and the GABAg receptors. Recent

20 molecular biology has demonstrated that the GABA, receptors can be subdivided into
numerous subreceptors consistant with the selective and or partial pharmacological
effects observed with certain benzodiazepine receptor ligands as opposed to the
unselective effects observed for the classical benzodiazepine receptor ligands stich as
for example diazepam. Activation of GABA receptors leads to alternations in

25 membrane potential (hyperpolarization). The GABA, receptors are associated with
chloride influx through its associated and integrated chioride channel, whereas GABAs
receptor activation indirectly alters potassium and caicium channels as well as modifies
second messenger production. The GABA, recognition sites can be activated by
GABA, muscimol; and isoguvacine for example, but not by GABA; agonists such as for

30 example baclofen. The modulatory GABA, recognition site at the benzodiazepine
receptor sites can be selectively radiolabeiled with ’H-ﬂunitrazep_am. The affinity of
various potential ligands for the benzodiazepine receptor sites can thus be evaluated
by estimating the ability of test compounds to displace *H-flunitrazepam.



met hods, for exanple, by separation of diastereoneric salts thereof, with
an optically active acid_ and_liberatingthe optically active amne.
conpound by treatnment with a base. Anot her nethod for resolving
racemates into_the optical antipodes is based upon chro on
an optical act WRIBPRi x. Racenic conpounds of the present 20  ‘I'nvention
can thus be resolved into their optical antipodes, e.qg., by fractional
crystallization of d- or 1- (tartrates, mandefates, or canphorsul phonate)

salts for . exanpl e. The conpounds of the instant invention may al so be
resol ved by the formati on of diastere ric am des by reaction of the
conpounds of the present I nvention w optically active activated -

carboxylic acid such as that derived from(+) 25 or (-) phenylal anine, (+)

or (-) phenylglycimg, bk lgﬁrem@%ec ﬂeiet‘ﬁ:’%t@( essoth%rwfsgrirm?tﬁa'téaln

of diastereoneric resent
i nvention with an Gemlragprex fxm MF@WFﬁtﬂir"%‘Pﬂm Q)I's 'PQT@QW‘!?@MOT& Osecin20

Skil1ed in the 30 Mars HONSOURMPRIYEa) Ghing an Chis itaxtbREReAizer TNy Suopendcra
ski [ us Vv
skilled in the artent Bib'&?ﬂg'@"l-ﬂﬂ%‘gbf 15%?%@°Pﬁ@%‘ﬂ?§‘8€§?@ﬂ“'ﬂ?ﬂ’mS&gqies
JAhCO{AI'Ft ang g Mrmgeuméﬁoemlggmo&nl in). Thevﬁammleﬁsgamd?&mth i 20 et of ,
ohn ey and Son onmpqQunds 0 e inv on
‘may be prepared i f “ﬂ?frﬁ?\al Béﬁ ﬁf&"&&%@ﬂég"'ﬁ’g@ fameve apEaganghs %EA
‘their pharnaceuti aad tt;enaemﬂtngeﬂ)fw 10 enin at27,000x geThetpeliet isthen homogeni2&B in buffer
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7 pr epar ed n%genérrl]fuged ’Ph "‘k"n%\ﬁr? OIDR xt%g he ﬁ?alp e“etﬁ?&@;ggg%ﬁ ?ér'ln |of
compounds of bu@f@nd@mmemmml&fmzewméﬂbawq nt he representative
exanpl es which foll ows. Figure 1 describe rret hods for the

preparation of corrpounds of the invention wherein yrroI

and Rlerr] is hydASsa¥xThemambrang preparation is thowed F@ﬁﬁﬁﬁ@aﬂd@f ﬂ%@?‘?’]‘ imin at
pyrrolyl 27,000 x g. The pellet is washed twice with 20 ml 50 mM Tris-citrate, pH 7.1 using an

16  Ultra-Turrax homogenizer and centrifuged for 10 min at 27,000 x g. The final pellet is
resuspended in 50 mM Tris-citrate, pH 7.1 (500 mi buffer per g of original tissue), and
then used for binding assays. Aliquots of 0.5 m! tissue are added to 25 i of test
solution and 25 pl of *H-FNM (1 nM, finat concentration), mixed and incubated for 40
min at 2°C. Non-specific binding is determined using clonazepam (1 M, final

20 concentration). After incubation the samples are added 5 ml of ice-cold buffer and
poured directly onto Whatman GF/C glass fibre filters under suction and immediately
washed with & ml ice-cold buffer. The amount of radioactivity on the filters is _
determined by conventional liquid scintillation counting. Specific binding is total binding
minus non-specific binding.

The test value is calculated as the ICs, (the concentration (nM) of the test substance
which inhibits the specific binding of 3H-FNM by 50%).

Test resuits obtained by testing a selected compound of the present invention appear
30 from the following table:



and Rlerr] is hydrogen can be synthesized anal ogously. Starting

materials for the processes_described_in the present—patent—apptHeatton are
kifown or can.be prepared by known processes fromcomercially available 10

chem cal s. _The products of the reactions descri bed hepgippsdiofsss

i sol ated by cHeEMHAVnal neans such as extraction, crystallization,
distillation, chromatography, and the |ike. 15

Bi ol .ogy 4-am nobytyric acid (GABA) i 9 the nmajor inhibitory
neurotransmtter and has been shown to act throughout both the
central and peripheral nervous system At present two types of GABA

receptors are known, the GABA[err] and the GABA[err] receptors. Recent 20
nol ecul ar bi ol ogy has denonstrated that theTdM®AA receptors can be

subdi vided into nuner ous subreceptors consistant with the sel ective
and or partial pharnmacol ogi cal effects observed with certain
benzodi azepi ne r eregdompoundiands as opposed to the unsel eclGs@Mf f ect s

observed for the classical benzodi azepi ne receptor |igands such as
~for exanpl e dPazepam Activation of GABA receptors leads to alternations in

25  membrane potie@HBpyridyihahenyps-t-pyrialylsbgnzimidezoleBAl err] rece®fors are

associated with chloride influx through its associated and integrated
chl ori de channel, whereas GABA[ err] receptor activation indirectly
alters potassium and cal ci um channels as well as nodifies second

messenger production. The GABAA re | éﬁaﬁ]cﬂéﬂﬁ Ssifiowg activated by
GABA, musci nol ; and i soguvaci ne fo?ﬁgﬂgarrp e, but ’r,]ot by GABAB agoni sts such

as for 30 aPanpl e bacl ofen. The nodul atory GABA[err] recognition site at

the benzodi azepi g jtis & forlisk ISthedipy tecdimpotnt ot thenventiorinaybé | ed
with [err]Hflunitrazepam The affinit

for the benzodi aZgpinisteredas Hi%ﬁwsqhﬁ@icag g??f“ti‘niﬁ 9'%%¥@é Ié‘?oﬁ%FéﬁHﬁenééﬂ% B'J §m >
g;t i mating the akisld ghanfdceuted iopmotatords to di splace [err] Hflunitrazepam
15  The invention thus further provides a pharmaceutical formulation comprising a
compound of the invention or a pharmaceutically acceptable salt or derivative thereof
together with one or more pharmaceutically acceptable carriers therefor and,
optionally, other therapeutic and/or prophylactic ingredients. The carrier(s) must be
“acceptable” in the sense of being. com;iatible with the other ingredients of the

20 formulation and not deleterious to the recipient thereof.

Pharmaceutical formulations include those suitable for oral, rectal, nasal, topicat

(including buccal and sub-lingual), vaginal or parenteral (including intramuscular, sub-

cutaneous and intravenous) administration or in a form suitable for administration by
25 inhalation or insuffiation.

