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4- PHENYL- 4- [ 1H | M DAZCL- 2- YL] - PI PERI DI NE DERI VATI VES AND THEI R USE AS
SELECTI VE NON- PEPTI DE DELTA OPI O D AGONI STS 5 The present invention rel ates
to novel 4-phenyl-4-[1Him dazol-2-yl]-piperidine derivatives, processes
for their prepoy@sison and their use in nedicine, in parti cdmpPoasiz’sel ective
non- peptide d-opioid agonists. 10 The presence of at |east three popul ations
of opioid receptors (conmonly known as mu (), delta (d) and kappa (x)
receptors) is now well established and docunented and all three popul ati ons
appear to be present in the central and peripheral nervous systemof many
species, including man (Lord J. A H et al., Nature 1977, 267 495). 15
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usual side effects "associated wth K- and x-receptor activation (Glligan
et al., J. Pilachve mnppeptitied-opigidggonists. 29, 641). Ani mal nodel s have al so

denonstrgjed that d-opioid receptor agonists nmay exert a

The presence of at least three populations of opioid receptors (commonly known as mu
(n), delta (d) and kappa (x) receptors) is now well established and documented and all
three populations appear to be present in the central and peripheral nervous system of
many species, including man (Lord J.A.H. et al., Nature 1977, 267, 495).

15
Modulation of one or more of these opioid receptor subtypes may lead to a variety of
effects observed in animal models, giving rise to unique pharmacological profiles for
each receptor. For instance, d-agonists seem to exert an analgesic effect (both spinal
and supraspinal) in different pain conditions in mice, rats, rodents, primates and even

20  in man (Moulin et al. Pain, 1985, 23, 213), increase the release of growth hormone and
inhibit dopamine release, while d-antagonists have no analgesic effect and decrease the
release of growth hormone. (Goodman and Gilman, The Pharmacological Basis of
Therapeutics, 9 Edition, McGraw-Hill, 1996, 525).

25  Some experiments also suggest that d-analgesics may also lack the usual side effects
associated with p- and x-receptor activation (Galligan et al., J. Pharm. Exp. Ther. 1984,
229, 641).

Animal models have also demonstrated that d-opioid receptor agonists may exert a
30  direct effect on the gastrointestinal (e.g. antidiarrhoeal effect) and respiratory tract (e.g.
stimulatory effect on respiratory activity). Furthermore, it has been shown that d-

opioid receptor agonists may play a synergistic role in a variety of pharmacological



30 direct effect on the gastrointestinal (e.g. antidiarrhoeal &1 10‘559')29;9%
respiratory tract (e.g. stinulatory effect on respiratory activity).
Furthernore, it has been shown that d- opioid receptor agonists may play a
synergistic role in a variety of pharmacol ogical 11 APRIL 2006 WD 03/ 033486
PCT/ EP02/ 11903/0338¢f f ects. In fact, they positively nodulPSTERHESBent ral
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k-opioid receptor subtype). Furthermore, such d-opioid receptor agonists should not be

peptidic in nature as such compounds are unstable for administration by systemic
routes.

15
Currently known non-peptidic delta opioid receptor agonists comprise indolo- and
benzofuranomorphinans (US-5354863 (1994) by Searle & Co, W0-9531464 (1995) by
Astra AB), octahydroisoquinolines (e.g. TAN-67 by Toray Inc., published in
JP-4275288 (1992) and W0-9710216 (1997) by Smithkline Beecham SPA),

20  piperazine derivatives (e.g. BW373U86 and SNC 80 by The Welcome Foundation,
published in W0-9315062 (1993)), pyrrolooctahydroisoquinolines (W0-9504734
(1995) by Smithkline Beecham SPA), ethylamine derivatives (W0-9622276 (1996) by
Nippon Shinyaku Co. Ltd.), triazaspirodecanones (WO 0146192 (2001) by Meiji Seika
Kaisha Ltd.) and substituted amino-derivatives (EP-864559 (1998) by Gruenenthal

25  Gmbh).

WO-9828270 (1998) and WO-9828275 (1998) by Astra AB discloses piperidine-
derivatives with analgesic activity. Said compounds are not structurally related to the
compounds of the present invention.

30
EP 1 038 872 A1(2000) by Pfizer Products Inc. disclose certain 4-phenyl-4-

heteroarylpiperidine derivatives as opioid receptor ligands. Said compounds differ



Ni ppon Shinyaku Co. Ltd.), triazaspirodecanones (WD 0146192 (ZébffRﬂyZ%E%ji
Sei ka Kaisha Ltd.) and substituted am no-derivatives (EP-864559 (1998) by
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di scl oses piperidine- derivatives with anal gesic activity. Said conpounds
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EP 1 038 872 A1(2000) by Pfizer Products Inc. disclose certain 4-phenyl-4-
het er oaryl pi peri di ne derivatives as opioid receptor |ligands. Said conpounds
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15 The present invention relates to novel substituted
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to the general Fornula (I
g d-opioid receptor asgonists, Igased on a piperidine-moiety It is another object of the

present invention to provide d-opioid receptor agonists useful as analgesics having
reduced side-effects. It is the further object of the present invention to provide d-opioid
receptor agonists active for d-opioid receptor mediated diseases.

15
The present invention relates to novel substituted 4-phenyl-4-[ 1 H-imidazol-2-yl]-

piperidine derivatives derivatives according to the general Formula (I)
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20  the pharmaceutically acceptable acid or base addition salts thereof, the
stereochemically isomeric forms thefeof, the tautomeric forms thereof and the N-oxide
forms thereof, wherein :

A=B is bivalent nm-bond radical ;
X is a covalent bond, -CH,- or CH,CH;- ;



20 the pharmaceutically acceptable acid or base addition sal tsﬂﬁBF‘&o@Q% he
stereochem cally isoneric forns thereof, the tautoneric forns thereof and
the N-oxide forms thereof, wherein : A=B is bivalent n-bond radical ; Xis
a coval ent bond, -CH2- or CH2CH2- ; 11 APRIL 2006 -4 R is hydrogen, ,
hydroxv, al kyl oxy, al kyl carbonyl oxy, Ar-oyy, Het-oxy, Ar-carbonyloxy,

Het - car bonyl oxy, Ar-al kyl oxy, Het-al kyl oxy, al kyl, pol yhal oal kyl

al kyl oxyal kyl, Ar- alkyl, Het-alkyl, Ar, Het, thio, alkylthio, Ar-thio,
Het-thio or NRORLO wherein RO and RI1D each independently are hydrogen,

al kyl, Ar, 5,Ar-al.k Het rbonyl or

al kyl oxycar &nyl al f(@’fdm%ﬂ" Mﬁp—&hﬁk’@x% 6‘3&‘??{@1’“ %ﬂxyoﬁ Fﬂﬁa%?@ﬁﬁ%‘?ﬂmt ed
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; R2 is hydroxy, 0 wl carb | axy,
hal o, cyan, al kylahq%g? llleﬁaﬁ"% {'}hl@’ Q’Rgﬁnﬁ?or v R&glgr bg&vm and "

al kyl car bonyl , 10R3 éayhmdypmdemlywqh)dmgamca&yh(myl nono-

cl al oy e nocar DOy RS o), SarsB Vi ARRR %onyrﬁ%{) oo
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hydrogen, al kyI %rﬂﬁi@’car@&@g@ﬁ&@fHfl@bdcychéléd&'ai(ﬁk@&‘m"thony' hal o or

hydr oxyal kyl , I's an I ntegér equal to”zero In the framework

of this appR’ cat i bﬁhydapwalbé%y ﬂkyéqagmny&xy@phﬁ&ww phenylearbonylayyihalewr bon
radi cal having freganb, blky® mymhl@tlomyloxyﬂkyﬁf cdaﬂfox@amyﬁshﬂfbn f)

hydroca on (cyclo radl havi,n ar bon is a
cyel to IRat ot at ods ﬁv%%saﬁbeax Rnicareil, prigor b stk SrunogarPoB mhesitl
attached to a str aitghtansno, homncdialkydtamiabahidgmalkylthioor r r adi cal  havi ng
from1l to 6raar b Ofk ﬁftﬂ%, Ar-mg'i,%ﬂalkenyl, Ar-carbonyl, Het, Het-alkyl, Het-alkenyl or

Het-carbonyl ;
R* R’ each independently is hydrogen, alkyl, carboxy, aminocarbonyl,
15 alkyloxycarbonyl, halo or hydroxyalkyl ;
P is an integer equal to zero, 1,2 or 3 ;

In the framework of this application, alkyl is a straight or branched saturated
hydrocarbon radical having from 1 to 6 carbon atoms ; or is a cyclic saturated

20 hydrocarbon (cycloalkyl) radical having from 3 to 7 carbon atoms ; or is a cyclic
saturated hydrocarbon radical having from 3 to 7 carbon atoms attached to a straight or

“brariched 'saturated hydrocarbon-radical-having from 1 to 6 carbon atoms; - wherein-

each carbon atom may be optionally substituted with amino, nitro, thio, hydroxy, oxo,
cyano, formyl or carboxy. Preferably, alkyl is methyl, ethyl, propyl, isopropyl, butyl,

25 tert-butyl, cyclopropyl, cyclopentyl, cyclohexyl, cyclohexylmethyl and
cyclohexylethyl.

In the framework of this application, alkenylis an alkyl radical as defined above having
one or more double bonds. Preferably, alkenyl is ethenyl and propenyl.

30
In the framework of this application, Ar is a homocycle selected from the group of
phenyl and naphthyl, each optionally substituted with one or more substituents, each



each carbon atom may be optionally substituted with am no, nit?%ﬁ“ﬁqH%QOG
hydr oxy, oxo, cyano, fornyl or carboxy. Preferably, alkyl is nethyl, ethyl,
propyl, isopropyl, butyl, 25 tert-butyl, cyclopropyl, cyclopentyl,

cycl ohexyl, cycl ohexyl methyl and cyclohexylethyl. In the framework of this
applicati onWol3l6é#§¢ i s an al kyl radical as defined above PREEPHZIIIBNe or
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hydrocar pon radi cal having fron13 to 7 carbon atons, wherein one or nore
carbon atons, is 15 substjtuted. wi.th_ _one or_ npre hal o-ato Preferably, halo
i's bromo, fl Iaa%&aa?ewf ef bis apRliFatipns balp 13 PostBmy Felfeied ?mnawoup of
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hydrocarbon radical having from 1 to 6 carbon atoms or a cyclic saturated hydrocarbon

radical having from 3 to 7 carbon atoms, wherein one or more carbon atoms is

15  substituted with one or more halo-atoms. Preferably, halo is bromo, fluoro or chloro

and preferably, polyhaloalkyl is trifluoromethyl.

In the framework of this application, Het is a heterocyclic radical selected from the
group of Het', Het* and Het®. Het' is an aliphatic monocyclic heterocyclic radical

20  selected from the group of pyrrolidinyl, dioxolyl, imidazolidinyl, pyrrazolidinyl,
piperidinyl, dioxyl, morpholinyl, dithianyl, thiomorpholinyl, piperazinyl and
tetrahydrofuryl. Het” is a semi-aromatic monocyclic heterocyclic radical selected from
the group of 2H-pyrrolyl, pyrrolinyl, imidazolinyl and pyrrazolinyl. Het’ is an
aromatic monocyclic heterocyclic radical selected from the group of pyrrolyl, '

25  pyrazolyl, imidazolyl, furyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl or triazinyl; or an aromatic bicyclic
heterocyclic radical selected from the group of quinolinyl, quinoxalinyl, indolyl,
benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzothiazolyl, benzisothiazolyl,
benzofuranyl and benzothienyl ; each monocyclic and bicyclic heterocyclic radical may

30  optionally be substituted on a carbon and/or an heteroatom with halo, hydroxy,
alkyloxy, alkyl, Ar, Ar-alkyl or pyridinyl.



In the framework of this application, Het is a heterocyclic r adil AER!s@P%:t ed
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03/ 033486 PCrydeemen/mitt@dalkyls An interesting group of conpounds are those
conpounds according to Fornula (1), the pharmaceutically acceptable acid or

base addition salts thereof, the stereochemcally isonmeric forns thereof,
t he t aut oner Aeotherimerestingrgalp dvdmpherndblaethoade cdngponmds dveorddig,to Formuldi ch A=B i s
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Ar, Ar-alkyl, pyridinyl or alkyloxycarbonylalkyl.
15 »
Another interesting group of compounds are those compounds according to Formula
(D), the pharmaceutically acceptable acid or base addition salts thereof, the
stereochemically isomeric forms thereof, the tautomeric forms thereof and the N-oxide
forms thereof, in which A=B and R’ together form a radical selected from the group of
20  Het® and Het>. More preferably, A=B and R! together form a radical selected from the
group of benzoxazolyl, thiazolyl, benzothiazolyl, benzimidazolyl and pyrimidinyl.

Yet another interesting group of compounds are those compounds according to
Formula (I), the pharmaceutically acceptable acid or base addition salts thereof, the

25  stereochemically isomeric forms thereof, the tautomeric forms thereof and the N-oxide
forms thereof, in which X is a covalent bond or a —-CH,-moiety. Preferably, X is a

covalent bond.

Yet another interesting group of compounds are those compounds according to
30  Formula (I), the pharmaceutically acceptable acid or base addition salts thereof, the
stereochemically isomeric forms thereof, the tautomeric forms thereof and the N-oxide

forms thereof, in which R? is alkyloxy or halo.



pyrrolidinyl and NRORLO wherein RO and RL0 each independent|y i &RRRSeN,
al kyl, At, Ar-alkyl, pyridinyl or alkyloxycarbonyl al kyl. 15 Anot her

i nteresting group of conpounds are those compounds according to Formul a

(1), the pharmaceutically acceptable acid or base addition salts thereof,
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and the N-oxide forns thereof, in mhlcm.A—B and R together forma radical
selected fromthe group of 20 Het2 and Het3 . Mbre preferably, A=B and Rl
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benzot hi azol yl , benzi m dazolyl and pyrimdinyl. Yet another interesting
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phar maceut i cFY3ORETIREIHMBEToND o COPPHRELATS Higst FRPoVRIT cARELRf , the 25

st er eochen Cdrn¥ilal gomebhaﬁmta&m V\};Q@Jeﬁﬁfﬂe akid@r Bﬁ%@dlﬁ‘éﬂ Salth HePRf, tgher eof and
t he N oxi de forns t her eof Is a coval ent bond or a -CH2-noiety.

