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(54) Title: BENZIMIDAZOLE COMPOUNDS AND THEIR USE AS MODULATORS OF THE GABA A RECEPTOR COMPLEX
(57 Abstract '

The present patent application discloses compounds. having formula (I) or a H‘
pharmaceutically acceptable salt thereof or an oxide thersof, wherein R? is (II), -
wherein A, B and D each is CH, or one o two of A, B and D is N and the others \> M
are CH; R!! is phenyl, benzimidazolyl, or monocyclic heteroaryl all of which may be
substituted one or more times with substituents sclected from alkyl, alkoxy, pheayl, N
halogen, CF3, amino, nitro, cyano, acyl, acylamino, phenyl and monocyclic heteroaryl; ‘ns
andoneofR‘andR"ishydmgﬂlmdlheomerufuranyloruoxazolylmhofwmch
may be substituted one or more times with substituents selected from halogen, alkyl,
alkoxy and phenyl. The compounds are useful for the treatment of various central
nervous system disorders such as epiiepsy and other convulsive disorders, anxiety,
sleep disorders and memory disorders.
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such as for exanple the benzodi azepi ne receptor, can have either enhancing

effect on_ the action of _GABA, i.e. a positive nodul atory effect of_
the receptor (agonists, partial 30 agonists), an attenuating effect on the
action of GABA, i.e. negative nodul ati on of the receptor (inverse

agoni sts, parybdsssagaver se agonists), or they can bl ock the epdgeriosoicos
bot h agoni sts and i nverse agoni sts by conpetitive bl ock (antagonists or

| i gands w t hout intrinsic activity). WO 96/ 33194

" PCT/ EP96/ 01606 2 _
Agoni sts general ly produce nuscl e rel axant, hypnotic, sedative, anxiolytic,
and/ or anticonvul sant effects, while inverse agonists produce
proconvul sant, BERZIMIDABOLE COMPOUNDS ANDSTHEIRIUSE O5cMOBULATORSCOR THEGABA Al RECEPTOR
agoni sts are clcoMpi®Xeri zed as conpounds wth anxiolytic effects but

wi thout or with reduced nuscle relaxant, hypnotic and sedative 5 effects,
whereas partial inverse agonists are considered to be useful as cognition

enhancers. . Numer ous, corpoun bel.gnging to different series of
conmpounds. hali ndnaieRoR oplss 18 Vel bemsiideible rhebrdnin PRaTRsEFY Speshiane,
synt hesi zed dur iconjaiting tHeas tompouneds,daethalis<of tradting thirewitt: and & method) bf prisparing
benzodi azepi ne | i i Y . Cld ve
b1 of ogi oal " si ¢ o S ponAmidszbE ooffoBykls, The BORF eSS0 e’ Gl i e riERTY
and ) di se?mal nmmtenydims?pgl:d/dimery. Wdl _Be_srie::msmnmmdmnmonﬂ ng
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novel benzi 1P dasispesonnsepiersia or.other gervpisive digprdars; he benzodi azepi ne
receptor of the GABAA receptor conpl ex. The compounds of the pr esent

I nvention are val uabl e nodul ators of the ecept or conpl ex.
Obj ect of the Invention 20 8“"9"’"“%%%' o invention

Receptors for y-aminobutyric acid (GABA), GABA, receptors are the most abundant
15  inhibitory receptors in mammalian brain. The GABA, receptor are structurally
constituted as macromolecular heteropentameric assemblies (combinations of o, B,
and Y/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 chiloride
20 flux across the neuronal membrane, and multiple recognition sites for small modulatory
molecules such as benzodiazepines, barbiturates, picrotoxin, and certain steroids.
When GABA interacts with its receptor, the ion channel is opened, chloride influx is
enhanced, the membrane is hypermpolarized and the cell becomes less responsive to
excitatory stimuli. This GABA induced ion current can be regulated by diverse agents,
25 including agents that interact with the benzodiazepine receptor or recognition site.

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, l.e. a positive modulatory effect of the receptor (agonists, partial
30 agonists), an attenuating effect on the action of GABA, i.e. negative modulation of the
receptor (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).



I't. is an object of the present invention to provide novel benzim dazole

conpounds_and phar maceutically acceptable acid addition salts

t hereof, which are useful in the treatment of central nervous system
di'sorders, diseases or ailnments, which are responsive to the

nodul ati on ofw(;% 4BA[err] receptor conplex, and especi al | pciPoshddsos
positive nodulatl of the GABA[err] receptor conplex. Anot her

obj ect of the present invention is to provic?e phar maceuti cal conpositions
conprising the novel benzi m dazol e conpounds bei ng useful for the above

pur poses. Still another object of the present invention is to provide
a novel method Agoristegenanjly\praducsmusele relaxaiieyRASHS: Fﬁ%ﬂ?(ﬁ"@"’%‘hﬁﬁ@/ﬁﬂs.

A further obi eChnisbnhibanPéifseRlwhildNRhid djonists prédue Brocdv.leait b obrant,
preparing the novel - pharnmaceutical co osﬁl.ong. 96/ 33194
PCT/ EP96/ 01606 and anxiogenic effects. Partial agonists are cnaracierized as compoundsv)ll\gs
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Summary of t %2 Pﬁfﬁféwﬂté%"’g g&ni},.".m%?%%‘éﬁﬁ{?gﬁ? {:%ﬁh{gﬁegﬁﬁ E’la r‘i'f%'}" B clogl:liti%no nprises
the foll ow ng, ehhmneerssr in conbination: A compound having the
formul a: 10 . [err]

Numerous compounds belonging to different series of compounds having affinity for

the benzodiazepine receptors have been synthesized during the last three decades.

10  However, although the benzodiazepine receptor sites are still considered as very

attractive biological sites for interfering with the CNS to treat various disorders and

diseases, then nearly all previously synthesized compounds acting at these receptor

sites have failed during clinical development because of unacceptable 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 Invention
20 |
itis 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, and especially the
25 positive 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 nove! 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
pharmaceutical compositions.



or: a pharmaceutically acceptable salt thereof or an oxide thereof

wherein 15 Rlerr] is
[err] wherein : A, B and D each is CH, or one or two
off A Band Dis N and the others are 20 CH; Rlerr] is

phenyl, benzigg §laapgy! - or nonocyclic heteroaryl all of whi
substituted one or nore tines with substituents selected from al kyl,

al koxy, phenyl, hal ogen, CF[err], am#go, nitro, cyano, acyl,

acyl am no, phenyl and nonocyclic heteroaryl; and 25 one of
Rlerr] and Rlerr] is hydrogen and the other is furanyl or isoxazolyl each
of whi ch Additional abjedts will bechvigus:irorp thajpllowingdesciiption. andathers m!ﬁ%%

sel ect ed from hghvisigte one skilledan theélart. 2l koxy and phenyl ; a conpound
as above, which is WD 96/ 33194

PCT/ EP96/ 01606 4 1

-(3-(1 -imdazol yl)phenyl) -5-(3- f uSumrharyaf thelindemisre,
1- (3-(2- et ryl -1-im dazol yl ) phenyl ) -5-(3-furanyl)benzi m dazol e, or

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

A compound having the formula:
10

- or a pharmaceutically acceptable salt thereof or an oxide thereof
wherein
15 R*is
8

Rﬂ

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

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

25 one of R® and R’ is hydrogen and the other is furanyl or isoxazolyl each of
which may be substituted one or more times with substituents selected from halogen,
alkyl, alkoxy and phenyl;

a compound as above, which is



1-:(3- (5-pyrim di nyl) pheny) - 5- (3-furanyl ) benzi m dazol eor a pharmaceutically
acceptabl e_salt thereof or an oxide thereof; _5 a_pharnmaceutical

conposition conprising an effective amount of a conpound as any above,
or a pharmaceutically-acceptable addition salt thereof or an oxide thereof,
t oget her W t Ry@bgrdagast one pharnaceutical | y-accept abl e car r ipgr/Epwésiséeuent ;

10 the use of a conpound as any above for the preparation of a nedi canent

for the treatment of a disorder or disgase of a living ani mal body,

i ncl udi ng a human, which di sorder or disease is responsive to

nodul ati on of th GABAA re epto of t central nervous
system 15 &k@“‘!ﬂz%{'@%ﬂﬂ E—iﬁ%vﬁhsﬂ% R%9!% or the preparation of a
nedi cament for 1J(@(2-methyl-t-fnﬂﬁzﬁplﬁheﬁﬂ)-&-(ﬂ-ﬁmménmnddzmase of a living

ani mal body, a.h h |

responsive to pié#'?% @&WM?’?@%@%"?H@%&:@%@%Fgﬁarq‘aéglﬁ%g'yrrpl ex of

t he central nerscceptablesalthereof 20an odide thereotif a conpound as any above for

t he preparatg on of a nedi canent for the treatment of a disorder or-
di sease sel ected from anxiety, sleep disorders, nenory di sorders,

epi | epsy and ang Pharmaceutisal.aempositioncomnriging an effective 3“'!9“!\@ RSEMPPUND 2&EANYNg a

di sorder or di sgsse, &fa dmawam%pﬁumdﬂon%hwmew&mmaﬁm whi ch
di sorder or disease i s re %onm ve to nodul ation Eﬂwg recept or
conpl ex o gr yithy a%‘\}'&?’é%’ﬁ?ﬂ%‘%%ﬁ‘?ge’&& tering to

such a Iiving ani mal body, I ncl udi ng a human, |n need thereof a

t herapeutic effective a nt of 30

t he net hod glet{mgﬁ%Icﬁmammﬂg&aggpg%qugﬂggg%gapgg | vexﬁrﬁgﬁx‘% tt[‘)eom tive
modul ati on treatmettof a@mﬁ@emrqrusease@padlwnganmabbodysndudm ayman, which t he

et hod above, aghbfloriiatd e regHoR8l 8 RSAREA of fE EAEKA. HcepioH Boipie B hEPSY

or any ot her convu sive IS treat
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 responsive to positive modulation of the GABA, receptor
complex of the central nervous system,;

20 theuseofa compound.as any above for the preparation of a medicament for the
treatment of a disorder or disease selected from anxiety, sleep disorders, memory
disorders, epilepsy and any other convulsive disorder;

a method of treating a disorder or disease of a living animal body, including a human,

25 which disorder or disease is responsive to modulation of the GABA, receptor complex
of the central nervous system comprising administering to such a living animal body,
including a human, in need thereof a therapeutically-eftective amount of a compound
as any above.

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

the method above, wherein anxiety, sleep disorders, memory disorders, epilepsy or
any other convulsive disorder is treated; and
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t he met hod above, wherein the active ingredient is admnistered in form of

ar phar maceuti cal composition thereof, in which it is present together

with a “Wﬁgeut I cal l y-acceptable carrier or diluent ogen

is fluorine, chlorine, bromne, or iodine. 5 Al kyl rrggr{,s“gmsl"ta@ai ght

chain or branched chain of fromone to eighg carbon atons or cyclic

al kyl of fromthree to seven carbon atons, 1 ncluding but not limted to,

met hyl , et hyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl,

hexyl, cycl opr olpimetagc-absvawherein the activeipgrggient iy rdministareshisignm ofiget hy| |
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Al koxy neans -G al kyl er el nt%hé%/l I S ag defined above. Acyl
aarigr of

means - ( C=0) - H Pfjarmpeeytically;accep |Hlent s as defined above. 15
Acyl ami no i s achihlogén isfocriri, chioring| bromines odiedineied above. Amino is
-NH err] or 5—NH-aI kyl or -N-(alkyl)[err], wherein alkyl is as defined
above. 20 Monocyclic heteroaryl is a 5- or 6-nenbered heterocyclic
monocycl i ¢ gr ouplkyl Soeansa straight chains byariched thatireofdeony bneto@ight carbbmudems dror

| e, | & s 4 Do i 3.
oxazol -y CYER eyl BF 66 irk K)o BB o, inglil busiSPIfffelt 5 iy,
i sot hi azol - 3- y| ethylsRropyldseriropyl, putyl, jsobutd, t:busyl, enjyl, hexylocyglopropi eycidbutyl,y | |
1, 2, 4- oxadi azol c@ubbmylic)écbgeﬁyl;%&hﬂ.mn%g{@léﬂlge;opﬂp!l dndd-biiyi Senéered - o- V!

1, 2, 5- oxadi gzol -3-§/I , 1,2, 5-oxadi azol - 2,5-thiadi azol -3-yl,
1, 2, 5-t hi adl*%azo®©4®&|  1-ini dazolyl, 2-inidazolyl, 4-imidazolyl,
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-furanyl, 3-furanyl, 2-thienyl,
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Acyl means -(C=0)-H or -(C=0)-alkyl, wherein alkyl is as defined above.

15
Acylamino is acyl-NH- wherein acyl is as defined above.

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

20  Monocyclic heteroaryl is a 5- or 6-membered heterocyclic monocyclic group. Such a
monocyciic heteroaryl group includes, for example, oxazol-2-yl, oxazol-4-yl, oxazol-5-
yl, isoxazol-3-yl, isoxazol-4-yl, isoxazol-5-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl,
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-yi, 1,2,5-oxadiazol-4-yl,

25 1,2,5-thiadiazol-3-yl, 1,2,5-thiadiazol-4-yl, 1-imidazolyl, 2-imidazolyl, 4-imidazolyl,
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-furanyt, 3-furanyl, 2-thienyl, 3-thienyl, 2-pyridy),
3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridazinyl, 4-pyridazinyl,
2-pyrazinyl,1-pyrazolyl, 3-pyrazolyl, and 4-pyrazolyl.

30 Examples of pharmaceutically-acceptable addition salts include inorganic and organic
acid addition salts such as the hydrochloride, hydrobromide, phosphate, nitrate,
perchlorate, sulphate, citrate, lactate, tartrate, maleate, fumarate, mandelate,
benzoate, ascorbate, cinnamate, benzenesulfonate, methanesulfonate, stearate,
succinate, glutamate, glycollate, toluene-p-sulphonate, formate, malonate,

356  naphthalene-2-suiphonats, salicylate and the acetate for example.



2-.pyrazinyl,1 -pyrazolyl, 3-pyrazolyl, and 4-pyrazolyl. 30 Exanpl es of
phar maceuti cal | y-acceptable addition salts include inarganic and arganic
acid addition salts such as the hydrochl ori de, hydrobrom de, phosphate,

ni‘trate, perchl orate, sul phate, citrate, lactate, tartrate, naleate,
fumarate, ma 04 benzoate, ascorbate, cinnamate, pcT/EPI6/01606
benzenesul f onate, net hanesul fonate, stearate, succi nate, glutamate,

gl ycol l ate, tol uene-p-sul phonate, formate, gulonate, 35

napht hal ene- 2- sul phonate, salicylate and the acetate for exanple.
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accept abl e e useful in the . preparatio ul as
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phar maceut i cal | yompowpisabthe irventibnaehditheinphasmacesticall accepiable acid additionsaltsr ned -

by procedur eg m@ukhéﬂ%%b@régﬁ%@%gedumﬁyen knoﬁH'iﬁthﬁrt. the conpounds of this

i nvention may exi st 1 n uns s well "as 1n sol vated forms with
pharmaceutically acceptabl e solvents such as water, ethanol and the I|ike.

In gener alg, é}?thi%?ﬁg&ﬁﬂswfhi@inﬁnﬁoﬁﬁaf bREYIP nsdfvatedalsandll dsin bdidated
unsol vated forns for the 1

. urposes of this inyentiaqn. Sane of
t he conpounds of'°ﬁﬂ$é”'}5‘r@§€?ﬂ°°\"!%ﬁ@h?‘?°@ﬁta@?is§ enty s?c\ir)asgyﬂ?er( ethanql apd '@'WN
as in I aC gjghéral, e Golvaldadéritistaré Gorsikiefst equivalentioltheeghsolvatad fivensdgrt the al

anti podes by known et hods, for exanple, by separation of
di ast ereoma)ﬁpc PUROSES ?FéP'gﬁW?“‘!faPt h an optically 15 active acid, and

liberating the optically active anmine conpound by treatnment with a _
PSeis tmon ™" AL oA RO Aind BESR I et BT A ol it
conmpounds of t hea¢amie famns. Racemic forms can be resolved into the optical antipodes by known
methods, for example, by separation of diastereomeric saits thereof, with an optically
15 active acid, and liberating the optically active amine compound by treatment with a
base. Another method for resolving racemates into the optical antipodes is based Upon
chromatography on an optical active matrix. Racemic compounds of the present
invention can thus be resoived into their optical antipodes, e.g., by fractional
crystallization of d- or I- (tarirates, mandelates, or camphorsulphonate) saits for
20 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 optically active activated carboxylic acid such as that derived from (+)
or (-) phenylalanine, (+) or (-) phenylglycine, {(+) or {-) camphanic acid or by the
formation of diastereomeric carbamates by reaction of the compounds of the present
25 invention with an optically active chloroformate or the like.

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

30 Racemates, and Resolutions”, John Wiley and Sons, New York (1981).

The compounds of the invention may be prepared in numerous ways.



I nvention can thus be resolved into their optical antipodes, e.g., by

fracti onal crystalljzation of _d-_or |-_(tartrates, mandel ates, or
canphor sul phonate) salts for 20 exanpl e. The conpounds of the instant
i ivention may al so be resolved by the formati on of diastereoneric
am des by reagbisgssied t he conpounds of the present I NVeatEpRodes h an

optically active activated carboxylic acid such as that derived from (+)

or (-) phenylalanine, (+) or (-) phenylglycigne, (+) or (-) canphanic acid
or by the formati on of diastereoneric carbamates by reaction of the
conpounds of th resent 25 _invention with an optically active . .
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"Enanti oners, 30 Racemat es, and Resol utions”, John WIley and Sons, New

York (1981). T i £ :
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PCT/ EP96/ 01606 Wherein R" is furanyl or isoxazolyl and R’ is hydrogen. Compounds of the inyention

The conpounds owhefein RTTE fidaryPor iSoMAz6IPRInG PPy dRsyRH chi Bb SyntRéstAR anRIo§ousty.
derivatives nmay t hus be prepared by any nethod known in the art for
t he preparation of conpounds of anal ogous structure and as shown in

th tehr Spr ]?s ent ﬁt Mﬁm@mhdsfmw&abéﬂm?bg[d hiﬁth_e lféﬂ?'! ﬁﬁeﬂr@pﬁ’ﬁaﬁﬁ aRe
net nods or e I or _C ounas o L nventi on . ereln
Rierr] is faéanﬁw&{%hfgg’m%EWF?sﬁvmm9m%mg of the

i nvention cheraicals.n Rlerr] is furanyl or isoxazolyl and Rlerr] is

hydrogen can be synthesi zed anal ogously. Starting materials for the
processes described in the present patent application are 10 known or can

be prepared by TR8RdEetsotibe sanctionsSesesibadheraein ar isplated by cenventional means
such as extraction, crystallization, distillation, chromatography and the like.
15

4-aminobutyric acid (GABA) is the major inhibitory neurotransmitter and has been
shown to act throughout both the central and peripheral nervous system. At present

20  two types of GABA receptors are known, the GABA, and the GABAg receptors. Recent
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 such as

25 for example diazepam. Activation of GABA receptors leads to alternations in
membrane potential (hyperpolarization). The GABA, receptors are associated with
chioride influx through its associated and integrated chloride channel, whereas GABAg
receptor activation indirectly aiters potassium and calcium channels as well as modifies
second messenger production. The GABA, recognition sites can be activated by

30 GABA, muscimol; and isoguvacine for example, but not by GABAg agonists such as for
example baclofen. The modulatory GABA, recognition site at the benzodiazepine
receptor sites can be selectively radiolabelled with *H-flunitrazepam. 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.



chem cal s. The products of the reactions described herein are

i sol ated by conventional neans such as extraction, crystallizatian,
distillation, chromatography and the like. 15

Bi‘ol ogy 4-am nobutyric acid (GABA) is the nmgjor inhibitory
neur ot ransm & 'i'ﬂ has been shown to act throughout sgqiEPeénneos

central and peripheral nervous system At present 20 two types of GABA
receptors are known, the GABA[err] and the @ABAlerr] receptors. Recent
nol ecul ar bi ol ogy has denonstrated that the GABA[err] receptors can be

subdi vided into nunmer ous subreceptors consistant with the sel ective
and or partial pharnacol ogical ef f eMethodpserved with certain
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Met hod Assay: The membrane preparation is thawed and centrifuged at 2°C for 10 min at

27,000 x g. The peliet is washed twice with 20 m| 50 mM Tris-citrate, pH 7.1 using an

15  Ultra-Turrax homogenizer and centrifuged for 10 min at 27,000 x g. The finai 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 ml issue are added to 25 ul of test
solution and 25 pl of *3H-FNM (1 nM, final concentration), mixed and incubated for 40
min at 2°C. Non-specific binding is determined using clonazepam (1 pM, 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 5 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 ®H-FNM by 50%).