The compounds of the invention, together with a conventional adjuvant, carrier, or
diluent, may thus be placed into the form of pharmaceutical compositions and unit
dosages thereof, and in such form may be employed as solids, such as tablets or filled
30 capsules, or liquids such as solutions, suspensions, emulsions, elixirs, or capsules
filled with the same, all for oral use, in the form of suppositories for rectal
administration; or in the form of sterile injectable solutions for parenteral (including
subcutaneous) use. Such pharmaceutical compositions and unit dosage forms thereof
may comprise conventional ingredients in conventional proportions, with or without
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8 ) e Met hod Ti ssue
Preparati on: Prepar ations are perfor med at 0-4[err] C unl ess ot herw se

i ndi cat ed. Cerebral cortex frommle Wstar rats (150- 2OQ(:.‘(;M,J‘VBN_,’4
honogeni zed forV82¥¥1%c in 20 5 m Tris-HO (30 MM pH 7.4)-Using an

U tra-Turrax honobgeni zer. The suspension is centrifuged at 27,000 x g

for 15 min and the pellet is washed three tim@ with buffer
(centrifuged at 27,000 x g for 10 mn). The washed pellet is honogenized in

20 m of buf bat ed t t 7 f 30
to remve endogena@fhe,aﬂadwr%%‘ém%aﬁwf’q?eﬁmﬁﬁ%%p?aag%u‘r?'a{o 349 fifme Fey Snelo
g. The pellet is ténysuitabloeffecticamaount bithé actwla(hgredi&tcemmanéwgtadwmne intended

at 27,000 x g. Thgdaw gggaﬁgg;n@gt,? be e@gﬁyég)%ﬁﬁﬁi s%QmHimng ongé?%fﬁ&@h-n Fifiive

the preparation i 0ze or €
menbr ane prepar at iingredientananere baoadiyc .61 to oruaywdmd (0Qmilligrams; Pﬂ;!(lablﬁina@t

27,000 x g. The peécbgﬁmb?:pﬁd;@ﬁopé%ﬁgﬂwmdggadgbm mM Tris-citrate, pH

7.1 using an 15 Utra nogeni zer and centrifuged for 10 mn at
27,000 x g. The final pellet- resuspended in 50 mM Tris-citrate, pH

7.1 (500 ml buff em%n@omscaﬂrw adent inGenion cambéladministrated@ia Widecatiew of oral

Sol ut i on and 25 | APPPRNSTERS - ?rﬁﬁm""rﬁwﬁ%‘%%ﬁegﬁ?@Ff@]ramﬁﬁsthéét and

i ncubated for 40 followingﬂasagﬁfo&ﬁ‘smbymemprmla‘slme active icomporsent] eitherra cotmbound of) -

o onazcpam (1 gl AR ekt kG A e e

What man G-/ C glass fibre filters under suction and i mTedl ately vvashed
with 5 nm ice-col [ IS
det erm ned by con\c’:gg foﬁf‘a ;?H% SCI nt| a@hgﬁsﬁ‘gﬁ%%%ngg’c‘f‘? He%@;ﬁndl ng
is total binding nvention,phare @&P@m%blﬁpﬁraﬁrﬁgans_’emﬂ\erso dT‘Pfé"‘t"és?”VéP"ﬂé

:Mi Cﬁ| culhatl'.) efl a;ShtpPépaPéﬂo]fié fr&hﬂbﬁom%ﬂé@tﬂ]dﬁlfzﬂ\%ﬂ%sﬁachéﬁ shpﬁésuaﬂ&b?hmce
i ch inhibi e S ific err
resul ts obt ai ﬁé ngggbf 'ﬁ &?@? RIS °(5’|""%/’Fﬁes"fﬁst?§8?ﬁwﬁ“ﬂ?/@m?{§ﬂ
appear 30 fromt hetésﬂihemmvbmbanants. solubmzers,
lubricants, suspending agents, binders, preservatives, tablet disintegrating agents, or
an encapsulating material..

20 In powders, the carrier is a finely divided solid which is in a mixture with the finely
divided active component.

In tablets, the active component is mixed with the carrier having the necessary binding
capacity in suitable proportions and compacted in the shape and size desired.

The powders and tablets preferably contain from one to about seventy percent of the
active compound. Suitable carriers are magnesium carbonate, magnesium stearate,
talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methyicellulose, sodium
carboxymethyicellulose, a low melting vax, cocoa butter, and the like. The term
30 ‘“preparation” is intended to include the formulation of the active compound with
encapsulating material as carrier providing a capsule in which the active component,
with or without carriers, is surrounded by a carrier, which is thus in association with it.
Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills,
cachets, and lozenges can be used as solid forms suitable for oral administration.
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- Tapl e . Test conpound:

ldgerrf(nM 5 1-(3-(3-pyridyl)-phenyl)-5-(1-pyrrolyl)-benzim dazol e
8.4 . Phar maceuti cal Oorrpos%%h%i&
Wiile it is pde@PEId2t hat, for use in therapy, a conpound of nventi on
may be adm ni stered as the raw chemcal, then it is preferable to
present the active ingredient as a pharmuceutical formul ation. 15

The invention thus further provides a pharmaceutical formnulation conprising

a conpound of the invention or a phar maceuti cal | y .accept abl e, salt or
derivative t her edr preparing syigpesiiories,adow meling vax,sugh ﬁ?}ﬁ}l’ﬂ’ﬂﬂ'@tﬂ? MIW :

-acg/ept abl e ﬁalr ri t‘__ﬁiy%eﬁmrd?geéoaiu%ﬁaﬁ_ is first mél_ﬁaiai(ﬁmﬂd auwog&momhﬁsapputsba |

and/ or prophylacti'c i ngredi ents. e carrier(s st _Dbe N t N
in the sense of %mge'gwﬁmfh%?'% %’%W‘F%F{‘u'@ ﬁ%&'tq%%%ﬂfssmmw?%gﬁ _urgd
fornul ati on and it conienient sizedamdlids, aliswedtoicpolcand thereby & solidify.

Phar maceutical fornul ations include those suitable for oral, rectal, nasal,

't opi cal - (i ncluding buccal and sub-lingual), vaginal or parenteral
- (i ncl udi ng i nt r afFesoulations suitable for vaginatadtahisg_gﬁgrunw bg.pwegqrgﬁ@)g%p_essaﬁes,- _
admi ni stration onhgd 3 &L Sélel AN, Idime St Ephiys LhRthinig if ¥ddition t MEPadtive ON

or insufflation. .
ingredient such carriers as are known in the art to be appropriate.

10  Liquid form preparations include solutions, suspensions, and emulsions, for example,
water or water propylene glycol solutions. For example, parenteral
injection liquid preparations can be formulated in solutions in aqueous polyethylene
glycol solution.

15  The compounds according to the present invention may thus be formulated for
parenteral administration (e.g. by injection, for example bolus injection or continuous
infusion) and may be presented in unit dose form in ampoules, pre-filled syringes,
small volume infusion or in multi-dose containers with an added preservative. The
compositions may take such forms as.suspensions, solutions, or emulsions in oily or

20 aqueous vehicles, and rhay contain formulatory agents such as suspending, stabilising
and/or dispersing agents. Altematively, the active ingredient may be in powder form,
obtained by aéeptlc isolation of sterile solid or by lyophilisation from solution, for
constitution with a suitable vehicle, e.g. sterile, pyrogen-free water, before use.

25 Aqueous solutions suitable for oral use can be prepared by dissolving the active
component in water and adding suitable colorants, flavours, stabilizing and thickening
agents, as desired. ' '

Aqueous suspensions suitable for oral use can be made by dispersing the finely

30 divided active component in water with viscous material, such as natural or synthetic
gums, resins, methyicellulose, sodium carboxymethyicellulose, and other well known
suspending agents.

Also included are solid form preparations which are intended to be converted, shortly
35 before use, to liquid form preparations for oral administration. Such liquid forms include



The conpounds of the invention, together with a conventional adjuvant,

cagrier, or diluent, may thus be placed into the form of
phar macéutical conpositions and unit dosages thereof, and in such

form.may be enployed as solids, such as tablets or filled 30 capsul es, or
| i qui ds such aWG®/31%ons, suspensions, enulsions, elixirs, ﬁ'@fﬂ
filled wth the sane, all for oral use, in the form of supp05|tor|es for
rect al adm nistration; or in the formed sterile injectable solutions
for parenteral (including subcut aneous) use. Such phar maceuti cal

conposi tions and unit dosage forns thereof y conprise conventional
i ngredi ents in c&pboNs; waenmmmonmmwwmmsmy contain, in adgijtion fo

96/ 33192 the active component, colorants, flavours, stabilizers, buffers, artificial and natural
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10
addi ti onal acti vé""wﬂ%ﬁrﬂﬁeﬁamﬁr#‘WK?'E’%@'“QWH"%EMﬁf‘? "T?dg‘ﬁge forns may

contain any suitable effective anount of the active ingredient

. t ith th tend

Formil at1 ons Sonfat PR SFEERfon 2 the Py i35 alritddeobiing o HaAsAS
nmore broadly, 0. @iyte farmelatas s aintmenBOgreams br iglienss or asce trangdpemal paich. 5
~accordingly sui t@%ﬁneﬁt@?ﬁ&ﬁfeg ?Ha&e%ggﬁﬁnﬁg?% FSrriuHtaPwi an a%ueoug B?oulg base

conmpounds of the present Tnven nistrate riety

of oral an wmp theaddition bf suitablg thickening and/or geling mnbbwt@us may behose

skilled in the aerthﬂd vﬁlﬂ%n aquaousfd?bi@%ﬁ&n@%lﬁﬂ%eﬁ%ﬂ&s&%ﬁm bfiords
the active conponen eit npound of 10 the inventio

phar maceuti c3®ly 9&'@5@{5‘[‘911999‘33 ﬁan' '%!Fg HQM@BW“QPQPW& § qqﬁgents,

For preparing phmmﬁ.ﬁghgané ot 6olbringtagents. f rom t he conpounds of the present
i nvention, pharmaceutically acceptable carriers can be either solid or

i quid. SoI id form preparations include powders, tablets, pills,
capsul es, cachet Formulglionssuitabledaer, topical adfhinistratienpiotises Mbmhglclmlellmn!ﬁs sol i d

carrier can be Og&n@iﬁl cﬁvé&eﬁbﬁi ﬂl@%ﬂ\?& gﬁség%&fai\b 8lcrose an @c%la%? trggédéﬁﬁt S

fl avouri ng agent suspen q
bi nders, pred®r v pastiless;compsising theactive ingradient ingandeest hase sygh as gelatinand glycerin

encaps ul atin 9 Mepeéichdse and acacia; and mouthwashes comprising the active ingredient in a suitable
fiquid carrier.