Preferably, %rpechgzmcelbvnmr@nc fswdherwft the tytomeric forms theseaf gpd @pé{a@xx@r
conmpounds; ar

phar mac eﬁst [ c%ﬁ%ﬁggggg@ @‘ﬂic a%etﬁé)gge% B’%ﬂé’i Arh g@?y "t he

st er eocheni caach yndiepeodently @ul:fstlhlmsl Wlﬂleat deaft one Hé)sitﬂaem @ﬁlemd:frbm ﬂhﬁsgmlkrewfeof and
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are those conpounds according to Fornula (1) t he pharnaceutlcally

accept abl e L d gf. base addi ti 0 there stereochem cal ly

I someric for e?ﬁe}sgg?'ﬁﬁ{eﬂgreifétﬁ “S’I’foﬁﬁgﬁ)"txﬁléﬂg%‘? and the N-oxide 5 forns
t hereof , 1d n mhich R3 is selected fron1the group of phenyl al kyl and napht hyl,
each i ndepe u stltuted ith at |easi one substituent selected from
The. or oup: of Sthanether Bt Bt Bhstppouny B dhore SHPRYPER sroaine &

di al kyl am nqczxmlamxol the Phemadddtitally atdeytable tabia or Pase hadition saith thereofilthiey| 1 s

cycl ohexyl rTestter}Xochemically isomeric forms thereof, the tautomeric forms thereof and the N-oxide

forms thereof, in which A=B is C=0 or SO, R' is alkyloxy, alkyloxyalkyl, Ar or

15 NR°RY, wherein R® and R'? each independently are hydrogen or Ar ; or A=B and R
together form a benzoxazolyl radical ; p is zero, R? is benzyl optionally substituted with
hydroxy, alkyl or alkyloxycarbonyl and R* and R® each are hydrogen.

More specifically, the following compounds are the most preferred compounds :

20 1-ethoxycarbonyl-4-phenyl-4-[1-(phenylmethyl)-1H-imidazol-2-yl]-piperidine ;
1-propyloxycarbonyl-4-phenyl-4-]1-(phenylmethyl)-1 H-imidazol-2-yl}-piperidine ;
1-ethoxycarbonyl-4-phenyl-4-[1-[(4-hydroxyphenyl)methyl]}-1H-imidazol-2-yl}-
piperidine ;
1-ethoxycarbonyl-4-phenyl-4-[1-(1-phenylethy})-1 H-imidazol-2-yl}-piperidine ;

25  1-isopropyloxycarbonyl-4-phenyl-4-[1-(phenylmethyl)-1H-imidazol-2-yl}-piperidine ;
1-ethoxycarbonyl-4-phenyl-4-[1-[[4-(methoxycarbonyl)phenyl jmethyl}-

1 H-imidazol-2-yl]-piperidine ;
1-benzoyl-4-phenyl-4-[ 1-(pbenylmethyl)-1 H-imidazol-2-yl]-piperidine ;
1-(methoxyacetyl)-4-phenyl-4-{1-(1-phenylethyl)-1 H-imidazol-2-yl]-piperidine ;

30  4-[[2-(1-benzoyl-4-phenyl-4-piperidinyl)-1H-imidazol-1-yljmethyl]-methylbenzoate ;
4-[[2-[1~(2-benzoxazolyl)-4-phenyl-4-piperidinyl]-1H-imidazol-1-yljmethyl]-

methylbenzoate ;



10 Still another interesting group of conpounds are those corrpa)hﬁ‘ﬁg”- 2006
according to Fornula (1), the pharmaceutically acceptable acid or base
addition salts thereof, the stereochemcally isoneric forns thereof the
tautoneric fornms thereof and the N-oxide forns thereof, in which A=Bis C=0
or SOZ, R WO RB0E#Moxy, al kyl oxyal kyl, Ar or 15 NROR10, wrET&EPR/RY2and R10
each independently are hydrogen or Ar ;gor A=B and Rl together forma
benzoxazolyl radical ; pis zero, R3 is benzyl optionally substituted with
hydr oxy, al kyl or al kyl oxycarbonyl and R4 and R5 each are hydrogen. More

speci fical | Mrb&%lﬁ%ﬂeﬁmﬂm ¢9 —ﬁHfi‘mHAQol H} 1Béﬁﬂlﬁéfed corrpounds r 20
1 et hoxycar bonyl - 4- phenyl - E Phen yl met h I m da fl peri di ne
1-ethoxycar nyl-4-pheny -4- [ [4-(ethoxycar onyl)phenyl]ethyl] lH-1m1 azol

1 pr opyl oxy%rl;;p&)@me%nghenyl 4-11 - (phenyl met hyl ) - 1H-i m dazol -2-yl ] - pi peridin
1 et hoxycar %Miphdn%dh@henylp@ﬁﬂ)%ymdw@@héhypipmwu]fomdqn dazol - 2-yl ] -
pi peridine ; 1-ethoxycarbonyl-4-phenyl-4-[1

-(1-phenyl ethyl)-1Hi m dazol - 2-yl ] - pi peridine ; 25

1-i sopropyl d‘)hyqpharhrangdtieaa}ymhmp;ablezbc{d]ad(mihns@ltsraeetdeﬁh@dtﬂ)ldomp'riskahe)l 2-yl]-piperi
Ic_lll_ |n(ran q ai- ;)FE qeu%&aﬂﬁ#t&w § ?ox){c ac1d e{ddilhokgadlt% %tsgv it aerc%(r)n%ugdj henylJmethyl] 1
1- benzoyl - 4~apctnemyg to@drﬁlul(ambefe)&ibmblmiﬁ - Shlidt dcid dialitmhsﬂts)dahbpbbtemledibyle

.1 g(r)ret hoxya %El ngthebgh?o%lofﬁle m(plu.rﬁlrs] %rﬁrtlgr]%l})orrnmﬁl('lTw1& appropn |] pi peridine

4-[[ 2- (Imberazﬂylfoﬂeadaﬁgmyﬁorgmwwsl ﬁr&yéxﬁpiélwdnaﬂamﬂ,uﬂpa&h&mt hyl ] - met hyl benz
oate ; 4-[[2- enzoxazol yl ), henyl - 4- pi peridinyl ]
H i m dazol - 9&%!@%%1 ¢, -hy, Wﬁéﬂ%&&fféﬂc acyd, ni{pgpqid %’68309@06813%3486

PCT/ EP021113{ghnica3ids, fo%ﬁhé'acéhcmaﬁnuﬂfdréx}{aéenc acid, propanoic acid, lactic acid,
- (1- phenyl et hyl ) - 1H i m dazal - 2-y

i di
1- et hoxycar B8yIc afids pealy Pcld»tpalomafld»sclerﬂ%wédpﬁaﬁwl? JHEWE pAadHalic- 1H- i ni daz
ol -2- yl ] - piap@l {afheCacf) itric acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,

15  benzenesulfonic acid, p-toluenesulfonic acid, cyclamic acid, salicyclic acid,

p-aminosalicylic acid and pamoic acid.

The compounds according to Formula () containing acidic protons may also be
converted into their therapeutically active non-toxic base addition salt forms by

20 treatment with appropriate organic and inorganic bases. Appropriate base salts forms
comprise, for example, the ammonium salts, the alkaline and earth alkaline metal salts,
in particular lithium, sodium, potassium, magnesium and calcium salts, salts with
organic bases, e.g. the benzathine, N-methyl-D-glucamine, hybramine salts, and salts
with amino acids, for example arginine and lysine.

25
Conversely, said acid or base addition salt forms can be converted into the free forms

by treatment with an appropriate base or acid.

The term addition salt as used in the framework of this application also comprises the
30  solvates which the compounds according to Formula (I) as well as the salts thereof, are

able to form. Such solvates are, for example, hydrates and alcoholates.
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H i m dazol - 2-yl ] - 1- pi peri di nesul fonam de. 5 The pharmaceutically acceptable
acid addition salts are defined to conprise the therapeutically active
non-toxic acid addition salt fornms which the conpounds according to Formula
(1) are abl waes/dssm Said acid addition salts can be obt @crakebyis7at reating
the base formof the conpounds according to Fornula (I) with appropriate 10
acids, for exanple inorganic acids, for exanple hydrohalic acid, in

parti cuI ar hydrochloric acid, hydrobrom c acid, sulfuric acid, nitric acid

and PROSPROIg G heieor MRy otk ot ’°£s£é@ﬁ@%ﬂd@fﬁ1%%bi? RGkide hydroxyacetic

aci d, propanoi ¢ aci c acl ruvi ¢ acl oxal 1 ¢cacl d, mal onic acid,
succi ni ¢ aciissmemg|feims vémhihe ¢ompennds Qifonlmﬂarﬁ) may p@ssﬂssj Unplasstadhereisaci d, citric

aci d, mandel j.c,.aci fonl aci hanes | fonic Cld 1

onsenoou 1 Gigriosd o dicftd B8 bl foiiafion & ORBSRE: ARl BShlae 80 ||

acid, p- am ran@aksﬂﬂylstbﬁoc&emcbany\dom&ﬁmfoﬁn@@mdnuitbfes cenmgiging) ald accord| ng to
al.so be into their

For mul a cont ai ni ons converte

t her apeufi célfaFS?r?&efs\Pg‘dﬁWt‘P’Bﬁ'p SP%QQS‘%@B}CPYIBW‘%‘W Mg 8'3‘ Yt r eat ment
Wi th appr opkiefoeE %ﬁr&m@ﬁﬂhvb TR ISCcoRA SR ation BRIt PIrEbiRAEH c§aict s forms
conprise, for exanp ammonium salts, the al kaline and earth al kal i ne

metal salts (Par'i‘ﬂlyééﬁ“?@ﬁ Faéll‘calslnﬁaf ihgg eithrthe fis- YdreRseonfigratignesi um and
cal ci um sal tS?ere&SBEﬁlﬁalW isémerfRITOAN di'tﬁé@:%ﬁﬁ)om?ds Of FériRINBERSRVI ARy

N-net hyl - D-gl ucam ne, hybram ne salts, and salts wth amno acids, for
exanpl e ar gimensied nbr englyaced within the spppg efithis invealien aci d or base addition sal t
fornms cay be converted into the free forns by treatnment with an appropriate
base or acid. The termaddition salt as used in the framework of this

appl i cat i onFallewing §Hd-hanesnclatyee cogpentiohs, avhews twohiterepgerie cengerp ofknd3vnaccording to

Forl o (1) ARy WAL 0 0y bl et solvet e
PCT/ EP02/ 118%2ed on Cahn-Ingold-Prelog sequence rule) to the lowest-numbered chiral center, the
reference center. The configuration of the second stereogenic center is indicated using
15  relative descriptors [R* R* ] or [R* S*)], where R* is always specified as the reference
center and [R* R*] indicates centers with the same chirality and [R*,$*] indicates
centers of unlike chirality. For example, if the lowest-numbered chiral center in the
molecule has an S configuration and the second center is R, the stereo descriptor would
be specified as S-[R*S*]. If “a” and “B” are used : the position of the highest priority
20  substituent on the asymmetric carbon atom in the ring system having the lowest ring

[P

number, is arbitrarily always in the “a” position of the mean plane determined by the
ring system. The position of the highest priority substituent on the other asymmetric
carbon atom in the ring system relative to the position of the highest priority substituent
on the reference atom is denominated “a”, if it is on the same side of the mean plane

25  determined by the ring system, or “g”, if it is on the other side of the mean plane

determined by the ring system.

We note that the substituted carbon atom in the 4-position in the piperidinyl moiety is
an achiral atom ; therefore, compounds of Formula (I) may only have at least one

30  stereogenic center in their structure by virtue of a chiral substituent R! R? R, Ror
R’



-9 The term "stereochemically isomeric forns" as used herein ddfliARRIL 2006
possible isoneric forns which the conpounds of Formula (1) may possess.

Unl ess otherwi se nentioned or indicated, the chem cal designation of
conpounds denotes the m xture of all possible stereochemically isoneric
forms, sai dWOsyaIs486 containing all diastereoners and enarti/Ermens’nf the
basi c nol ecul ar structure. Mre in partjocular, stereogenic centers may have
the R- or S-configuration; substituents on bivalent cyclic (partially)
saturated radicals may have either the cis- or trans-configuration.

St er eochem cpjd tXutbz%@x‘?@fohﬁs bR BonHouhfof FOARAY (1§ Sre Meaf@b BMhﬁns(a kosar e
obviously intended to be enbraced within the scope of this invention. 10
Fol | owi ng CASmporedicifpumua Ghwhariniednsn engheroup isosvastedbdenkeo geper s of
known absolg&{g 881”93& Ilﬂrl?%ﬁon are present in a nolecule, an Ror S

descri ptor assli sed on Cabn-1Ingol d-Prel og sequence rule) to the
| owest - nunber ed Chl raI center the reference center. The conflguratlon of
t he secon ereogeni.c ce i s indicated ng,15 rel ati descriptors
R ) or TP RR8 R pEing o Bonffee B 1 P LA b I PBREE Poont e
and [ R, R*] ﬂm{élcﬁﬁﬁ)emdeeﬂF@'ﬁﬁlla\l(&)tvﬁldréiﬁoﬁb&iTBeﬁM héttdgkiy atam sl are S%idZel té ndi cat es
centers of unlike.c ty. .For. examle, .if the | owest-n ered chiral
center in thgeswl@g&{ c#aémgﬂﬁglyctgﬂqc%gﬁlgswre%ﬁwgﬁ@g% Y center is R
the stereo dap&ldindBsietfQHY/Or thd BnigdRRed hoied igsxi@izéR*, S*]. If "a" and "p" are
used : the position of the highest priority 20 substituent on the asymetric
carbon atomin the ring systemhaving the |lowest ring nunber, is
arbitraridy ﬂ%ﬁ@om{asfohﬁorhﬁﬂagpé Hpréd‘ﬂTthEﬁB?oc@@%eQ&rﬁ@@béi@Gv%a’}‘H&ed by the
ring system The position of t ﬁ ghest fority substituent oOn the other
asymmetric watedreddn Sipfpm errecemlchguwga @fpmnp@loaws/‘éhlﬁlbcambé seresated on of the

hi ghest pri 0&6$Xné%§§ee dfi'l%(:l'?]neg a?ﬂm%% rés%fu%ﬁ Bié)gecﬂﬁé%mrhérag@rﬂi%%ﬁﬁ&ﬁﬂs ’

it IS on the sane si nean | ane term ned by rng system
or "p", if iof Hogmaa(®maybe h@twemddeto(ihe @MSMWg@ﬁmonm saltrformscbyby the ring

B Iyz g‘r‘*‘ |m i \x' n%cl‘%xgﬁ Qﬁ‘ﬁm {sOfanid el dclf. ShiCRERPLALR Ttk Forful Gre SuiRGlehltpn 1 N the
15 separated, for example, by selective or fractional crystallization and the enantiomers are

liberated therefrom by alkali. An alternative manner of separating the enantiomeric
forms of the compounds of Formula (I) involves liquid chromatography using a chiral
stationary phase. Said pure stereochemically isomeric forms may also be derived from
the corresponding pure stereochemically isomeric forms of the appropriate starting

20  materials, provided that the reaction occurs stereospecifically. Preferably if a specific
stereoisomer is desired, said compound will be synthesized by stereospecific methods
of preparation. These methods will advantageously employ enantiomerically pure

starting materials.