Test results obtained by testing selected compounds of the present invention appear
30 from the following table:



Ti ssue Preparation: Preparations are performed at 0-4[err]C unless

ot herwi se i ndi cat ed. Cerebral cortex_frommle Wstar rats (150-200 g)
i S honogeni zed for 5-10 sec In 20 5 m Tris-HCl (30 M pH 7.4) using an
Ut tra-Turrax honogeni zer. The suspension is centrifuged at 27,000 x g
for 15 mn %*}g@,gel l et is washed three tinmes wth buffer pcrEpe6ni6o6
(centrifuged at ,000 x g for 10 mn). The washed pellet is honobgenized in
20 M of buffer and incubated on a wager bath (37[err]C) for 30 nin
to renove endogenous GABA and then centrifuged for 10 mn at 27,000 x
g. The pellet is then honogenized in buffer 10 and centrifuged for 10 mn
at 27,000 x g. The final pellet is resusp!ﬂ'ﬂﬁd in 30 m buf fer and
the preparation is frozen and stored at -20[err]C Assay: The
menbrane preparation is thawed and centrifuged at 2C for 10 rq'd‘n @W

27,000 x g. The 9FhPEROUND: \\nshed twice with 20 Ml 50 nmM Tris-citYate, pH
7.1 using an 15 U tra-Turrax honogeni zer and centrifuged for 10 mn at
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t hen used for
bi ndi ng assays. Aliquots of 0.5 m tissue are added to 25 [err]| of test
sol ution and 25 il thbtnili1-iridazbii)-phbAyl) 5-@Xurahiitahziniiagast r at i onp4 m xed and
i ncubat ed for 40{ ¢ lh% nI at Z@J‘:’Non){)sp(esgihfig%b%i nding i s determ ned using
cl onazepam (1 [err]M final 20 <concentration). After incubation the

sanples are added 5 ml of ice-cold buffer and poured directly onto
Whatman GF/ C glass fibre filters under syctiqQn and.i mmedi ately washed
with 5 ni it¥%-cold buffer. The ar!%!ﬁﬁ'[“‘s‘i'&f‘&h%'&eﬁd'v?'?’& on the filters is
determ ned by conventional liquid scintillation counting. Specific binding

. ned. by convent | ona d scintillatio ). 5P |
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results obtain ' conpounds of the present invention
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appear 30 fro?n%ﬁéhérﬁ@ ow ng table: WO 96/ 33194
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The invention thus further provides a pharmaceutical formulation comprising &

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

20 “acceptable” in the sense of being compatibie with the other ingredients of the
formuiation and not deleterious to the recipient thereof.

Pharmaceutical formulations include those suitable for oral, rectal, nasal, topical
(including buccal and sub-lingual), vaginal or parenteral (including intramuscular, sub-

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

The compounds of the invention, together with a conventional adjuvant, carrier, or
diluent, may thus be placed into the form of phammaceutical compositions and unit

30 dosages thereof, and in such form may be employed as solids, such as tablets or filled
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

35 may comprise conventional ingredients in conventional proportions, with or without



9. Tabl e Test conpound:
IC[err](nM_ 5 1-(3-(1-1mdazolyl)-phenyl)-5-(3-furanyl)benzi m dazol e
0.4 1-(3-(2-Methyl-1-im dazol yl.) - phenyl’) - 5- (3-furanyl ) benzi m dazol e
0.°4 10 Phar maceuti cal Conpositions

Wile it is passdddidy that, for use in therapy, a conpound ofpcirjipedmessnt i on
may be admnistered as the raw chemcal, then it is preferable to
present the active ingredient as a phgymaceutical formulation. 15

The i nvention thus further provides a pharmaceutical formnulation conprising
conpound of the invention or a pharmaceutically agqgugt abl e salt or
der| vative t her gitional active sefapoLEs Gf RTIRCipleS: #1d Sysh Unibdosags may|cota

acceptabl e carr &dabﬂ%&fvamunt of the acfija in Miehts’conﬁh&?%uratdwmlﬁtenﬁded

I e e o e

formul ati on and inguadld'e behum broadly,0.01te ane hupdred (100hmilligrams, per tablet, are

Copi cal 8 oY niibie Afvebtfbel i oddp finE, T 017 Leremteral

(1 ncl uding |ntrarruscul ar, sub- 25 cutaneous and intravenous)

admi ni stration ghe 'cBmﬁoJrﬂE &t th 'pmﬁﬁn\feﬂﬁor?%? B efiinibtratéd iR wide varidty'Sradrat | on

or insufflation conmpounds

|nvent| er Wth a
convent i onal adFUQ&ﬂ’F“‘eﬁiw fors. It will be qhvioys to th ‘Pﬂﬂ‘s‘gg B’ into

the fOL mf of phamgwmgtdoeﬁe gmmasy iéog-gmeawlmwﬁ edg?p%ndmdﬂ?slalhbgpaﬁdofand
in suc OI’ ma e ed_as SolL.l Su S ets or l e
capsul o5, esrahn Y & endfcialy sodablabis S T8 Sinhedie o e Fismsgr.

capsul es f| 'l ed W|th the sane, all for oral use, in the formof -
supposi tories f e bR6hig pharmaceutical compositions from the compounds of the present
invention, pharmaceutically acceptable carriers can be either solid or liquid. Solid form
preparations include powders, tablets, pills, capsules, cachets, suppositories, and
15 dispersible granules.
A solid carrier can be one or more substances which may aiso act as diluents,
flavouring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet disintegrating agents, or
an encapsulating material.

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
25 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, methylcellulose, sodium

30 carboxymethyicellulose, a low melting vax, cocoa butter, and the like. The term
“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,

35 cachets, and lozenges can be used as solid forms suitable for oral administration.



adm nistration; or in the formof sterile injectable solutions for

parenteral (including . subcut aneous) use. Such pharnmaceuti cal
conpositions and unit dosage forns thereof 35 may conpri se conventi onal
i ngredients in conventional proportions, with or wthout WO

96/ 33194

PCT/ EP96/ 01606 0ro134 PCTIEED(01606
addi tional active conpounds or principles, gnd such unit dosage forns may
contain any suitable effective anount of the active ingredient
commensurate with the intended dai | y dosage range to be enpl oyed.
Formul ati ons containing one (1) mlligramof active I ngredi ent or, .
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pharmaceutically acceptable salt of a conpound of the invention.

For preparing pRafiRiisH '@bueqmp@gﬁmﬁsﬁtfamﬁa gﬁ\bgéesagfléta%g Pag%qdlag present

i nvention, pharnaceutica accep e carrrers or

liquid. Solid fmBens, creams; gejs,Rastasnigams or sprayseeitaining inaggition to the active,

capsul es, cacheingredienpPithichfferss aré RAowvin the &P R 5 dplpfopiiaf®lu! €s. A
solid carrig can be one or nore substances which rmay al so act as diluents,
flavouring %ents, sol ubi li zers, | ubri cants, suspendi ng agents,

bi nders, preser Liquiddorm progerations dfichide lsolytiors, Sgspansidtissandémulsions, féexample,
o vihod coi 9 VBl Popyons gyl AR For il bl 1LY, e
conponent . injection liquid preparations can be formulated in solutions in aqueous polyethylene
glycol solution. '
15
The compounds according to the prasent 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
20 compositions may take such forms as suspensions, solutions, or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such as suspending, stabilising
and/or dispersing agents. Alternatively, the active ingredient may be in powder form,
obtained by aseptic isolation of sterile solid or by lyophilisation from solution, for
constitution with a suitable vehicle, e.g. sterile, pyrogen-free water, before use.

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.

30 Aqueous suspensions suitable for oral use can be made by dispersing the finely
divided active component in water with viscous material, such as natural or synthetic

gums, resins, methyicellulose, sodium carboxymethyicellulose, and other well known
suspending agents.



In tablets, the active conmponent is mxed with the carrier having the
necessary binding 25 __capacity in _suitable propartions_and conpacted in the
shape and size desired. The powders and tablets preferably contain
from one to about seventy percent of the active conmpound. Suitable
carriers arewogpgpgum carbonate, nagnesi um stearate, PCREDISIAGIGAT |

| act ose, pectin, dextrin, starch, gelatin, tragacanth, nethylcellul ose,

sodi um 30 carboxynet hyl cel l ul ose, a | ow mggti ng vax, cocoa butter, and the
li.ke. The term "preparation” is intended to include the formnulation
of the active conmpound with encapsul at.i.n terial as carrje
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oral admi ni st r athe active component, colafaras fig®ips; stabilizers, buffers, artificial and natural

PCT/ EP96/ 01606 ¢y eeteners, dispersants, thickeners, solubilizing agents, and the like. 11
For preparing suppositories, a low nelting vax, such as a mxture of fatty
acid gl ycerides or cocoa butter, is first nelted and the active

conponent i s di Bgiedpicll administrafih e @R &idenmis thdnfpolindsiaccordiny to thid ingentidn e
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par ent er al I nj’e T qui reparations can be fornu ed in

sol utions in agiickening,agents, gy ealeyring agents.q| ycol sol uti on.

15 Formulations suitable for topical administration in the mouth include lozenges
comprising acftive agent in a flavoured base, usually sucrose and acacia or tragacanth;
pastilies comprising the active ingredient in an inert base such as gelatin and glycerin
or sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable
liquid carrier. .

Solutions or suspensions are applied directly to the nasel cavity by conventional
means, for example with a dropper, pipette or spray. The formulations may be
provided in single or muitidose form. In the latter case of a dropper or pipstte this may
be achieved by the patient administering an appropriate, predetermined volume of the

25 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 also be achieved by means of an aeroso!
formulation in which the active ingredient is provided in a pressurised pack with a

30 suitable propellant such as a chlorofluorocarbon {(CFC) for example
dichlorodifluoromethane, trichlorofltuoromethane, or dichlorotetrafiuoroethane, carbon
dioxide or other suitable gas. The aerosol may conveniently also contain a surfactant
such as lecithin. The dose of drug may be controlled by provision of a metered valve.



15 The conpounds according to the present invention may thus be
formul ated for parenteral _admnistration (e.g. by injection, for

exanpl e bol us injection or continuous i nfusion) and rmay be presented
inunit dose formin anpoules, pre-filled syringes, smal | vol une

I nfusion or %%{,ﬁ-dose containers with an added preser valplcyiposidigos20
conpositions e ake such fornms as suspensions, solutions, or emulsions in

oily or aqueous vehicles, and may copgain fornulatory agents such as
suspendi ng, stabilising and/or dispersing agents. Alternatively, the
active ingredient may be in powder form obt ai ned by aseptic
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15 may be employed.

The pharmaceutical preparations are preferably in unit dosage forms. in such form, the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package

20 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 iozenge itself, or it can be the appropriate number of any of these in

packaged form.

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

Method of Treating

30 The compounds of this invention are extremely useful in the treatment of disorders or
diseases of a living animal body due to their affinity for the benzodiazepine binding site
of the GABA, receptor. These properties make the compounds of this invention
extremely useful in the treatment of convulsions, anxiety, sleep disorders, memory
disorders as well as other disorders sensitive to modulation of the GABA, receptor.

35 The compounds of this invention may accordingly be administered to a subject,



Q.ntnments and creans may, for exanple, be fornmulated with an aqueous or
oily base 10 wth the addition of_suitable thickening_and/or gelling _

agents. Lotions nay be . formul ated with an aqueous or oily base and
‘'wi'll in general also contain one or nore enul si fying agents,
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starch, starch derivatives such as hydroxypropyl methyl cellul ose and
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their affi ? iht y fwite wtueic_bealaqdf( ﬂdx{ﬂ&hﬂﬁodiiarﬁ d&c(lji@tidi ir:ti twice withcsritn_émnéww
receptor. ese properties make the cogpounds IS inventio
ext rgmel y usef UPW{QT{%I PEATRYTESIyM SUBAG LT §t°dh i%‘f‘t}%%@@ﬂ“@i sorders,
menory di shrodetography welsilica gelasingra niixsws ofethyl _awmgtb and pptrdeum aéthen(1:9)n
of the GABA[err ]ggrtrf'ecéi it 1c Jé@gmg&?usb%%ﬂigﬁ crfbtalifHsSin 2 'refighAtor "i¥ld:

accordingly be m nistere | ect,
15  132.6g (78%).

3-(5-Pyrimidyl)aniline (2b): A suspension of 5-bromopyrimidine (15g, 94.3mmol), 3-
aminophenylboronic acid hemisulfate (19.3g, 104mmol), sodium bicarbonate (39.6g,

20 472mmol) and tetrakis(triphenylphosphine)paliadium(0) (1g) in a mixture of water
(75ml) and dimethoxysthane (150mi) is heated to 80°C under a stream of nitrogen over
night. After cooling the mixture is poured into ice-water. The precipitate is filtered off,
washed with water and dried to yield 2b (159, 93%). Mp 164-165°C.

25  3-(2-Thiazolyi)aniline (2t) was prepared analogously from 2-bromothiazole. The
product was purified by column-chromatography using a mixture of ethyl acetate and
petroleum ether (1:1) as the eluent. Yield: 25%. Mp 43-49°C.

Example 3

3-(1-Imidazolyl)aniline (2d): A mixture of 1-iodo-3-nitrobenzene (90g, 0.36mol),
imidazole (54g, 0.79mol), potassium carbonate (54g, 0.39mol) and finely divided
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



WD 96/ 33194

PCT/ EP96/ 01606 - _ 14

i ncluding a human, in need of treatnent, alleviation, or elimnati on of a
di‘sorder or di sease associated with the GABA[err] receptors. This

I ncl udes espeﬁbe;k},ﬁ,gonvul si ons, anxi ety, sleep di sor de¢HE®ed1608NOr Y
di sorders. Sui t abl e dosage range are 0.01-100 mlligrans daily,
0.1-50 m | Ilgrams daily, and especial hg 0.1-30 mlligranms daily,
dependent as usual upon the exact nobde of adm' ni stration formin
whi ch adm ni stered, the indication towards which t dm nistration

is directed, theealinsvesseland thecopdenser. fﬂ'@wwpemcgmthsmmwe'%m@&
i nvol ved, and f urgoP® and Watep isidded: ITRE niitdredx AifiwWed s Codb fo robm tehperaturedndthe

Ure T vant fon 1 daspai i fnaredoftapd Ba. FchBiiRgion iRAP o nd {2on.dromli® "' ©

limting. The coaffordsyise G¥(14rhidazohi)aitrobanzens E02g9:T0%) MpHE11102iCwi ng

exanples aredisted in tables 1-2 on pages 41-43. 15 WO 96/ 33194
PCT/ EP96/ 01606 ) 15
Exanmpl e 1 To 3-(1-imidazolyl)nitrobenzene (61.6g, 0.27mol) in acetic acid (500ml) is added

palladium catalyst (5g 5% Pd on activated carbon) and the mixture is hydrogenated

under pressure (P,uq: 4bar) until the hydrogen uptake has ceased. The mixture is

filtered through celite and the filtrate is evaporated to dryness to leave 2d as a light-
10  brown oil. Yield: 40.4g (83%).

N-Acstyl 3-(1-imidazolyl)aniline (2e): 2d (5.88g, 37mmol) is stirred in acetic anhydride
(30mi) at ambient temperature for 1 hour. The mixture is poured into ice-water and
rendered alkaline by addition of aqueous sodium hydroxide {(12M). The product is

15 filtered off, washed with water and dried to yield 2e (6.34g, 85%). Mp 181-183°C.

Example 4

3-(2-Pyridyl)aniline (2f): To a solution of 2-(3-nitrophenyl)pyridine {(prepared as
20 described in J. Chem. Soc. 1958 p. 1759) (12.7g, 63.5mmol) in abs. ethanol is added
palladium catalyst {1.3g 5% Pd on activated carbon) and the mixture is hydrogenated
at ambient pressure until the hydrogen uptake has ceased. The mixture is filtered
through celite and the filtrate is concentrated under reduced pressure. The residue is
purified by column-chromatography on silica gel using a mixture of ethyl acetate and
25 petroleum ether (9:1) as the eluent to afford 2f (9.5g, 88%) as a light brown oil.

5-(3-Furanyi)-2-{3-carboxyphenyl)aminoaniline (13r) was prepared analogously from
12r (Example 21). Ethyl acetate was used as the eluent for the chromatographic
workup. Yield: 91%. Mp 211-212°C.

Example 5

2-(Dimethylamino)pyrimidine: A solution of 2-chloropyrimidine {§g, 43.65mmol) in dry
THF (50ml) is saturated with gaseous dimethylamine. The mixture is stirred at ambient



4-Fl uor o- 1-i odo- 3-ni trobenzene (1c): A suspension of
4-fluoro-3-nitroaniline (100g, _ 0.64mpl) _in conc. hydrochloric acid
(500m ) is cooled to 20[err]C. A solution of sodium 5 nitrite (48.6q,
0.7nol) in 100m of water is added with stirring, keeping the tenperature
bel ow - 15[ er ry, %,J owing the addition the mixture is stirrg&pEfysnssss™ N
at -20 - (-15[err To the resulting solution a solution of

potassi umiodide (132.8g, 0.8nol) in 260m qf wat er i s added at such
a.rate that the tenperature is kept below O[err]C. The mi xture is

stirred until the evol ution of nitrgdgen has ceased. Aqueous sodiumsulfite

(200n, 1M 10 ‘espgmirg forichaunfoliowed byqvaperation of seivent. The residue ispartitiongd
The etheral ext r@éﬂveérﬁw&ﬁﬁﬂﬂﬂethyl acetathadMebbs plien tdradtel WA Rt Scetatd] UM

hydr oxi de and t ce wi.th prine.” Fi naI ract .is driéd over
magnesi um sul f at qrganigiphases H“PQ@H“W"'&'B\%:% and evaporategto leave

chr omat ogr aphy ome:prdductaasmbrowaishgll Vield BIOAG ¢943%). et hyl acetate and petrol eum
ether (1:9) as the eluent. 1c is isolated as an oil, which
crystallizesin the refrigerator. Yield: 15 132.6g (78%.

Exanmpl e 2 S-Bpoma:21{gimethylaminaipyniniidins. The above praduyst (f:07gn4 b22mmol) is

5-b i mi di in SciarBEetd acs |
e Sul Fat e (1 SisoNesin fceBEald ackf s and bRUANAG B2 A SP68GI) Biidded. The
tetrakis(triphenfi s?;ﬂﬂrrﬁemépm.qmebanttegryenawvaam m@npeureﬂ inte icerwater.
(75m) and di netmwamia&eﬁmmanhswaaam 6fqoma[oauﬂn9dwm Tﬁe?kﬂﬁ&ﬁé of
el vt or  Tif. et Haaneolwi| yaigrang en 1o vie 3.7 “Za,igifeu 16 WM, and
I Ce-Wwa
dried to vyi eId 2b (159, 93%. M 164- 165[err]C
3- (2- Thi azol yI t hi azol e.
Thes | REDLY G e Delplainnlf S ) 'neﬂﬁynérﬂérém% “amxture of
et hyl acet at e arfdimethylamipe)pytrnidinen(6.76g; r33(11rlm)ol)a3-at\'ﬁmpbbnwhuome(ém hemidbRat Mp
43 49 C.

3-(1- Lo o) RN AR (758 7% %Bem?'%rmi\s'"m Cabonate (13,739, 39.49mmol, d%@ﬁs}gﬁg&?ég%'ﬁp
0. 36nol ), r@te@e!ge(tﬂehw!pbpyphwma&g@umfﬁ) (&2g)dma mixtyref water

0. 39nol ) and fi rngbmi)@nt idiesth f
200[err] C. The ggl h’i') %gstl rr oxyethan& ﬂgdsrmrdoi?%l?%ﬁnwl‘?HV&Q&u Aﬂgr he

reacti on water "E'ﬂ“ﬂ'f?d%ﬂ' W Wil watar and ethyl geatate and isSitepad thiough ahe
ﬂuted filterpaper. The layers are separated and the ageous phase is extracted once

with ethyl acetate. The combined organic phases are dried over sodium sulfate and
20 evaporated to dryness. The residue is triturated with a mixture of ethyl acetate and
. petroleum ether (1:1) to leave crystalline 2h (5.26g, 74%). Mp 115.5-117°C.