Solutions or suspensioné are applied directly to the nasel cavity by conventional

20 means, for example with a dropper, pipette or spray. The formulations may be
provided in single or multidose form. In the latter case of a droppér or pipette this may
be achieved by the patient administering an appropriate, predetermined volume of the
solution or suspension. in the case of a spray this may be achieved for example by
means of a metering atomising spray pump.

Administration to the respiratory tract may aiso be achieved by means of an aerosol
formulation in which the active ingredient is provided in a pressurised pack with a
suitable propellant such as a chlorofluorocarbon {CFC) for example
dichiorodifiuoromethane, trichlorofiuoromethane, or dichiorotetrafiucroethane, carbon
30 dioxide or other suitable gas. The aerosol may conveniently aiso contain a surfactant
such as lecithin. The dose of drug may be controlled by provision of a metered valve.

Alternatively the active ingredients may be provided in the form of a dry powder, for
example a pbwder mix of the compound in a stuitable powder base such as lactose,
35 slarch, starch derivatives such as hydroxypropyimethyl celiutose and



20 In powders, the carrier is a finely divided solid which is in a mxture
with the finely divided_ active_conmponent _ . In tablets—~—the
active conponent is mixed with the carrier having the necessary binding

- capacity in suitable proportions and conpacted in the shape EPIER1654
desired. 25 WOSBMZ nowders and tablets preferably contain fromone to
about seventy percent of the active conpound. Suitable carriers are

magnesi um car bonat e, magnesi um st ear at e, 13 talc, sugar, |actose,
pectin, dextrin, starch, gel atin, tragacanth, methylcellul ose, sodi um

C e ) e RgroRus VT, Vet 5y A G by e T
active conpoundcamty. IThepowdemrmpsmbmmaylgeptasmmamwmtﬁmfommmﬁlng a
capsule in which {powdle S
sulror ounded by acag:%{j'l?s ?&%ﬁmyﬁﬁﬁun rnb"gtseéé%gkgtﬂ?g' n%vxin&'mﬂi t. Hnﬁ{' be
Simlarly, cachadrdnlammgfanmhﬂhbl uded. Tablets, powders, capsul es,

EpiIIs cachets, and | ozenges can be used as solid forms suitable for

~oral administration. 35 WO 96/ 33192
PCT/ EP96/ 01654 In formulations intended for administration to the respiratory tract, including jntranasal

For dpr epar i nlg Sfdﬁﬁ%lﬁﬂdn@ rﬂw@&emﬁodnﬁ\%ill’@éﬁe\'élgfh‘a%a smul:bamde sizeifortexamplefof thet t y
- aci g ycer| ocoa ter, is first

conponent is di %P d“"’“’"s or 'ﬁ%&&@'ﬁ@&ﬂm sf‘ﬁé?%y %@E%W?%M

nol t en hormgenousambtmplsbvinmmummd i nt o conveni ent sized nol ds,

aIIovvedto&P and thereby to solidify. 5 For mul ati ons suitable

for vagi nal Ldnini stration may be presented as pessaries, npons,
creans, gels, pdberdesifed-foumulations adgnted torgive sustaineditelgass @fma@tbreﬁmwu ve

I ngredi ent SUChm&f‘Bébﬁubﬁy&E are known in the art to be appropriate.

The pharmaceutical preparations are preferably in unit dosage forms. In such form, the
15  preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package
containing discrete quantities of preparation, such as packeted tablets, capsules, and
powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet,
cachet, or lozenge ltself, or it can be the appropriate number of any of these in
20 packaged form.

Tablets or capsules for oral administration and liquids for intravenous administration
are preferred compositions.

25 Method of Treating

The compounds of this invention are extremely useful in the treatment of disorders or
diseases of a living animal body due to thelr affinity for the benzodiazepine binding site
of the GABA, receptor. These properties make the compounds of this invention

30 extremely useful in the treatment of convuisions, anxiety, sleep disorders, memory
disorders as well as other disorders sensitive to modulation of the GABA, receptor.
The compounds of this invention may accordingly be administered to a subject,
including a human, in need of treatment, alleviation, or elimination of a disorder or
disease associated with the GABA, raceptors. This includes especiaily convulsions,

35 anxiety, sleep disorders and memory disorders.



10 Li quid form preparations include sol utions, suspensions, and .

emul sions, for exanple, . water_or water .propyl ene glycal solutians .
For exanpl e, parenteral injection liquid preparations can be
fornmulated in solutions in aqueous pol yethyl ene gl ycol ?,er bédiess 1°
The conpounds YOXP#%g to the present invention may thus be orrruI ated for
parenteral adm nistration (e.g. by injection, for exanple bolus injection

or continuous i nfusi on) and nmay be prddented in unit dose formin
anpoul es, pre-filled syringes, smal |l volune infusion or in nulti-dose
containers wth an added preservative. The conpositions may take such

fornms as suspensions, solutions, or enmulsions in oily or 20 aqueous
vehi cl es, and neSuitabletddsiage nnwamwmymmmmnﬁy.am-somﬁmmgany. and

bi |
har ed ent ey HESRRRANAd# Ffiraind el Blhghmet e il uplf e eabiimiigar V|
sterile solid oradmimlslﬁtpm mmmwmqumms@mduthedmicqﬂen towardswh,lg!hg\q tution
wtha suitalye yiihirdionSs drechiicih sbjobtifivoiigl ahd #d Budy Veighbafihé Butiies- 25

Aqueous solutlons use can repare di ssol vin the
active conipvaivas; andfuthardhe B’ﬁff’%ﬂfﬂlaﬁg °§EH'1° oh of 19 WSXQR"SP’ veleg '
stabilizing and dxHargekeni ng agents, as desired. Agueous

suspensi ons suitable “for oral use can be nmade by dispersing the finely 30
di vided active conponent in water with viscous material, such as natural or
synthetic D tellowigséxamplesailhiliistratd the drenticndusther; however they are not to be

car boxynet hy] cel | ul ther wel | known suspendi ng agents.
Al'so i ncl ude ar@"gtg‘?q%oasf%dtm preparati ons which are intended to be

converted, shortly 35 before use, to liquid form preparations for oral
adm nistration. Such liquid forms incl Ud%xamplﬂ WO 96/ 33192

PCT/ EP96/ 01654 12

2-Nitro-4-(1-pyrrolyl)fiuorobenzene (1a): To a suspension of 4-fluoro-3-nitroaniline

15  (20g, 0.13mol) in toluene (200ml} is added 2,5-dimethoxytetrahydrofuran (33ml,
0.26mol) and a catalytic amount of pTSA. The mixture is refluxed for 2.5 hours. After
cooling the solvent is removed by evaporation and the residue is purified by column
chromatography on silica gel using a mixture of ethyl acetate and petroleum ether (1:1)
as the eluent. Yield: 23.1g (87%). Mp 78-81°C.

20
2-Nitro-4-(2,5-dimethyipyrrol-1-yi)fluorobenzene (1b): Prepared analogously from 4-
fluoro-3-nitroaniline and 2,5-hexanedione. Yield: 28%. Mp 99-101°C.