25  The invention also comprises derivative compounds (usually called “pro-drugs’) of the
pharmacologically-active compounds according to the invention, which are degraded ir
vivo to yield the compounds according to the invention. Pro-drugs are usually (but not
always) of lower potency at the target receptor than the compounds to which they are
degraded. Pro-drugs are particularly useful when the desired compound has chemical

30  or physical properties that make its administration difficult or inefficient. For example,
the desired compound may be only poorly soluble, it may be poorly transported across

the mucosal epithelium, or it may have an undesirably short plasma half-life. Further



an achiral atom; therefore, conmpounds of Fornula (1) may onl y%éeg"agoqeeast
one 30 stereogenic center in their structure by virtue of a chiral
substituent R3, R4 or R5. 11 APRIL 2006 WD 03/033486 PCT/EP02/11372 -10
The tautoneric forns of the conpounds of Forrmula (I) are nmeant to conprise

t hose conpbinei3se Formula (1) wherein e.g. an enol groupPdrEPeBmeErted into
a keto group (keto-enol tautonerism. .pi.The N-oxide forns of the conpounds
according to Fornmula (1) are meant to conprise those conpounds of Formul a
(1) wherein one or several nitrogen atons are oxidized to the so-called

N-oxi de, pardjs&uddian by ploltReg Mbyei BiRg IVBRIIEIW It Q. HPkdREGAN, Diugih@vay per i di ne
noi ety and/or the i mdazole noiety is oxi di zed. 10 The conpounds of Formul a
(1) as prepadstmsnI BacPml o b and ags r 1996 2% eP-M51#83 be synthesized in the
formof racem c m xtures of enantioners which can be separated from one
anot her follow ng art-known resol ution procedures. The racem c conpounds of
Formul a (1) Preydrbgs fommsadithegphaimacologinalyeastive spupraindspcelirding ¢y o imventdons al t
forms by . re i ] i e..chir if. j i b salt
forms ar e5 su‘glgfe%eglgrﬁm j{?@i{g’mzog%‘gssag{merﬁ,ﬁg *oolqragneng%rggl %§%%§mgéeﬁﬂ§‘té@& \E‘;\l gé%galb%r acti onal
crystal | i zatacidomlrase sddétionrsalts therme| the stereocHemticallpisedhetit fomes thereofyheal kal i . An

alternative nner. of separati he. enantioneric . forns . of the.conpounds of
Formil a (1) FRogve LS Gt e SrdeSiE diy Efirayineh PBe BepdidRary phase.
Sai d pure st&teeifiel enamidhiey. Inshuded in Gudhastes fiebacidgroopslage gtotpswofthef rom t he
correspondin re stereochemcally jsoneric fornms of e ropriate
starting 20 %@Pr&?’ﬁ{ pPBvf g:(elf at‘#ié?@h&“%’?@ak%ﬁr%%?ﬁtge @B‘B’H’@speci fically.
Pref erabhy igrogpsspecific stereoisoner is desired, said conpound wll be
synt hesi zed by stereospecific nethods of preparation. These nethods w |

advant ageously enpl oy enantionerically pure starting materials. 25 The
i nvention also conprises derivative corrpounds\SJzual ly called "pro-drugs")

of the o
fon Hi‘/

’

Amidated groups include groups of the formula — CONRYR?, wherein RY is H,
C).salkyl, phenyl or benzyl and R*is —OH, H, C).salkyl, phenyl or benzyl.

15
Compounds according to the invention having an amino group may be derivatised with
a ketone or an aldehyde such as formaldehyde to form a Mannich base. This base will

hydrolyze with first order kinetics in aqueous solution.

20  The compounds according to the invention have surprisingly been shown to be useful
in therapy, especially for the treatment of various pain conditions, such as and in
particular centrally mediated pain, peripherally mediated pain, structural or soft tissue
injury related pain, progressive disease related pain, neuropathic pain and acute pain
such as caused by acute injury, trauma or surgery and chronic pain such as caused by

25  neuropathic conditions, diabetic peripheral neuropathy, post-herpetic neuralgia,

trigeminal neuralgia, post-stroke pain syndromes and cluster or migraine headeaches.



phar macol ogi cal | y-acti ve conpounds according to the invention,1JWﬁaﬁ4-§9Q5
degraded in vivo to yield the conpounds according to the invention.
Pro-drugs are usually (but not always) of |ower potency at the target
receptor than the conpounds to which they are degraded. Pro-drugs are
particul ar| YaeseBRBe when t he desired conpound has chem calPCACERIR/13MRY Si cal
properties that make its adm nistrationpdifficult or inefficient. For
exanple, ‘the desired conmpound may be only poorly soluble, it nay be poorly
transported across the nucosal epithelium or it may have an undesirably

short pl asnmerfaabinpbidds acdobihd}@ the thvéfiBh bar?p B RABIR AR4RGRMI§EPO2/ 11372
-11 di scussion on pro-drug;gjmay be found in Stella, V. J. et al.,

"Prodrugs", aohfitsDeoriagissag inflarpmatorp bevel gisease. respira®ry Bunetiqnrdiggeder,1985, 29,
pp. 455-473. nd didmhed QR l.0gi & - I ounds
accordi ng toﬁllt?{%l{énignvenf%’%ﬁmé&%#ﬁgggﬁgésﬁg lﬁcg’hggérlr%%un éhgeg%ag(ra Ing to
Formul a (1) ,bethdoquirented oeWi(/2852D90 BficeditddP88)aci d or base addition salts

t her eof , 5the stereochem cally isomeric fornms thereof, the tautonmeric forns
t hereof and the N-oxide forns thereof, having an acid group which is
esterified COrhepfseitdeaxt deifansplicid esteptors ol e hagiae kolbh hak A kden dampstrate® gr oups

of the formnula - ere R, is a.C 6al |, phenyl, benzyl. or one of
Che ol 1 ot 1 B0 oleind gl g AR SBEE Soe T EeAst BP0 or i a.
CONRYR' , whesigdite @Y-90%%)Hhas béer 10edtédb thepidardiits drthdxafehydriclétustituated - OH, H,

Cl. al kyl, phenyl or henzyl. 15 Conpounds accordi ng { he .i nvention having.
an ani no gr JEpYeFRhesarcHar nddongiwding) smoo ‘Pc%%di‘?@%?”mgﬁﬁ%‘f"d@ﬁwg% such as

for mal dely deedeptorPloBata MPRBEGBoth a8 Rele HhérS. IRFGR VA1 budidy deld-yE&idWi th first
order kinetics in aqueous solution. 20 The conpounds according to the

i nvent i on heARENists e inkibit §pth chelineraip aidronhplinasgie pxgitatonynqurdiapBYissiet peci al | y
for the tregh fRHunfh cYidh BH4Sd HMHRsBRN dibRE) Selt-Soifi8id 3 e fdFadoRistsRifulid cul ar
central ly nediated pain, peripherally nediated pain, structural or soft
ti ssue be expected to inhibit colonic motility in man. It has also been shown that the
peripherally acting selective delta-opioid agonist UK-321130 exhibited potent, dose-
15  related inhibition of colonic motility in pre-clinical models. Therefor, the compounds
of the present invention are also claimed for the treatment of irritable bowel syndrome

(IBS).

The present invention thus relates to compounds of Formula (I) as defined hereinabove,
20  the pharmaceutically acceptable acid or base addition salts thereof, the
stereochemically isomeric forms thereof, the tautomeric forms thereof and the N-oxide

forms thereof, for use as a medicine.

In vitro receptor and neurotransmitter signal transduction studies can be used to
25  evaluate the delta, mu and kappa opioid receptor agonist activities, as described further

in this application.

The invention also relates to a composition comprising a pharmaceutically acceptable
carrier and, as active ingredient, a therapeutically effective amount of a compound

30  according to the invention. The compounds according to the invention may be
formulated into various pharmaceutical forms for administration purposes. As

appropriate compositions there may be cited all compositions usually employed for



injury related pain, progressive disease related pain, neuropai%ﬁERﬂa%%mand
acute pain such as caused by acute injury, trauma or surgery and chronic
pai n such as caused by 25 neuropathic conditions, diabetic peripheral

neur opat hy, post-herpetic neuralgia, trigemnal neuralgia, post-stroke pain
syndrones aM eyaisBer or m grai ne headeaches. 11 APRIL 200€T\#WRODBI3033486
PCT/ EP02/ 11372 -12 The conpounds accorgjng to the invention can also be
useful for the treatnent of arthritis, psoriasis, asthma, inflanmmtory
bowel disease, respiratory function disorder, functional diarrhea,
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thus rel ates to conpounds of Formuil a (1) as défined herei nabove, 20 the

phar maceut i c¥lptipns &repaaple.anaycheprenareds whigh dae gapier samprises paling splutiqry o
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the N-oxide “forms thereof, for use as a nedicine.

may also be prepared in which case appropriate liquid carriers, suspending agents and

the like may be employed. Also included are solid form preparations which are -

15  intended to be converted, shortly before use, to liquid form preparations.

Depending on the mode of administration, the pharmaceutical composition will
preferably comprise from 0.05 to 99 % by weight, more preferably from 0.1 to 70 % by
weight of the active ingredient, and, from 1 to 99.95 % by weight, more preferably

20  from 30 to 99.9 weight % of a pharmaceutically acceptable carrier, all percentages

being based on the total composition.

The pharmaceutical composition may additionally contain various other ingredients
known in the art, for example, a stabilizing agent, buffering agent, emulsifying agent,

25  viscosity-regulating agent, surfactant or preservative.

Further, the present invention also relates to the use of a compound of Formula (1), the
pharmaceutically acceptable acid or base addition salts thereof, the stereochemically
isomeric forms thereof, the tautomeric forms thereof and the N-oxide forms thereof, as
30  well as any of the aforementioned pharmaceutical compositions thereof for the
manufacture of a medicament for the treatment of various pain conditions, such as and

in particular centrally mediated pain, peripherally mediated pain, structural or soft



In vitro receptor and neurotransmtter signal transduction st ulyl BERUL2096:
used to 25 evaluate the delta, nu and kappa opioid receptor agoni st
activities, as described further in this application. The invention also
relates to a conposition conprising a pharnaceutically acceptable carrier
and, as act woeoid/ssedi ent, a therapeutically effective anmrowEmtrB7xonpound
30 according to the invention. The comppynds according to the invention may
be fornulated into various pharmaceutical fornms for admnistration

pur poses. As appropriate conpositions there may be cited all conpositions
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solubility, may be included. Injectable solutions, for exanple, may be
prepared i n AgsicEdinglndn angither aspeeioths inveationsnrpYises agprthed ofriteating 4 RA8 sol ut i on
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al so be prepared Tn which case appropriate liquid carriers, suspending
agents and to e hunjea impged 96 sushgitgplmapnt Atherapeuticallycrdtectivecansaynt of af or m
preparation i Jo |3t gﬁﬂ: - tly before use, to
liquid fornﬁﬁ%ﬂ%gg%?fgﬁéﬁm%g%%g I é%gﬁpg gﬂﬁ%ﬁ%%%ﬁng nlﬁistration, t he
pharmaceutical conposition will preferably conprise fromO0.05 to 99 % by

wei ght,  mmor e]"l‘l%rc%];n%{)lﬂals ot {hg B{:@sgﬂ %hvtegtic?nomol/gop&f)ica]ly labeled form are useful as a

15  diagnostic agent. The present invention therefor also relates to those isotopically

labeled compounds, as well as a diagnostic method using the isotopically labeled

compounds according to the present invention.

The compounds according to the invention can generally be prepared by a succession

20  of steps, each of which is known to the skilled person. In particular, the compounds
according to Formula (I-a) can be prepared by reacting an intermediate of Formula (II)
according to reaction scheme (1), a reaction that is performed in a suitable reaction-
inert solvent, such as toluene, in the presence of a suitable base, such as triethylamine
In reaction scheme (1), all variables are defined as in Formula (I) and W' together with

25  the moiety it is attached to is equal to R' ; examples of W' are alkyl, Ar or Het. An
example of W!'OC(=0)Cl is chloroformiate.

Scheme 1



wei ght of the active ingredient, and, from1l to 99.95 % by meiHh‘%"?R“tﬁ'oge
preferably 20 from30 to 99.9 weight % of a pharmaceutically acceptable
carrier, all percentages being based on the total conposition. The
pharmaceutical conposition may additionally contain various other

i ngredi ent swokaosmse n the art, for exanple, a stabilizi ngPaB&Re211¥2fferi ng
agent, enulsifying agent, 25 viscositymstegul ating agent, surfactant or
preservative. Further, the present invention also relates to the use of a
conpound of Formula (1), the pharmaceutically acceptable acid or base
addi tion salts thereof, the sFitser eochemcally isomeric forms khereof, the
tautoneric forns thereof»ii he N-oxide forns {_Rgu\eo . 30 wel | as any of
the af orenentioned> acelllt cal conpo itionsW r 2 ¢ manuf acture
of a nedi canent for ¢ tweat nent oV V&r i%us pain condifi

in particular central nﬁbll at ed—patrn—pert+pheral |y , :
structural or soft 1 RI L 2006 WD 03/ 033486 PCT/ EPO/ 372 -14 tissue
injury related pain, Beggressive disease rel ated pain, 3 uropat hi ¢ pain and
acute pain such as caus@d, by acute injury, trauma or sur§eéry and chronic
pai n such as caused by neuropathic conditions, diabetic peripheral

neur opat hy, post-herpet@®@ neuralgia, trigeninal neurale)a, post-stroke pain
syndronmes, cluster or mgrai ne headeaches, 5 arthritis, psoriasis, asthng,

i nfl ammat ory bowel disease, respiratory function disorder, functional

di arrhea, nofewbmpowge moordilsgtpéiosmdas -0k )] GenaBdniiec) @), (ad)lasd Geel
syndronme (1B Accordin e th nvent.i o i des a
net hod of tre%‘lfa] st Breﬂﬁen(grl?¥ I%H%?Hfmm ledm?éfoom gﬁmagpbtaﬁceoraa {\;’eag1 ﬁtl oned
condi tions, uhhread:nomsimwm&seaatﬂcm sthateR). mlgsdld)rehétﬁ;nmmﬂimarihMesrmedhfméd such a

t t t th | t t. of
p[]:?nanggtﬁlcaél eﬁ%ﬁﬁgas(:lfﬁ%g at(?g %IVIH egmnglﬁa’“‘gﬁ‘égfﬂ’?%wﬂ??‘iﬁjj@g{mounds of the

present i nvegxampls ofWi' aetalksd, Qdaldr)He{ abel ed form are useful as a 15

di agnosti c en The prese i nve n there alsq relates to those
i so? opi cal | eactEon (a)hls pgrforme in a suita eso vent suc[1 &chloroe ane an usi%g

BOC,0. The reaction is conveniently carried out for several hours under reflux.
Reaction (b) is performed in a suitable solvent such as THF. The reaction is

10  conveniently carried out for one to several hours at room temperature.

Reaction (c) is performed in a suitable solvent such as dichloromethane in the presence
of a suijtable base such as Et;N at room temperature for one hour.