N-Acetyl 3-(2-methylimidazol-1-yl)aniline (2J): 3-(2-Methylimidazol-1-yl)aniline (11 g,
63.6mmol) is added in portions to acetic anhydride (100ml) at ambient temperature.

25  After stirring for 1 hour the mixture is poured into water (300ml). The resulting solution
is cooled in an ice-bath and rendered alkaline with aqueous sodium hydroxide (12M).
The product is filtered off, washed thoroughly with water and dried to yield 2j (12.3g,
97%). Mp 238-240°C.

30 Example 6

1-(3-Nitrophenyl)pyrrol: A mixture of 3-nitroaniline (15g, 0.11mol), 2,5-
dimethoxytetrahydrofuran (42ml, 0.33mol) and a catalytic amount of pTSA in dry
toluene (150mi) is heated to reflux for 2 hours. After cooling the mixture is

35  concentrated under reduced pressure and the residue is purified by column-
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reati on vessel and the condenser. Following the reaction the m xture is
cooled to 100[err]C and water is added. The mixture is allowed to
cool to roo%y,@ture and the crude product is fil per/EPbsmidosand
dried. Recrystallization fromtoluene (200-250m) af fords pure
3-(1-imdazolyl)nitrobenzene (54.2g9, 79% . 1p 101.102[err]C 5 To
3-(1 -imdazolyl)nitrobenzene (51.6g. 0.27nol) in acetic acid (500m) is

added pal | adi um cat al yst_ (59, 5% Pd on actiyated carhon nd the. ..
m xture is hydreyenalog@phy on siligge} “W%W#%ﬁ*mﬁ&ﬂg)pehﬂﬁ‘w e%'?fé (1:1)
hydrogen upt akeadiig eiRAE Vibld: 16§ (7876} Mp 65i76°C. filtered through celite and
the filtrate is evaporated to dryness to |eave 2d as a light- 10 brown
oil. Yield: 40.4g9 (93%. N-Acetyl 3-(1l-imdazolyl)aniline (2e): 2d
(5.88g, 37mmol ) 3i(t-Pytrolylaniline:Toccmspensionof the ahove product( -1@mal)ip plagiel
tenperature g or . : 01 | i '

g .a&hgg&g éﬁﬁlﬁ) I8 g:?d&rﬁlléﬁurﬂgﬂfa | u(?lﬂ'!i?%gﬁ; P@bﬁ"a&tﬁéte%flﬂrbonha%nd

rendered al Kal i ne ueous sodi oxi de él 2M .
product is 15 Wlmiwwsbwwmﬁdamﬁﬁﬁawwﬁhwwpéam‘ has e
(6.349, 85%. i Ivent i ed tion. Th

Exanpl e 4 Wiﬂ%ﬁ%ﬁt@ﬂfﬁg%ﬁlﬁ ar?g 282?3“’3 T:)s _:%mg‘(’)l %v:p%rfa on- The

2- (3- ni t r ophenyfesling srufe proget isysed fordhe ext glep withpi pu §O-Chem Soc. 1958
p. 1759) (12.7g, 63.5mmol) in abs. ethanol is added pal | adi um

at anbrent 1 oo beGen T rEoNARYE HE TOT0Y RS phdtictl Bidpiackle sRHYBRRETT o
filtered {4omiarid theribtwre srsfiredi et dmbientderapératucsooweenightaTeeimixtire is
reduced pressur gourlg i ﬁﬁfeﬂ(")lfue gﬁ.ﬁ?/ Iproducﬂh' filiJréc??l. %sﬁéﬂpdéi%?gf &idRdriedr aphy on

silica gel using-a mxture acetate an troleumether (9:1)
as the el uent t Reciystaliization from smixtussof water and athano! (3:2) affords pure 2k. Yield:

5- (3- Furanyl) - Zgggggqggsg)iw&%ﬁ\m noani line (13r) was prepared
anp

anal ogously from e 21). Ethyl acetate was used as the
el uent for #%e chromat ographic wor kup. Yield: 91% M 211-212[err]C.

30 Example 7

3-(2-Aminopyrimid-5-yl)aniline (21): A mixture of 2-(acetamino)-5-bromopyrimidine

(5.4g, 25mmol), 3-aminophenylboronic acid hemisulfate (5.58g, 30mmol), potassium
20 carbonate {10.4g, 75mmol), 1,3-propanediol (Sml, 0.13mmol) and

tetrakis(triphenylphosphine)palladium{0) (0.5g) in a mixture of water (25ml) and

dimethoxyethane (50ml) is stirred at 80°C under a stream of nitrogen over night. After

cooling the mixture is poured into ice-water. The product (deacetylated during the

reaction) is filtered off, washed with water and dried to yield 21 (4.19g, 90%). Mp 171-
25 172°C.

Example 8

N-Acetyl N-(3-(1-imidazolyl)phenyl)-2-nitro-4-iodoaniline (6¢): A solution of 2e from

30 Example 3 (30g, 0.15mol) in dry DMF (200ml) is cooled to 0°C under nitrogen. Sodium
hydride (7.2g of a 60% dispersion in mineral oil) is added portionwise. When the
evolution of hydrogen has ceased a solution of 1¢ from Example 1 (62g, 0.19mol) in
50ml DMF is added. The mixture is stirred at 120°C for 5§ hours and left at ambient
temperature over night. The reaction mixiure is poured into tour volumes of water and



Exampl e 5 2- (D met hyl am no) pyri m di ne. A solution of

2-chl oropyrimdine (59, 43.65mml) in_dry THE (50m ) is saturated
wi t h gaseous di nethyl am ne.- The m xture is stirred at anbient WO
96/ 33194 '
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tenperature for 1 hour foll owed by evaporation of solvent. The residue is
partitioned bet ween water and ethyl acgetate. The aqueous phase is
extracted with et hyI acet ate. The conbi ned organi ¢ phases are dried
over sodium sulf eva raﬂﬂ&O&;O&q@ave t he product as a browni sh
oil. Yield 5. 07g eg is filt R caz'o('anﬁmwaﬁme)wwcﬁ . The

above product (Sa&i’q;eaﬁdpélﬂilﬂmi otheis(3:17) as thdi éhsunt affids pure 68 @b ah ot ¢BAg, 25%R% 1 d
(25m ) and brom ne (2.15m, 41.95mvl) is added. The m xture 1s
stirred for 30 mn. at anbl ent tenperature and then poured into ice-water.:
The m xture is rendered al kaline by addi tExasmpM910M sodi um hydr oxi de. The
product is 1 filtered off washed with water and dried to yield
4.729(57%) . 162-164[ err]

3-(2-(Dinet hyl aniNr(3y2- MV-{MIMOI}QRMMQ-WWMJM(SDET@& slutiorooh®j fom

d hyl mll d
ElelmngLI %la?m o) p%w'&ls%égg‘%i?%%o@asm u'rbn Wék%f%&"ﬁghﬁol ),
1, 3- propanedi ol ?D 37g of a&iOfdispersiprin mineral onl) in portlons at 0°C under nitrogan

tetrakis(tri phenvﬂdo:h&misrsﬂm#& a%u.ﬁr@na&go%ﬁih d Fo(;)ﬁ w&eoi

(30n1) and Hret%g)% ?é:e (60mM) i s heate nit rogen over
ni ght. After f {:879 A@mmol) is aqded ang F’?ﬂ?@ﬂefﬂ}%‘m toAXBEE pyer
acetate gnd :j s fnighteAftet cobling tiss mixture is poufddéh@dvaiér'(imm ehxtrI&ﬁd whners are
separated and t e i xtracted o th et acet ate
The conbi ned or g@ﬂﬁﬂgﬁﬁiﬁ%ﬁpgﬁﬁi‘aﬁ@@r ’%’B&PQEJW‘"%WM@"QHEP Q%d The acidic
evaporated to drextractds cadied inicei rhndered alkaline byoddaiioniof sodiunihydroxide (1RM) ahy |
azs/; at ﬁpaﬁ 5 5 R k:PﬂEH W&ﬁﬁﬁhﬁ%ﬁéﬂ% The &%aJme, Phidse’is Il et Pn%gr%gshjm stifols
evaporatad to dryness. The residue is extracted with a mixture of dichloromethane

and diethyl ether (1:1). This extract is concentrated under reduced pressure and the

residue is dissolved in dimethoxyethane (60ml). Aqueous sodium hydroxide (28ml, ™)

is added and the mixture is stirred at ambient temperature over night. The mixture is

poured into water (200ml) and a small volume of ethanol is added with stirring. The

20 product is filtered off, washed with water and dried to leave 6] (2g, 51%). Mp 135-
136°C.

N-(3-(1-Pyrrolyl)phenyl)-2-nitro-4-nitroaniline (k) was prepared analogously from 1¢
(Example 1) and 2k (Example 6). Yield: 30%. Mp 116-118°C.

Example 10

N-(3-(2-(Dimethylamino)pyrimid-5-yi)pheny!-2-nitro-4-iodoaniline hydrofiuoride (6h): A
mixture of 1¢ from Example 1 (3g, 11.2mmol) and 2h from Example 5 (2.4g,

30  11.2mmol) in dry N-methyl-2-pyrrolidone {10mi) is stitred under nitrogen at 120-135°C
for 6 hours. The mixture is allowed to cool to room temperature and stirring is
continued over night. To the resulting suspension is added water. The product is

filtered off, dried and washed with ethyl acetate to afford 6h (3.46g, 64%). Mp 202-
203°C.



NLAcetyl 3-(2-nethylimdazol-1-yl)aniline(2)):
3-(2-Methylimdazol-1-yl)aniline (11 g, 63.6mmol ) is _added in,
portions to acetic anhydride (100m ) at -anmbient tenperature. 25 After
stirring for 1 hour the mxture is poured Into water (300m ). The resulting

solution . oled in an ice-bath and rendered al kal i rﬁn#f,g)aﬁweous
sodi um hydrom% &t’i%\/) The product is filtered off, washed
thoroughly with water and dried to yield 2jg¢12. 3¢, 979 . M
238-240[err]C 30 Exampl e 6

1-(3-Nitrophenyl)pyrrot: A mxture of 3-nitroaniline (15g, 0.11nol), 2, 5-
di met hoxyt et rahydrofuran (42m, 0.33nol) and a catal ytic amount of pTSA in

dry tol ueng(d- éeﬁém%bp}rﬁ;ﬂls-y))ﬁﬁny 2rrmfal-wadbafmna Hp@»ﬂ@aridéwpmp@bma
the mxture is 35 concentr at ed” under, duced \%l g %Sihahg ggague S
purified by col d@halogously from ig(Exagpipstiqnd 2 (Exam ple 73, Vel p 236-

PCT/ EP96/ 01606

chr omat ogr aphy o ca | tur acet ate and trqleum
oh ormt 091 P g8l hideont S Eade bl it PSR AR oA

3-(1-Pyrrolyl) aaskame 1)ranwemu(emrms 18). THe bdse vdsdibaattd@slmnm(ahﬁg;m 84uebus

nmml ) in glacial et| ol i ded pal | adi um catal yst (1.5g
5% Pd on acti vat agﬁi&jz:g%oﬁﬁié)s?ﬁ@? re is hydrogenated (P[err] =
4bar) until the hydrogen upt ake has ceased. The m'xture is filtered

th h it
roua ol 1o 9 A oL AP el sy
10 N Acet yi0 3-flom g (Example) Hrand 2n:(Exarrple 1T) Yieids 3&%@0’0 19763&& i s added

acetic anhydride (40mM ) and the mxture is stirred at anbient
tenperature over The m xture is poured into water. The crude

product is filt W&?WIHMWWM@"&M(QD wagiprepared analogously from 1c
(Example 1) and 2b (Example 2). Yield 79%. Mp 214-217°C.

15  N-(3-(2-Pyridyl)phenyl)-4-iodo-2-nitroaniline (6f) was prepared analogously from 1¢
(Example 1) and 2f (Example 4). Yield: 40%. Mp 195-196°C.

Example 11

20  N-(3-(1-imidazolyl)phenyl)-4-(3-furanyl)-2-nitroaniline (7¢). A mixture of 6¢ from
Example 8 (17g, 38mmol), 3-furanylboronic acid (5.6g, 5S0mmol), 1,3-propanediol
(14ml, 0.17mol), potassium carbonate (15.7g, 0.11mol) and
tetrakis(triphenylphosphine)palladium(0) (0.5g) in a mixture of water (60ml) and
dimethoxyethane (120mi) is refiuxed under nitrogen for 4 hours. After cooling the:

25 mixture is poured into water (800ml) and is stirred at 0°C until the precipitation of oily
crystals is complete. This crude product (a mixture of acetylated and deacetylated
product) Is filtered off and dissolved in dimethoxyethane (200ml). Aqueous sodium
hydroxide (114ml, 1M) is added and the mixture is stirred at ambient temperature over
night. The mixture is poured into water (500ml) and the product is filtered off, washed

30 with water and dried. Yield: 13.1g (100%). Mp 129-131°C.

N-(3-(1-imidazolyl)phenyl)-4-(2-furanyl)-2-nitroaniline (70) was prepared analogously
from 6¢ (Example B) and 2-furanylboronic acid. Yield: 77%. Mp 147-148°C.



Recrystallization froma mxture of water and ethanol (3:2) affords pure

2k. Yield: 9.939 (58%. M 134-136[err]C _15
Exanple 7 3-(2-Am nopyrimd-5-yl)aniline (21): A m xture of
2~ (acet am no) - 5- br onopyri m di ne (5.49, 25mmmol), 3-am nophenyl boronic

acid hem sul tﬁ(}g{% 58g, 30mmol ), potassium 20 car bonat e (pSrEsso1606m0! ) ,
1, 3- propanedi o 0. 13mmol ) and

tetrakis(triphenyl phbsphi ne)pal l adium(O) (@459) in a mxture of water

(25m ) and di met hoxyet hane (50m ) is stirred at 80[err]C under a
stream of nitrogen over night. After cooling the mxture is poured
into ice-water. The product (deacetyl at 5!!"68\'11#9 t he reaction) is

filtered off, washed with water and dried to yield 21 (4.19g, 90%. M 171-
25 172[err]C

S Acety N (5 (AHBMasliidszak duypheny (B uranyik-3alaeine (0 A EYROrR &8 ¢ on
ohder N trogen. T nenpied (1GR3 e o e o I i mer al
oil) is add% ﬁ?'@%@g Zmﬁyﬁh% pgnedzoquéupﬂgfg "l?b aﬁ'@dr ogen has ceased
_? hZ o] Imu; |t lcj)peo:‘ . 1btr§kis(trlpﬁumﬂptbsplﬂnq)ﬁél|§dium(0)£]mg) in a mixture of dlﬂtetlhomﬁ_ ana{(7added.
t enperature ove?'Jid %ﬁ&:&%&gﬂé%té t:'(c);r?iI %ﬁ;(@epﬁ%éenalgﬁ? éﬁ]rlé nﬁm?&%‘l voeT unes of
wat er and mlxturﬂsgiguwjlm water (30ml) and extracted wuth ethyl acetate. The organic

PCT/ EP96/ 01606 phage is dried over magnesium sufate and concenirated under reduced pres%gre The
t he crude product | ) tere Pur i

ication on silica gel
m xture of H nyfesidueis P'-ﬁ'ﬁ%q byt colutppichremaiogeaphy ep silica gebusing a&%”“f‘ﬁe"f ﬂl?éﬂ't
affords pure Gcarbethyl adbtate((1:4pas theGuent. Yield: 0.8g (93%). The product was isolated as

an oil.

N-(3-(2-(Dimethylamino)pyrimid-5-yl)ohenyl)-4-(3-furanyl)-2-nitroaniline (7h) was
15 prepared analogously from 6h (Example 10) in 87% yield. Mp 181-182°C.

N-(3-(2-(Dimethyiamino)pyrimid-5-yi)phenyi)-4-(2-furanyl)-2-nitroaniline (7Tm) was
prepared analogously from 6h (Example 10) and 2-furanylboronic acid in 89% yield.
Mp 160-161°C.

20
N:(3-(1-Pyrrolyl)phenyl)-4-(3-furanyl)-2-nitroaniline (7k) was prepared analogously
from 6k (Example 9) and 3-furanylboronic acid. Yield: 86%. Mp 129-131°C.

N-(3-(1-Pyrrolyl)phenyl)-4-(2-furanyl)-2-nitroaniline (Tn) was prepared analogously
25 from 6k {Example 8) and 2-furanylboronic acid. Yield: 83%. Isolated as a brownish-red
oil.

N-(3-(2-Aminopyrimid-5-yl)phenyl)-4-(3-furanyl)-2-nitroaniline (71} was prepared
analogously from 61 (Example 10) and 3-furanylboronic acid in quantitative yield. Mp
30 185-186°C.

N-(3-(2-Aminopyrimid-5-yl)phenyl)-4-(2-furanyl)-2-nitroaniline (7p) was prepared
analogously from 61 (Example 10) and 2-furanylboron|c acid in quantitative yield. Mp
178-180°C.



Example 9 5 N-(3-(2-Methyl -i m dazol yl ) phenyl )-2-nitro-iodoaniline

(6j): To a solution of 2] from Example 5 (29, 9.3mmol) in dry }
N- net hyl - 2- pyrrol i done (20m ) is added sodi um hydri de (0.37g of a

60% di spersion in mneral oil) in portions at O[err]C under nitrogen.
The m xture i | d for 1 hour, the last 30 min. at roomgqEpeEsees € 1C
from10 Exa‘%rrg?%éifﬂ(az. 67g, 10mmmol) is added and the tenperature is raised

to 40-50[err] C over ni ght After cooligdyg the mxture is poured into
wat er (100m ) and extracted with di chl oronet hane. The organi ¢ phase
Is extracted wwth 4M hydrochloric acid. The acidic extract is cooled

in ice, rendered al kaline by addition of sodi um hydroxide (12M and

extracted with (#L(él?b-%ﬁ:ma&i)ﬁi&ﬁyg)-ﬂ?@m inioR (85) vils (RepatsEandByBnsgi UM
sulfate 15 and evaporated to dryness. The residue |s ex'tJ t ed ‘Fth a

m xture of di chifiePotiby (Rxample 15) ang,3-furaayihassnic agid, & mixiurg of "%?R'g"‘e preand ; o
concentrat ed ungfEthdner{19:ayiwas Gselscldntifor e chromatograptiicipurificatiosi wieldt 48%. i n
di met hoxyet hgne#pggg% oLqueous sodi um hydroxi de (28m, 1M i s added
and the m xttre By d at anbient tenperature over night The m xture is
poured into water (200m ) and a small volunme of ethanol is added with

stirring. The 2 | S T |t . ' to
Coave 68 (20 5%#Qé—%%ﬁol—&ﬂ)-ﬁé_fﬁ{ag&lhee&ﬁ)meuﬁ)%%rﬁ‘&aﬂfgbﬁgy
N- ( 3- (1- Pyrr ol ylffopitttmy {Exaghple 15) and 3+furanylkotnic acid. Aomidtue of gthyl poetate and

I ly f | =T - Yioald di .
i‘gg_ iggtj:r ?'] C.r Orfggr&eum ether Hﬁi% LEe&Ls Qﬂgnt%ﬂ' t‘ L@g@)hmﬂu%@%ﬁp qﬁ%d. g/g
N ( 3- (2- ( Di 1Bt hyB%MRGBEYIBBIR-d- 5- yI ) phenyl - 2- ni t ro- 4- i odani | i ne
hydr of | uori de (6h): A m xture of 1c from Exanple 1 (3g, 11 2mml) and
2h from Exanple 5 (2.4qg, 30 11.2mol ) in dry N hyl - 2- pyrr.ol i done
Clom 515 ot 1 dolSuiPutbenilnnogels 48 raryhapsirabazple (M) was pisplig aapadusy
mxture is allowsh {fin $aﬁém¢|91smm3-ﬁfa?@bafoum¢an¢ipm 64%] Mg 176-173°C.
continued over night. To the resulting suspension is added water. The

product is filtered off, dried and washed with ethyl acetate to
afford 6h ( 35460-(32Ryridyifpheiyl)-5-(2-furanylftidbkinidazéle (8f) was prepared analogously from
11f {Exampie 15) and 2-furanylboronic acid. The crude product was purified by

treatment of an ethanolic solution with activated carbon. Yield: 42%. Mp 135-136°C.

1-(3-(3-Furanyl)phenyl)-5-(3-furanyl)benzimidazole (9q) was prepared analogously ‘
20 from 14q (Example 15). Yield: ~15%. Mp 149-150°C.

N-(2-(1-Imidazolyl)pyridin-6-yl)-4-(3-furanyl)-2-nitroaniline (16¢) was prepared
analogously from 16a (Example 25). Chromatographic workup was omitted. The
product crystallizes quantitatively upon addition of water. Mp 173-174°C.