Example 2

3-(3-Pyridyl)aniline (2a): A mixture of diethy! 3-pyridylborane (16.3g, 0.1 1mol), 3-
bromoaniline (12.2ml, 0.11mol), potassium carbonate {45.8g, 0.33mol) and
tetrakis(triphenylphosphine)palladium(0) (80mg) in a mixture of water (40ml) and
dimethoxyethane (80ml) is heated to 80°C under a stream of nitrogen over night. After
30 cooling the mixture is diluted with water and ethyl acetate and filtered through a fluted
filterpaper. The layers are separated. The aqueous layer is extracted once with ethyl
acetate. The combined organic phases are dried over sodium sulfate and concentrated
under reduced pressure. The residue is dissolved in ethanol. Water is added and the
mixture is evaporated to dryness. This residue crystallizes upon trituration with ice-cold



sol utisons, suspensions, and enul sions. These preparations may contain, in
addition to the active_conponent, col qrants,_flavours, s.t_a,bJ-I_t-z-ers
buffers, artificial and natural sweet eners, dispersants, thi ckeners
sol ubi l'i zi ng %gents and the |ike. 5 For topi cal adm ni SW ‘fsg t he
epidernis the ¥@MMBRds according to the invention or nul at ed
as ointnents, creans or lotions, or as a transder nal patch QO ntnents

and creans nmay, for exanple, be fornulated #th an aqueous or oily base
with the addition of suitable thickening and/ or gelling agents. Lotions may

cont ai n one. or W8I 19 el & plrh i et wikhen FRE phipinyn S iR BuRT

agents, suspendpa¢1&dy;87%). Mp 75-76°Chi ckeni ng agents or col ouring agents.
Formul ati ons suitable for topical adm nistration in the nouth include

| ozenges conprising active agent in a flavoured base, usually sucrose
and acacia or tragacanth; 15 pastilles Examplesd ng the active ingredient in
an inert basg such as gelatin and glycerin or sucrose and acaci a; and
nout hwashes Conprising the active ingredient in a suitable qui d

_carrier. 3-(SFydamidybanilive (2h)sh suspepsion of Fbrasspydmidiner(32g. (9¢. 3!‘?5“@')1 & nasel

: ity b

Coray The"T o ko B ambdlond 918 ot o hBlori00 6, 0

In the latter c4Zmmel) anmmwe(fnpbpnsﬁpns’epmee)pﬂ!aéwnw 0) in a mgtug-ofiwalerd by
~the patient ad nt?&hﬂ}ﬁfdld’iﬁeﬁ&y%ﬂﬁhewsoaﬁﬁs haéteaiﬁwmune& &/ @ttedifFof@fitrdgeR over

sol ution or suspension. In case of a s

exampl o by 10 RoReAR coping ths iR s BB B e widies, The rpSiies ks Titered o

Admi ni stration mﬁda&vimrrammwwmazmwgabm)Mpvdna?ed by means of an
aer osol formulation in which the active ingredient is provided in a
pressurised pack with a sui tabl e propellant such as a

chl or of | uor ocar NeAcetyEE{5-pirimidg)aniiné (2c): 2b is adetgiated wittiatbliccanhythridecto afford 2¢
trichl orof | uor opet ot et raf | uor oet hane, carbon 30 di oxi de
or other sui tabﬁg@agﬁ‘*%gfggoﬁe may conveniently also contain a

surfactant 15 such as lecithin. The dose of drug may be controlled by
“provision of a netered val ve. L\%ﬂm%l qvel y the active ingredients
may be provided in the formof a dry po exanpl e a powder m x

of the compound in a suitable powler base such as |actose, 35 starch,

starch derivati $qpmighsdianiiney @HR A o Fiodd.3-rifdbelizéteqedy) ©.36mol),

imidazole (54g, 0.79mol}, potassium carbonate (549, 0.39mol) and finely divided

20 copper powder (1g) is heated to 200°C. The melt is stirred for 2 hours under nitrogen.
During the reaction water vapor is trapped by molecular sieves, placed between the
reation vessel and the condenser. Following the reaction the mixture is cooled to
100°C and water is added. The mixture Is aliowed to cool to room temperature and the
crudse product is filtered off and dried. Recrystallization from toluene (200-250ml)

25 affords pure 3-(1-imidazolyi)nitrobenzene (54.2g, 79%). Mp 101-102°C.

To 3-(1-imidazolyl)nitrobenzene (51.8g, 0.27mol) in acetic acid (500mt) is added
palladium cataiyst (5g 5% Pd on activated carbon) and the mixture is hydrogenated
under pressure (Paan: 4bar) until the hydrogen uptake has ceased. The mixture is

30 fiitered through celite and the filtrate is evaporated to dryness to leave 2d as a light-
brown oil. Yield: 40.4g (93%).

N-Acely! 3-(1-imidazolyl)aniiine (2e): 2d {5.88g, 37mmol) is stirred in acetic anhydride
(30ml) at ambient temperature for 1 hour. The mixture is poured into ice-water and
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13, pol yvi nyl pyrrolidine (PV_E)____ConvenL_emJ_y t he .powder carrier_wll
forma gel in the nasal cavity. The powder conposition may be

presented in unit-dose formfor exanple in capsul es or ' of
e.g. gelatin oVORFP¥PRr packs from which the powder nmay be PeEbahtiEs
adm ni stered by neans of an inhaler. 5 In fornul ati ons intended for
adm nistration to the respiratory tract, indBuding intranasal

formul ati ons, the conpound will generally have a small particle si ze for

exanpl e of the rder of ni crons or SS cle ze may
be obtai ned by n@ﬁMﬂ'gal?e;%Magdm°"°‘twe%s P&"@I&A‘%ﬁ%ﬁ? %t i on.
10 When defiileretitbff, ivashediwithivater and dfied th yisld 3e (6342, 85%). rM;the’IMGe of
the active ingredi ent may be enpl oyed. The pharnaceuti cal
preparations are preferably in unit dosage fornms. In such form the 15
preparation is subdivided into unit doseExempled ni ng appropriate quantities
of the activ conponent. The unit dosage form can be a packaged
preparation, the package contai ning discrete quantities of

preparation, such{Z:Byrsitisndine f): ablaeqommcab%{ﬂﬂyopml)wﬁdme (preprredesin vial s
‘or anpoul es. Al S&scﬁﬁ%ﬁel’r'?'éheﬂpg%gelsgﬁg (ﬁe? 65.8mtt n%%?a l:saddedf

cachet, or lozenge its can riat any o

Chose i n 20 - peefiadien ostslyst (1.30 5% Pd o apkveted qarboagwiﬁ'esmm i hydrogenated
adm ni stration amnibwbrd&&&ﬁnm fHe/ Iy dRIgBN BptakeThdl Gdabed. THB mixture is ﬂl'ié?ad

preferred conpositions. 25 t hod of
Treating 10 through celite and the filtrate is concentrated under reduced pressure. The resndue is
puritied by column-chromatography on silica gel using a mixture of ethyl acetate and

petroleum ether (9:1)as the eluent to afford 2f (9.5g, 88%) as a light brown oil.

N-Acety! 3-(2-pyridyl)aniline (2g): A mixture of 2f (5.6g, 32.9mmol) and acetic

15  anhydride (20mi) is stirred at ambient temperature for 1 hour. The mixture is poured
into ice-water and rendered alkaline with 10M sodium hydroxide. The product is filtered
off, washed with water and dried. Yield: 5.5g (79%). Mp 133-134°C.

Example 6
20
2-(Dimethylamino)pyrimidine: A solution of 2-chloropyrimidine (5g, 43.65mmol) in dry
THF (50mi) is saturated with gaseous dimethylamine. The mixture is stirred at ambient
temperature for 1 hour followed by evaporation of solvent. The residue is partitioned
between water and ethy) acetate. The aqueous phase is extracted with ethyl acetate.
25 The combined organic phases are dried over sodium sulfate and evaporated to leave
the product as a brownish oil. Yield 5.07g (94%).

§-Bromo-2-(dimethylamino)pyrimidine. The above product (5.07g, 41.22mmol) is
dissolved in glacial acetic acid (25ml) and bromine (2.15ml, 41.95mmol) is added. The

30 mixture is stirred for 30 min. at ambient temperature and then poured into ice-water.
The mixture is rendered alkaline by addition of 10M sodium hydroxide. The product is
filtered off, washed with water and dried to yield 4.72g (67%). Mp 162-164°C.