Reaction (d) is performed in a suitable solvent such as THF or DMF at room
témperature for several hours with no base needed.

15  Reaction (e) is performed either in refluxing acetone or in DMF in the presence of a
suitable base such as potassium carbonate and can conveniently be carried out at 80°C.
Reaction (f) is performed in a suitable solvent such as dichloromethane in the presence
of a suitable base such as triethylamine and at room temperature for about 30 to 120
minutes.

20 . Reaction (g) is performed in a suitable solvent such as acetonitril under reflux for 24
hours.

Reaction (h) is performed under different conditions depending on R! ; for example
when R'=CFj the reaction is performed in the presence of triethylamine in
dichloromethane at —78°C for 1 hour. For R'=NH), the reaction is conducted in

25  dioxane for 12 hours at reflux temperature. For R'=CHj; the reaction is conducted in

dichloromethane at room temperature for 3 hours in the presence of triethylamine.



| abel ed conmpounds, as well as a diagnostic nethod using the i sdtiogxPRIal2006

| abel ed conpounds according to the present invention. The conpounds
according to the invention can generally be prepared by a succession 20 of
steps, each of which is known to the skilled person. In particular, the
conpounds aggghslhadskst © Formul a (1-a) can be prepared by rep&tifg i
internmediate of Fornula (11) according,fo reaction schene (1), a reaction
that is performed in a suitable reacti oh® inert sol vent, such as toluene, in
t he presence of a suitable base, such as triethylamine |In reaction schene
(1), all variables are defined.as in Formula (1) and W together with 25 the
moi ety it isR&PFIQR st pegormeddy a apitapls splvent S\ésb%#@gopa?olwreﬁ%t%mwve Ar or
Net. An exakgl18-38hoisOC(=O) C is chloroform ate. Schene 1 11 APRIL 2006 WO
03/033486 -15 PCTI EP02/ 11372 The conpounds according to Fornulas (I-a),
(1-b), (I-c) Repqtiogyj) isperfarmed in apyitablejsolygnt such s aceiynitrd ghreBux wmperap¥repar ed by
reacting an iggtanpgdi ate of Formula (111) according to any of the reactions
shown in reaction schenme (2). In said reactions, all variables are defined 5
as in Forfrula (1) and W together with the noiety it is attached to is equal
to RL ; exanples of WL are alkyl, Ar or Het. Reaction (a) is perforned in a
sui tabl e sol vent such as di chl oroet hane and using BOC20O. The reaction is
conveniently carried out for several hours under reflux. Reaction (b) is
performed in a suitable solvent such as THE The reaction is 10 conveniently
carried out for one to several hours at roomtenperature. Reaction (c) is
performed in a suitable solvent such as dichloronmethane in the presence of
a suitable base such as Et3N at roomtenperature for one hour. Reaction (d)
is perforned in a suitable solvent such as THE or DVF at room tenperature
for several hours with no base needed.



15 Reaction (e) is perfornmed either in refluxing acetone or i n! bAPRI2Q0%,
presence of a suitable base such as potassi um carbonate and can
conveniently be carried out at 80C. Reaction (f) is performed in a suitable
sol vent such as dichioronethane in the presence of a suitable base such as
triethyl am W® @948 room tenperature for about 30 to 120PCHERIREZ 20
Reaction (g) is performed in a suitabl gsol vent such as acetonitril under
reflux for 24 hours. Reaction (h) is perforned under different conditions
depending on RL ; for exanple when R =CF3 the reaction is perforned in the
presence of triethylamne in dichl orgpgidmane at-78C for 1 hour. For RI1=NH2,
the reaction is conducted in 25 dioxane for 12 hours at reflux tenperature.

For R1=CH3 the reactioni Bhduct ed bn odichloronethane at room tenperature
for 3 hours in thensrasdpcd gfs trletb&lgmlne 11 APRIL,2006 WO 03/ 033486
PCT/ EP02/ 11372 -1 ct?on (L) ¥'s%erf o’¥d in a suillabl e sol vent such as

i sopropanol at reflu mper at e Ffor 12-36 hdur<' Reattion Q is perforned
in a suitable sol ventk8ch as adetonitril at refl ux teﬁperature for 24
hours. 5 11 APRIL 2006 WW 03/ 033486 PCT/EP02/11372 -17- Scheme 2 (111) (b)
(c) (d) (e) W'—N=c=8
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The compounds according to Formulas (I-¢) can also be prepared by reacting an
intermediate of Formula (IV) with an halide. In said reaction, all variables are defined
as in Formula (I). The reaction is performed with a base such as NaH (60 % in mineral

oil) and in a reaction-inert solvent such as DMF or THF.

1 »;j“s
R N J -
N
H
e

N

R3. Hal

J
(R \\

V) (I-c)

R,

The starting material and the intermediate compounds according to Formulas (II), (III)
and (IV) are compounds that are either commercially available or may be prepared
according to conventional reaction procedures generally known in the art.

10
Intermediate compounds of Formula (II) may be prepared according to the following

reaction scheme (4) wherein all variables are defined as in Formula (I) :



Het-Hal Het=Cl,Br,l,F R7 Ra Het-Q

(1-h) 0-0 Q= (I-b) 5 R APRI3006

(I-f) 11 APRIL 2006 WD 03/033486 -18 PCT/EP02/ 11372 The conpounds accordi ng

to Fornulas (l-c) can also be prepared by reacting an

i nt er redi at e of

Formula (IV) wth an halide.

In said reaction,

al |

vari abl es are defined as

In Formul a WQ03/08k86reaction is performed with a base sucPCTEPNEH3ITZ60 % i n

m ner al
starting materi al

(1)

and (1V) are conpounds that are either comrercially avail able or

oil) and in a reaction-inert seyvent such as DM or THE 5 The

and the internedi ate conpounds according to Fornulas (I1),
may

be prepared according to conventionadchegagti on procedures generally known

in the art.

10 I nternedi ate conpounds of Fornula (I1) nay be prepared

according to the foll owi né%

10

R4
HN _ SOCl, (b)
o © RS
N /S(Rd.
SN HoN
3 2 Ci
\N,R O/ \N

(R,
(R?),

(RY)p

(n

Reaction scheme 4 comprises the step (a) in which an acylchloride of the type shown is
reacted with a substituted primary amine, e.g. benzylamine, in the presence of a
suitable base, such as Et;N and in a suitable reaction-inert solvent, such as
dichloromethane. The reaction may conveniently carried out at room temperature.

In a next step (b), the adduct obtained in step (a) is refluxed with SOCL,, after which the
product obtained is reacted with appropriately substituted 2,2-dimethoxyethylamine in
a reaction-inert solvent, such as DMF, for instance at room temperature (step ¢). In
step (d) the adduct obtained in step (c) is cyclizised in HC to obtain the substituted

imidazolyl-moiety.



reaction scheme (4) wherein all variables are defined as in ForthfifRIE2P06 11
APRI L 2006 WD 03/033486 PCT/ EP02/11372 (a) (c) Reaction schenme 4 conprises
the step (a) in which an acylchloride of the type shown is reacted with a
substituted primary am ne, e.g. benzylamne, in the presence of a 5 suitable
base, such a0 &/®B¥sand in a suitable reaction-inert sol veneCT/BROCN13aS

di chl oronet hane. The reaction may convepgently carried out at room
tenperature. In a next step (b), the adduct obtained in step (a) is refluxed
with SOC12, after which the product obtained is reacted with appropriately
substituted 2, 2-di met hoxyethylamne in a reaction-inert solvent, such as
DMF, for instance at roomtenperature (step c). In 1o step (d) the adduct
obt ai ned i n bicopedialy compeynds prFarmulai(l)HeYths ratnatsddronheonpoprdsiacearding

i m dazol yl - npi 1 I 0 P02 -20 5 (R2)p
N(Wo (I) TE@@%@? %Ioﬁ}?e%%r %w@gmgﬁﬂﬁﬁéﬁg’?%%{ég“g‘ﬁéi@% abl e base, such
as KOH, in apiperidiain®iety eamtdingtoitiecdfolowiof veantion such as 2- propanol and at

refl ux tepperature. 10 I ntermedi ate conpounds according to Formula (1V) may
be prepared by hydrogenating conpounds according to Formula (I-c) according

to the followng regction : whgfein all variables are defin as in Formul a
(1). The reaction [meff in the 15 presenc ajcajal yst, such as
A3

Pd/C (10 %9 in met anRI érately el evat ed %Pe

(0]
Q
RN

\<R2>p

(I-c) iy

(R?),

The reaction is performed in the presence of a suitable base, such as KOH, in a suitable

reaction-inert solvent, such as 2-propanol and at reflux temperature.

10 Intermediate compounds according to Formula (IV) may be prepared by hydrogenating

compounds according to Formula (I-c) according to the following reaction :

o} ‘N RS
R“JLN | II 4
R
H, N
| A
Rx N
\<R2>p \<R2>,,
(I-c) av)

wherein all variables are defined as in Formula (I). The reaction is performed in the
15 presence of a catalyst, such as Pd/C (10 %) in methanol at a moderately elevated

temperature.

It is evident that in the foregoing and in the following reactions, the reaction products
may be isolated from the reaction medium and, if necessary, further purified according

20 to methodologies generally known in the art, such as extraction, crystallization and



20 Internedi ate conpounds of Forrmula (I11) may be prepared froﬁ1égﬁﬂoﬂﬂﬁk
according to Fornula (I-c) by selectively reducing the

al kyl oxycarbonyl -nmoi ety of the piperidinyl-noiety according to the
following reaction : It is evident that in the foregoing and in the
fol |l ow ng r W&ca3i033486 t he reacti on products rmay be i sol at @6TEPRMAISe
reaction nediumand, if necessary, further purified according to

nmet hodol ogi es generally known in the art, such as extraction,
crystallization and 11 APRIL 2006 WO 03/033486 PCT/EP02/ 11372 -21

chromat ogr apihYomdtdgraphy! Wit AfthefMiddgNhat thRtiod HaGhdtORatRkREMGhcte {HRARbnEX1 ST 1 N
more than one enantionmeric form may be isolated fromtheir mxture by

known t echni @aetiomerig forgn maly ba iselated fopetheir mpxurehydnato tpchitses. Buch as
preparative #gﬁ# =N o] N Mo \IT anpl bk HRL L e the present invention
wi t hout bei ng ?I%I?%% tnteer et o. @%@?’l ment lrIJpart ? sonme conpounds the

absol ute stereochem cal configuration of the stereogenic carbon aton(s)
therein S t ' l. er

st ereoc h\é?ri ca%lf?/ﬁ%(vglgér%!rgl %ﬁegéfrlgﬁtr\g\ﬁ}ﬂ%?ﬁ%\ﬁg@q?‘f* {s??ﬁ P@%ﬁgﬁ %gf ﬁrg}t es%rgtrﬁ’ét ed as "A"
and the second as "B", without further reference to the actual

stereochem cal confi.quration. However, said "A" and "B" isoneric fornms can
be unanbi gu%@@@*@%ﬁ%erized by a person skilled in the art, using

art - known nedfwge csipbunds thefabsoldrk smebchemital eonfigiafidn Gahd Sdteogdhie i sol ation
nethod is described in detail below, 15 Hereinafter, " DIVF%#]S defined as
N, N- di met hy | PErRates) therqipvas nat expsrpprafplly detepmined, Hopdhase easesthend "DIPS' is

defined as ditdréReBémionly iSSh&ic fortn whicERas fifst BBIaRE if RGighittLisRdiaald thecONpPoOUNds
20 Exanple Al 1-Mthyl -4-phenyl -4-pi peridi necar bonh/l chloride (0.49 nol) was
added porti o¥ehnd @s gB”, without er reference to the actual stereochemical configuration.

However, said “A” and “B” isomeric forms can be unambiguously characterized by a

person skilled in the art, using art-known methods such as, for example, X-ray

diffraction. The isolation method is described in detail below.

15
Hereinafter, “DMF” is defined as N,N-dimethylformamide, ‘THF’ is defined as

tetrahydrofuran and “DIPE” is defined as diisopropyl ether.

A. Preparation of the intermediate compounds

20 Example Al
1-Methyl-4-phenyl-4-piperidinecarbonyl chloride (0.49 mol) was added portionwise at

room temperature to a stirring mixture of benzenemethanamine (0.49 mol) and N, N-
diethylethanamine (1.223 mol) in CH,Cl; (2500ml). The mixture was stirred at room
temperature for 1 hour. K»CO3 (150g) and H,O were added. The mixture was stirred
25  and separated into its layers. The aqueous layer was extracted with CH;Cl,. The
combined organic layer was dried (MgSOys), filtered and the solvent was evaporated.
Yielding: 144g (95%) of 1-methyl-4-phenyl-N-(phenylmethyl)-4-piperidinecarbox-

amide (interm. 1).

Example A2
30 - A mixture of intermediate 1 (0.47 mol) in SOCI, (750m!) was stirred and refluxed for 1

hour. The solvent was evaporated. Toluene was added twice and evaporated again.
Yielding: 190g (100%) of N-[chloro(1-methyl-4-phenyl-4-piperidinyl)methylene]-



roomtenperature to a stirring mxture of benzenenethanani ne (&1AFRipR§0GNd
N, N- di et hyl et hananune (1.223 nol) in CH2Cl2 (2500mLl). The m xture was
stirred at room tenperature for 1 hour. K2C03 (150g) and H2O wer e added.
The m xture was stirred 25 and separated into its |ayers. The aqueous | ayer
was extract NP WBH8ECH2C12. The conbined organic | ayer wasP@yERSH1BRYSA) ,
filtered and the sol vent was evaporated- Yielding: 144g (95% of

1- net hyl - 4- phenyl - N- (phenyhnet hyl ) - 4- pi peri di necarbox- amde (interm 1).
Exanple A2 30 A mixture of internmediate 1 (0.47 nol) in SOCLl2 (750nl) was

stirred and peabéndraeMardadiinelhydistloridd (Iftefi@l2yeENt was evaporated. Tol uene was
added tw ce and evaporated again. Yielding: 190g (100% of

N-[chl oro( 1- d A4- phenyl - 4- pi peri di nyl ) met hyl ene] 11 APRIL 2006 WO
03/033486 PCI/E 11372 -22- benzenenet hanam ne hydrochl ori de &i nterm 2).
Exanpl e A3 AAmdureof iermegiater @A 7med) in QMF £760pmb) Was cqololen e g bath. s cool ed

on an ice bfibbneﬂ%ﬁgéthﬁafﬁﬁteit@?sx %M&%%ingﬂxa{t%ag%aed%wéewﬂe ikl was

added dropwi se. The mxture 5 was stirre room tenperature overnight.
The sol vent Wessstisodpopern tunpestart @vergight? Tigysolyen 0y evaporated. Yielding: 210g

N- (2, 2- di net - AN - -
pi E)eri di hgga{lgg%f é]@é?r’r‘? -ﬁﬁ%@?@éﬁ?@@%ﬁﬁéﬁ gf-ﬁﬂewﬁgl e A A nixture
of i nt er medi pipeidhet@bekimidaimidei mil§itrdelloridel G@OMLB).was stirred until a cl oudy

10 solution, then washed with CH2Cl 2 (900mL), stirred at 80C for 1 hour,
cool ed, al kiExanpdedAdi th a NaOH 50% sol uti on and extracted with CH2Cl12. The

cvapor at ed iR ARER L s Pl IR O pG TR e G ABYCT, Ve
filterediof fsohnidndhéngashed withl CHBCl, 38084), stir2d%) 8G5C for rbdirydookbdphenyl - 4 '
alkalized with a NaOH 50% solution and extracted with CH,Cl,. The organic layer was
separated, dried (MgSO,), filtered and the solvent was evaporated. The residue was
crystallized from CH3CN. The precipitate was filtered off and dried. Yielding: 38.3g
(25%) of 1-methyl-4-phenyl-4-

15 [1-(phenylmethyl)-1H-imidazol-2-yl]piperidine (interm. 4).