25 -

Example 13

N-(3-(1-imidazolyl)phenyl)-2-amino-4-(3-furanyf)aniline (8c): To a solution of 7¢ from
_ Example 11 (13 g, 37.6 mmol) in ethanol (25 ml) is added ammonium chloride (6.03 g,
30 113 mmol) and sodium sulfide nonahydrate (27.05 g, 113 mmol). The mixture is
heated to reflux for 1 hour. After cooling the mixture is poured into 700 m! of water.
The product is filtered off, washed with water and air-dried to yieid 8¢ ( 8.7 g, 73%). Mp
188-189°C.
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N-(3-(2-am nopyrim d- 5- yl ) phenyl ) -2-nitro-4-iodoaniline hydrofluoride (61)
was prepar ed anal ogously from 1c (Exanple 1) and 21 (Exanple 7).
Yield: 79% ,??15 38[err]C. 5 PCI/EP96/01606
N-(3-(1-Pyra enyl)-4-iodo-2-nitroaniline (6m was prepared

anal ogously from 1c (Exanple 1) and 2g3 (Exanple 16). The base was

| jberated by treatnent w th aqueous sodi um carbonate. Yield: 23% M
165- 166[err] C.

N-(3-(2- Met hyl t w—am—mmyﬂmigamywpmnma@mm&mmm«m wagpepgrashar ed

anal ogously 10 lmfﬁﬁq{r@x&# gofcel d: 32% Mo
137-138[err] C. JnQBH& -5 gyl‘él enyl ) 4 |odo 2 ni troaniline (6b)

was prepar ed anal ogousl y from lc (Exanple 1) and 2b (Exanple 2).

Yield 79% E mmo-4-(3-furanyl)anmne (8k) was prepared analogously

N (3-(2- Pyrldsyl)p en - -|odo mtroamlme(,f) was prepared anal ogously
from lc xf PM?)z\ﬁe'(”é@%ﬁMé M195Ce| d: 40% |vp 195- 196C.

Exampl e 11 0 N-(3 (1-1 m dazol yl ) phenyl )-4-(3-furanyl)-2-nitroniline

(7c): A mxture of ro 3fur nyl bor oni c
acid (5.6g, 50nf¥f3( ”f’i@g}a’m%@%mw (g f"&'ﬁﬂ?"'ﬁ’l?ngg%ﬁ B‘UP‘? o9 usly
carbonate (15. 7gron07&QEﬁh-)p|aﬂq Yield: 84%. Mp 191-194°C.

tetraki s(tri phenyl phosphi ne)pal | adium(0) (0.5g) in a mxture of water
(60mM ) and di met hoxyet hane (120m ) is refluxed under nitrogen for 4

hours. Af t er10c o W3 (f-Pyreohdiphenyl)-2amine-4-(2-franyljadiline (8n) was erepatgiGmiiogoursly | s
stirred at O[err p ty, O crystals is
conplete. This ¢ Z‘%’J@B&&E‘{‘% ﬁ%!dkﬁ?? M%?sé)i&?yl ated and deacetyl at ed
product) is f| I tered of f and di ssol ved i n di net hoxyet hane (200m ). Aqueous

i ont t empor ot RS oot iincleyMnid it £ dihihe £ SN Bl ©1

(500m ) and the nsomertanal@gouslwremeﬂrmmphazhéwlasedasmp-h wat er and dri ed.
Yield: 13.1g4g100%. M 129-131f[err]C

N-(3-(2-(Dimethylamino)pyrimid-5-yl)phenyl)-2-amino-4-(2-furanyi)aniline (8m) was
prepared analogously from 7m (Example 12). Isolated as an oil.

N-(3-(1-Pyrazolyi)phenyl-2-amino-4-iodoaniline (10m) was prepared analogously from
20 6m (Example 10). Yield: 75%. Mp 134-135°C.

N-(3-(5-Pyrimidyl)phenyl)-2-amino-4-iodoaniline (10b) was prepared analogously from
6b (Example 10). Yield 82%. Mp 166-168°C.

25  N-(3-(2-Pyridyl)phenyl)-2-amino-4-iodoaniline (10f) was prepared analogously from 6f
(Example 10). The product was used directly for the next step. See Example15.

N-(3-(2-Methyithiazol-4-yl)phenyl-2-amino-4-iodoaniline (10n) was prepared
analogously from 6n (Example 10). Yield: 73%. Mp 151-152°C.

N-(3-Bromophenyi)-2-amino-4-(3-furanyi)aniline in mixture with N-(3-iodophenyi)-2-
amino-4-(3-furanyi)aniline (13q) was prepared analogously from 12q (Example 20).
The product mixture was isolated as an oil. Yield: ~76%.



N-(3(1-1m dazol yl ) phenyl) - 4- (2 furanyl) 2-nitroaniline (70) was prepared

anal ogousl y from6c (Exanpl e _8) and 2-furanyl boronic acid. Yield:
77% Mo 147-149[err] C. WD 96/ 33194

PCT/ EP96/ 01606 21
Exanple 12 wo 9633190 PCT/EP96/01606
N-(3-(2-Methylim dazol 1-yl)phenyl)-4-(3-furanyl)-2-nitroaniline (7j): A
m xture of 6j from Exanple 9 (1g, 2. 3mol), 3-furanyl boronic acid

(0.4g, 3.57mmwl ), potassium 5 car bonat e (1g, 7.25mol ), 1, 3-propanedi ol
(0.9mM, 11.2mmol) . and t et (tr| hen hi ne) pal | adi un( O ( 50ny)
in a mxture of NiSHerisegid é’? itro6 "éﬁ E&i@éﬂ"@égwya?@%yﬁ"% to
reflux under ni HeOEREM n{;@rzmymuugs% m‘ptﬂs.ﬂsetdl ng the m xture is
poured into water (30m ) and extracted with ethyl acetate. The organic

phase is dried over magnesi um sul fate and concentrated under reduced
pressure. The 10 residue is purified byExampbertd chr omat ography on silica
gel using a gixture of ethanol and ethyl acetate (1:4) as the eluent.
Yield: 0.89 (93%. The product was isolated as an oil.

N- (3- (2- ( Di met hyN-@(@rsipgpyrimicis-g)pHeny/h&amino-4-(2-Lurdnyljanitipe (81p- ni t r oani | i ne
(1;*1‘) 1\§,§[Ser15] C PTERAUEF et o 7B HomYExXahipiB 12 d.6% 5 B8F ol i efiarbi{i i is WP
N- ( 3- ( 2- ( Di et hypfided &b ppaladiur cglalyst)(BYedid on aclivated carben)any the mixtureisni | | ne

(7m was RydBgs % Akt ¥er6 QHBI% B8R uftaldhas’t¥ased. The mixture
) ulie

2- furanylboronlc acird 1n 89% herr
N - (3 (1- PyPBol A tares hropomosils. which iy washed Wit elanplans DMF Ricosgeivel T ed

an ?I ogousl y filtratel i Svdpordtéd avider feddtedibressiné, whd the resita s Sritdvated with vedter.
86% M 129-131 Ll'ﬁ lo%uct is filtered off, washed with water and air-dried to yield 81 ( 0.5 g,63%). Mp

211-212°C.

15 N-(3-(2-Aminopyrimid-5-yl)phenyl)-2-amino-4-(3-furanyl)aniiine (8p): 71 (Example 12) is
hydrogenated as described above to yield 8p (43%). Mp 208-208°C.

Example 15

20  1-(3-(1-Imidazolyl)phenyl)-5-(3-furanyl)benzimidazole (9¢): A solution of 8¢ from
Example 13 ( 8.7 g, 27.5 mmol) in formic acid {100 ml) is heated to reflux for 30 min.
After cooling the mixture is poured into water {500 ml) and rendered alkaline by
addition of aqueous sodium hydroxide (12M). The crude product is filtered off, washed
with water and air-dried. A solution of this crude product in a mixture of ethanol (200

25 ml) and dichloromethane (400 ml) is treated with activated carbon at reflux for 15 min.
The mixture is filtered through celite and the filtrate is concentrated under reduced
pressure until onset of precipitation. Precipitation is completed by cooling in an ice-
bath. The product is filtered off and dried. Yield: 7.5 g (84%) Mp. 203-204 °C.

30  1-(3-(2-(Dimethylamino)pyrimid-5-yl)phenyl)-5-(3-furanyl)benzimidazole (9h) was
prepared analogously from 8h (Example 13). Purification was achieved by column-
chromatography on silica gel using a mixture of dichloromethane and acetone (9:1) as
the eluent. Yield: 32% (from 7h). Mp 183-184°C.



N-(3-(1-Pyrolyl)phenyl)-4-(2-furanyl)-2-nitroniline (7n) was prepared

anal ogously 25 from 6k (Exanple 9)_and 2-furanylboronic acid_Yield: 83%
| sol ated as a browni sh-red oil.

N-(3-(2-Am nopyri m' d- 5-yl ) phenyl)-4-(3-furanyl)-2-nitroniline (71) was
prepared ?gousl y from 6l (Exanple 10) and 3-f uranydifipeseisesaci d
I n quantltatlve yrel'd. M 30 185-186[err] C.

N- (3-(2- Aminopyrim d-5-yl)phenyl)-4-(2-furangg)-2-nitroaniline (7p) was

pr epar ed anal ogously from 61 (Exanple 10) and 2-fur anyl boronic acid

In quantitative yield. 178-180[ er Ju 8 33194
PCT/ EP96/ 01606 1-(3-(2-Met yhm:dazol—?-yl)phsnyl)-s-(a- ranyl)benzimidazole (9j) was prepared

1-(3-(5-Pyrim dy|&?ﬂ§8ﬂ4l9fr&n%§(§% b%ﬂﬁdaﬂmweésélﬁmad\w%ommar ed

anal ogousl y e 15) and 3 yl bo onlc cid
mi xture of di chl GhEmRategARD YaR&F"'régge | usingia mixbire Pﬁ%’ﬁﬂ Eﬁ?@ﬁ? for

the chronat ogr aphheéelperti Viekie? 1%/ Mp YOB107°C48% 5 Mo 216 218[err]C

1- (3-(2-Methylt hi azol - 4-yl)-5(3-furanyl)benzi m dazol e (ON) was prepared
anal ogously 5 from 1ln (Exanple 15) and 3-furanyl boronic acid. A

m xture of ethyl ®(SeffeRyeroyiphenyl)-5-(3firanyibenzimicaraie (9k)was piapared apaogausiy uent

for the chromat ot aphy te.Riple’ 135 Purfitktion Wab HchidVbd by boluniicntoinatdgrabhy o Shica
gel using a mixture of ethyl acetate and petroleum ether (1:1) as the eluent. Yield:
42%. Mp 144-145°C.

10
1-(3-(2-Aminopyrimid-5-yi)phenyl)-5-(2-furany!)benzimidazole (91) was prepared
analogously from 81 (Example 14). Purification was achieved by column-
chromatography on silica gel using a mixture of ethyl acetate and methanol (8:1) as
the eluent. Yield: 11%. Mp 220-222°C.

15

1-(3-(2-(Dimethylamino)pyrimid-5-yl)phenyl)-5-(2-furanyl)benzimidazole (9m) was
prepared analogously from 8m (Example 13). Purification was achieved by column-
chromatography on silica gel using a mixture of ethyl acetate and petroleum ether (1:1)
as the eluent. Yield: 42% (from 7m). Mp 170-172°C.

s 1-(3-(1-Pyrrolyl)phenyl)-5-(2-furanyl)benzimidazole (9n) was prepared analogously
from 8n (Example 13) and purified as described for Sm. Yield: 53%. Mp 137-139°C.

1-(3-(1-imidazolyi)phenyl)-5-(2-furanyl)benzimidazole (80) was prepared analogously
25 from 8o (Example 13) and purified as described for 9¢. Yield: 46%. Mp 175-177°C.

1-{3-(2-Aminopyrimid-5-yl)phenyl)-5-(3-furanyl)benzimidazole (8p) was prepared
analogously from 8p (Example 14) and purified as described for 91. Yield: 5§%. Mp 222-
223°C.

1-(3-(5-Pyrimidyl)phenyl)-5-iodobenzimidazole (11b) was prepared analogously from
10b (Example 13). The crude product was used without further purification. Yield: 91%.
Mp 197-199°C.



1-.(3- (1-Pyrazol yl') phenyl ) - 5- (3-furanyl ) benzi m dazol e (9M was prepared

anal ogousl y fromlim (Exanpl e 15) and 3-furanyl boronic acid._Yield:
64% Mo 170-173[err]C. 15

1-(3-(2-Pyridyl)phenyl)-5-(2-furanyl)benzi m dazol e(9f) was prepared

anal ogously fgoWase, 11f (Exanple 15) and 2-furanyl boroni

crude product was purified by treatnent of an ethanolic sol utlon wth
activated carbon. Yield: 42% M 135. 136] ergg C.

1-(3-(3- Furanyl ) phenyl)-5-(3-furanyl)benzi m dazol e(99q) was prepared

anal ogously 20 from 14q (Exanple 15). Yield: -15% M 149-150[err]C.

N- ( 2- ( 1- | mi dazol kfiSy@Mathuthiasoisy)phenyl)-SHiodabegzimidazele {\1Dhwes piepared 6c) was

pr epar ed beag ( [1@a%¢.ogr aphi ¢ wor kup
was omtted. Th?ﬂé‘I '*;"Fdé“ﬁ%'f #@{e{;@fﬂ%ﬁﬁ%ﬁ;wely upon addition of
water. M 173-174[err]C 25

Exanple 13 -(3- %zbﬂr?ﬁn&pbis r&hﬂmﬂo)e@m;rwa@pr@péﬁdfaual lydrom i ne
(8c): To a saqlutio 7C Fvgigﬂ,anp @11 (13 g, 37.6 mol) in .

et hanol (25 M) 199‘(56%393%@%@?@1 08'@1§ 03 g, 113 nmol ) and

sodi um sul fi de nonahydrate (27.05 9, 113 mmol ). The mxture S heat ed
to reflux for I S poure to 700 i, of
water. The e R Pherhiendheneiydaziia LD s WRPIES endloghysiy oM et
to yield 8c ( 8(EMPI@?S’})YIBM&)&'S%(fromBﬂBMﬂl&S?-&sa"pC. WD 96/ 33194

PCT/ EP96/ 01606 23

N-(3-(2-Methylimdazol -1-yl ) phenyl)-2-am no-4-(3-furanyl)aniline (8)) was

pr epar ed 10 artf3cRromephenil)-Sr(8-Tarakybengimidazon inimixtytewithi t-(a-iodaphpinydl-5t(3-\p

98-99[err] C furanyi)benzimidazole (14q) was prepared analogously from 13¢ (Example 13). The
crude product was used without purification (Example 12). Yield: 47%.

1-(4-(1-Imidazolyl)pyrimid-6-yl)-5-(3-furanyl)benzimidazole (18b) was prepared
15 analogously from 17b (Example 26). Yield: 27"% (from 16b). Mp 294-296°C.

1-(2-(1-Imidazolyl)pyridin-6-yi)-5-(3-furanyl)benzimidazole (18c) was prepared
analogously from 17¢ (Example 26). The product was isolated by extraction and
crystallization from ethyl acetate. Yield: 290%. Mp 170-173°C.

20
1-(3-(2-Thiazolyl)phenyl)-5-nitrobenzimidazole-(21t) was prepared analogously from
20t (Example 13) in quantitative yield. Mp 251-260°C.
Example 16
25

1-(3-Nitrophenyl)pyrazol. A mixture of 1-lodo-3-nitrobenzene (18.7 g, 75 mmol),
pyrazol (7.66 g, 113 mmol), potassium carbonate (11.2 g, 81 mmol) and catalytic
amounts of cuprous icdide and copper-bronze in dry N-methyl-2-pyrrolidone (50 ml) is
heated to 180 °C for 4.5 hours. After cooling the mixture is filtered through celite. The

30 filtrate is poured into ice water (700 mi) and the product is filtered off, washed with
water and dried to yield 13.57 g. Yield: 96%. Mp 85-87°C.

3-(1-Pyrazolyl)aniline (2m): A suspension of 3-(1-pyrazolyl)-1-nitrobenzene (5.5g,
34.6mmol) in cone. hydrochloric acid (50mi) is heated to refiux. Stannous chloride



N-.(3-(1-Pyrrolyl)phenyl)-2-am no-4-(3-furanyl)aniline (8k) was prepared
anal ogously 5 from 7k (Exanple 12). _Yield: 80%_M 194-195[err]C. )
N-(3-(1-1m dazol yl)phenyl)-2-am no-4-(2-furanyl)aniline (80) was prepared

arfal ogously from 70 (Exanple 11). Yield: 94% M 191 -194C, 10

N- (3- (1- Pyrr ebeydgazp@ny! ) - 2- am no-4- (2-furanyl )ani line (8n) veSrmsntoed
anal ogously from7n (Exanple 12). Yield: 77% M 163-164C.
N-(3-(2- (D net hyl am no) pyri m d-5-yl ) phenyl )g2-am no-4-(3-furanyl)aniline
(8h) was prepared anal ogously from 7h (Exanple 12). |solated as an
oil. 15

N- ( 3- ( 2- ( Di met hykhydrah @43 0-Himol is added patiopwiseand refiux is continugd erhalf aphpyi,
(8m was pm fig the Previpnats iy fikarodroff Bnd dixsuldedan 260m! wetérl The ebsallingtn

| girlapar ed anal og %ﬁ?gkyﬁ%ﬁgtﬁh‘ﬁpgam nlﬂdéflé’ggag oo Wﬂ?&pﬁ%%‘f’?] C.

N- (3- (5- Pyri m dm:pmuapnq eﬂmmmmmmmm Thoeax(rmus wammmmme,cuned over

<eLo9uS) Y, B Otum kT Sed e e il 8 s o

anal ogously fror‘? (Exanmpl e 10). The product was used directly for
the next step. See Exarrpl el5. 4 I ( ) g
N-(3-(2- Met hylthl azal_- 4- yphenyl - 2- am no- 4-i odoani | i ne (10n) was prepare
anal ogously frorfr@r2 '(M)F@am *’R’sz’"mlel@')l‘!ﬁs pnepared gpalogously from

N- ( 3- Br omopheny ikt {ExMpe15); ledlafed ad an!oilavield: 88%.] n M xture with

N-(3- |odophq yl) 2- am no-4-(3-furanyl)aniline (13q) was prepared
anal ogously Brom 12q (Exanpl e 20). The product m xture was isol ated
as an oil. Yield: -76% Example 17

3-(2-Methytthiazol-4-yl)aniline (2n): A mixture of 2-bromo-3'-nitroacetophenone (5g,
20.5mmol) and thioacetamide (1.4g, 18.6mmol) in glacial acetic acid (50ml) is heated
15 to reflux over night. After cooling the precipitate is fiitered off, washed with water and
dried to yield 2-methyl-4-(3-nitrophenyi)thiazole (3.47g, 85%). Mp 87-88°C.
This product is hydrogenated as described in Example 4 to yield 2n quantitatively. Mp
80-81°C.
Example 18

N-Acetyl 4-bromo-2-njtroaniline (1d): A solution of 4-bromoacetanilide {(20g, 93.4mmol)
in methanesulfonic acid is cooled to 10°C. Cone. nitric acid (12.6ml) is added and the
mixture is stirred at 40°C for 2 hours. The mixture is poured into ice-water. The product
is filtered off, washed with water and dried. Yield: 23.59g (97%). Mp 89-100°C.

25
4-Bromo-2-nitroaniline (1f): A mixture of 1d (3.6g, 13.5mmol), dimethoxyethane
(100ml) and aqueous sodium hydroxide (50ml, 1M) is heated to 80°C for 1 hour. After
cooling the mixture is poured into ice-water. The product is filtered off, washed with
water and dried. Yield 2.77g (94%). Mp 108-110°C.

Example 19

N-Acetyi 4-(3-furanyi)-2-nitroaniline (1e): A mixture of 1d from Example 18 (8.5g,
32.8mmol), 3-furanylboronic acid (3.67g, 32.8mmol), sodium bicarbonate (1 3.80.