The conpounds of this invention are extrenely useful in the treatnent of
di sorders or diseases of a |iving animal body due to their.atfinity
for the benzodi azepi ne binding site of the GABAA receptor. These

properties nmake the conpounds of this invention 30 extremnel {‘dn
the treat ment WR9%8Mul si ons, anxiety, sleep disorders, rrerer

di sorders as wel |l as other d| sorders sensitive to nodul ati on of the GABAA
recept or. The conpounds of this invent¥on nay accordingly be

adm nistered to a subject, i ncluding a human, in need of treatnent,
alleviation, or elim natlon of a disorder or ge se a som at ed W|th

the GABAA r eceptdiefDimatindaming)-Srawimidy)oling (ah): A mixiure anxi ety,

S Ic%e P Pg L Son gg 'S (@RiéthyRImO)pytinidiné! @.76g, 33.17mmol), &aMﬁoBﬁdn’&&b&ﬂuc acid hemisulfat
Sui t abl e dosage (48P 78mme)) peiassiyip earbenaly H3,738,.99-40mmoh, %PWP?%&M“'

daily, and 166mmof)iant hetraﬁ:s(lnp!ﬁﬁylph@hga)paﬂadﬁm@(ozb)mmdmmeﬁ watenal

th t
the ndt cat | 8n (S 8 dmetpefiifnd. abifa hded g BEC hddhhfiSad Ghemih AR
subj ect i nvol vedooling thénmbduyel is dibtegmnhaiatermdsmyj wsate and is filtaredithrough and
~furth th f
chargs, e"?f?ar"?s?ﬁ'é% PRSI S B enareloarP i hictd pfse’ skt o |1
further, however""‘ﬂ‘l?«é'!vlweéa etc@mb@eg@rgasmeseua&ye pyRrsediym sulfate and
Exanple 1 evépdrhted ibdbyﬁésspmmémha fslthtgfa%uammm&dra)ofe g@m&msn on

O OO S, e (1) o ke erydiafins 3R 3 26 745 WD 14 649, 1o added

N-Acely! 3-(2-(dimethylamino)-5-pyrimidyl)aniline (21): 2h is acetylated as described
for 2g in Example 5 to vield 2i. Mp 183-188°C.

15 Example 7

N-(3-(3-Pyridyi)phenyl)-2-nitro-4-(1-pyrrolyl)aniline (3a): A mixture of 1a (0.5g,
2.4mmol) and 2a (0.41g, 2.4mmol) in N-methyl-2-pyrrolidone (2.5ml) is heated to 120-
135°C for 2 days. After cooling water and diluted sodium hydroxide is added and the
20 mixture is extracted with ethyl acetate. The extract is dried over sodium sulfate, and
the solvent is evaporated to leave crude 3a. This crude product is purified by column-
chromatography on silica gel using dichloromethane and subsequently a mixture of
dichloromethane and methanol (9:1) as the eluents to yield pure 3a (0.61g, 71%) as an
o, |
25
Example 8

N-(3-(5-Pyrimidyljphenyl)-2-nitro-4-(1 -pyrrolyl)anifine (3b): To a stirred suspension of
2¢ {4.55¢g, 21.36mmol) in dry DMF (40ml) is added sodium hydride (0.85g of a 60%
30 dispersion in mineral oll) at 0°C under nitrogen. When the evolution of hydrogen has
ceased 1a (4g, 19.42mmol) is added and the resulting mixture is stirred at 40°C under
nitrogen over night. After cooling the mixture is poured into water (200ml) and
extracted with ethyl acetate. The combined extracts are dried over sodium sulfate,
concentrated under reduced pressure and chromatographied on silica gel using sthyl



0. 26nof) and a catal ytic amount of pTSA. The mi xture is refluxed for 2.5
hours. After . cooling the solvent is remved by evaporation and_the

residue is purified by colum chromat ography on silica gel using a
m xture of ethyl acetate and petrol eumether (1:1) as t-
Yiel d: 23.1g ()é‘}9 79-81[err]C. 20 Vet

2-Nitro-4-(2,5-di rrét hyl pyrrol -1-yl)fl uorobanzene (| b): Prepared anal ogously
from4- fluoro-3-nitroaniline and 2, 5-txanedi one. Yield: 98% M
99-101[err] C - Exanple 2 25

0 damol) . 5 ‘soagpmatihm ekl s bBosyrs afiral g popViatamrddict e s

(45.8g, 0.33nvl) stined in a mixtureesfidirkethdryethahe (MO e th Mqualsbdldmlhyd@)cidéwng)

gg[grﬂétﬂage(r)f a\,&{'&égmm f@?‘%gen Ve 'ﬂﬁtWﬁlgﬁ@B&ﬁggoagweag%

‘m xture is dilut hegraductisfitaredioff wwﬂt\!ﬂ&tmmw&m?mr h Mp 82-

fluted ki | tggsgpaper. The layers are separated. The aqueous |ayer is
extracted once with ethyl acetate. The conbi ned organi c phases are
dried over sodium sulfate and concentrated under reduced pressure.
The residue is diNagot\iRfbazo) é-nmﬂﬂi-@fpynﬁf (9¢)Avdslfrepared analdgols

is evaporated to dryness 'S eS|due crgaot i zes upon trituration w h
i ce-col d from 9@28% Mp 129-130°C.

PCT/ EP96/ 01654 15

wat er. The cryst ol | drie et 1ol eum et her, to
afford pure 10 %'%éﬁ %Z%f (;'8‘7’95'2 ”Waé;% mﬁ:yiﬁynolvy-ylgnﬂne[ was prepared
Example 3 5 analagddilyl?wmmdndﬂamdld:m%m)tmﬁlsatapensi on of

5- bronopyri m di ne (15g, 94.3mmol), 3- am nophenyl boronic acid

hem sul fate (19.3g, 104mmmol ), sodi um bi carbonate (39. 6g,

N-(3-(2-Pyridy!)phenyl)-2-nitro-4-(1-pyrrolyl)anitine (3e) was prepared analogous!y from
1a and 2g. Yield: 30%. The product was isolated as an oll.

15
N-(3-(2-(Dimethylamino)pyrimid-5-yl)phenyl)-2-nitro-4-(1-pyrrolyl)anifine (3f) was
prepared analogously from 1a and 2i. Yield: 20%. Mp 166-168°C.

Example 9

20
N-(3-(3-Pyridyi)phenyl)-2-amino-4-(1-pyrrolyl)aniline (4a): 3a (6g, 16.85mmol) is _
dissolved in a mixture of ethanol (100mt) and THF (25ml). Sodium sulfide nonahydrate
(13.35g, 55.62mmol) and ammonium chioride (3g, 55.62mmol) is added and the
mixture is heated to reflux for 1 hour. After cooling the mixture is poured into water

25 (400ml) and the product is filtered off, washed with water and dried. Yield: 5.1g (93%).
Mp 178-179°C.

N-(3-(5-Pyrimidyl)phenyl)-2-amino-4-(1-pyrrolyl)anifine (4b) was prepared analogously
from 3b. Yield: 89%. Mp 180-192°C.

30 '
N-(3-(1-Imidazolyl)phenyl)-2-amino-4-(1-pyrrolyl)aniline (4¢) was prepared analogously
from 3c. Yield: 83%. Mp 207-212°C.



472mmol ) and tetrakis(triphenyl phosphi ne)pal |l adiunm(0) (1g) in a m xture of

water (75nl) _and di met hoxyethane (150 ) is heated to 80C under a
stream of nitrogen over 10 night. After cooling the mxture is poured into
i ce-water. The reC| itate is filtered off, washed with JeBbesid
dried to yiel dW % 93% . M 164- 165C. N- Acet yl pe% e
3-(5-pyrmdyl)aniline (2c): 2b is acetylated wth acetic anhydride to
afford 2c (15.4g, 82% . M 157-158[ern®C 15

Exanpl e 4 3-(1-Imdazoyl)aniline (2d): A mxture of

1-i odo- 3- nltrobenzene §90gI )0 36 la) 25 l F’l zol E"&g”gﬂ@g 9‘gaDs|p)
pot assi um car borf¥f : QWZP"H e owder
(1g) is heated f#?ep%@&iﬂ’f siy cquéplitativeyidid romesd. Mpr198°Ciecompinder

ni trogen. During the reaction water vapor is trapped by nol ecul ar
si eves, placed between the reation vessel and the condenser.
Foll owi ng the rmmmmmm-mlmaep)m@wmlm (4e) waprépared analogouslys

added. The xt ) d o roomtenperature and the
crude produc 3 #‘[ X? %g%“&g'&g?ﬂbe% Recrystallization fromtol uene
(200-250m ) 25 affords pure 3-(1-im dazolyl)nitrobenzene (54.2g, 799 . M

101 -102C. To 3-(1-imdazolyl) nlw ne (51.6g, 0.27nol) in
acetic acid (500m) is added pal | adium catal yst (5g 5% Pd on
activated carbon) and the m xture is hydrogenated under pressure

HDI[ '?(raHad ?E?(r)zjgh { }FI@ IBH ﬁﬁj’?ﬂ"ﬂ g*g @e%gpora?gd atoﬂ(}é{'/ﬂrﬁeg ?eavé
2d as a |ign@- suspension ofdf (020, Othmoﬂ in d& sthanolisadded palladium xatalyst (ﬁf%
3-(1-im dazolyl )o?%w &?ﬁ‘é&aﬁ&’m@mﬁé& Is Fyig J?aaté&atmbﬁéne rélsSurd Ghfilithe

anhydri de at anbl ent terrperat r hour he m xt ure | S
pour ed into i cehygroge uptake has ceased. Theymixiyreisfiitpred through celite and the filtrate is
PCT/ EP96/ 01654  concentrated under reduced pressure. This crude product is used directly for the next
step. See Example 11. '
15

Example 11

1-(3-(3-Pyridyl)phenyi)-5-(1-pyrrolyl)benzimidazole (5a): A solution of 4a (59,
15.34mmol) in formic acid (50ml) is heated to reflux for 45 min. After cooling the

20 mixture is poured into a vigorously stirred mixture of crushed ice (100g) and aqueous
sodium hydroxide (100ml, 12M). The precipitate is filtered off, washed with water and
dried. This crude product is dissolved in a mixture of dichloromethane and ethyl
acetate and filtered through a short silica gel column. The filtrate is evaporated to
dryness and the residue is recrystallized from toluene. Yield: 3.5g (68%). Mp 176-

25 177°C.