Example AS
A mixture of compound 1 (0.089 mol) in methanol (250ml) was hydrogenated at 50°C

with Pd/C 10% (3g) as a catalyst. After uptake of hydrogen (1 equiv.), the catalyst was

filtered off and the filtrate was evaporated. The residue was crystallized from CH3CN.
20  The precipitate was filtered off and dried. Yielding: 23.89g (90%) of ethyl 4-phenyl-4-

(1H-imidazol-2-yl)-1-piperidinecarboxylate (interm. 5).

Example A6
A mixture of intermediate 5 (0.026 mol) and KOH (0.26 mol) in 2-propanol (150ml)

was stirred and refluxed for 10 hours. The solvent was evaporated. The residue was

25  taken up in H>O and the mixture was extracted with CH,Cl,. The organic layer was
separated, dried, filtered and the solvent was evaporated. Yielding: 9.4g of 4-phenyl-4-
[1-(phenylmethyl)-1H-imidazol-2-yl]piperidine (interm. 6).

Example A7
Reaction under N, atmosphere. A mixture of intermediate 5 (0.0033 mol) in DMF (5

30  ml) and THF (5 ml) was added dropwise to a solution of NaH, 60% in mineral oil
(0.004 mol) in THF (10 ml), stirred at room temperature. The mixture was stirred for



15 [1- (phenyl met hyl ) - 1Hi ni dazol - 2-yl ] pi peridine (interm 4). E}&hple20R6 A
m xture of conmpound 1 (0.089 nol) in nethanol (250mL) was hydrogenated at
50C with Pd/C 10% (3g) as a catalyst. After uptake of hydrogen (1 equiv.);
the catalyst was filtered off and the filtrate was evaporated. The residue
was cryst al Woze@®3¥8e©m CH3CN. 20 The precipitate was fil temed/mﬁz‘/nand dried.
Yielding: 23.899 (90% of ethyl 4-phenyjs.4-

(I Hi m dazol -2-yl)-1-pi peri di necarboxyl ate (interm 5). Exanple A6 A m xture
of internmediate 5 (0.026 nol) and KOH (0.26 nol) in 2-propanol (150m ) was

stirred and J&fﬂom%cinpfem}a@rahﬁwrﬁhenwolﬁgmm(aee@%ﬁy@% ah&fanof e 1 esi due
was 25 taken up in H20 a he mxture was extractéed with CH2C12. The

organi ¢ | aye®0-084 soddp Mtw adéﬁdictE@IPWlN anddhengsuiing reabion glixtretwagas evapor at ed.

Yiel ding: 9.¢ | peridine
(interm 6). a%df}'ltggg]%iéag{l? ioek ungeg%hgq:ﬁy{vzs #é_démi%zﬁfh%%%c?

i nt er nedi at eth5sc(1®erm@/38ewap¢r)atednmsi@6e wapunilfipd hylshoﬂflﬁex( eolmhd was added
cropui 5 10 AeORiED o bl ee RN R OFT o Sy S0 B " uThE 350
V\D 03/ 03348 &Mﬁﬁﬂ&ébcﬂlﬂe&za andZﬂie easieerhmaﬁ eaporadmYiddipge a3y of ethfhén, a

sol ution of cet.y. n THE was added

dr opwi se ancplh ﬁgl ‘f@ dﬁ‘f)ﬂ%ﬁ’ﬂ?cf‘é’ ﬁ?‘%ﬂ@r&g\%’% OEQP?UaLt ed with CH2Cl12. The
separ at ed orgpétidinebayeNylat@Gnteiit. 691 (Na2804), filtered and the solvent was
evaporated. The residue was purified by short open colum 5 chromat ography

over silica B9refaedtionof the GrZIGCbapofAd3OH NH3) 95/5). The pure fractions were

col | ect ed a th? | vent was evaporated. Yielding: 1.33 g of ethyl 4-
pheny! - thyl car boxy) phenyl nethyl )-1 Hi ni dazol - 2-yl]-1-

pi peri dl nec as bexdatedfentérietiRfed (005-mol) and N,N-diethylethanamine (0.15 mol) in

toluene (750 ml) was stirred at 100 °C. Ethyl chloroformate (0.25 mol) was added
dropwise and the reaction mixture was stirred and refluxed for 1 hour and then cooled.
The mixture was poured out into an aqueous K,COj3 solution (35 g K>CO3). The layers

15 were separated. The water layer was extracted with CH,Cl. The separated organic
layer was dried (MgSOys), filtered and the solvent evaporated. The residue was purified
over silica gel on a glass filter (eluent: CH,Cl,/C,HsOH 98/2). The desired fractions
were collected and the solvent was evaporated. The residue was crystallized from
CH;CN, filtered off and dried. Yielding: 16.7 g (86%) of ethyl 4-phenyl-4-

20  [1-(phenylmethyl)-1H-imidazol-2-yl]-1-piperidinecarboxylate (compound 1).

Example B2
(0]
N
[j/ N |

The preparation of compound 2

Benzoyl chloride (0.0023 mol) was added to a mixture of intermediate 6 (0.0019 mol)

and N,N-diethylethanamine (0.0024 mol) in CH,Cl, (15 ml), stirred at room

temperature. The reaction mixture was stirred for 30 min at room temperature. Water
25  was added. The layers were separated. The aqueous layer was extracted with CH,Cl,.

The combined organic layers were dried (Na;SOy,), filtered and the solvent evaporated.

The residue was purified by short open column chromatography over silica gel (eluent:



B. Preparation of the final conpounds 10 Exanple Bl A nixt ur el 1gAPRIL 2006
internmediate 4 (0.05 nol) and N, N-di et hyl ethanam ne (0.15 nol) in toluene
(750 M) was stirred at 100 C. Ethyl chloroformate (0.25 nol) was added
dropwi se and the reaction mxture was stirred and refluxed for 1 hour and

t hen cool edVO 0Fpas48¢i xt ure was poured out into an aqueous KeOEBi2aesmti on (35
g K2C3B). The layers 15 were separatedgy The water | ayer was extracted with
CH2C12. The separated organic |ayer was dried (MgSO4), filtered and the
sol vent evaporated. The resi due was purified over silica gel on a glass
filter (elu r kr}}ryg col l ected
and t he sol gg&]?%% evapor at ed ?i?fé‘l'lﬁ)(:a“e ngﬁnggékmgggegﬁeggﬁg zggﬁﬁﬁm CH3CN,
filtered of ¢Vaaw@tedrﬂ@d881meem$|rﬂgystaime¢ frgm( 18-Betane fliltene ff and driehyYieli: 20

[ 1- (phenyl I i peridinecarboxyl ate (conpound 1).
Exanpl e anq‘h'é rZeﬁ%Ja_!srflactmingg}ﬂi]‘2 ﬁ,o‘}’ 1%%2({?2 Benzoyl chloride (0.0023 nol) was
added to a Bxauipie B3of internediate 6 (0.0019 nol) and N, N-di et hyl et hanam ne
(0.0024 rol ), in CH ClZ 15 rﬂhg stirred at room tenperature. The reaction
m xture was St¥FPE ‘qné’ roomtefpperature. Water 25 was added. The
| ayers were separ at ed. The aqueous | ayeér tfacted with CH2Cl2. The
conbi ned organic | ayers were dried (Na2SO4) i Ftered and the sol vent
evaporated. The residue was purified by sh col utm chr omat ogr aphy
over silica gel (eluent: 11 APRIL 2006 WD O 3 [ EPO2/ 11372 -24
CHZCI 2/ (CH3OH NHB) 98/ 2). The pure fractions were coblected and the sol vent

and dri oh. Grghon undgr Nouyopheny AgpruBhabaHEmSiaR s [ 00) ot IMME A o B3 The
prepar at i onmofang qmo ¢h1)3was added dropwise to NaH (0.00624 mol) in THF (30 ml) and

the mixture was stirred at room temperature for 1 hour. Then, methyl 4-(bromomethyl)-

benzoate (0.00624 mol) in THF (5 ml) was added dropwise and the reaction mixture

was stirred at 60 °C for 3 hours. Water was added and the mixture was extracted with

10  CH)Cl,. The combined organic layers were dried (Na;SOy), filtered and the solvent was
evaporated. The residue was purified by short open column chromatography over silica
gel (eluent: CH,CL/(CH;0H/NH3) 98/2). The desired fractions were collected ‘and the
solvent was evaporated. The residue was crystallized from DIPE, filtered off and dried.
Yield: 1.7 g (70%) of compound 3; m.p. 149.1°C.

15  Example B4
The preparation of compound 4

SA®

H
A mixture of intermediate 6 (0.0059 mol) and Q/OYN\/ (0.0059 mol) in
N

CH;CN (70 ml) was stirred and refluxed for 24 hours. The solvent was evaporated.
Water was added. This mixture was extracted with CH,Cly. The separated organic layer
was dried (Na,SOj, anhydrous), filtered and the solvent was evaporated. The residue
was crystallized from DIPE, filtered off and recrystallized from CH3zCN, filtered off

20  and dried. Yield: 0.33 g of compound 4; m.p. 84.2°C.



0-1 5 Reaction under N2 atnosphere. A solution of internediate1%A?Bud%§ﬁ
nol) in DM (10 m) and THE (10 m) was added dropw se to NaH (0. 00624 nvol)
in THE (30 nil) and the m xture was stirred at roomtenperature for 1 hour.
Then, nethyl 4-(brononethyl)- benzoate (0.00624 nol) in THE (5 m) was added
dropwi se anWa@3@3s8acti on m xture was stirred at 60 C forPCI/RRIRMST2 WAt er
was added and the m xture was extractedydvth 10 CH2Cl2. The conbi ned organic
| ayers were dried (Na2SO4), filtered and the solvent was evaporated. The
resi due was purified by short open columm chromat ography over silica gel

(el uent: CHAHAOHSOH NH3) 98/2). The desired fractions were collected and
the solvent _was evaporated. The residue was crystallized from Dl PE,
filtered of f Themephration of compauad 51, 7 ¢ (70%? of compound 3; mp. 149.1 C. 15
Exanpl e B4 The preparati on of conpound4 t of internediate 6 (0.0059
nmol) and fl y '. (0.0059 nol) in CH3CN (70 stored and refluxed for
24 hours. The sol vent was evaporated. Wter S d. This m xture was
extracted with CH2C12 The separated or gani c lkayer s dried (Na2SO4,
anhydrous), filtered and the sol vent was evaporated. The residue was

crystal | i zedARHgRFOmampeyddeP QA0 bmpl) #HCE eRl (328 DI was stirred andweflized, i1t er ed

of T 20 and_ g our! Blehzacor?intu® e ARRRRAnd exiadlod itk €6,CH PRI L 2006 VO
03/ 033486 PCT/EP02/11372 -25 5 The preparation of conpound 5 ~N q

7 ~~ ~~ N |separotenjorganigilgsenves Cb’ﬁdggmé%r?@hyﬂf@@ ).G0Brednd theisplvertivas11(22. 8 nl)
was stirred aﬁﬂo Ei@g@&%ld&%ﬁ%cm&ﬁ&ed #B6 PPRCERGG & MddRaeR12! kal i zed,

L~
e

Isocyanatobenzene (0.0094 mol) was added dropwise to intermediate 6 (0.0094 mol) in

t hen extract 2C12
024 ¢ (62%) of compound 5.
Example B6

The preparation of compound 6

THF (50 ml) and the reaction mixture was stirred for 30 min at room temperature.

10  Water was added and this mixture was extracted with CH,Cl,. The separated organic
layer was dried (Na;SOy), filtered and the solvent evaporated. The solid residue was
washed with 2-propanone, filtered off and dried. Yield: 2.7 g (68%) of compound 6.

Example B7
oo 'i

The preparation of compound 7

Methyl 2-isocyanatobenzoate (0.0007 mol) was added to intermediate 6 (0.0007 mol)
15  in THF (10 ml) and the reaction mixture was stirred for 3 hours at room temperature.

Water was added and this mixture was extracted with CH,Cl,. The separated organic

layer was dried (Na,SQ,), filtered and the solvent evaporated. The residue (0.4 g) was

purified by HPLC over silica gel (eluent: CH,Cl,/CH3;0H 98/2). The desired fractions

were collected and the solvent was evaporated. Yield: 0.2 g (66%) of compound 7.

20



separated organic |layer was dried (Na2S04, anhydrous), filtered! ARRIL AY6

sol vent was 5 evaporated. The residue was recrystallized fromD PE, filtered
off and dried. Yield: 0.24 g (62% of compound 5. Exanple B6 The
preparation of conmpound 6 |socyanatobenzene (0.0094 nol) was added dropw se
t o i nt er medwaxoa/os4§0. 0094 nol) in THE (50 m) and the reacaiEPnz/mmbixt ure was
stirred for 30 mn at roomtenperature. 60 Water was added and this m xture
was extracted with CH2Cl2. The separated organic |ayer was dried (Na2SO4),
filtered and the sol vent evaporated. The solid residue was washed with

2- propanone d off and dried. Yield: 2.7 g (68% of conpound 6.