WO 96/ 33194

PCT/ EP96/ 01606 24
N (3-(2-Thi azol yl ) phenyl )-2-am no-4-nitroaniline (20t) was prepared
anal ogously from 19t (Exanmple 27). Yield: 96% M 146-159[err]C

Exampl e 14 09633194 PCT/EP96/01606
N- (3- (2- Am nopyrim d-5-yl)phenyl)-2-am no-4-(2-furanyl)aniline (8l)
To a suspension of 7p from Exanple 12 (0.8%gg, 2.33 nmuvol) in ethanol (10

m.) is added 0.1 g palladium catal yst (5% Pd on activated carbon) and
the m xture Is hydrogenat ed at anbi ent pressure until the hydrogen
upt ake has ceas@d.ﬁmﬂhe"mlﬂﬁ(@m@ﬂﬂ@sﬂmﬂ'ﬁ)@?"'@8‘“(‘?95)(SQrawLiE él“i"‘l‘t&‘fe%ﬂégq{ i S
Wazhed Width gt h@iorl) a\afai%d b @gﬂliyheamowc under afstraém of aitregernovent eﬂ
under reduced pressure, an e resjdue is triturat th. [, The
product is fil { pEARSrcoolg BRI Rpresiinty piptat el gg{%‘f‘%‘%@f‘ gogpter 0.5
g,63%. M The2drhaié Phaserig Washed With brine, dried over sodium sulfate and concentrate
N-(3-(2- Am nopyr.imd-b- - alg- o~ 4~ I Labo 71
(Exanpl o 125 <uhdbr oot pGib ) Tha MAR ¢ apetiled i i) diRbhoRRURE) | 0
208- 209C. Aqueous sodium hydroxide (78ml, 1M) is added and the mixu.g(qgrﬁ;qrgd at-ambient

1 (3- (11 m daz lohlob i ibr o SN 1 B8 FhoRal ind Bnderodasat ihon of
: . 9 M0 rmc ac is
heat ed 1o ref | usiiutest hygipohioric acid. The pmqi;gqatq:ig%thq%ocﬁw@smtﬁwﬂmgg%a?jg{,ﬁegdoi .

wat er (500 nl) geld 1e§5998,56%) Mg 15229547, addi ti on of aqueoussodi um
hydr oxi de (1 2!\/?‘. The crude product is filtered off, washed wth

water and al®-dried. A solution of this crude product in a m xture of

et hanol (200 25 1-(3-@-Yhiazdlyljpheny)s-(3rtatanpjbentisiiazole |9t) was prepared analogously

activated carbop a L ux, f oMl . T | Ll Lered.

t hrough celite Eﬁrati’gkgxppphzgf Egﬂ?éwég'ﬁé%ﬂ?‘Pa‘%’aeszﬁﬁ‘}ﬁ?&ﬁ’tergg& H@%ha wif aenqnxture

pressure until| ohatbyl acétaterandippiroieus ether Ch:ticYield 8%i Mp 102-168'8s et ed by

cooling in an ice- bath. The product is filtered off and dri ed.

Yield: 7.5 g (84% M. 203-204 [err]C.
15 Example 20

N-(3-Bromophenyi)-4-(3-furanyl)-2-nitroaniline in mixture with N-{3-iodophenyl)-4-(3-
furanyl)-2-nitroaniline (12q): A mixture of 1-bromo-3-iodobenzene (2.65ml, 20.8mmol),
1e from Example 19 (4g, 19.6mmol), potassium carbonate (2.93g, 21.2mmol) and a

20 catalytic amount of copper-bronze in dry N-methyl-2-pyrrolidone is heated to 180°C

..over night. After cooling the mixture is poured into water. Ethyl acetate is added and

the mixture is filtered through celite. The phases are separated and the aqueous
phase is extracted twice with ethyl acetate. The combined organic extracts are dried
over sodium sulfate and the solvent is removed under reduced pressure. The residue

25 s purified by column-chromatography on silica gel using a mixture of ethyl acetate and
petroleum ether (1:9) as the eluent. The product-mixture (12q) is isolated as a red oil
(1.449g) which is used directly in the next step (see Example 13).

Example 21

N-(3-Carboxyphenyi)-4-(3-furanyl)-2-nitroaniline {(12r): A mixture of 1e from Example
19 {5g, 24.5mmol), 3-iodobenzoic acid (6.69g, 27mmol), potassium carbonate (3.79g,
27.5mmol) and a catalytic amount of copper-bronze in 30mi dry N-methyl-2-pyrrolidone
is heated to 180°C overnight. After cooling water is added and the mixture is washed



3@ 1-(3-(2-(D nmet hyl am no) pyri m d-5-yl ) phenyl)-5-(3-furanyl)benzi m dazol e

(9h).was prepared apal ogously from 8h (Exanple 13). Purification was
achi eved by col umm- chromat ography on silica gel using a m xture of
dichl oronet hane and acetone (9:1) as the eluent. Yield: 32% (from
7h). Mp 183- ¥8dbes31d4C. WD 96/ 33194 PCT/EP96/01606
PCT/ EP96/ 01606 o 25
1-(3-(2- Methyli m dazol - 1-yl ) phenyl ) - 5- (3-f urasnyl ) benzi m dazol e (9j) was

pr epar ed anal ogously from 8) (Exanple 13) Purification was achi eved

- h L] ture, of et hyl
avet at o and et hEH RSty aaeiae. The Sgyentspian s repreed acwipupih

105-107[ err] C.  bydrochioric acid and the oily precipitate is filtered off. This prec:pltate |s extracted with

1-(3-(1-Pyrrolyl

anal ogousy . OPUFERState, 3 ird g o MABE bl LBRA cFromifoanity oR a0 eing
col umm- chr omat ogR Spdyrent ety aq,e@te and petrojeum efher{3:1hasthetalyent. Melditaiﬁﬂg (32161 ate
and petrol euns et jpr2o82odc.as the el uent. Yield: 42% M
144-145[err] C. 10 o

1- (3-(2- Ami nopyri m d-5-yl ) phenyl)-5-(2-furanyl)benzi m dazole (91) was

pr epar ed anal ogously from 81 (Exapxample’a2a Purification was achi eved
by col umm- chromat ography on silica gel usi ng a mxture of ethyl
acetate and net hanol (9:1) as the eluent. Yield: 11% M

220-222[ err] C.  143-Carboxyphenyl)-5-(3-furanyl)benzimidazole (14r): To 13r from Example 4 (2.4g

£ 5 (0 S o B Ao WP G k™

ac h| eved by col ufifter cooling the pixtureds papredintp iceawater.iThe peatipitatel isfiterediofk, washed f

et hyl acetate ang},ﬁp@{gf@r ﬁﬂgd%&lgﬁfoﬁéd }3,(0_899' M?W%z%ﬂ@t Yield: 42%

(from7m). M 170-1 o
1-(3-Pyrrol yI)phenyI) 5- (2 furanyl ) benzi m dazol e (9n) was prepared

anal ogousl y ﬁ?ﬁheﬁﬁﬂs-?élfdréﬁﬂﬁeﬁﬁnﬁm oA sbidtior5F
vield: 53% 'M) 1;’1 (%%L 1 4 mmol) in dry THF (10ml) is heated to reflux under nitrogen.
Carbonyldiimidazole (0.4g, 2.48mmol) is added and refiux is continued for 3 houts.
2-(Oximimido)pyridine (0.48 g, 3.54 mmol) is added and the resulting mixture is
refluxed over night. After cooling the solvent is removed by evaporation and the
residue is partitioned between water and ethyl acetate. The organic phase is dried over
20 sodium sulfate and evaporated to dryness. The residue is dissolved in toluene (15ml),
a catalytic amount of pTSA is added and the mixture is refluxed over night. The solvent
is evaporated under reduced pressure 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 of 9r: 0.16g (28%). Mp 183-186°C.
25
1-(3-(3-Cyclopropyloxadiazol-5-yl)phenyl)-5-(3-furanyl)benzimidazole (98) was
prepared analogously from 14r and cyclopropyloximimide. Yield: 19%. Mp 144-146°C.

Example 23

2-Chioro-6-(1-imidazolyl)pyridine (15a): A mixture of 2,6-dichloropyridine (59,
33.78mmol), imidazole (2.3g, 33.78mmol) and potassium carbonate (4.66g,
33.78mmol) in DMF (50ml) is heated to 85°C over night. The cooled mixture is poured
into ice-water and unreacted starting material is filtered off. The filtrate is acidified with



1-(3-(1-1m dazol yl ) phenyl)-5-(2-furanyl)benzi m dazol e (90) was prepared
anal ogously 25 from8o (Exanple 13) and purified as described for 9c.._
Yield: 46% M 175-177[err]C.

1-(3-(2- Ami nopyri m d- 5-yl ) phenyl ) -5-(3-furanyl ) benzi m dazol e (9p) was

pr epar ed og_ﬁd;ig‘ogousl y from8p (Exanple 14) and purifi e¢trEpesiasss i bed
for 9l. Yiela‘:' o Mp 222- - 223[err]C. 30

1- (3-(5-Pyrimdyl)phenyl)-5-iodobenzi m dazgbe (11 b) was prepared
anal ogously from 10b (Exampl e 13). The crude product was used

V\XS ngégflgﬂf her di ultjerd_i IIyidlgo%Elliogg 'aciJ iar?cli icsi:ext?alc%/gd once with eM%: &%?&&%%L%Eﬂlo%s phase
PCXJ, E(PgG/ 01ﬁ0|6 is rendelred alkaline by addition of agueous sodium hydroxide (10M) and estgcted with
1-(3-(2- Met t hi azol - 4- henyl )-5-1i d
anal ogously ?‘/r o%ﬁm&ih%g'@gﬁ)e%% %ﬁ%gpgﬁﬁ;%a‘@g&fgﬁ‘gﬁt%% hPAT ©
1-( |3 (1- Plyr azol yedystnressuresancaiabe through silisage! with B-mixtuse ofatiyhasetate and

| i D44 1 »
anal ogously gro wﬁnol (%?%E@gg@neof ﬁ%ent %h%é(jilsﬁ?léld. ba7g P5bed) b Fii7B%.

1- (3-(2-Pyridyl)phenyl nzi m dazol e was prepared anal ogously
from 10f (Exanple 13). Yield: 53% (from6f). M 157-158[err]C 10
1- (3- Bromophenyl ) - 5- (3-furanyl ) benzi m dggamplel2s M xture wth

1- (3-i odophenyl)-5-(3- furanyl ) benzi m dazol e (14g) was prepared

anal ogously from 13g (Exanple 13). The crude product was used w thout
purification (E4omdre-eXtimiddzaipyrinidire (15b): A mixture of 4,6-dichloropyrimidine (5g.

10 33.56mmol), imidazole (2.28g, 33.56mmol) and potassium carbonate (4.63g,
33.56mmol) in DMF (50ml) is stirred at room temperature over night. The mixture is
diluted with four volumes of water and extracted with dichioromethane. The organic
extract is concentrated under reduced pressure and eluted through silica gel with a
mixture of ethyl acetate and methanol (9:1). Evaporation of solvent and trituration of

15 the residue with a mixture of diethyl ether and petroleum ether (1:1) leaves 15b (4.07g,
67%). Mp 198-200°C.

Example 25

20  N-(2-(1-imidazolyl)pyridin-6-yi)-4-bromo-2-nitroaniline (16a): To a solution of 1f from
. Example 18 (2.7g, 12.5mmol) in dry DMF (25ml) is added sodium hydride (0.5g of a

60% dispersion in mineral oil) and the mixture is stirred for 30 min. 15a (Example 23)
(2.25g, 12.5mmol) is added and the mixture is heated to 100°C over night. After
cooling the mixture is poured into ice-water. The precipitate is filtered off, dried and

25 redissolved in ethyl acetate. The filtrata is extracted with ethyl acetate. The combined
product solutions are concentrated and purified by column-chromatography on silica
gel using a mixture of ethyl acetate and methanol (9:1) as the eluent. Evaporation of
solvent and trituration of the residue with a mixture of petroleum ether and diethyl ether
(1:1) affords 16a {0.93g, 21%). Mp 194-195°C.

N-(4-(1-Imidazolyl)pyrimid-6-yi)-4-(8-furanyl)2-nitroaniline (16b) was prepared
analogously from 15b (Example 24) and 1e (Example 19). Ethyi acetate was used as
the eluent for the chromatographic workup. Yield: 23%. Mp 198-200°C.



1-(4-(1-1 mdazol yl)pyrimd-6-yl)-5-(3-furanyl)benzi m dazol e (18b) was
prepared 15 analogously from 17b (Exanple 26). Yield: 27% (from 16b). M
294-296[ err] C.

1- (2- (1-1 m dazol yl ) pyri di n-6-yl)-5-(3-furanyl )benzi m dazol e (18c) was

pr epar ed @g{,ggousl y from17c (Exanple 26). The produglerigssdisss at ed
by extracti on an crystallization fromethyl acetate. Yield: 29%
170-173[err]C. 20 1-(3-(2-Thi azol yl ) glyenyl ) - 5- ni t r obenzi m dazol e( 21t)
was prepared anal ogously from 20t (Exanple 13) in quantitative yield.
Mp 251-260[err]C Exanpl e 16
25 1- (3-N trophenyl )pyrazol. A m xture of 1-iodo-3-nitrobenzene (18.7
g, 75 muol), pyrazol (7.66 g, 113 gxgRiple 200t assi um carbonate (11.2 g,
81 mmol) and catal ytic anounts of cuprous iodide and copper-bronze in
dry N-nethyl-2-pyrrolidone (50 m) is heated to 180 [err]C for 4.5

hours. After cow(m.m,mzay[)ﬁynm-s-ﬂ)-biahﬂm -urdryf)@tiireiTh)e. The 30

washea vi th B A sugpanion.stjon pmeie 2} B o 3l g e sfhanghin ©1 1

85-87[err] C dichloronvetlidinelily hydrogenajedrat ainbient témperaturs usipg RaneyNickel (50%

acid (Bomt) 15 MUY R R ol o he b dplake s Géka e R ©

PCT/ EP96/ 01606 filtered through oellte and the filtrate is evaporated to leave 17b as an oil whiglyis used

di hydrat (24. Zgwitﬂodtk s added portionwi se and reflux is continued for
hal f an hour. Hrer cool ing the precipitate is filtered off and
di ssol ved i 10200mM water. The resulting solution is cooled in an

i ce-bath, rendenggh 8lilkiaz ’def'ﬂ'ﬁ ino (3 adhylinfing pr7epdi um

hydr oxi de and extracted w acet ate The extract 1s washed with

brine, dried ovérsussenswmmﬁﬁf@m E’@tﬂ?‘ea‘r?d Q.9 81”6 mreqd) ip S0l 2 raixtupa-of sthangt: ¢
as a browni sh Oigng dithRrdimetRardd4:1) is added Pd catalyst (0.15 g, 5% on activated carbon) and

hydrogenated at ambient temperature until the hydrogen uptake has ceased. The
15  mixture [s filtered through celite and the filtrate is evaporated to leave 17¢ as an oil
which is used without purification.

Example 27

20  N-(3-(2-Thiazolyl)phenyi)-2,4-dinitroaniline (19t): A mixture of 2,4-dinitrofluorobenzens
(1.14ml, 9.1mmol), 2t from Example 2{1.6g, 9.1mmol) and potassium carbonate
(1.51g, 10.9mmol) in dry N-methyl-2-pyrrolidone (10ml) is heated to 80°C for 2 hours.
The cooled mixture is poured into ice-water. The precipitate is filtered off, washed with
water and dried to yield: 3.05g (98%). Mp 197-203°C.

Example 28

1-(3-(2-Thiazolyl)phenyi)-5-iodobenzimidazole (23t): A suspension of 22t from
Example 16 {0.85g, 2.91mmol) in hydrochloric acid is cooled to -5°C. A solution of
30 sodium nitrite (0.22g, 3.2mmol) in 3ml water is added dropwise keeping the
~ temperature below 0°C. Following the addition the mixture is stirred at {(-5)-0°C for 20
min. A solution of potassium iodide (0.6g, 3.64mmol) in 3mi water is added and the
mixture is stired at ambient temperature over night. To the reaction mixture is added
aqueous sodium su_lﬁte until the iodine color has disappeared. The resulting mixture is



(719%. 1- (3-(2-Thi azol yl ) phenyl - 5- am nobenzi m dazol e (22t) was

prepared anal ogously from 21t_(Exanple_15). Isolated as an oil.
Yield: 65% 10 Exanpl e 17
3=(2-Met hyl thi azol -4-yl)aniline (2n): A mxture of

2- br ono- 3' _-%r&@glgéophenpne (59, 20. 5mmol ) and t hi oapeippisitsosl. 40,
18.6rmmol ) in acetic acid (50m) is heated 15 to reflux over night.

After cooling the precipitate is filtered o§d, washed with water and
dried to yield 2-nethyl-4-(3-nitrophenyl)thiazole (3.47g, 85%. M
87-88[err]C Thi s product |s_hydrogenated as described in Exanple 4
to yield 2n quarexiracted with sthylgetate. The erganj¢ phasejig washed with aqueous sodium

) s e
- . 93, i esul.fonic acid i e
to 10[err]C. Coﬁé’.ap‘?\'?'ﬁg fQdrypasg tq Sﬂé'.d@m-)“?'@%é?%@@ﬁ%w@’ gwmpos:ﬁon ﬁ?'@a i's

stirred at 40[err]C for 2 hours. The m xture is poured into ice-water. The

pr oduct is filtered off, washed wh and dried. Yield: 23.59g
(97% . M 995100[err] C 25 4- Br oné‘?g"ﬁﬁl%ani line (1f): A m xture of
1d (3.5g, 1 3.5mmwl ), dinmethoxyet hane (100m ) and aqueous sodi um
hydr oxi de (50m , ' gﬂhsg 0, m,gw 0 X { dhfdro-3 cool i ng
the mxture is [)A(')'#r\'/)ggb’?hr# I'C -';v?/é%gr. Aeeq%ér)bgﬂétsgwﬁﬁfﬁfégr ed off, washed
with wat emitebenzbnitrid1.82ge10immol) ydry XME (251vp) is@ddeditjethylamine (354 ml,

Exampl e 19 l‘:::é'ar" = f r?em'y m?n -?')i %}r ' ' ' of
1d from Exanpl e 111@%6\&'3& & ,ﬁ-&ﬁl mmlllé -Ifatl??any t‘%‘?ﬁ%ﬁ"?"é’gﬁ?ﬂa%b%”?cg
32.8mmol ), 98di wvebnights Aftaecosiingithe sixture is poured ipjg foy volmns of ice-water. The

PCT/ EP96/ 01606 precipitate is filtered off, washed with water and dried. This crude product is washed

with hot ethanol to yield 2.1 g ( 58%) of the title compound. Mp. 211-212°C.

Exampie 30

15
2-amino-(N-{3-iodophenyl))-4-cyanoaniline (30): To a suspension of (29) : (2,1 g, 5.75
mmol) in methanol (50 mi) is added ammonium chloride (0.92 g, 17.256 mmol) and
sodium sulfide nonahydrate (4.14 g, 17.25 mmol) and the mixture is heated to refiux
for 1.5 hours. After cooling the mixture is poured into ice-water (200 ml) and the

20 product is filtered off, washed with water and dried to leave 1.8 g (93%) of the title
compound. Mp. 170-172 °C.

Example 31

25 5-cyano-1-(3-iodophenyl)benzimidazole (31): A suspension of (30) (1,8 g, 5.36 mmol)
in formic acid (20 ml) is heated to 80-100 °C for 1.5 hours. The hot reaction mixture is
filtered through a cotton pad into ice-water (100 ml). The precipitate is filtered off,
washed with water and dried. This crude product is dissolved in dichloromethane and
is brought to precipitation by addition of petroleum ether. The product is filtered off

30 anddried. Yield: 1.38 g (75%) of the title compound. Mp. 177-179 °C.