1-(3-(1-Imidazolyl)phenyl)-5-(1-pyrrolyl)benzimidazole (5¢) was prepared analogously
from 4¢. Yield: 70%. Mp131-134°C.

30  1-(3-(2-Pyridyl)phenyl)-5-(1-pyrrolyl)benzimidazole (5e) was prepared analogously
from 4e. Yield: 49%. Mp 147-148°C.

1-(3-(2-{Dimethylamino)pyrimid-5-yi)phenyi)-5-(1-pyrrolyl)benzimidazole (5%) was
prepared analogously from 4f. Yield: 32%. Mp 237-238°C.



16 : rendered al kal i ne by addi tion of aqueous sodi um hydroxide (12M.
The product-is_. filtered off, washed with water anddried to yield 2e..
(6.34g9, 85% . M 181-183[err]C.

Exanple 5 5 2-Pyidyl)aniline (2f): To a solution of
2- (3-ni trophenﬂ?%‘?gf i ne (prepared as described in J. &crm .
1958 p. 1759) (12.7g, 63.5mvl) in abs. ethanol is added pal | adi um

catalyst (1.3g 5% Pd on activated carbon) an&0the nmixture is hydrogenated
at anbient pressure until the hydrogen uptake has ceased. The m xture is
filtered 10 through celite and the filtrate is concentrated under reduced

pressure. The residue is purified by col um-chronatography on silica
gel using a mixture of ethyl acetate and Example& r ol eum et her (9:1)as the
eluent to afford 2f (9 59, 88% as a light brown oil. N Acet yl

3-(2-pyridyl)aniline (2g): A mixture of 2f (5. ?&132 9mmol ) and acetic 15
anhydride (20n) 1-63-E-Pynmicyllphenyb5+(3-pyrrolbheseimidazeler(sh): Am@uwdﬁétﬁﬂxture

is poured 5 'J‘Q mbﬁedﬁ?&?forﬁﬂﬁidﬁmﬁﬁ%ﬂl l(ﬁhl‘ ?Qs?ﬂHoi) aﬁ@'ﬁ'cﬁ%ﬁb‘rﬂnwm

‘hydroxi de. The p uct water and dried
Yield: 5.5g (790/() pﬂ;ﬁAlrggrquTr@r{ﬂm) is heated to reflux for3hours The mixture is

Exanple 6 20 conderitfatedRindur retiided)pPessiig ShdtRs reidae is-thréiategrafied on silica gel

w £ gaseous. ai makpSRrsBveI AV gt &nd s ey ol medl animiont B fes
tenperature for Jlhéneluents.ovieidobsh:1se (@R MY 197188°Csol vent. The residue is

partitioned bet ween water and et hyl acetate. The aqueous phase is
extracted w tw et hyl acetate. 25 The conbi ned organi c phases are dried

over sodi um sul f at-(3-(@Habidazalyliphanydls-{2)5-tiatetiyipyrrol- 1-y)beazimidakale(Sd)was gremaned s h
oil. Yield 5.07g v, - 223 fdi hyl am no) pyri m di ne. The
above product (5_@%@%?%%1?%gm31éﬁig#vw in glacial acetic acid
(25m ) and brom ne (2.15m, 41.95mvl) is added. The 30 m xture is
stirred for 30 min. at anbient tenperature and then poured into ice-water.
The m xture i s rendered al kaline by addition of 10M sodi um hydroxi de. The
‘product is B filtered of f, washed with water and dried to yield 4.72g
(579 . M 162-164[err]C. :
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3-(2-(Di net hyl am no) - e (2h): A mxture of 5-brono- 2-

(di et hyl am n ri m di ne ( g 33! 17mol ), 3-am nophenyl bor on cipd
hem sul f at w)dp ﬂg, 39. 78rrrm| ) potassium carbonate (13. 73 ”é’é"ﬁ'&#ﬂn ),
1, 3- pr opanedi ol (12n1 | 66nmol ) and

tetrakis(triphenyl phosphi ne) pal | adi un{ 0) (0212g) ~mxture of water 5
(30m ) and di met hoxyet hane (60m ) is heated to O[e - en
over ni ght . AfteM . cooling the mxture is djlut egﬁﬁ%@ Eigh‘g et$@|
acetate and is MWEEBIMY ¢ hrough a f1uted mlﬂeeér[pﬁ@e{pagme,j_w@[,@
separated and the ageous phase is extracted onclyQiai g&hg[ ceta 33 .
The conbi ned organi ¢ phases are dried over sodi Hﬂ]\ﬂs ﬂ‘s te G0 e ed---:_---
evaporated to dryness 3%%@? gtl sftrllturate i m%gﬂ‘i‘e ~of tcpaged ....... _
acetate and 10 betro Y VJ{J' % OMUReave dd Yostedet | reepagbd (5. ZﬁgpagZd%,

Mp 115.5-117ferr]C. N- Acet yl
3-(2-(di met hyl am no) - 5-pyrinmdyl)aniline (%) : 2h is acetyl ated as

descri bed + for 29 in Exanple 5 to yieljd 21. M 183-188[err]C 15
Exanple 7 N-(3-(3- Pyrldyl)phenﬁ I tNO-4-(1-pyrrolyl)aniline
(3a): A mxture of 1a (0. 5qg, 2. ndya (0.41g, 2.4mmol) in

N- net hyl - 2-pyrrolidone (2.5m) is heated 135[err]C for 2

days. After cooling water and diluted sodi um hydpoxi de is added and the 20
mxture is extracted wwth ethyl acetate. The extract is dried over sodium
sul fate, and the solvent is evaporated to | eave crude 3a. This crude

product is puri oFaphannaceitioally-acceptable salt themobgramuxidedhersof i ca gel using

di chl or onet haneygndsubsequently a m xture of di chl or onet hane and
met hanol (9:1) as t'ne eI uents to yield pure 3a (0.81g. 71% as an

oil. 25 10 Exanpl e 8
N-(3-(5-Pyrimdyl )phenyl) 2-nitro-4-(1-pyrrolyl)aniline (3b): To a stirred

suspensi on of
D
g J)

wherein
' A, B and D each is CH, or one or two of A, B and D is N and the others are
15 CH;

R is phenyl, benzimidazolyl, or monocyclic heteroaryl all of which may be
substituted one or more times with alkyl, halogen, CF3, amino, nitro, cyano, acylamino,
alkoxy, acyl, phenyl and monocyclic heteroaryt; and

20 one of R® and R’ is hydrogen and the other is pyrrolyl which may be
substituted one or more times with substituents selected from halogen, alkyl, phenyl,
and alkoxy.

2. A compound of claim 1, which is

25  1-(3-(3-pyridyl)phenyl)-5-(1-pyrrolyl)benzimidazole, or
1-(3-(5-pyrimidinyl)phenyl)-5-(1-pyrrolyl)benzimidazole,
or a pharmaceutically acceptable salt thereof or an oxide thereof.