Exanpl e P#Aﬁﬁ%rau on of conpound 7 Methyl 2-isocyanatobenzoate (0.0007
mol ) was adcbédfhe@rtmr%mneﬂch@UGd%O 0007 ;ﬂ)l) 15 in THE (10 m) and the
reaction m xture was stirred for 3 hours, T enperature. Water was
added and this m xture was extracted with G he separated organic

| ayer was dried (Na2SO4), filtered and the so evapor at ed. The residue
(0.4 g) was purified by HPLC over silica ge oaCH2C12/ / CH3OH 98/ 2) .
The desired fractions were collected and the sol vent was evaporated. Yield:
0.2 g (66% of compound 7. 20 11 APRIL 2006 WO 03/ 033486 PCT/ EP02/ 11372 - 26
Exanpl e B8 aﬁmmeremfeptap@mdérm@m sohpad P18 (V02 mobhinTHY 61 1o1)) andelind 3

0. 002 nol tirred at
( ) glv*agg&ug%:%%dme}npﬁag% mg&h%& J—f‘@ﬁkﬁﬂ%@ded( %ﬁéﬁdméﬁ@%@

room tenrpera ours € mxture was Dbrought to
pH 6 and t hémought togdi &dndvhemextapief with THRChr Haedrgarialaper wea sepamapesk at ed,

5  dried, filtered and the solvent was evaporated. The residue was washed with CH,Cl,.
Yielding: 0.72g (83%) of compound 8; m.p. 251.6°C.

b) The preparation of compound 9
Qr’i%ﬂ
O

Reaction under N, atmosphere. A solution of NaH 60% (0.000642 mol) in DMF (2 ml)
was stirred at room temperature. A solution of compound 6 (0.000642 mol) in DMF (8

ml) was added dropwise and the reaction mixture was stirred for one hour at room
10  temperature. CHsl (0.001284 mol) was added and the reaction mixture was stirred at
‘ 60°C in a Parr pressure vessel for 2 hours. The solvent was evaporated. The residue
was purified by high-performance liquid chromatography over silica gel (eluent:
CH,Cly/CH;0H 98/2). The desired fractions were collected and the solvent was
evaporated. Yield: 0.14 g (49%) of compound 9.

1
IR

15 LiAlH, 1M in THF (0.000444 mol) was added dropwise to a solution of compound 7
(0.000404 mol) in THF (5 ml), stirred at 0 °C. The reaction mixture was stirred for 30
min at 0 °C. The mixture was treated with a 10% aqueous NH,Cl solution and extracted

c) The preparation of compound 10

with EtOAc. The separated organic layer was dried (Na,SOy), filtered and the solvent
evaporated. The residue was purified by CC-TLC on Chromatotron (eluent:
20 CH,Cly/CH;OH 96/4). The desired fractions were collected and the solvent was



5 dried, filtered and the solvent was evaporated. The residue %ép%%oeog
with CH2CI 2. Yielding: 0.72g (83% of conmpound 8, mp. 251.6C. b) The
preparation of conmpound 9 C Reaction under N2 atnosphere. A solution of NaH
60% (0.000642 nol) in DVF (2 m) was stirred at roomtenperature. A

sol uti on of WOpHI#Rd 6 (0. 000642 nol) in DMF (8 nl) was aepdEEPENOPN se and
the reaction m xture was stirred for ong7hour at room 10 tenperature. CH3I
(0.001284 nmol) was added and the reaction m xture was stirred at 60Cin a
Parr pressure vessel for 2 hours. The solvent was evaporated. The residue
was purifiede oFHté]lhﬁ@fe@ﬁﬁé@%&yéﬁlﬂﬂzﬂ@roﬁx@ﬁ{fﬁ{/ﬁgoaﬁﬂf%d)dﬁBncﬁdrleHCa gel

(el uent: CHZC 2/ CH30H 98/ 2). The desired fractions were collected and the
sol vent was Yéeldfb0dkad0%Yobrampagnd 0.9 (499 of conpound 9. c¢) The

preparation 0 15 LiAIH4 IMin THE (0.000444 nol)
was added drgé)v}n%gg%%qgoégﬁééﬁ t(g)nrllmdo co @ 07 (0.000404 nol) in THE (5

m), stirred at 0 C. The reaction m xturg wasysStiffrdd for 30 mn at 0 C
The mxture was treated with a 10% aqugotsg nSol ution and extracted
with EtCAc. The separated organic |ayer was dri M), filtered and the
sol vent evaporated. The residue was purified - on Chromat otron

(eluent: 20 CH2C12/ CH3OH 96/4). The desired fractions were collected and the
sol vent was HORERPII438awD\Nssoddesponpawisety cagiones pompound 7090480 ed. The

resi due was gionshalxohsead,d mr(ls{;lr?@huéafﬁm éukﬁeﬁﬁ&siwaiémﬁa%ldlrsnﬁdrs at Yi el d:
0.020 g (109% of conpound 10. preparat| on of conpound 11 Li CH

(0. 001423 Snokoonyiempgratieel Tbslsﬁlivemwag evap@afad sidteagsidyg vss takgmBp inteIv#te] 0. 0006469
and extracted with a mixture of EtOAc and 1-butanol. The organic layer was separated,

dried (Na;SQ,), filtered and the solvent was evaporated. The residue was taken up into
1 N HCI, then extracted with EtOAc. The organic layer was separated, washed with
brine, dried (Na;SQ,), filtered and the solvent was evaporated. The residue was

10 crystallized from Et,O/CH,Cl,, filtered off and dried. Yield: 0.16 g (51%) of
compound 11.
Example B9
LiOH (0.018 mol) was added to a mixture of intermediate 7 (0.0018 mol) in THF
(10 ml) and H,0O (10 ml). The reaction mixture was stirred for 3 hours at room

15 temperature. Water was added. CH.Cl, was added. The reaction mixture was
extracted. The organic layer was separated, dried (Na;SOy), filtered and the solvent
was evaporated. The white solid residue was washed with methanol and CH,Cl;, then
dried. Yielding : 0.54 g of ethyl 4-phenyl-4-[1-(4-hydroxyphenylmethyl)-1H-imidazol-
2-yl]-1-piperidinecarboxylate (compound 12).

20



nmol ) in dixoane/H20 1/1 (6 m). The resulting suspension was sflil APEN 26 18
hours at 5 roomtenperature. The sol vent was evaporated. The residue was
taken up into water and extracted with a m xture of Et OAc and 1-butanol.
The organic | ayer was separated, dried (Na2S 04), filtered and the sol vent
was evapor awede3/o3kes r esi due was taken up into 1 N HC, tren/ePst/rianted with
Et OAc. The organic |ayer was separated,sgvashed with brine, dried (Na2SH4),
filtered and the sol.vent was evaporated. The residue was 10 crystallized
from Et 20/ CH2C12, filtered off and dried. Yield: 0.16 g (5 11% of conpound

11. Exanple i (0 . . ] re of internmediate 7
(0.0018 nol )ﬁ?én q&gné?%{%ﬁpg%lgﬁg%wgsdﬁ %el%'##eﬁs %égécti on m xture was
stirred for 3 hours at room 15 tenperature. Water was added. CH2Cl2 was
added. The r %?é' on m xture was extracted. The organic | ayer was separat ed,
dried (Nazs%—,—l‘il tered and the solvent was evaporated. The white solid
resi due was washed wi th nethanol and CH2Cl 2, then dried. Yielding : 0.54 ¢
of ethyl 4- phenyl -4-[ 1- (4- hydr oxyphenyl net hyl ) -1 H i m dazol -
2-yl]-1-piperidinecarboxyl ate (jconpound 12). 20 11 APRIL 2006 WO 03/033486
PCT/ EP02/ 11372 _28_ The foldwn 0 nds as listed in Tables 1-5 were
prepared Table 1 : Conp.nr. Exp. nr. ys. prop. 110B2-H 13Bi-o0.""

14B3m p=137 1B 17o0:' 12B9"0: H\

D = ¢

Comp.nr.| Exp.nr. R'--- R*-—- Phys.prop.
110 B2 --H @/
13 B1 o0 @/ ....
"""" p=137
14 B3 /\O O/ m.p.=13
1 Bl /\O O/
12 B9 o /@/
HO
B3 | AL | AN
) Aol
16 B3 /\o /@/ m.p.=1 17
F
B3 SN p.=127
17 /\0’ &@/ m.p.=12
B3 p.=125
18 Ny /O\Q/ m.p
B6 S AN Pp-=252
g ANy mp
0!
OH




15B3/\Z O I~ 16B3~0: 'F ° (' mp =117 17B31Mo;' ~P-m p =127 134006
"m p. =125 8B6OHM p. =252 11 APRIL 2006 WD 03/ 033486 -29 PCT/ EP02/ 11372

Comp. nr. Exp.nr.R | ---R3---Phys. prop. 3B3o~m p=149 19B3~0r' 20B31,\oel:~ 21B3
22B3/,\o:"\ \ | ' . 23B3nmbo: mp =199 112B3/'\oQ( Nm p. =128 24B1m p=130

25BI i m p=18® 268386 | m p. =133 11 APRIL 2006 WO 03/ 033486 PGUERNACIRZEP02/1 ]
372 Comp.nr.Exp.nr.R |---R --hys. prop. 29Blmp =80 28Bl~o0.,Imp. 215

Comp.nr.| Exp.nr. R R’ Phys.prop.
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o
O~
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0
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20B2\o/ .. U-JMP.=111 30B3yOr O~ 31B3\o/ , 32B1\ | o' 33B2cHd-ARRIb 20063
34B2CH3CH2- - - m p. =133 35B2i sopropyl ---m p. =107 36B2>. .. .. I mp=111
37B2tert-butyl---mp =165 11 APRIL 2006 WO 03/033486 -31 N PCT/ EP02/11372
Conp.nr.Exp.nr.R 1---R ---Phys. prop. 2B2li tm p=123 38B30~ 39B3r i 40B3V
f_IJN\ 0O 41Weds3ysB2FaC | ,.: | .mp =151 PCT/EP02/11372
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CF3 43B2i .mp. 79 44B2i m p=149 45B2 11 APRIL 2006 WO 03/ 03348k ABBILP00R N

111~ N R PCT/EP02/ 11372 Conp.nr.Exp.nr.R ---R --Phys. prop.
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109B2- - - N112m p. =136 PCT/ EP02/ 11372 B. Phar macol ogi cal exanpl d3 APRIh@006
phar macol ogi cal properties were exam ned for radioligand binding as well as
GIPyS bi ndi ng assays, of the sel ected conpounds on the cloned hunan 8, x and
it opioid receptors, expressed in a mammalian cell line. Second nessenger

si gnal i ng wa%0 0¥esasér ed on nenbrane preparations via sti nubPet/Epn/10372

[ 35S5] GTPyS binding. In this functionalsgssay, agonistic and antagonistic
properties of the conpounds were 10 investigated. DPDPE ( (D Pen

2, 5) enkephal in) was used as the reference agoni st and naltrindole as the

ref erence antgagoni st for the 8 opioid receptor (Ml atynska E., Wang Y.,
Knapp R J., "Santforo G, Li X, Wite S., Roeske WR , Yamamura H. 1: Human
Sopi oi d receptor a 15 stable cell line for functional studies of opi oi ds.
Neur oReport 6, 613-616, 199§5) and (Portoghese P.S, Sultana M,

Takenori A.E.: Naltrindole, f highly selective and potent non peptide
Sopi oi d receptor antagongstA E har macol . 146, 185-186, 1988) and
U69593 and nor - bi nal t or phimn ) were used for the x opioid receptor
as the reference agoni st and st, respectively. For the p opioid
receptor, norphine was 20 used ref erence agoni st and nal oxone as the
reference antagonist (At A, 1 WO 03/033486 -41 PCT/ EP02/ 11372
Mansour A., Akil H., Medzi | | rad nor JR, Wods J.H : Stimnulation
of guanosine-5' - C}(3 (BSSJthlo)trlphos urte binding by endogenous opi oi ds
acting at aé(gm ,q&gp receptorn. J. Pharma Ther. 286, 282-288,

1998) and (Smart” D., " Hi ra&:BR A., Hireta K|, ﬂ%@ﬂdﬁ dx, Lanbert D. G: The
ef fects of rleconwbinamt | rat 5 p-jopi oi d receptor activation in CHO cells on
phosphol i page—€—f€at-t+—and—agenytytgcycirase—Br—3 Pharmacol . 120,
1165-1171, 1993).]| BS C=NH ~_N-
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Materials and nethods Cell culture CHO cells, permanent transf LLAERILRQYS ¢ he
X or ,u opioid receptor, were cultured in 10 Dul becco's nodified Eagle's
medium (DVEM/ Nutrient m xture Hamis F 12 (ratio 1:1) supplenented with
10% heat inactivated fetal calf serum and an antibiotic solution

cont ai ni ng Y0086 penicillin G 100 pg/nll streptonyci n RAIVERI/#137210
,ag/mM pyruvic acid and 300 pg/m L-glagtamne. C6 glioma cells, pernanent
transfected with the S opioid receptor, required a DVEM nedi um enriched
with 10% heat inactivated fetal 15 calf serumand the antibiotic solution as
descri bed abpub@ 4:Menbrane preparation The nmenbranes were prepared as total
particulate fractions. Al cell lines were cultured to 90% confl uency on
145 mm Petri dishes and treated with 5 mM sodi um butyrate, 24 hours before
col lection. The culturing medi um wa ed and the cells were washed 20
with ice cold phosphate buffered $&l | (PBS wo Cat' and Mgt'), scraped
fromthe plates in 50 nM Tris-HCI_ bufiferN pH 7.4, and col |l ected through
centrifugation (10 mnutes at 16, 000 (RP lat 4C). The cell pellet was
re-suspended in hypotonic 5 mM Tri ' uffer, pH 7.4, and re-honogeni zed
with an Utra Turrax honogenizer. T _Jhormogenat e was centrifuged at 18000
RPM for 20 mnutes at 4C. The final et was 25 re-suspended in 50 nM
Tris-HCL buffer—p HA—and st 'FE&JE"Jin gHoguatzs at—7a0C—Aprog ei n

det erm nat i ngm 5 g flor neicjl(%m AY the Biora i’b'? otei N apsa¥ats Br adf ord) using
bovi ne serum at.bupime | BSA) tegetigr)st andard (Bradford, Mg/l A rapid and
sensitive rpthedfor—the—aguanti-H-ecatigr—oef—mcrogegmeguanttt es of protein
utilizing the principlie ‘ =in- dye |bidi ngP Apallytical Bijochem 72:

248- 254, 1976)y, 1 C 003/ 033486 2/{11372 - 4P Radi ol i gand
bi ndi ng Prelli monaf Pt aldi ol i gand” bi ndi ng -E'x/pe iments |were carrjed out to
reveal the gptinma ©

(o]
O, |~y
100 | B3 o/l © "
N
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104 | B2 ©:N_/“N ©/ m.p.=181
a

m.p.=204

105 | B2 C? """

106 | B2 @(_Z

m.p.=190

m.p.=107




assay conditions for these opioid receptor subtypes in their cdrﬁ"’é’sﬁib@@%g
mammal i an cell nmenbranes. 5 Conpetitive inhibition of [3H DPDPE by the
conmpounds was performed with a concentration of the radioligand of 2 nM (Kd
= 1.7 nM and various concentrations in singlet of the conpounds, spanning
at |east 3 OYQY&YS3EF nmgnitude around the pl C5g val ue. FORCIERIP@LNZ i on

bi nding on the x and p receptor, [3H U&®593 (Kd = 0.4 nM and [3H DAM3O (Kd
= 0.6 nM were used respectively at a concentration of 1 nM 10 Menbranes
were thawed on ice and diluted in a 50 nM Tris-HC buffer, pH 7.4. For the
8 opioid reckpled, this incubation buffer was supplenented wth 2 mv Mgd 2,
1 mM EGTA and 0. 1% BSA. Non-specific binding was defined in the presence of

| jiMof naltrindole, spiradoline and dextronoram de for the 8, x, and

opi oid receptor, reﬁectlvely A§>i ncubation of 1 hour at 25C was found to

be optimal for 15 confeti f ng assays for all the three receptor
subtypes. The assay”weHg|car out in a final volune of 500 |. The
reaction was termnated b i iltration over an UniFilterTM 96, G-BTM
under reduced pressure usin i it e 196 (Packard). The anount of bound
radi oactivity on the filter Ryt erm ned after filter drying and
scintillant addition (Mcro kard) by liquid scintillation
counting. 20 [3SS] GTPyS bi ndi hg Determ nation of [35S3GIPyS binding to the
G proteins pcafExed out wth a nodified procedure of Lazareno (Lazareno
S.: Measurefent of agoni st RSti“nul atjedP!SI&IPyS binding to cell menbranes.
Meth. Mol ec] Bfol| ni'Og’, 231-243, 1999). In prlelimnary [35S] GTPyS bi ndi ng
experinments, agpay gondi t1anggwere joptimzed | 25 which resulted in the
choice of the followng buffers: 20 mM Hepes mith 100 mM NaC, containing 3
pM GDP and 1 nmM Myd 2 if or ,t/heN.»:’s opgi oid recepgtor CHO nenbranes, containing
10 |aM GDP andogl jmE2MyCl2 fory the § omipstl@5r gceptor C6 glionm cel |
menbranes, and 100 M GPP and#.3 nM|MyC 2 for [the x opioid receptor CHO
menbr anes. The_asilsay mxtures contagined 10 g Jof nmenbrane protein. An 30

addi ti onal :Loleﬁm Baponi ne-NHs addedmps18fe |di | ut ed nenbranes as a
detergent t

B. Pharmacological examples

5  The pharmacological properties were examined for radioligand binding as well as
GTPyS binding assays, of the selected compounds on the cloned human 6, x and p
opioid receptors, expressed in a mammalian cell line. Second messenger signaling was
measured on membrane preparations via stimulation of 3SIGTPyS binding. In this
functional assay, agonistic and antagonistic properties of the compounds were

10  investigated.