28 0. 16nol ) and tetrakis(triphenyl phosphine)palladium(O (0.59) in a
m xture of water (40mM ) and di net hoxyot hane (80m ) is heated to .
80[err]C under a stream of nitrogen over night. After cooling the
mxture is poured into water and extracted with ethyl acetate. The
organic phase I S _wa hed with brine, dried over sodiumsulfa &9?00
concent r at ed™® *3¢&er reduced pressure(*). The residue is 3’21 0 végo‘i n
40m di met hoxyet hane. Aqueous sodi um %drom de (78m, 1M is added and
the mxture is stirred at amnbi ent tenperature over night. The m Xxture
IS poured into water and rendered acidic with di l uted hydrochloric
acid. The precipitate is filtered off, Exempled3@th water and dried to
yield le (5.09g, 76%. M 152-154[err]C. 10

1- (3-(2-Thi azol yl ) phenyl ) - 5- (3-furanyl ) benzi m dazol e 2 r epar ed
anal ogous| y 5-cyanoot(R(Stpytidylinhenyibergimidaxal (32g): A mi!h'@@e@?h(deﬂ- rameled

through silica QF\M%@X}‘ @g%w&%wsmﬂh)%&&dsuﬂ?ﬁr@éﬁtﬂﬂéwmw

ether (1:1). Yie
Exanpl e 20 5 and tewgifisirghenvipbagntine)paliagivoyQ) QR inamixhure ghyater (20 mi)and

mxture with N&.&amﬂwuméu@w%manm hubsﬂvd?éwmgtlwwédﬁﬂé A

m xture of 1-brono | odobenzene (2. , I%g] Exarrpl e
19 (4g, 19. 6rmolp reguingsuspansion fsRavEd: -r\t@wgtsgandszefmﬁ*modgﬁ&sg

cat %3& iC ?gounwaafedmmﬂhhaaﬁ@d mﬁw&ﬁmﬂ%daywumlmmmgrapm ed
to err

.. over .ni ght. C0Q e, m I[e. i ed..i
wat er. Et hyl acﬂc&t%ﬂ%‘" gﬂ@ﬁ“ r?het'i\yl H}eeg'fﬂ[ ??ﬂ?@k%{)fﬁﬁ%gﬁgﬁtt ﬁp!)@{;%ﬁﬁg
celite. Thelphag2e%)af thedie eompormdaMp. 1914933 Q.ieous phase is extracted
twice with ethyl acetate. The conbi ned organic extracts are dried over
sodium sul fate and the solvent is renoved under reduced pressure. The

resi due 25 is §wyaro-t(B-(ymidakzelyiipheny)banzimigaze/(320) was pteparedgnalogousihy a

m xture of ethyl acetate and petrol eum ether (1:9) as the eluent. The
product-m xture (12q) is isolated as a red oil (1.44g) which is used
directly in the next step (see Exanpl e Expmple33

Exanpl e 21 ¢ N-(3- Carboxyphenyl) 4- (3 furanyl) 2-nitroaniline (12r):

A m xture of 1efromEx o%y b]Slodoben Qi C af;lg
(6.69g, 27mmol )2 ﬁele@?riﬂ)ﬂ("&m&%ﬁ)@(%s jon Gt thlazol TEmhg O mmgl) indry TH
catal ytic armung 200i) WaBRAteP e 126 MPBLLIM he)%ﬁfts B\th; #1 mfﬁénpbnm'aﬁgon
Is heated to 18 Covernlght Arter cooling wate added the m xture
i s washed 78°C. The reaction mixture was stirred at -78°C for 0.5hr and BuaanI (3.1 ml,
11 mmol) was added dropwise. After stirring for 1 hr at -78°C and for 1 hr at room
20 temperature, the mixture was concentrated, triturated with water (50 ml) and extrac-
ted with disthylether (100 mi x 3). The extract was washed with brine, dried and

concentrated under reduced pressure to give {33) as coloriess oil.(3.7g, quant.).
Example 34

5-Acely!-1-(3-(2-thiazolyl)phenyl)benzimidazole (34). To a solution of (33) (3.6 g,
9.7 mmol) in dry THF (20 ml) was added 5-acetyl-1-(3-bromophenyl)benzimidazole
(1.5 g, 4.8 mmol) and (PPhs),PdCl, (340 mg, 0.48 mmol) under argon. The
reaction mixture was stirred at 80°C for 24 hr in a 50 ml sealed tube. After cooling

" 30 the mixture was concentrated, triturated with water (100 mi) and extracted with
CHzCl; (200 mi x 3). The extract was washed with brine, dried and concentrated
under reduced pressure. The residue was washed with ether to afford crystaline
(34) (1.5 g, 89%).
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twice with ethyl acetate. The aqueous phase is rendered acidic with diluted
hydrochloric acid and the oily precipitate is filtered off. This

precipitate i@ogg,gj@ﬁt ed with ethyl acetate, and the epgwWEros01666
purified by columm-chromatography on silica gel using a mxture of

ethyl acetate and petroleumether (1:1) as tdae eluent. Yield: 2.56g (32%.
5. M 203-205[err]C Exanpl e
22 1- ( 3- Car boxyphenyl ) - 5- (3-furanyl ) benzi m dazol e (14r): To 13r
fromExanple 4 (2.4g, 10 8.16mmol) is added formc acid (25m ) and the

m xture is stirr gdadutyr9\Bdroméptieny)benzintidatote was preparéliasfollowst i ng t he

m xture is poured into ice-water. The precipitate is filtered off, washed
wi th nmethanol and dried to yield 14r (0.89g, 40%. M 272-274[err]C.

(91) 2 A S0l ULy On T B o e Lty TrEod Ll L oL g, heal e
: r : . nmo | r . ; e
to reflux und®r Wr’éé@ﬁ’\.}"amw"“@ﬁ*"ﬂéﬂ?f‘ﬂf’??ﬁebgfgpéuwc ; '%‘Q’?M% ﬁ@ér
?dded and refl umfssninmas theLabliuk@was pbareddnto water. The pfoduct wasifiljqred offi ne
0.48 g, 3.54 nmm i dded and .the resulting m xture is refl uxed
over night. AfteP”%BﬁY'ﬁ@WP La %Fﬁt | s renoved by evaporation and the
residue is partitioned between water and ethyl acetate. The organi c phase
is dried over 20 Lum sul f rat ed to dryn o) | i's
di ssolved in tol %#ég'?wﬁﬁ#"yl)%s”?ﬂ%'@é@%%@r gq'g#ﬁ[?néf %?‘%Ngﬁ{nﬁos&g@&g(gignd
the m xture e r gf i 8.86dnmel)r,SdiblomobBnzersn{4vémi, 38.06 mmol, potassiuna cattbonatee r
reduced pressure t ' | L £ S v e

chr omat ogr aphy oﬁéglg B iﬁ"{d‘i‘ﬁ" %ﬂ%@%é h@g %@%ﬁ?%ﬁ% ést%?aéedaﬁgih Btér{'rr‘%foeum
ether (1:1) 180 5Ctundera steedm obhitrdgendior 2 days). Aftay co@iBiy)the Splid reaction cake
183-186[err]C. 2

1- (3 (3- Oycl opr og%/?’SS?&Eﬁda"i'BW a mixtyre of dichioforaethane and methanol (9:1). The extract i |
was pr epar edncantiategiurtleyretiuced préssure.dt heyresidpe isextractedwith@thyl scethts,

19% M 144- %16[ eﬁ@ ec):c'tract is concentrated under reduced pressure and the residue is eluted
through silica gel with a mixture of petroleum ether and ethyl acetate (4:1) to afford
the pure product. Yield 0.67 g {10.6 %). M.p. 142-144°C,

5-Acetyl-1-(3-bromophenyl)benzimidazole: N-(3-bromophenyl)-4-acetyt-2-nitro-

20 aniline (9.0 g, 26,63 mmol) was suspended in 99% ethano! (100 ml). Raney nickel
was added and the mixture was hydrogenated at ambient pressure for 20 hours.
Chloroform was added. The mixture was filtered through celite and evaporated in
vacuo to afford 8.03 g oil. To this oil 80 mi formic acid was added and the mixture
was heated to 80 °C for 1.5 hours. Excess formic acid was removed in vacuo. The

25 residue was stirred in water and and rendered alkaline with aqueous sodium
hydroxide. The product was filtered off washed with water and dried.

Example 35

30  5-Cyano-1-(3-(2-thiazolyl)phenyl)benzimidazole (35): 5-cyano-1-(3-(2-
thiazolyl)phenyl)benzimidazole was synthesized as described in Example 34 by
using (31) (2.0 g, 5.9 mmol) instead of 5-acetyl-1-(3-bromophenyl)benzimidazole,



Exanpl e 23 30 2-Chl oro-6(1-i mdazoyl)pyridine (15a): A m xture of

Z, 6-di chl oropyridi ne (5g, 33.78mml ), _imdazole (2.3¢g,-33 78mml) and
potassi um carbonate (4. 66g, 33.78mmol ) in DMF (50m ) is heated to
85[err] C over night. The cooled m xture i s poured into ice-water and

unreact ed st@iddeRgegaterial is filtered off. The filtrate i pcafpdédressd Wit h
WO 96/ 33194 Wo ol
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diluted hydrochloric acid and is extracted once with ethyl acetate. The

h dered al kal b f
Pyclr ox db ( 101) (RRARAGIa DI H mmoh aiths (U AR B IAEIS L8 B -7 dREPle
is dried over soﬂ-{mdnfg’&ves-cﬁﬂﬁt&m (2ihrolynsthybenzimidadole ¢ L5y, 86%), e and

el uted through silica gel a mxture of ethyl acetate and 5 nethanol
(9:1). Evaporation of sol vent Ieaves 15a. Yield: 2.379 (39%. M
71-73[err] C Example 36 Exanpl e 24

4- Chl oro-6-(1-i mdazolyl)pyrimdine (15b): A m xture of
4, 6-di chl oropyrimdine (59, 10 33.56mwol), im dazole (2.28g, 33.56mmvl)
and pot assium c%-m;mhéﬁyl)ﬁmdlne(36i3&rﬁiﬁtmb1)4—bhe|{9lﬁriﬁﬁdlné (10 g 6 mmold at

roomterrperature over n e IS di | ut | t oMr_ Vol unmes
of water and extd?& hﬁ% (ﬁgEﬁ ﬁ‘?&ﬂém'm'ée Bgrtﬁ’gﬁielgzé%‘ ?zz;e?”raé%ltcoﬁ
concentrat ed undenos Cr8mb Gt DPFC.SThE ﬂasa Qiiﬂhféiﬂié%timﬂfht PP iforp l@ebomeufmnm
m xture of ethyl acetate and neth Eva oration of Si?h %86 and

trituration of 195usheqdce,andextractp H"t was,yypshad with 3
petrol eum etfger dqliedls NaRCEs s&lﬁﬁor{,ﬁriﬁa gver MgSO4 ﬁ?c%oncbﬁtrdtﬂ@ unéél{ reduded

Exanpl e 25 pressure. The residue was triturated with isopropanol and the precipitate was
filtered off and dried under reduced pressure to give (36) (6.4 g, 50%).

Example 37
15
4-(3-Aminophenyl)pyrimidine (37).To a suspension of (36) (6.3 g, 31 mmol) in a
mixture of MeOH (60 ml) and THF (30 ml) was added 5% palladium on activated
carbon (300 mg) and the mixture was hydrogenated at ambient pressure for 1 hr.
The mixture was filtered and concentrated under reduced pressure. The residue
20 was purified by column-chromatography on silica gel using a mixture of hexane
and ethylcetate (3:1) as the eluent to give (37) (5.1 g, 96%).

Exampie 38

25  N-(3-(4-Pyrimidyl)phenyl)-4-cyano-2-nitroaniiine (38): To a mixture of (37) (659,30
mmol) and 4-chloro-3-nitro-benzonitril (5.1 g, 30 mmol) in THF (120 ml) was added
sodium hydride (2.3 g, 50% suspension in mineral oil). After stirring at room
temperature for 2 days, the mixture was poured into water and extracted with
CH,Cl.. The extract was concentrated under reduced pressure and the residue was

30 triturated with diethy! ether to yield crystalline (38) (9.2 g, 96%).

Example 39



20 N-(2-(1-i mdazolyl)pyridin-6-yl)-4-brono-2-nitroaniline (16a): To a
solution of If fromExanple 18 (2.79._12.5mml) in dry_DMF (25nm) is _added
sodi um hydri de (0.5g of a 60% di spersion in mneral oil) and the
m-xture is stirred for 30 mn. 15a (Exanple 23) (2.25g, 12.5mmol) is
added and theygloghiteg | s heated to 100[err] C over night. AftetmEPI61606
cooling the mxture I's poured into ice-water. The precipitate is filtered
off, dried and 25 redissolved in ethyl acedgate. The filtrate is extracted
wi t h et hyl acetate. The conbi ned product solutions are concentrated
and purified by colum-chromat ography on silica gel using a mxture
of ethyl acetate and nethanol (9:1) as the eluent. Evaporation of

sol vent and tri Jsidpym )bhéh eﬁeﬁuaznammoanmmny msz/iElﬁw@édam et her

d diethyl eth TS 3 94- 195 C.
28 ' Kl—(éel (_?égwﬁbeafbém&ﬁg?H%ﬂ%iﬂ)l(§2&?§"ﬂn?‘bw§’?°?§ ?oanlll[ﬁ(rar](wb)

was prepar ed nmopﬁ&yl)ﬁgﬁfﬂﬁhié Jnﬂhe eﬁr&één aITR6 Peatfion gave (&)Qﬁsﬁrﬁﬂﬁtiﬁ)

Et hyl acetate was for the chromat ographi ¢ work
Yield: 23% %®p 198-200[err]C. WD 96/ 33194
Exanpl e 26

N-(4-(1-1mdazolyl)pyrimd-6-yl)-2-am no-4-(3-furanyl)aniline (17b) 5 A
suspensi on of 1%§ﬁﬁﬁ%l ?da%ﬂ? ) iXe)df gphanol
and di chloro ane i g;@’grjo@engj{legnat | te‘r?t ?gﬁ’derat ﬁge) ‘ﬁggﬁébmney
Ni ckel (50% mmalhanQHGQzHa(ZQnﬂ)wQﬂﬂ@d@ét‘lw%lﬂ1\Mérrh9tl'h'5“!9u'ﬂ§gen upt ake
h d o) {rat

s oeased 40°, BakioHioin vacuo, hé FERER il Qilhoce bbbipefiho Beudidel o1 ° |
10 N- ( 2- (Naﬂﬁmmn)apymu%ama)or@mmem@nﬁd ouenMgSQ: andithe( 17¢)

solvent was removed by evaporation. The residue was triturated with ethyl acetate

to afford crystalline {40). (2.6g, 85%).
15 Example 41

5-Formyl-1-(3-(4-pyrimidinyl)phenyl)benzimidazole (41a): Raney Ni (2.2 g) was added
to a solution of (40) (3.9 g) in a mixture of HCO.H (48 ml) and water (18 ml). The
mixture was stirred under argon at 100°C for 0.5 hours. After cooling the mixture was

20 filtered. The filtrate was concentrated partitioned between 1M NaHCO solution and
ethyl acetate. The ethyl acetate extract was washed with brine, dried and
concentrated under reduced pressure to give (41a) (2.7 g, 69%).

§-Formyi-1-(3-(2-thiazolyl)-phenyl)benzimidazole (41b) was prepared analogously from
25 (35),

5-Formyl-1-(3-(1-imidazolyl)-phenyl)benzimidazole (41¢) was prepared analogously
from (32b), and

30  5-Formyl-1-(3-(3-pyridyl)-phenylibenzimidazole (41d) was prepared anaiogously from
(32a).

Example 42



A suspension of 16c¢ from Exanple 12 (0.9 g, 2.6 nmol) in 50 mM a m xture of

et hanol and di chl oronethane (4:1) is added Pd catalyst (0.15 g, 5% on
activated carbon) and hydr ogenat ed at anbi ent tenperature until the
hydr ogen upt ake has ceased. The 15 mxture Is filtered through celite and
the filtratey porated to | eave 17c as an oil Whi Glo-piEpodh

Wit hout purirﬁﬁg?¥gﬂ. ﬁggznple
27 20 N-(3-(2-Thiazolyl)phenyl)-2,4-dinifggoaniline (19t): A m xture of
2:.4-dinitrofl uorobenzene (1.14m, 9.1 mol ), 2t from Exanpl e 2(1.6q,
9.1 mmol ) and pot assi um car bonat e (1.51 g, 10.9mmol) in dry

N- net hyl - 2-pyrrolidone (10m) is heated to 80[err]C for 2 hours. The

cooled m xture i 904] PRar =g Y o £ afpd
washed wi t ﬁ%?‘*ﬁﬁﬁb@w’@ﬁ%&g@ﬁﬁ?ﬂ%ﬁ s ik gaday: flals 7' A6 aied.
25 ' to a mixture of ethanol (100 mi), NH.OH,HCI (1§ g% equivaients) and triethylamine ~
1- (3-(2- Thi azol yqﬂ.'ﬂhp Fi%ghivglaﬁt?ﬂﬂpﬂaHiﬂhﬂ%'sﬁné@ﬁiéd%@oﬁdﬁ%%ﬂﬁ 1 'THe rAbdude’t
from Exampl e 16 (0.85g, 2.91 nmol) in hydrochloric acid is cooled to
-5[err]C. A $ol wasghilled tge*ﬁm hePrecipitate avas filtored off washad with wates, andgiled; i s
added dropwi se k@il Ridubdifpressure tolghidi826)'(2.2¢), #Pkpw O[err] C. Foll owi ng the
addition the mxture is stirred at (-5)-0O[err]C tor 20 mn. A

sol ution of potassiumiodide (0.6g, 3.64mmol) in 3mM water is added and the

m xture is stirrsHofmiyl-a{8{(2MazbRFpRéryl)bértziridaZold bximié (42bp wab prepidt | on

m xture i s added ague sodiumsulfite until the iodi ne color has
di sappear ed. TheamP?'Yﬂ'@mﬁgﬁ)Ur eis WO 96/ 33194
PCT/ EP96/ 01606 32

extracted with .. Th ' hase.i s .wa with agueous
sodi um caf%gé'la y@-ﬁﬁ%ﬁq d%?@&%%hﬁ?@ﬂ%ﬁﬁ'%oﬂwaiﬁ#rg? REPPR ough
silica gel. The dnalagously from (41¢), andevaporated to dryness to yield 23t.
Yield: 23% Melts with deconposition from175[err]C.
5-Formyl-1-(3-(3-pyridyi)-phenyl)benzimidazole oxime (42d) was prepared analogously
15  from (41d).

Example 43

5-(3-Isoxazolyl)-1-(3-(4-pyrimidinyl)phenyl)benzimidazole (43a):

20 A mixture of 42a (2.1 g) and N-chlorsuccinimide (1.1 g, 1.2 equivalents) in DMF (100
ml) was stirred under argon at 60°C for 0.5 hours. Vinyl bromide (25 ml) was added to
the reaction mixture under ice-cooling, and thereafter triethylamine (4.8 mi, 5
equivalents) in 15 m! DMF was added dropwise over one hour. The mixture was stirred
at 0°C for 3 hours and at room temperature overnight. The mixture was poured into

25  water and extracted with ethyl acetate. The organic phase was washed with brine,
dried, and concentrated under reduced pressure. The residue was purified by column-
chromatography on silica gel using a mixture of CH.Cl, and methanol (30:1) as the
eluent to give 5-(3-isoxazolyl)-1-(3-(4-pyrimidinyl)phenyl)benzimidazole (1.5 g,
64%).M.p. 214-215°C.

5-(3-Isoxazolyl)-1-(3-(2-thiazolyl)phenyl)benzimidazole {(43b) M.p. 157-158 °C.
was prepared analogously from {42b)



5 Eksenpel 29
N-(3 | odophenyl ) - 4-cyano-2-nitroaniline (29):_To a solution of 4-chloro-3-
nitrobenzonitril (1.82 g, 10 nmol) in dry DMF (25 m) Ts added

triethylamne (1.54 m, ' 11 mmol) and 3-iodoaniline (1.2 m, 1 0 nmol)
and the m xt ' eated to 80-100[err]C 10  over night. Al aipo&iigsd NI
the m xture ﬂgf)dé%rl%d into four volunmes of ice-water. The precipitate

is filtered off, washed with water and drigg. This crude product is washed
wkth hot ethanol to yield 2.1 g (58% of the title conpound. M.
211-212[err]C Exampl e 30 15
2- am no- ( N- ( 3- i Difistazolyh-i- (&(bmmuozziwl)mvnwazglgdﬁm mmp»iepareﬁ}‘ ( _23) ;
(2,1 g, 5.75 analcl#m&goﬂn%ﬂftl\wg 0-233% I s added ammoni um chl ori de

(0.92 g, 17.25 rum sulfl de nonahydrate (4.14 g, 17.25

mml ) and the mxture is heated to reflux for 1.5 hours. After
cooling the m uct
is fil 19 ered of 1)‘(5 w-ﬁo*a‘éolW-Hf(Q-fés bﬁfd?l)ﬂarﬁgyl)(ﬁihgfém{agapea\%uﬁﬁgregg%gé% bSth he

title %oﬁmmd)w 29?@1‘17@ [err]C. _
Exanpl e 31 25 5-cyano- 1-( 3- |odophengu,hﬁ3mm dazol e (31): A suspension
of (30) (1,8 g, 5.36 mmol) in formc acid (20 m) is heated to
80-100[err]C for 1.5 hours. The hot reaction mxture is filtered

through a cott csageg-1- BREnpHbentiitiddrole. e precipitate is filtered
of f, washed wi t hmtwat e‘?@gnd dried. Thi s(gﬁ}de product is dissolved in

di chI or onet hane and I's brought to precipitation by addition of

petrol eum etleM-FiUOfb—&hMoﬂhﬁn&riel Cércetratbd s@ﬁhunc%@lé (860 @ is cfofddde 54¢.38 0
I(DZ:?';%)EPSIS / 5220%' 4{ h%o one'va’b n%lq 64]776 mln {) s] added so that the tem;?gét%re oAés

not rise above 10°C. The mixture is cooled to 0 - 5°C and potassium nitrate (25 g,

247.14 mmol) is added portionwise over 2 hours keeping the temperature at 0 - 5°C.