—————
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2c (4.55g, 21.36mmmol) | s added sodi um hydride (0.85g of a
60% 30 di spersion | I"ﬂﬂg"mllmﬂ—]mn Oj_err] C_under nitrogen. Wen the ,
evol ution of hydr ogen *h L m ceased la (49, 19.42mmol) is added and the
-resulting mxture is stl rred at 40[ err] C under ni trogen_over night.
After cooling WA8A% ure is poured into water (200m) and  PCTERMGPIR: o
with ethyl acetate. The conbined extracts are dried over sodium sulfate,
concentrat ed under reduced pressure and chr cgat ographi ed on silica gel

usi ng et hyl WO 96/ 33192

PCT/ EP96/ 01654

acetate as the eF’uent APH‘F@%‘P‘GMWFW’FWS a&(?@?%"&@ﬁ!?“mqmp@“%g)

which is 5 um h riy' ot lainis RIOR, b?ubﬁarﬁfacdmgﬂyhﬂiwft‘ahémltﬁmm smabudévl
ageo oal um I OXI a e e oV
Tﬂe lrJZsﬁl t] ﬁg myglmq?%""a%"{!ﬂ‘ég%&ﬁ%' @F@aceutflcally-aégﬁgg% ﬁlféf’??'g" I ter ed

of f, washed with vvater and dried to yield 3b (2.4g, 35%. M 82-

84 C. 3”; sl G d ] O
(3[c)er\r/\/Ls pr epar ea anal og oussblr&g%ﬁb&wmg;%%ﬁ@ t&%ﬁrtf&p&%@% ')ém' ' ne
129-130[err] C rngdlcament for the treatment of a disorder or disease of a living animal b

N-(3-(1-1m dazol ihhmeiasiamna% \nm&ﬁ ais&uéﬁor@éhaﬂswsﬁanéwbcﬁoddlmnd thae (3d)

was prepared anal ogous y froml .
191-194[err] C. GABA, receptor complex of the central nervous system

N-(3-(2-Pyridyl)phenyl)-2-nitro-4-(1-pyrrolyl)aniline (3e) was prepared
anal 090usly {601, mrefued ¥la 3Smpoind ofany S G 1BLI6HAS pHBRaiaR b 7 2
N- ( 3- ( 2- ( Di net hy madicampntforthel tréatmiehidf ardidordet on diseasef @living animay bddyai | | ne

(3f) was PineRiaihg 4 riRRh WL ti¥orbb P dldadd'd r@éponéfbﬂo‘bosﬁ@ﬁ?owfmngof

166-168[err] C.
the GABA, receptor complex of the central nervous system.

15 6. The use of a compound of any of claims 1 to 2 for the preparation of a
medicament for the treatment of anxiety, sleep disorders, memory disorders, epilepsy
or any other convulisive disorder. :

7. A meathod of tréating a disorder or disease of a living animal body, including a

20 human, which disorder or disease is responsive to modulation of the GABA, receptor
complex of the central nervous system, which comprises administering to such a living
animal body, including a human, in need thereof a therapeutically-etfective amount of a
compound of any of claims 1 t0 2.

25 8. A method as in claim 7, wherein a disorder or disease responsive to positive
modulation of the GABA, receptor complex is treated.

9. A method as in claim 7, wherein anxiety, sleep disorders, memory disorders,
epilepsy or any other convulsive disorder is treated.

30
10. The method as in claim 7, wherein the active ingredient is administered in
form of a pharmaceutical composition thereof, in which it is present together with a
pharmaceutically-ac_ceptabla carrier or diluent.

i

This Sheet Has Been R.

(WA




20 - N-(3-(3-Pyridyl)phenyl)-2-am no4-(1-pyrrolyl)aniline (4a): 9a (6g,
16.,.85mml ) i s dissolved in a mxture of “ethanal (100m ) and THF
(25m ). Sodium sul fi de nonahydrate (13.35g, 55.62nmol) and anmoni um

chl oride (3g, g,(g?g |) is added and the m xture is heated to refl ux
for 1 hour. Af ing the mxture is poured into water 25”?’55%‘ and
the product is filtered off, washed with water and dried. Yield: 5.1g

(93% . Mp 178-179[err]C.

N- (3-(5-Pyrimdyl)phenyl)-2-am no-4-(1-pyrrolyl)aniline (4b) was prepared
anal ogousl y §Gugdb. Yield: 89% M 190-192[err]C. 30 .
N-(3-(1-1m dazol yl)phenyl)-2-am no-4- (fL/p@rrolyl)aniline (4c) was prepared
anal ogously from3c. Yield: 83% M 207-212[err]C. WO

96/ 33192

PCT/ EP96/ 01654 19
N-(3-(1-1mdazol yl)phenyl)-2-am no-4-(2, 5-di net hyl pyrrol - )ani |l i ne (4d)
was prepared anal ogously in gquantitative yield fr/om3¢{. M 190[err]C
(deconp. ). N-(3-12Pyri yHl &m - angpaa 4- (- pyny) aNiLl i ne (4e)N@2$

prepared anal ogcwﬁl y 5 from 3e. 0 135- 140["err ]
Exanpl e 10 2
N-(3-(2- (D net hyl am - 2-am no-4- (1- pyrrol }¥.aprN ne

(4f): To a 10 suspq .29, 0.5nmol) in abs. ethanoppys addelf

pal | adi um cat al yst (5%%PG on Lvated carbon) and xture is

hydr ogenat ed at anbi ent pr egsure until t hydr og upt ake has

ceased. The m xture is filtered Wtea t he trQte | N02
3 F

NHX N
— _H | D/kA \_-N NO,
N\ N NO, Rn/k\g l R NH
—
i F D)\A
R‘H \B/"
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concentrated under reduced pressure. This crude product is used directly

f or.the next step See Exanple 11 15

Exanpl e 11 1- (3-(3-Pyridyl)phenyl)-5-(1-pyrrolyl)benzimdazol e
(5a):, A soluti of . 4a (59, 15.34mmol ) in formc acid (50rr1

heated to refI&&%?’ﬁS mn. After cooling the 20 mxture i & Mq"nto
a vigorously stirred m xture of crushed ice (100g) and aqueous sodi um
hydroxi de (100m, 12M. The precipitate is filtered off, washed with water
and dried. This crude product is dia,gsol ved in a mxture of

di chl or onet hane et hyl acetate d2iltered thr ough a short silica
gel colum. The ?ﬁdGaﬂ é&\ﬁm hled to dryness and the residue is

recrystallized fromtol ne. Yield:“¥3.5g9 (68%. M 176- 25 177C.
1-(3-(1-1 M dazol yl ) phenyl -5- (1-pyrrol yl ) benzi m dazol e (5¢c) was prepared

anal ogously fromdc. Yield: 70% M131-134[err]C 30
1-(3-(2-Pyridyl)phenyl)*5- (1-pyrrolyl)benzi m dazol e (5e) was gprepared

anal ogously mde. Yield: 49% M 147-148[err] Geme
1(3(2(D|rrethy m )pyrlmd- Al ) phenyl)-5-(1-pyrrofyl)henzi m dazol e
“(5f) was Fg from4f. Yield: 3 VN.237-238[ eNHI C.
WO 96/ 33192 ed. . 2
PCT/ EP96/ 01654 :

R

NH
A X
D A 2 A
R"J\B/u /[L /”

Exanpl e 12

Rﬂ B
R
N\ N NH, Formic acid
R N
. J{

A g

| S

R \B) R" B

A, B, D, and R"! have the meanings set forth in the claims, R means hydrogen or methyl,
and X means hydrogen or-acetyl.

SUBSTITUTE SHEET (RULE 26)



1;(3--( 5-Pyrimdyl ) phenyl)-5-(1-pyrrolyl)benzim (S A mixiure of 4h
(1.6g9, 5 4. 9mmot)—diwethyl for mani de di net hyl cet%‘ﬁpl(ﬁﬁﬁh{mmms) ab a

pTSA. in dry tol uene ([l9&{Destrptinsatpaged arntefgapsd ..o,

fC g?'quhiom EWH M"JMME(I S - concenyyr at ed Addlaings)uc ecpaged 24 uo paged!.A3

the.residue 1s C fied on silica gel 0 Drawing(syugpagedi.v.¢b pagédyt,

acétate and a nmixture of ethyl acetate and net hpridlAbsBadt) agaged ... td Raged
eluents. Yield of 5b: 1.59 (91%. M 197-198[erf]C. 10 cg g 9% 997
1- (3-(1-1mdazol yl) phenyl)-5-(2, 5-di met hyl pyrrof - Aﬂ@) A )
was prepared anal ogously from 4d. Yield: 431%., b@g_ﬁﬂ%ﬁ? """"""" —
Amended ¢/ .ai 0%, . A conpound having the fornula: [err] or a
phar naceté'ﬁ(?&?ﬂq %'ggrg& abl e salt thereof or an oxide thereof wherein
1. A compound having the formula:
RT
R® N

>

N

‘Ra

or a pharmaceutically acceptable salt thereof or an oxide thereof

whersin
R3is
Ny
R” \B/'
-wherein

A, B and D each is CH, or ons or two of A, B and D is N and the others are
CH;

R'is phenyl, benzimidazolyl, or monocyclic heteroaryl all of which may be
substituted one or more times with alkyl, halogen, CF3, amino, nitro, cyano,
acylamino, alkoxy, acyl, phenyl and monocyclic heteroaryl; and

one of R and R’ is hydrogen and the other is pyrrolyl which may be
substituted one or-mbre times with substituents selected from halogen, alky!, phenyl,

and alkoxy.