DPDPE ((D-Pen 2*)enkephalin) was used as the reference agonist and naltrindole as the
reference antagonist for the  opioid receptor (Malatynska E., Wang Y., Knapp R.J.,
Santoro G., Li X., Waite S., Roeske W.R., Yamamura H.I.: Human & opioid receptor: a
15 stable cell line for functional studies of opioids. NeuroReport 6, 613-616, 1995) and
(Portoghese P.S., Sultana M., Takemori A.E.: Naltrindole, a highly selective and potent
non-peptide Jopioid receptor antagonist. Eur. J. Pharmacol. 146, 185-186, 1988) and
U69593 and nor-binaltorphimine (nor-BNI) were used for the x opioid receptor as the
reference agonist and antagonist, respectively. For the 4 opioid receptor, morphine was

20  used as the reference agonist and naloxone as the reference antagonist (4/t A.,



maxi m ze the [35S] GTPyS penetration through the nmenbranes. 11 1A1F’HI:’B"'2%R9§ WO
03/033186 PC1'/EP02/11372 -43 For testing agonistic activity, 175 | of

di l uted nenbranes was pre-incubated in the buffer described above together
with 25 pl of buffer and 25 | of varying concentrations of the conpound in
a total vol YR0B#334885 | . For antagonistic activities, thePCQBER2/F372 he
buffer addition was replaced with the tggference agonist for stinulating 5
the basal levels. For all three cell lines, a concentration of 300 nM of
DPDPE, U69593 and norphine were used for their correspondi ng receptor

subt ypes. AfM@ﬁoarzoAmHumazzhﬂamywnqu%wM Mol A Ha S fatiodor S| of
[ 35S] GTPyS was added a,final concentration of 0.25 nMand the assay

m xt ures vvergé‘amﬂ’teh%ro (%éu?dt&e@wpﬁwl% bindngtby $ndogermyus opiofss @SN @ free [ 35
S] GTPYS ver 1588 MiAles %té?YJ W@/'nﬂzcgl |39 %%kroﬁc?(p\é@f- 155%) Bhd 58l I6, 10 GFBTA3

under reduced pressureée using I'termate 196 (Packard). The anount of bound
radi oact i vi tRirss&.4 hdireta|k, &'GWDWMWQ@ é@efﬁmeﬁe{coﬂ!bl@ﬂntdﬂﬁu ng and

count | ng AL epsRRpa BERR A LAk ERbihatphes EICE BN

Stinul at i on ceglaseagoni Ekamwlda?locuwé{ldal d99%he percent age i ncrease above
basal |evels. The signoid 15 agoni st concentration response curves for

i ncreases | gll‘tg%ﬁl Y snddsndi ng and ant agoni st inhibition curves for

i nhibition e agonist-stimulated [35S]GIPyS binding were

anal yzed by non-linear regression using the GraphPad Prism program Data

were retri eesd duftug ndependent experinments and the different concentration
i.n duplicates Al'l conpounds according to the invention

pOI nts were
showed a pl éggﬁslisagerwmat %&gtegesw%he ¥ Plot ORI receBigr JYEF FRRESBr and a
pl C50 vajpue Mlb&c@%ﬂo@ﬁﬁdﬁ%le‘@&ﬁeﬁ% W/Nﬁﬂ&ﬁnﬁﬁ%ﬁi&ﬁ’sﬁ@ e compounds

listed in Table showed ICSo val ue of " bet ween and for the delta
opi oi d recept Brsuﬂ?iéfn@t%‘l 072 hepp ingetivgted fetplcgf sqram, @dtqﬂélptlmﬂ‘“aﬁiﬂlfﬂl@appa

receptor. containing 100 IU/ml penicillin G, 100 xg/ml streptomycin sulfate, 110 ug/ml pyruvic
acid and 300 ug/ml L-glutamine. C6 glioma cells, permanent transfected with the &
opioid receptor, required a DMEM medium, enriched with 10% heat inactivated fetal

15  calf serum and the antibiotic solution as described above.

Membrane preparation

The membranes were prepared as total particulate fractions. All cell lines were cultured
to 90% confluency on 145 mm Petri dishes and treated with 5 mM sodium butyrate, 24
hours before collection. The culturing medium was removed and the cells were washed
20 with ice cold phosphate buffered saline (PBS w/o Ca®* and Mg?"), scraped from the
plates in 50 mM Tris-HCI buffer, pH 7.4, and collected through centrifugation (10
minutes at 16,000 RPM at 4°C). The cell pellet was re-suspended in hypotonic 5 mM
Tris-HCI buffer, pH 7.4, and re-homogenized with an Ultra Turrax homogenizer. The
homogenate was centrifuged at 18000 RPM for 20 minutes at 4°C. The final pellet was
25  re-suspended in 50 mM Tris-HCl buffer, pH 7.4 and stored in aliquots at ~70°C.
A protein determination was performed using the Biorad protein assay (Bradford) using
bovine serum albumine (BSA) as a standard (Bradford, M.M.: A rapid and sensitive
method for the quantification of microgram quantities of protein utilizing the principle

of protein-dye binding. Analytical Biochem. 72: 248-254, 1976).



The conpounds listed in Table 7 showed a pl C50 val ue above 8 f ot ARRILEZSOBa
opioid receptor and a plC50 value of 6 or less for either nu and kappa
receptor. The selectivity for the delta opioid receptor over the nu opioid
receptor is as high as 600. 30 11 APRIL 2006 WO 03/033486 PCT/ EP02/ 11372
-44- Tabl e VO OM3EW6 val ues for the delta opioid receptor REJRRZA13{ LSt .
Conmp. pl CsoConp. pl Cso Nr.Nr. 437.9227-8-177.9877.3 307.9457.3 1057.9517. 3
787.947.3 1017.8557.3 287.8717.3 117.8997.3 297.8347.2 677.8727.2 77.7817.2
97.7647.2 527.7187.2 1037.7427.2 267.7107.2 277.7337.1

Radioligand binding

Preliminary radioligand binding experiments were carried out to reveal the optimal
assay conditions for these opioid receptor subtypes in their corresponding mammalian
cell membranes.

5  Competitive inhibition of [PH]DPDPE by the compounds was performed with a
concentration of the radioligand of 2 nM (K4 = 1.7 nM) and various concentrations in
singlet of the compounds, spanning at least 3 orders of magnitude around the pICsy
value. For competition binding on the k and p receptor, ["HJU69593 (K4 = 0.4 nM) and
PHIDAMGO (K4 = 0.6 nM) were used respectively at a concentration of 1 nM.

10 Membranes were thawed on ice and diluted in a 50 mM Tris-HCI buffer, pH 7.4. For
the & opioid receptor, this incubation buffer was supplemented with 2 mM MgCl,,
1 mM EGTA and 0.1% BSA. Non-specific binding was defined in the presence of
1 pM of naltrindole, spiradoline and dextromoramide for the §, k, and p opioid
receptor, respectively. An incubation of 1 hour at 25°C was found to be optimal for

15  competition binding assays for all the three receptor subtypes. The assays were carried
out in a final volume of 500 ul. The reaction was terminated by rapid filtration over an
UniFilter™-96, GF/B™ under reduced pressure using Filtermate 196 (Packard). The
amount of bound radioactivity on the filter unit was determined after filter drying and

scintillant addition (Microscint-O; Packard) by liquid scintillation counting.

20  [*S]GTPyS binding
Determination of [*>S]GTPyS binding to the G-proteins was carried out with a modified
procedure of Lazareno (Lazareno S.: Measurement of agonist-stimulared[>’S]GTPyS
binding to cell membranes. Meth. Molec. Biol. 106, 231-243, 1999).
In preliminary [*°S)GTPyS binding experiments, assay conditions were optimized

25  which resulted in the choice of the following buffers: 20 mM Hepes with 100 mM
NaCl, containing 3 M GDP and 1 mM MgCl, for the p opioid receptor CHO
membranes, containing 10 pM GDP and 1 mM MgCl, for the & opioid receptor C6
glioma cell membranes, and 10 pM GDP and 0.3 mM MgCl, for the k opioid receptor
CHO membranes . The assay mixtures contained 10 pg of membrane protein, An

30  additional 10 pg/ml saponine was added to the diluted membranes as a detergent to

maximize the [*>S]GTPyS penetration through the membranes.



157.6377. 1 697.6807. 1 507.6907. 1 327.6567. 1 937.5477.1 657. 5437, AP Gs7 1
667.5797.0 757.41117.0 137.477.0 767.4687.0 11 APRI L 2006 WD 03/033486 -45
Conp. pl C50Conp. plC50 Nr.Nr. 967.4957.0 947.4927.0 707.4497.0 367.3747.0
PCT/ EP0O2/ 11372 Table 7 : Results for the agonist receptor binding (plC50)
and signal WQ#x38¢ bi nding (plCso) testing. n.d.: not ROT&EPI/HGTE Agoni st
receptor Signal transport Conp. binding (4L C50) bi ndi ng (pl C50) Fornul a

For testing agonistic activity, 175 pl of diluted membranes was pre-incubated in the
buffer described above together with 25 ul of buffer and 25 pl of varying
concentrations of the compound in a total volume of 225 pl. For antagonistic activities,
the 25 pl of the buffer addition was replaced with the reference agonist for stimulating
5  the basal levels. For all three cell lines, a concentration of 300 nM of DPDPE, U69593

and morphine were used for their corresponding receptor subtypes. After a 20 minutes
pre-incubation period at 37°C, 25 pl of [**S]GTPyS was added to a final concentration
of 0.25 nM and the assay mixtures were further incubated for 20 minutes at 37°C.
Bound and free [*>S)GTPyS were separated by rapid filtration over an UniFilter™-96,

10  GF/B™ under reduced pressure using Filtermate 196 (Packard). The amount of bound
radioactivity on the filter unit was determined after filter drying and scintillant addition
(Microscint-O; Packard) by liquid scintillation counting.
Basal [*°S]GTPyS binding was measured in absence of compounds. Stimulation by
agonist was calculated as the percentage increase above basal levels. The sigmoid

15 agonist concentration response curves for increases in [>>S]JGTPyS binding and
antagonist inhibition curves for inhibition of the reference agonist-stimulated }
[*°S)GTPyS binding were analyzed by non-linear regression using the GraphPad Prism
program. Data were retrieved from independent experiments and the different
concentration points were run in duplicates. ‘

20

All compounds according to the invention showed a pICsq value of at least 6 for the

delta opioid receptor and a pICsp value of 6 or less for either mu and kappa receptor.

25  The compounds listed in Table 6 showed a pICsq value of between 7 and 8 for the delta
opioid receptor and a pICsq value of 6 or less for either mu and kappa receptor.
The compounds listed in Table 7 showed a pICs value above 8§ for the delta opioid
receptor and a pICsg value of 6 or less for either mu and kappa receptor. The selectivity
for the delta opioid receptor over the mu opioid receptor is as high as 600.

30



Nr. del tadel t a del t amukappa agoni stantag. 38.86n.d.7.35 11 APRIL 2006
3808. 76n.d. n. d. n. d. 208.66n.d. 75 102T8.56n.d.n.d.n.d. 11 APRIL 2006 WO
03/ 033486 -46 PCT/ EP02/ 11372 Agoni st receptorSignal transport Conp. bi nding
(pl Cso) binding (pl Cso) Formula Nr.deltadelta deltanukappa agoni st ant ag.

258. 46n. d. 6 VOBO3AG8866N. d. 6. 85 PCT/EP02/11372

-44-

Table 6 : pICs values for the delta opioid receptor agonist test.

Comp. pICso Comp. PICso
Nr. Nr.

43 7.9 22 7.3
17 7.9 87 7.3
30 7.9 45 7.3
105 7.9 51 7.3
78 7.9 4 7.3
101 7.8 55 7.3
28 7.8 71 7.3
11 7.8 99 7.3
29 7.8 34 7.2
67 7.8 72 72
7 7.7 81 7.2
9 7.7 64 7.2
52 7.7 18 7.2
103 7.7 42 7.2
26 7.7 10 7.2
27 7.7 33 7.1
15 7.6 37 7.1
69 7.6 80 7.1
50 7.6 90 7.1
32 7.6 56 7.1
93 7.5 47 7.1
65 7.5 43 7.1
84 7.5 48 7.1
66 7.5 79 7.0
75 7.4 111 7.0
13 7.4 7 7.0
76 7.4 68 7.0




418.36n.d.n.d.n.d. ~o 988.25.65.86.15 198.26n.d.6.55 ~o ~| |1APRIL2006
248.26n.d.6.95 11 APRIL 2006 WD 03/033486 -47 PCT/ EP02/ 11372 Agoni st
receptor Si gnal transport Conp. bi nding (pl C50)binding (pl Cso) ormula Formula
Nr. del tadel ta del t amukappa agoni stantag. “O N~ 18.156.3n.d.5 1o

318. 16n. d. n.\YOA3/R348612~8. 06n. d. 75 i PCT/EP02/11372

45.