Following the addition the mixture is stirred at this temperature for 2 hours. The

15 mixture is poured on ice (600 g) and the crude product is filtered off. Column-

chromatographic purification on silica-gel using a mixture of ethylacetate and

petroleum ether (1:9) as the eluent affords 18.19 g pure 4-fluoro-3-nitroacetophenone

(60 %).

20  3-(3-Pyridyi)nitrobenzene : To 3-bromopyridine (8.53 g, 54 mmol) in ethyleneglycol
dimethylether (180 ml) is added 3-nitrophenylboronic acid (10 g, 59.85 mmol), -
aqueous potassium carbonate (S0 ml, 2M) and tetrakis(triphenylphosphine)palladium
(0.5 g, 0.43 mmol). The mixture is refluxed gently in a nitrogen atmosphere ovemight.
The cooled reaction mixture is filtered and water (800 ml) is added to the filtrate. The

25 precipitate is filtered off and washed with water. This crude product is dissolved in hot
water (400 mi) with addition of hydrochiloric acid (25 ml, 4 M). The mixture is filtered
while still hot. The filtrate is cooled in an ice bath and pure 3-(3-pyridyl)-nitrobenzene
is precipitated by addition of 12 M NaOH. Yield 9.14 g (85%).

30  3-(3-Pyridyl)aniline : 3-(3-pyridyl)-nitrobenzene (9.1 g, 45.5 mmol} in ethanol (125 ml)
is hydrogenated at ambient pressure for 1.75 hours using Raney Nickel as the catalyst.
Filtration of the resulting solution through celite foliowed by evaporation of solvent
quantitatively yields 3-(3-pyridyl)aniline.



33 Exanpl e 32

5-cyano-1-(3-(3-pyridyl)phenyl)benzim dazol (32a): _A mxture of (31) (4 g,
11.6 mol), di et hyl 3-pyridyl borane (2.04 g, 13.9 nmol), potassium

carbonate (4.8 g, 34.8 nmol) 5 and
tetrakis(tri pwosgsfadpsphi ne)pal l adiun{O (02 g) in a m xturepetzEpssioesos( 20

m. and di met hoxyethane is stirred at 80 [err]C in a nitrogen
at nosphere overnight. After cooling t#ge resulting suspension is
peured into water and the crude product is filtered off, washed with

walter andI dri eddé;e |f|Qat (%meﬁ’ eve&"@\’/’s 8'#@@13?”& rnaltphy '%2
silica gel usin n itzogice
eluent. Yield th&myaefwg. Wﬂ%no))‘arlﬂm(stpyhﬂ)&)anmwm Zﬂzrﬁ%ﬂir%{mrrhhﬁyl-
5-cyano- 1- (3- (12-;1;0::9%?1&68 Rnﬁ?s Xt#r)eggp ﬂ-gb%a oZv%l'méh:i t‘ll?'ue resulh&gﬁ@[rggcggn 15

anal ogousl y.
2-Tri butyl stan nynixwmliasmmpde(das)aamm (S®i) tand maale alkaliser by additionndf "M 10

T 21 ol ) SunneHCOs, Thé Brodlie fiferd i athdtitiiards ihd G vl 720" (©-°
stirred at -78[@9?‘!‘@"%69"‘{3(333195’"th[)@“| 4A8%).(3. 1 nl , 11 mmol ) was

added dropwi se. After stirring for 1 hr at -78[err]Cand for 1 hr at room

20 tenperature, ghgdg]fture s concentrated, triturated with water (50
m) and extrac- e ingjanilipe ; 4-agetk2-nitra3N-(3r{dpyrsi)-phenylim s

was he?3\é\ll) th bri Iaﬂilmdlz %6 rﬂmd%ls suspended M WixRire 6f ethaidl (S0afly 8RdIdiBRISIO ANk O
ive agaCo
gExanpl e 34 38 (fﬁﬁﬁéﬁ%@g{ygfm ‘tqéd ?'ﬂrhﬁrﬁfmswryyﬁ@nmm (3% g9 aclivateds ) -

To a sol ution ofarbed)as(itie Gatalyst. Filtratiod ofthewesultingsolitign thidugh 28iita tllowssbypdded

PSSP . D A Gy -4 e

reaction m xt uren@\a%trqlaqm (hﬂ)MTWP@PQ&W‘ZKM&- 50 m seal ed tube.

After cooling 3gyridylyshemykaiit m%centrated triturated with water (100
m) and extqgcted W|th CH[er [err] (200 M x 3). The extract was
washed with ' Brine, dried and concentrated under reduced pressure. The

resi due was wasBattetyl-143-@-hyeidyphenyljbehsimisaysib o6-abétyl-2-(3-(3- (34) (1.5 g. 89%.
pyridyl)phenylamino)aniline (5 g, 16.5 mmol) in formic acid (50 ml) is stired at 90°C
for 1.5 hours. The cooled reaction mbxure is made alkaline by addition of 12 M NaOH.
5-acetyl-1-(3-(3-pyridyl)phenyl)benzimidazole is filtered off washed with water and
20 dried. Quantitative yield. m.p. 195-97°C.

The following compound was prepared analogously:
S-Acetyl-1-(3-(4-pyrimidinyl)phenyljbenzimidazole (44b).
Example 45

5-(5-Isoxazolyl)-1-(3-(4-pyrimidinyl}phenyl)benzimidazole (45a) was prepared as
30 follows:
5-(3-dimethylamino-1 -0xo0-2-propen-1-yi)-1-(3-(4-pyrimidinyl)phenyl)benzimidazole;
{44b) (314 mg) was reacted with DMF-dimethylacetal (1.5 mi) under argon in DMF (3
mi) at 120°C for 5 hours. After cooling to the mixture was poured into water and
extracted with ethyl acetate. The organic phase was washed with brine, dried, and
35  concentrated under reduced pressure. The residue was purified by column-
chromatography on silica gel using a mixture of CH.Cl, and methanol (30:1) as the



WD 96/ 33194

PCT/ EP96/ 01606 34
5- Acetyl - 1- (3 br onophenyl ) benzi m dazol e was prepared as fol |l ows:
4-Acetyl -2-nitroaniline: N (4-acetyl-2-nitrophenyl)acetamde (26.5 g, 11.94
mmol) 5 wa%vﬁggﬁg”to a mxture of water and concentrated ¢r/Epéoicnsci d,
150 M (1:2) 15 mnutes the m xture was poured into water. The
product was filtered off, washed with water and dri ed.

N- ( 3- brormphenyl )-4-acetyl-2-nitroaniline: A mxture of

4-acetyl-2-nitroaniline (3.41 10 ,, 18.94 mmol ), -di br onobenzene (4.6
m, 38.06 nmol), elyentiegive m@-dimathia "*1@*02(PP%§"@!?"’§‘§£¢£0|) and a

catal yti c amount p mmmwnMM.dam&mm ,87%J) stirring to 180
[err] C under a streamo nitrogen for 2 days. After cooling the solid
reacti on cake is extracted with a m xture of dichl oronethane and

met hanol (9: 1) . ¥iSIsexazolyl)t1-{95(4-pyrimidinytpheoylibeazicidagold A misuecef F-{# essur e.
The residue ig eéi},{eﬁ%ﬁqna(w t°r es?ﬂ"“‘“ﬁﬁ’ﬁ"ﬁﬁ -péﬁ W)ﬁhﬂf)ﬁé&ﬁmﬂ&ole (s07 mg)

concentrated under réduced re a ue IS

silica gel with andiNRHsQH,HCH 139@19. 8i5:anuivalents) inmathanoh(in relw?%?tﬁfe(w §9°ther

fford th C.
g Agretyl 1-(3- b(raoﬁl% en %?%Egﬁr? i m azﬁwﬁifﬁrééﬂto@v%radu&uaéé@wm r%;mtro-

ro%%’i‘i&% acet
20 aniline (9. oagetateemra#ﬂm ﬂﬁw%u@ﬁmw e

Raney ni C]lje' 0 hreduwaﬁprasuﬁ@l 'ﬁidiaﬁih?a %§Mﬁamgﬁpﬁ¥d(w&ahﬁdam 40tm‘?vl?¥1to |
pressure for ou of ar a iltere
't hrough cel i l’é afllye éi&fﬁ?ﬁ%ﬁoev&ql{?{ wnm%&ﬁ%nqg) g?'f“lﬁ"@(%éﬁ%so “To this
oil 80 mM formc acid was added and the m xture was heated to 80

Cf 1.5 h ' ' d i . The 25
asi tue was ot 1 JecaRVg EeOREl as BreskeBBRaOB " T 2 con

resi due was stirred [ine with aqueous sodium
hydr oxi de. The product was filtered off washed with water and dri ed.

5-(5-isoxazolyl)-1-(3-(2-thiazolyl)phenyl)benzimidazole (45b) was prepared
15 analogously from (34), M.p. 186-188 °C.

5-(5-isoxazolyl)-1-(3-(3-pyridyl)phenyl)benzimidazole (45¢) was prepared analogously
from (44a) M.p. 218-219 °C.The compounds prepared in the above examples are
listed in the following tables 1 and 2.



Exanpl e 35 30 5-Cyano-1-(3-(2-thiazolyl)phenyl)benzimn dazole (35):

5-cyano- 1-(3-(2- thiazol yl) phenyl ) benzim dazole was synthesized as
described in Exanple 34 by using (31) (2.0 g, 5.9 mmol) instead of
5-acetyl - 1-(3- bronmophenyl ) benzi m dazol e, WO 96/ 33194

PCT/ EP96/ 01 PCTEP96/01606
(PPh[err])[err]’lgad,Terr] (100 ny, 0.14 nmol ) and
2-(tributylstannyl)thiazole (3.6 g, 9.7 nmaf). The reaction gave
5- cyano- 1- (3-(2-thi azol yl ) phenyl ) benzi m dazole (1.5 g, 86%.

Exanple 36 5 4-(3-Ni trophenyl )pyrimdine (36): A m xture of

4- phenyl pyri mdine (10 g, 84 nmol) . Takledono. Herr]SOerr] (33 nl)

was added to a mixture of conc. Herr]SOerr] (22 nl) and conc.

HNO err] (16 m) at O[err]C. The resulting m xture was stirred at O[err]C

for 2 hr, poured onto crushed icg, and extracted with CHerr]dJ[err].
The extract was washed with a 5% 10 § ous NaHCO err]solution, dried over

MySO err] and concentrated under reduged N essure. The residue was
triturated with i sopropanol and the preci S filtered off and
dri ed under reduced pressure to give (36) X624~ 50%.

Exanpl e 37 15 4- (3- Ami nophenyl ) pyrim di ne |(37): To a suspensi on of
(36) (6.3 g, 31 nmol) in a m xt ure of 60 mM) and THF (30 m)
was added 5% pal | adi um on acti vat ed car ﬂ%OO ng) and the m xture
was hydrogenated at ambi ent pressure for The m xture was

filtered and® concentrated under reduced pre?éurg The residue 20 was
. purified by colum-chromatography on silica gel using a m xture of hexane

Furan
Compound Ar D A B subst. mp.(°C) Ex.
No. site

Sc 1-imidazolyl CH CH CH 3 203-204 15

Sh 2-(dimethylamino)-5- CH CH CH 3 183-184 15
pyrimidyl

9j 2-methyl-1-imidazolyl CH CH CH 3 105-107 15

ok 1-pyrroiyl CH CH CH 3 144-145 15

9l 2-amino-5-pyrimidyl CH CH CH 2 220222 15

om 2-(dimethylamino)5- CH CH CH 2 170172 15
pyrimidyl

on - 1-pyrrolyl CH CH CH 2 137-139 15

90 . 1-imidazolyl CH CH CH 2 175-177 15

9p 2-amino-5-pyrimidyl CH CH CH 3 222223 15

gb 5-pyrimidyl CH CH CH 3 216218 12



and ethyl cetate (3: 1)'as the eluent to give (37) (5.1 g, 96%.
Exanple 38 25 N (3-(4-Pyrm dyl)phenyl)-4-cyano-2-niitroaniline (38): To a

m xture of (37) (5.5 g, 30 nmol ) and 4-chloro-3-nitro-benzonitril
(5.1 g, 30 mml) in THF (120 mM) was added sodi um hydride (2.3 g, 50%
suspensi on i oil). After stirring at room t eFee EpbdA6osl Or 2

days, the m x ure Was poured into water and extracted with

CHerr]C[err].. The extract was concentrateg under reduced pressure and the
residue was 30 triturated with diethyl ether to yield crystalline (38) (9.2
g, 96% . Exanpl e 39 WO
96/ 33194

PCT/ EP96/ 01606

N- (3- (4-pyri mi dyl ) ¥eny! ) - £-ogtwt-tiagavhoanPHi né39)CH was %ynt hé%? 138 o
described in exanple 37 using (38) (9.2 g, 29 mol) instead of 4-(3-

ni trophenyl) pyri m dine and 60Q catal yst. e reacti gavg (39 g,
gquant.) 5 %w 1'&'32&3'? Eﬁ 6/ Egﬂple %0 )‘76}’@ 12
5- Cyano- 1- (3- (4-pyri m di nyl ) phenyl ) benzi m dazol e (40): A mixture of (39)
(3.0 g, 10 mméf) and HCO grylili (20 m) opps irr at 3210[ eq43.43d or 1k
hr. The m xture was 10 concen?r@b@é in vacu\(g'a ﬁ% re(g.liidue was partitioned
bet ween a 5% aqueous NaHCO err] solution and CH err]d[err]. The

or gani ¢ phase was Cb'cf ed over I\/gmnﬂnd the cH CH CH 3 149-150 12

or 3-(2-pyridyl)}-oxadiazo- CH CH CH 3 183186 22
5yl
gs 3-cyclopropyl- CH CH CH 3 144-146 22
oxadiazol-5-yl
ot 2-thiazolyl CH CH CH 3 102105 19
18b 1-imidazoly! CH N N 3 204206 15
18¢ 1-imidazoly} N CH CH 3 170173 15

10

15



sol vent was renoved by evaporation. The residue was triturated with ethyl
acetate to afford crystalline (40). (2.69, 85%. 15
Exanpl e 41 5-Fornyl - 1- (3- (4-pyri m di nyl ) phenyl ) benzi mi dazol e (41a):
Raney N (2.2 g) was added . - to a solution of (40) (3.9 g) in a mxture
of HCO err]l—?wi%i,? and water (18 m). The m xture waperkpddioisss under
argon at 100[err or 0.5 hours. After cooling the m xture was 20
filtered. The filtrate was concentrated parjgti oned between 1 M NaHCJO err]

sol ution and ethyl acetate. The ethyl acetate extract was washed with
brine, dried and concentrated under reduced pressure to give (41la)
(2.7 g, 69%. 5- For nyl - 1- (3- (2-t hiTaP®Z/| ) - phenyl ) benzi ni dazol e (41

b) was prepared anal ogously from 25 (35),

5- Fornyl - 1- (3(1-i m dazol yl ) - phenyl ) benzi m dazol e (41c) was prepared
anal-ogously from (32b), and 30 o

5-Fornyl - 1- (3-(3-pyridyl)-phenyl ) benzini thgzol e (41d) was prepared
anal ogously from (32a). \ N

Exanpl e 42 WO 96/ 33194 »
PCT/ EP96/ 01606 N 37
5 Ar

Ar Isoxazol subst.site m.p. (°C) example

4-pyrimidyl 3 214-215 43

3-pyridyl 3 208-210 43

2-thiazolyl 3 157-158 43

1-imidazolyt 3 230-234 43

2-thiazolyl 5 186-188 45

3-pyridyl 5 218-219 45



was added____ to amxture of ethanal ( riOH.HClI (1.2g, 3
equi val ents) and triethyl am ne (1.3 ¢ ) and the m xture
wds stirred at 60C for one hour. The mixture "as lled to O[err]C
and the preciwobessiesvas filtered of f, washed with water, andPCERS6e01606
under reduced pressure to give (42a) (2.2 g, 779.

5- Fornyl - 1- (3- (2-t hi azol yl ) - phenyl ) benzi m d&zol g oxme—42b}—was prepar ed
anal ogously from (41b), 10 REPLACED SHEET

5-Fornyl -1-(3-(1-imdazoly) - phenyl ) benzi m dazol ¢_oxi ne (42c) was plsepar‘g@
anal ogously f rog}%é%%, and _ O Description : paged ...T.. to paged ...
5-Fornyl - 1- (3-( 3~ yl ) - phenyl ) benzi m dazol e «aﬂimaim(sﬂd)pé@g _pg}ewgbgded 45"
anal ogously 15 from (41d). O Drawing(s) : paged _ o pa:ed B
Exanpl e 43 . . ’ »eeee- 10 Paged .......
5- (3- 1 soxazol yl )1'- 1-( 3683918?/%%%35'{'?&”9)%%%%” ) benz?rﬁba%l e* Raged).:...2® paghd ..-...
m xture of 48a (2.1 g) and N-chl orsuccininide (I I g t—2—eotivalents) in
DVF (100 m) was stirred under argongit 60C for 0.5 hours. Vinyl
bromde (25 m) was added to t he_geadti on m xture under ice-cooling,
and thereafter triethylamne (4.8 m, S| dNjui val ents) in 15 m DV was
added dropwi se over one hour. The m Xt urd  sthrred at 0C for 3
hours and at room tenperature overnight. TNt ure was poured into 25

wat er and extracted with ethyl acetate. The org%ﬂai c phase was washed with
bri ne, dried, and concentrated under reduced pressure. The residue

was purified by col um- chromat ography on silica gel using a mxture
of CH err] d [ er o] a sharmaceulicaly accepable sajttheresf or an oxideitheraef t o gi ve

5- (3-isoxazol yl \unardirs- (4- pyri m di nyl ) phenyl ) benzi m dazole (1.5 g,

64% .M p. 214-215[er rkg 30

5-(3-1 soxazaPyI )-1-(35%(*%-t hi azol yl ) phenyl ) benzi nmi dazol e (43b) M p. 157-158

5-Fornyl -1-(3-(4-pyrimdinyl)phenyl )benzi/W/%\e\mﬂa) : 4la (2.7 Q)
5

[err] C was prepared anal ogously fr om/(IiZb)
D~ IA
A,
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 substituents selected from alkyl, alkoxy, phenyl,
halogen, CF3, amino, nitro, cyano, acyl, acylamino, phenyl and monocyclic heteroaryl;
and '

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

2. A compound of claim 1, which is
25  1-(3-(1-imidazolyl)phenyl)-5-(3-furanyl)benzimidazole,
1-(3-(2-methyl-1-imidazolyl)phenyl)-5-(3-furanyl)benzimidazole, or
1-(3-(5-pyrimidinyl)phenyl)-5-(3-furanyl)benzimidazole,
or a pharmaceutically acceptable salt thereof or an oxide thereof.
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5- (3-isoxazol yl)-1-(3-(1-i mdazol yl }!ﬂwmmmugmzol e (43c) wgas
prepared anal ogously from (42cy, L [err] C.