| 2. A compound of claim 1, which is
1-(3-(3-pyridyl)phenyl)-5-(1-pyrrolyl)benzimidazole (compound 5a); or
1-(3-(5-pyrimidinyl}phenyl)-5-(1-pyrrolyt)benzimidazole (compound 5b);
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R[err,]_lsf{—eﬁﬂ-’—"”Wﬁ"eln A, B and D each is CH, or one or two

of*A, "B and e ot hers are CH, Rl err] is phenyl,

benzi m d “‘“l cI ic heteroaryl all of which nmay be substituted
one or’ h al kyl, hal ogen, CR3, ami no, nitro, cyano, acylam no,
al koxy; _acyl phenyl and rmnocycl I c heteroaryl; and one of R err] and

Rierr] is hydrogen and the other is pyrrolyl which my be substituted one
or nore tinesaphaimacadicatiuacneptaiie salt heréal omanaixislgeheresf.kyl , phenyl, and
al koxy. 2. A conpound of claim1, which is

1- (3-(3-pyridyl)phenyl)-5-(1-pyrrolyl )benzi m dazol e (conpound 5a); or

1 (3 (5- pyr Bm di ¥ kcppipennd of Blaim -1pwhicbliy | )benzi m dazol e (conpound 5b);

o'rb\ c Oﬁggéﬁﬁﬁj a'&?aglll)h%ir?ﬁkﬁ*ﬂﬁ?{@yﬁgenzuml 8f(c<§)nr1pounco éci)(;je LU
Eg E % Ip;n U432 Ayridshenyt) -(1kp ynyalyl;ﬁeﬁgmemw%r(mmuad(mnpogng 5¢) ;
-Pyri enz az ou e);
(3 (2- (b tebs by Bpaaiuibid S ypasyl -8 oviabyibebEgrdae (Sarihounce
onpound  sf): or
1-(3-(1-Imidazolyl}phenyl)-5-(2,5-dimethylpyrrol-1-yl)benzimidazole (compound 5d);

3
1-
1-
1-
(c

or a pharmaceutically acceptable salt thereof or an oxide thereof.

4, A pharmaceutical composition comprising an effective amount of a
compound of any of claims 1-3, or a pharmaceutically-acceptable salt thereof or an
oxide thersof, together with at least one pharmaceutically-acceptable carrier or

diluent.

5. The use of a compound of any of claims 1-3 for the preparation of a
medicament for the treatment of a disorder or disease of a living animal body,
including a human, which disorder or disease is responsive to modulation of the
GABA, receptor complex of the central nervous system.

6. The use of a compound of any of claims 1-3 for the preparation of a
medicament for the treatment of a disorder or disease of a living animal body,
including a human, which disorder or diseass is responsive to positive modulation of
the GABA, receptor complex of the central nervous system.

7. The use of a compound of any of claims 1-3 for the preparation of a
medicament for the treatment of anxiety, sleep disorders, memory disorders,
epilepsy or any other convulsive disordsr.

8. A method of treating a disorder or disease of a living animal body, including a
human, which disorder or disease is responsive to modulation of the GABA, receptor
complex of the central nervous system, which comprises administering to such a
living animal body, including a human, in need thereof a therapeutically-effective
amount of a compound of any of claims 1-3.
Ttiis is the replasement sh<:
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5f); sor 1-(3-(1.1mdazoby)phenyl)-5-(2,5-dinethyl pyrrol -1-yl)benzi ni dazol e
(cpnpound 5d); or a pharmaceutically acceptable salt thereof ar an oxide

t her eof . N‘“‘MMEE |Ece‘u‘ti cal conposition conprising an effective
anount cu“\ln mBfvany of clains 1-3, or a pharnaceutical ly-acceptable
salt thereof* of ah oxide thereof, together with at | east one

phar maceuti cal | y-acceptabl e carrier or diluent. 5. The use of a
conpound of any of clains 1-3 for the preparation of a nmedicanent for the
treatment of a disorder or disease of a I|i4A ng ani mal body, including a
human,; which di sorder or disease is responsive to nodul ati on of the GABAA
receptor conplex of the central nervous system 6. The use of a
conmpound of any of clains 1-3 for the preparation of a nedicanent for the
treatment o a digemétRbdAs ifll dAAFE wHerdinld Wisbeticrtir didedsetiesponsive o Pashive
human, whi ch di sorder or disease is .responsive to positive_ nodul ation of

t he GABA[ ermpdplatioptafithe SHdBAx regeptaecerpplexds tigatatbus system 7. The
use of a conmpound of any of clainms 1-3 for the preparation of a nedi canent
for the treatnent of anxiety, sleep disorders, nmenory disorders, epilepsy
or any ot hetg.convAlnsétheddissiaralaim 8, wherein anxisht, stepadisondess,imgmeryl disorders,
or disease of a livin %ni mal bcidg, I ncl udi %Muman, whi ch di sorder or

di sease i s PRIGHENANAOY GhRHAGIYHIPIYR disorderds ‘receptor conpl ex of the
central nervous system which conprises admnistering to such a living

ani mal body, including a human, in need thereof a therapeutically-effective
amount of ai t.onpoline methed asdh cldimi Syowhiergin the active ingredient is administered in

form of a pharmaceutical composition thereof, in which it is present together with a
- pharmaceutically-acceptable carrier or diluerit.
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23 9. ﬁmo A nmethod as in cIa|n18 wherein a di sorder or disease respéHyPVqlg -
tospositive nmodulation of the GABAA receptor conplex is treated— 10 = A
method as in claim8, wherein‘anxiety, sleep disorders, nenory disorders,
epi | epsy or any other convul sive disorder is treated. 11, e _-thod as

in claim8, wherein the active ingredient is admnistered in f‘
phar maceuti cal qggggltlon thﬁ@ﬁﬁﬁﬂg&jbdﬂyﬂabthom&Nﬂkﬁﬁent t ogR

phar maceuti cal I'y- ptabl e carrier orotgptioniy
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

with a

(51) International Patent Classification 6 : (11) Internationa! Publication Number: WO 96/33192
El‘}",,{,’ 401/14, 403/14, AG1K 31/415, Al (43) International Publication Date: 24 October 1996 (24.10.96)

" | (21) International Application Number: Pmmmummmmmmmnmmmmmm
CA, CH, CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IS,

(22) Internationa] Filing Date: 19 April 1996 (19.04.95) 1P, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,

_ MG, MK, MN, MW, MX, NO, NZ, PL, PT. RO, RU, SD,

(30) Priority Data: patent (KE, LS, MW, SD, SZ, UG), Eurasian patent
046095 21 April 1995 (21.04.95) DK (AM, AZ, BY, KG, KZ, MD, RU,

(71) Applicants (for all designated States except US): NEU- GA, GN, ML, MR, NE, SN, TD, TG).
ROSEARCH A/S [DK/DK]; Smedeland 26 B, DK-2600
Glostrup (DK). MEIJI SEIKA KAISHA, L. [JP/JP}; Phar-
maceutical Division, 4-16, Kyobashi 2-chome, Chuo-ku, | Published

Tokyo 104 (JP). With international search report.
Before the expiration of the time limit for amending the
(72) Inventors; and claims and to be republished in the event of the receipt of
(75) Inventors/Applicants (fbr US only): TEUBER, L:me [DK/DK]; amendments.

Anemonevej 32, DK-3500 Vacrlose (DK). WATIE‘I Frank
[DK/DK]; Afaldet 22, DK-2730 Herlev (DK).

(74) Agent: GRUNECKER, KINKELDEY, STOCKMAIR &
ANHAUSSER Maximilianstrasse 58, D-80538
Miinchen (DE).

.(54)' Title: BENZIMIDAZOLE COMPOUNDS ‘AND THEIR USE AS MODULATORS OF THE GABAA RECEPTOR COMPLEX

(57) Abstract

The present patent R’

application discloses Re

compounds having formula N Z A
(D or a pharmacentically \> o - J\ J
acceptable salt thereof or 3

an oxide thereof wherein R3 N R
is formula (II), wherein A, h’
B and D cach is CH, or one

ortwoof A, Band Dis N

and the others are CH; R1!

is pheny), benzimidazolyl, or ‘monocyclic heteroaryl all of which may be substituted one or more times with substituents selected from
alkyl, halogen CF3, amino, nitro, cyano, acylamino, alkoxy, acyl, phenyl, and monocyclic heteroaryl, and one of RS and R7 is hydrogen
and the other is pyrrolyl which may be substituted .one or more times with substituents selected from halogen, alkyl, phenyl, and alkoxy.
The compounds are useful for the treatment of varions central nervous system disorders such as epilepsy and other convulsive disorders,
anxiety, sleep disorders and memory disorders.