5- (3-i soxazol whgdses- (3- pyridyl) phenyl ) benzi'm fazbl e (43d) PEPENsRIBE €d
amal ogously 5 from (42d) M p. 208-210 [err]C

Exanpl e 44 5-acetyl - 1-(3-(3-pyridykg phenyl)benzi m dazol e (44a):
10 4- Fl uor o- 3-ni tr oacet ophenone: Concentrated sul phuric acid (200 m) is
cooled to 5C. 4- Fl uor oacet ophenone (20 m, 164.76 mmol ) i s added so

that the tenper&ure Gdbamaceuticalgampositian serarrsing@natiestive amauntof.a gampound
cooled to 0 - 5Gfanglofuliins 9ite'2) ot ialphaintacedfically-acceptableddiditidrtsalBbreot 6r exdded

Fol | owi g the. aile Ao 5aR ipia! e ol aiarmuondaccenisBlicaros of uent

hours. The 15 m xture is poured on ice (600 g) and the crude product is

filtered of fg Col um- chromat ographi ¢ purification on silica-gel
using a mxture of ethylacetate and loF)et_rol eum ether (1:9) as the
eluent affords fi8. 19 Jheusecfaqmpeund of-anyof daimsiidpiRdershe preparationebady . 20

3- (13- Pyridyl) ni tnictiaiientRr thbAredmitinoMdisortler st disdaseof % living afivedl body, ,

et hyl enegl ycol . ludi di ﬁret hr}/l ei.'lr.he 80 gj I s added, 3-ni'trophenyl boronic
acid (10 g, 59. d€lyling g human, w 'ﬁtﬁ!ﬁé’g‘iﬂ% Is9ase iy, FRsponsiys ta modulgtiongf the\)  and
tetraki s(tri phe@ABAreqeptorepmplok afthe dentral nervis sys@m.0. 43 ol ). The mi xture
is refluxedqgently in a nitrogen atnosphere overnight. The cool ed

reaction mxture is filtered and water (600 m) is added to the filtrate.
The 25 preci pidtate TRe use af@rcomponrid cfrapy whaaims b 2iforthe prepartios oba ude

product is di sseiedR@nicht BPth : | L
nydrochl ori ¢ acid, (26 n 4°&f):?‘mﬁ?£ﬁtn%e‘§'?ﬂ'§%cﬁ’9‘?ﬁ4%f?e'@q9 aﬁwaﬁﬁ e still
hot. The filtrafMingayraan whichdisprder erlispage is resnoasive to positive modulation of
3- (3- pyri dyl) - nithe GRBAZ flééptor complexof Meentailndivdtls Bystéldi tion of 12 M NaOH
Yield 9.14 q5(85°/<).
6. The use of a compound of any of claims 1 to 2 for the preparation of a
medicament for the treatment of a disorder or disease selected from anxiety, sleep

disorders, memory disorders, epilepsy and any other convuisive disorder.

20 7. A method of treating a disorder or disease of a living animal body, including a
human, which disorder or disease is rgsponsive to modulation of the GABA, receptor
complex of the central nervous system comprising 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 to 2.

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

9. The method of claim 7, wherein anxiety, sleep disorders, memory disorders,
30 epilepsy or any other convulsive disorder is treated.

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

aced
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30 3-(3-Pyridyl)aniline: 3-(3-pyridyl)-nitrobenzene (9.1 g, 45.5 mmol) in
ethanol (125 ). is hydrogenated at_anbient_pressure for 1. 75 hours
usi ng Raney Nickel as the catalyst. Filtration of the resulting
solution through celite foll owed by evaporation of sol vent

quantitati velwpogiasiesls 3- (3-pyridyl)aniline. VO 9pERRPSRID1606
PCT/ EP96/ 01606 ' ' 39

4- Acetyl -2-nitro-N-(3-(3-pyridyl)phenyl)aniline: A mxture of

4~ Fl uor o- 3- ni tr oacet o- phenone (5 g, 27.3 mmol) and
3-(3-pyridyl)aniline (4.62 g, 27.2 mmol)yishgdry 1-nethyl -

2-pyrrolidone (10 m) is stirred at 40-50[err]C overnight. The resulting
solid reaction Figuret: m xture is suspended in Ice water (50 m) and nade
al kaline by addition of 1 M 5 NaHCOerr]. The product is filtered off,
washed with water and dried to yield 7.68 g 4-

acetyl -2-nitro-N(3-(3-pyridyl)phenyl)anili ggx(SS%.

5- Acet yl - 2- (3-(3-pyridyl)phenyl am no) ani | i ge&*

4-acetyl - 2-nitro-N-(3-(3-pyridyl)-phenyl)-j |“ ani'N ¥Oy 6 mml) is
suspended in a mxture of ;ethangls (50 ngn~”aret” di chl oro ane 10 (10 m)
and i s hydrogenated at anbi pr éssur_e_.us.i_n.g_p.a.LJ.ﬁdi um{5YN¥n acti vated
carbon) as the catal yst. Fi I;on of the resulting sol ut ,&p t hr ough
celite foll owed by evaporation of solvent |eaves aioi whi ch upon
trituration with a m xture of diethylether and pgtfog&unet her (1:1)
affords 1.46 g pure 5-acetyl-2-(3-(3- pyridyl yphenyl am no) ani I i ne
(80% . 15 5- Acet yl - §- (3 ( yridyl ) phenyl ) bengi Iy dazobs:

5-acetyl -2-(3-(3- pyr ) phenyl am no) ani | i ne 5 mol) in

formc acid (50 m) is stirred~g}, 90[ errufafy boronic acidd Or 1. urs. The cool ed
reaction mxture is made al kaline by Tt M NaOH. NH '
5-acetyl -1-(3-(3-pyridyl)phenyb)Banzi m daz& is filtered d?IJ%Avvashed W th
water and 20 dried. Quantitaplyglyield. mp. 195-97[err]Ql ] The
fol | owi ng conpound was prep8ted Bnal ogousl y: R" B

NH
D'/KA DJ§A
i
LA pe
o] o]

\ NH, \ N
Formic acid 3

N - > N
D
|

LS

= 4

1"
R

X is hydrogen or acetyl, A, B, D, and R*is as defined in the claims, and Cat. is
tetrakis(triphenylphosphine)palladium(0).



5-Acetyl - 1-(3-(4-pyrimdinyl)phenyl)benzi m dazol-e (44b). 25

Exanple 45 b-(5h:1soxazol yl )=1-(3-(4-pyrimdinyl) phenyl_)_be.nsz_ciazol e
(45a) was prepared as 30 follows:

54 ( 3-di met hyl am no- 1- oxo- 2- propen- 1-yl)-1-(3-(4-pyri mdinyl)phenyl)benzimd
azol e: wd'stibies314 no) was reacted w th DVF-di met hyl ac pegieprdsioisosn )
under argon in DVF (3 m) at 120[err]C for 5 hours. After cooling to
the m xture was poured into water and /6 extracted with et hyl acetate.
The organi ¢ phase was washed with brine, dried, and 35 concentrated under
reduced pressure. The resi due was purified by coI um- chr omat ogr aphy
on silica gel u@glﬂ'g a mxture of CHerr]d[err] and nethanol (30:1) as the
WD 96/ 33194

PCT/ EP96/ 01606 40

el uent to give 5-(3-di net hyl am no- 1- oxo- Znegﬁo’pen 1- yI) 1 (3 (4-

pyri m di nyl) phenyl ) benzi m dazol e (320 ng,

5- (5-1soxazol yl)-1-(3-(4- pyrl m di nyl)phen}gglinm mdaA m xt ure of

5-(3- 5 NO,
di met hyl am no- 1- oxo- 2- pr oyI ) - 1-(-3—(—4—py'r-rm'!1 nyl )phe){l ) benzi m dazol e
(307 ny) and NH err] OHXMCIMe(135 ng, 2.5 equival ents)pT Nanet hanol (14

m) was stirred at 80[err]C for 2 hours. After cool Jhe m xture was
poured into water and extracted with ethyl acetate® T or gani ¢ phase
was washed with brine, dried, and concentrated under reduced pressure.

The residue was chromat odragii eMO( CH err]Cl[err] - met M, 1 (v/v)) to 10
gi ve 5-(5-isoxazolyl)- 1-(yri m di nyl) enyI ) benzi zoI e (226 ng,

80%) . The foll ow ng nds [ nal O%
5-(5-isoxazoyl)-1-(3-(2-thi azol,m‘| phenyl ) benzi m dazol e (459!)§ was pr epar ed

R" R" ™8
LSl ¢
A A

o

1 N\ %N\
UN) Furanyl boronlc ecid N)

J§ Cat. J§

A, B, D, R" is as defined in the claims, and Cat. is tetrakis(triphenylphosphine)-
palladium(0).



15 anal ogously from (34),

Mp. 186-188 [err]C.

5-(5-isoxazol yl )-1-(3-(3-pyri dyl ) phenyl ) benzi m dazol e (45c) was prepared

anal ogously
t he above exanpl es are
VO 96/ 33194  wo 9633194

47T Table 1
[err] 3/6
Ftir an Conmpound Ar D A B subst .
mp.([err] 0O EX. No.
site 9¢ Figure 3: 1-i mi dazol yl CH CH CH 3
203- 204 15 Hal Hal o
Furanyl boronic %NO:
ma““cu NH,
NHAc NHAc
Hal o
NO
\ NO, YJ\\BJ NH
—_— PN
_ NH I
’ v’ka)
o o
\ NO, Red. \ NH,
——
NH NH
DJ\f o)\r
A, A,
o o
4
NH Formic acid N
N N
g A
[ x
YJ*BJ B
o
N 1) Yis Hal

A, B, and R" have the meanings set forth in the claims, Hal i is halogen, Y is halogen or

from (44a) Mp. 218-219 [err]C The conpounds prepared in

listed in the following tables 1 and 2.

P&%gﬁ%@ 01606

A -boronlcadd.cu

DJ\A
« J 2) Y is COOH
Y B \
R'—¢

carboxy, R®is alkyl, phenyl, or heteroaryl, and Cat. is tetrakis(triphenylphosphlne)-

palladium(0).




9h, 2- (di net hyl am no) - 5- CH CH CH 3 183- 184 15
pyrimdyl . Qj 2-met hyl_-1-im dazol yl CH CH CH 3
105- 107 15 9k 1- pyrrolyl CH CH CH
3 144- 145 15 91 2-am no-5-pyri m dyl CH CH CH
2 . 220- 22%0 96133194 9m 2- (di et hyl am no) - 5- CH
2 ¢ 170-172 ot 15 pyri mi dyl ’a%"ﬁﬁ‘
1-pyrrolyl CH CH CH 4/ 6 137-139 15 90
1<i m dazol yl CH CH CH 2 175-177 15 9p
2-am no-5-pyri m dyl CH CH CH 3 222-223 15
9b 5-Figure 45 dy | CH .CH CH 3 216-218 12
WD 96/ 33194 NH, PCT/ EP96/ 01606
42 D” A NO, NO,
I
o T
.
Hal DJ\IA
NO, NO, Red. NO, NH,
X - X
NH NH
D/*IA DJ\IA
R" \B) H"J\\B/l
N
NO, NH, Formic acid %@N>
X - ,
NH
Py DJ\A
[» 38 IA « )I
R“ \B) R“ B
NO: "\> Red. NH, N
. - 0
D’*JA %
R" B R"J\\B)
NH“@:N\) Sodium nitrite, H* I\©:N\>
N K N
) 9
A" \B) 'R"J\\B)
| N Furanyl boronic acid °
e > Yo
N Cat. N
DJ\," DJ\A
A" \BJ R"J\\BJ

Hal is halogen, D, A, B, R have the meanings set forth in the claims, and Cat. is
tetrakis(triphenyl-phosphine)palIadium(O).



ON 2-met hyl - 4-t hi azol yl CH CH CH 3 136- 138 12
oM 1-pyrazol yl CH  CH CH. 3 17Q-173._ 12
of 2- pyri dyl CH CH CH 2 135-136 12
9q 3-furanyl CH CH CH 3 149- 150 12
Or 3-(2-pyrj -oxadiazol- CH CH CH 3 183 p&BRpociicos
5=yl W%ém% 3-cycl opropyl - CH CH CH 3
144- 146 22 oxadi azol - 5-yl ot
2-t hi azol yl CH CH CH ? /6 102- 105 19 18b
1-i m dazol yl CH N N 294- 296 15 18c
1-im dazol yl Figuds: CH CH 3 170-173 15 5 10
Hal
DJ\A H\@"Oa
I
f NO, RHJ\\BJ NH
18 - T
e o
H" \a
o
H\G[Nog (\_&@ZNOl
NH when Ris hal
— NH
D,*A Furanyl boronic acid, Cat. D)\A
PN <
R" B R"LB)
° o
NH
\ NO, Ao % N
NH > Y
AN D’*A
il o
R“ \B) H“ B
o
o \ N
e 0?4
D)\A N
i R" B
A

Hal is halogen, D, A, B, and R'' have the meanings set forth in the claims, R is
halogen or furanyi and Cat is tetrakis(triphenylphosphine)paliadium(Q).



15 WD 96/ 33194

PCI/EP96/ 01606 _ 43
Table 2 [err] Ar
I'soxazol subst.site mp.([ferr]C) exanple 4-pyri m dyl 3
214- 215 WO 3- pyri dyl 3 cTEPES1686-0
43 pserfsine, yl 3 6/6 157-158 oS
Figure 6.
g8 - D
Red.
DJ\IA : D’*,A
s A
"N
OHC N 1
@;P NHOHHOI K@N\)
N
A, N
X g
R" \B H"J\\B)
OH
~ O“N

L 2
N-chlorosuccinimide N

> > >

N Vinyl Bromide, NE, N

DJ\'A D)\lA
R" \BJ R" \B)
0 (o}
/K@“» DMF-dimethylacetal M"llv X "\>
N Me
X L
D% /'? D* i«
R" \B /" \B/‘
N-o

0
Mﬁ.hll f\\/‘ﬁu\ NH,OH.HC! <—’/K©iN\
Me N> > N)
7y g

R" B R B

D, A, B, and R"' have the meanings set forth in the claims.



:1-i ni dazol yl 3

_ 230- 234 43 2-t hi azol yl
5 ... 186- 188 45 3- pyri dyl 5
2187219 45 ‘WD 96/ 33194

PCT/ EP96/ 01606
1. .. Aconp

[err]
t her eof
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DATE OF RECEIPT ....ccccenvarennan
Amended claims: :

A compound having the formula:

or a pharmaceutically acceptable salt thereof or an oxide thereof
wherein
Reis

10

A !
RHJ\\B_/”

wherein
15 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, benzimidazolyl, or monocyclic heteroaryl, all of which may
be substituted one or more times with substituents selected from alkyl, alkoxy,
phenyl, halogen, CF,, amino, nitro, cyano, acyl, acylamino, phenyl and
20 monocyclic heteroaryl; and

one of R® and R is hydrogen and the other is furanyl or isoxazolyl each
of which ma)} be substituted one or more times with substituents selected from
halogen, alkyl, alkoxy and phenyl.

25 2. A compound of claim 1, which is

1-(3-(1-imidazolyl)phenyl)-5-(3-furanyl)benzimidazole (compound 9c¢);

o2 S

|

L AMENDED  srimey




Wwherein . A, Band Deach is CH or one or two of A, Band Dis N
ama~the others are 15 CH, . Rlerr] is phenyl, benzimdazolyl, or
nonocyclic heteroaryl, all 'of which may be substituted one or nore
times with substituents 'sel ected from al kyl, al koxy, gen,
CF[’err], amno, nitro, cyano, acyl, acylam no, phenylHMMMrlulumlmll‘)
heféroaryl; and 20 one of Rlesr] and Rierf] §s ‘*hydroden® and
the other is furanyl or isoxazolyl each of whi ch nmay be substltut ed
one or nore times with substituents sel ected from hal ogen dy

al koxy and phe@yl2-methyl-1-insidazolylphanyhce(itfuranyjkanzini amiecﬁ@ompog.gx 9);
1-(3-(1-im dazol yl ) phenyl ) -5- (3-furanyl ) benzi m dazol e,

1- (3- (2-met h@f - 1- i m dazol yl ) phenyl ) - 5- (3- f ur anyl ) benzi ni dazol e, or

1- (3-(5-pyri m(ltétcybgrnh i lyph'én?@sf- -yl fpenziniddaalel (eompound @b)a

pharmaceutically acceptable sa ereof or an oxide, t hereof,. WO
96/ 33194 or a pharmaceutically acceptable salt thereof or an oxide thereof.

PCT/ EP96/ 01606 45

3. A ?)har maceut i cal conposition corrpri sing an effective anobunt of a

conpound 3. of Aagympbusd af olairh 1, vhiich isr a phar maceuti cal | y-accept abl e
addition salt thereof o

h h h.at |
one phar macedt{&&- (Qi“éﬁféﬂﬁﬁﬁm)@yﬂﬁwgé‘é%%%ng' 1%0@@%8%?%3%5"}%520'& . eas'Er .

use of a CO"K&B’I?% @p,? of claims 1 to 2 for the preparation of a
medi canent f e treathent of a disorder or disease of a living aninal

body, i1a(3- (14 Pygolyl)pheayl)-5«3-unanibenzimidazoldilcerapeund Skisponsi ve to
rsn;g? Ie(’rint | %8 of %3-‘(32-Amznopynm‘%[§ yf)]:henyfgt@rfura MVBbERzitigdItTe (EthpBlnd'8lY OUS
1-(3-(2-(Dimethylamino)pyrimid-5-yl)phenyl)-5-(2-furanyl)benzimidazole
(compound 9m); |
1-(3-(1-Pyrrolyl)phenyl)-5-(2-furanyl)benzimidazole {compound 9n),
1-(3-(1-Imidazolyl)phenyl)-5-(2-furanyl)benzimidazole (compound So);

15 1-(3-(2-Aminopyrimid-5-yl)phenyl)-5-(3-furanyl)benzimidazole (compound Sp);
1-(4-(1-Imidazolyl)pyrimid-6-yl)-5-(3-furanyl)benzimidazole (compound 18b);
1-(2-(1-Imidazolyl)pyridin-6-yl)-5-(3-furanyl)benzimidazole (compound 18c);
1-(3-(2-Thiazolyl)phenyl)-5-(3-furanyl)benzimidazole (compound St);
1-(3-(2-Methyithiazol-4-yl)-5-(3-furanyl)benzimidazole {compound 9N);

20 1-(3-(1-Pyrazolyl)phenyl)-5-(3-furanyl)benzimidazole (compound SM});
1-(3-(2-Pyridyl)phenyl)-s-(2-furanyl)benzimidazole (compound 9f);
1-(3-(3-Furanyl)phenyl)-5-(3-furanyl}benzimidazole (compound 9q);
1-(-3-(3-(2-Pyridyl)oxadiazol-5-yl)phenyl)-5-(3-furanyl)benzimidazole
(compound 9r);

25  1-(3-(3-Cyclopropyloxadiazol-5-yl)phenyl)-5-(3-furanyl}benzimidazole
(compound 9s);
5-(3-1soxazolyl)-1-(3-(4-pyrimidinyl}phenyl)benzimidazole (compound 43a),
5-(3-Isoxazolyl)-1-(3-(2-thiazolyl)phenyl)benzimidazole (compound 43b);
5-(3-isoxazolyl)-1-(3-(1-imidazolyl)phenyl)benzimidazole {compound 43c);

30 5-(3-isoxazolyl)-1-(3-(3-pyridyl)phenyl)benzimidazole (compound 43d);
5-(5-Isoxézolyl)-1 -(3-(4-pyrimidinyl)phenyl)benzimidazole (compound 45a);
5-(5—isoxazolyl)-1-(3;(2-thiazolyl)phenyl)benzimidazole (compound 45b); or

AMENDED  SHEET




5. The use of ,a cbrrpound_of any of claims 1 to 2 for the preparation of
a e .. Medi cament for the treatnent of a disorder or disease of a |living

ani-mal body,
responsi ve t
of -the centr
of  élains 1
treat ment of

i ncluding a human, which di sorder—or disease Is

0 positive nodul ati on of t he GABA[ eryj mle
al nervous system 15 6. The use”“mammmg‘“ﬂ
to 2 for the preparation of a4s medi canentc f ér #he® *

a disorder or disease selected fromanxiety, sleep

X
any

(0]

di sorders, nenory disorders, epil ePs%/ and any ot her convul sive disorder.
20 7. B-(Seisperralyl)1rSa(G- piyidyl)ahanythenzinidgzele{sempeundi4Se)ing ani nal
body, i ncl udi ' ' i ?féstﬁ LSnff €esponsi ve t
nodul ati on oPpgf@‘%XFgPﬁ'gr e%eega‘%ﬂr]eghﬁ%&%gﬁgf aenﬁ(l 02 t gl'e::t)efht ral nervou

system conpr
i ncluding a
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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 a disorder or disease selected from anxiety,
sleep disorders, memory disorders, epilepsy and any other convulsive disorder.

8. A method of treating a disorder or disease of a living animal body,
including a human, which disorder or disease is responsive o modulation of the
GABA, receptor complex of the central nervous system comprising
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.

9. The method of claim 8, wherein a disorder or disease responsive to the
positive modulation of the GABA,4 receptor complex is treated.
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10. The method of claim 8, wherein anxiety, sleep disorders, memory

disorders, epilepsy or any other convulsive disorder is treated.

11. The method of claim 8, wherein the active ingredient is administered in
form of a pharmaceutical composition thereof, in which it is present together

with a pharmaceutically-acceptable carrier or diluent.
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