Comp. pICso Comp. pICsp

Nr. Nr.

96 7.4 95 7.0

94 7.4 92 7.0

70 7.4 49 7.0

36 7.3 74 7.0

Table 7 : Results for the agonist receptor binding (pICsp) and signal transport binding
(pICsp) testing. n.d. : not determined

Agonist receptor Signal transport

omp. naing 50, 1naing 50
C bindi 1Cs0) bindi 1Cso)
Formula
Nr. delta | delta
delta | mu | kappa

agonist | antag.

() i
38 K@\r 871 6 | nd. | nd | nd

[
~on o
20 8.6 6 n.d. 7 5

102 %k\@r 8.5 6 nd. n.d. n.d.




ON 11 APRIL 2006 -48 Cains 1. A conmpound according to Fornul a1(11°)P'?"i)20@6the

phar maceutically acceptable acid or
stereochem cally isomeric forns thereof,
N- oxi de forms thereof,
IS a coval eMO bysgHss - CH2-

t he

wherein :

or CH2CH2-

R

base addition salts thereof,
the tautoneric forns thereof and
A=B i s bival ent n-bond radi cal
i s hydrogen,

t he

10 X

hv RCIEFRO2/413Ry/ | oxYy,
al kyl car bonyl oxy, Ar-oxy, Het-oxy, Ar- @ggrbonyl oxy; Het-carbonyl oxy;

Ar - al kyl oxy; Het-al kyl oxy, al kyl ;- pol yhal oal kyl, al kyl oxyal kyl, Ar-al kyl,
Het -al kyl, Ar, Net, thio, alkylthio, Ar-thio, Het-thio or NRORLO wherein RO
and R10 each[independentlTy are 15 hy(Togemgoaiskyelcepum Aigral tankportiet |
Het - al kyl, al kyl - cargonyl Ar-carbonyl Het - car han br ..
al kyl oxycar bpnyiosikyl|; or Aéﬁ @ t ofjet Pafing &plfsan )&P‘P%’Pﬂa(ﬂgﬂ)sd bstit ut ed
sem -aromati ¢ qg ardmati c caFBbeyclic prererogyct T C|Taakcal st 2 or Het 3;
R2 is hydroxy, al I'<y| gxy, al kyl carbonyl oxyeltipheny||caypa 20 phenyl car hbonyl oxy,
hal o, cyano, |al kyl, gol yhal oal kyl , al ky}oxyal kyl ,} for Eomﬁar@@@,
al kyl car bony ; & Ir(‘y'—l Xy €at %unyl ; -aRtrecarbony ; OTo=
di al kyl am noLar bonyl ,} phenyl§, nitro, am no, pono-} or bli aI kyl}-am ng, thio or
alkylthio ; {1 APRIL |200 /’1033486 PCT/ EP02/ 111372
25 | 8.4 6 n.d. 6.9 5
i)
2 O { 83 6 n.d. 6.8 5
4]
oY
41 )® 83 | 6 | nd | nd | nd
W
)
98 82 | 56 5.8 6.1 5
4
4 ‘\@
N “'j
19 8.2 6 n.d. 6.5 5
b
ey ".j
24 \ 82 | 6 | nd | 69 5




49 R3 is alkyl, Ar, Ar-alkyl, Ar-alkenyl, Het, Het-alkyl or Het™arkénsl
R4, RS each independently is hydrogen, alkyl, carboxy; am nocarbonyl,

al | cyl oxycarbonyl, halo or hydroxyal kyl ; p is an integer equal to zero, 1,
2 or 3; 5 alkyl is a straight or branched saturated hydrocarbon radi cal
havi ng fronMO 03{033486 car bon atons ; or is a cyclic saturat CTHEP/HEE bon
(cycl oal kyl) radical having from3 to 47carbon atons ; or is a cyclic
saturated hydrocarbon radical having from3 to 7 carbon atons attached to a
straight or branched saturated hydrocarbon radical having from1l to 6 10
carbon atons| whereinn each carbon atom Tay%sﬂﬂ&érﬁ)d}afr Signaltembportif €d Wit h
am no, nitro| thio, Rydroxy, oxo, cyan, |fo car poxy_al kenyl |is an

al kyl radica| §&¥Png|one or&ﬁn doubl e bohﬁ ngGAFm?s h birklirgcPl4se sel ect ed
fromthe gropp &f phenyl Hggﬁthyl, U oA RS Ut pt ed with
one or nore pubstituents, each substitueaam,iadepe@ﬁ@ﬁ |y selected fromthe
group of hydfoxy, aIIconxy, phenyloxy phenyl cqr bony @gopjst | antag.
pol yhal oal ky|exy—hatro—eyaro—atayt Hyhatoahtkyts iky+6jyakky, formyl,
hal of ornyl , parboxy, | al kyl §garbonyl, al kyl oxycar bonyl , { am nogar bonyl, nono-
or 20 dial ky aninocaﬂbony?p Yﬂalkyl phenyl , |nitro| am nq, nonp- or

di al kyl -am np, thio, {al kylthi A~ S02- CH3; © iIs g slibgtd t yeng sgl ect ed
fromthe gropp of fldoro, chl }JEDOWD 1 iodg ; polyhalodlkyl |s a

strai ght or pranched|saturat eaxhRy car pon rladical 25| havind fron! to 6
carbon atons|or a cyg¢lic saturated hydfocarjpon rfadical having from3 to
7carbon at ong wherein on tonstis supstitutied wifh one or

A I 15

31 8.1 6 n.d. n.d. n.d.

12 g 80 | 6 | nd | 7 5
1 )
= CH




nore hal o-atons ; Het is a heterocyclic radical selected from%épgﬁub%l%oeof
Het', Het2 and 30 Het3. Het' is an aliphatic nonocyclic heterocyclic
radi cal selected fromthe ~ group of pyrrolidinyl, dioxolyl, inidazolidinyl,
pyrrazolidinyl, 11 APRIL 2006 WD 03/033486 PCT/ EP02/11372 -50 piperidinyl,
di oxyl, norpholinyl, dithianyl, thionor ph_g%_i nyl, piperazinyl and

[

tetrahydrofuranyl ; Het2 is a sem -aronat nonocycl i c heterocyclic radicat
selected fromthe group of 2H pyrrolyl, pyrrolinyl, imdazolinyl and
pyrrazolinyl ; 5 Het3 is an aromatic nongcyclic heterocyclic radical
selected fromthe group of pyrrolyl, pﬁﬂ@&&lyl, i mdazolyl, furanyl,

t hi enyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyridinyl,
pyrimdinyl, pyrazinyl, pyridazinyl and triazinyl; or an aromatic bicyclic

het erocycli g, radi cakomgdneeécetlifg oiRotinla g oup of qui nolinyl, quinoxalinyl,

i ndolyl, 10 benzi m dazol yl, benzoxazolyl, benzi soxazolyl, benzothiazolyl,
benzi sot hi azol yl , benzofuranyl and benzot hi enyl ; each nonocyclic and

bi cyclic heterocyclic radical may optionally be supstituted on a carbon
and/ or an heteroatomw th hg o, hydroxy, alkyloxy, alkyl, Ar, Ar-alkyl or
pyridinyl. 15 2. A conpound [pccording to claim characterized in that A=B

is selected from the group f/C‘X@, re |$ hydrogen or cyano,
C=S, S=O S02 and C=CR erein R7 and |R$ Jeach/i n endently are
hydrogen, nitro or - alkyl. 3. A co ordiMg to any of clains D2,
characterized in that Rl is 20 selec fromtr,1:|!33gr oup of al kyl oxy,

Ar - al kyl oxy, al kyl, pol yhal oal kyl ,

1

(R®)p
5
the pharmaceutically acceptable acid or base addition salts thereof, the
stereochemically isomeric forms thereof, the tautomeric forms thereof and the
N-oxide forms thereof, wherein :
A=B is bivalent 7-bond radical ;
10 X - is a covalent bond, -CH,- or CH2Csz :

R' is hydrogen, hydroxy, alkyloxy, alkylcarbonyloxy, Ar-oxy, Het-oxy, Ar-
‘carbonyloxy, Het-carbonyloxy, =Ar-alkyloxy;--Het-alkyloxy;alkyl;--
polyhaloalkyl, alkyloxyalkyl, Ar-alkyl, Het-alkyl, Ar, Het, thio, alkylthio,
Ar-thio, Het-thio or NR’R'® wherein R® and R'° each independently are
15 hydrogen, alkyl, Ar, Ar-alkyl, Het, Het-alkyl, alkyl-carbonyl, Ar-carbonyl,
Het-carbonyl or alkyloxycarbonylalkyl;
or A=B and R! together form an optionally substituted semi-aromatic

or aromatic carbocyclic or heterocyclic radical Het? or Het?;
R? is hydroxy, alkyloxy, alkylcarbonyloxy, phenyloxy,
20 phenylcarbonyloxy, halo, cyano, alkyl, polyhaloalkyl, alkyloxyalkyl,
formyl, carboxy, alkylcarbonyl, alkyloxycarbonyl, aminocarbonyl,
mono- or dialkylaminocarbonyl, phenyl, nitro, amino, mono- or

dialkyl-amino, thio or alkylthio ;



al kyl oxyal kyl , Ar-al kyl, Het-alkyl, Ar, piperazinyl, pyrrol yI11 %%5%2200%

pyrrolidinyl and NRORLO wherein R9 and R10O each i ndependently are hydrogen,
al kyl, Ar, Ar-alkyl, pyridinyl or alkyloxycarbonylallyl. 4. A conpound
according to claim1, characterized in that A=B and R together 25 forma
radi cal selwow¥Btseom t he group of Het2 and Het3'. S. A ch@pBRi3diyiezcordi ng
to claim4, characterized in that A=B a9d Rl together form a radi cal

sel ected fromthe group of benzoxazolyl, thiazolyl, benzothiazolyl,

benzi m dazolyl and pyrimdinyl. 6. A conpound according to any of clains

1-5, characteri zegt3| n tipalkylXAt, smaalk}aOAﬁgk@Jynget lmndlkyl?or Ht-akepaynd accordi ng
to any of clains characterized.in that is alkyloxy or _ halo. 11

APRI L 2006 WD 03/ B&éﬁs@aﬁwﬂmﬁBMIde%& @YI,AM@@%WC%@WH’m ng to any

of claims 1-7, charact efjiy388cdrBortylHalo®? hiydrox cted fromthe group of
phenyl al kyl and napht hyl ,” each |#Pependeztly§aﬂ§ﬁbstl tuted with at | east one

substituent sel ecPed frléﬁﬂtnFPéeTg?qvaboéﬂohblz@ﬂ sal kyl oxycar bonyl , hydroxy,

al kyl oxy and di al N\ llaim 1, in
whi ch A—B5 is C=0 51?’(&161 QQ%?@%}(a{aﬂaeg%@a& Eg oxya(ﬁlqgﬁ%gk?gg%ﬁ% 1, wherein
R9 and R10 each i ndependembby atams ; hydm@gdmsmnawdkydmcarhmﬂcaddalml)toget her

forma benzoxazolyl ra o ben Lly
substituted with hydroxylcaglrha‘g gﬁf’oxycar onyfltog"rsld ﬁ'syacﬁap(h?gggtc are

hydrogen. 10 10. A corrpg’dmdarhmmmdd:a}igwtng foed to Tlcastohetdnesthttheleditd e group of
L ethoccarbon . Pheryl i s GRS IRSL N h Blasgla ]y e 0 e
10 carbon atoms; wherein each carbon atom may be optionally
substituted with amino, nitro, thio, hydroxy, oxo, cyano, formyl or
carboxy ;
alkenyl is an alkyl radical having one or more double bonds ;
Ar is a homocycle selected from the group of phenyl and naphthyl, each
15 optionally substituted with one or more substituents, each substituent
independently selected from the group of hydroxy, alkyloxy,
phenyloxy, phenylcarbonyloxy, polyhaloalkyloxy, halo, cyano, alkyl,
polyhaloalkyl, alkyloxyalkyl, formyl, haloformyl, carboxy,
alkylcarbonyl, alkyloxycarbonyl, aminocarbonyl, mono- or
20 dialkylaminocarbonyl, phenylalkyl, phenyl, nitro, amino, mono- or
dialkyl-amino, thio, alkylthio or SO»-CHj;
halo  is a substituent selected from the group of fluoro, chloro, bromo and
iodo; |
polyhaloalkyl is a straight or branched saturated hydrocarbon radical
25 having from 1 to 6 carbon atoms or a cyclic saturated
hydrocarbon radical héving from 3 to 7carbon atoms,
wherein one or more carbon atoms is substituted with one or
more halo-atoms ;
Het is a heterocyclic radical selected from the group of Het', Het? and
30 Het’,
Het'  is an aliphatic monocyclic heterocyclic radical selected from the

group of pyrrolidinyl, dioxolyl, imidazolidinyl, pyrrazolidinyl,
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1- et hoxycar bonyl - 4- phenyl -1 -[ 1-[ (4- hydr oxyphenyl ) net hyl ] - 1H- i m dazol - 2-
yl]-pi peridine ; 1-ethoxycarbonyl-4-phenyl-4-[1-(1-phenylethyl)-1

H i m dazol - 2-yl]- piperidine;

1-isopropyl ewyesheayl - 4- phenyl - 4-[1 - (pheny] et hyl ) - 1H-i m@azgdozZeyd | - 20
pi peridi ne ; e

1- et hoxycar bonyl - 4- phenyl - 4-[ 1-[ [ 4- (et ?ﬂlooxycar bonyl ) phenyl ] met hyl ] - 1H

i m dazol - 2-yl ] -pi peridine ;

1- benzoyl - 4- phenyl - 4-[ 1- ? h 8@ ol ridine ;

1- (net hoxyacetyl)-4- pheﬁ F %n%ﬁ cge’fy %nggnﬁ fﬁgﬂ ﬁ%‘%‘)@gﬁq? yl] 25

pi peridine ; 4-[[2-(1- bpipzmmhyléhnalmayﬂrdréfmnplerl dinyl)-1Hin

i dazol -1 -yl ] et hyl nmet hyl benzoat.e ; . .

1- (2- benzoxazol yi )111342 phiRAemyaomatc F‘&PWH %’%CTWYFH‘? Tdisg) selepted fomthe by g -
net hyl benzoate ; 30 oup of 2H-pyrrolyl, pyrrolinyl, 1m1dazolm 1 and azolm 1;

1- benzoyl - 4- phenyl - 4; [1gr( 1pphenprrr K Rnll-l-yl m dazo o |pe}r’| dine ; |
- et hoxyca? bonyl - }Eﬂﬂeny}saﬂafonﬁllf @OTO&Y%l@thﬁTGWE‘éPHBﬁW)S?Jﬁ‘éPF{/) theyl]-1 H
i m dazol - 2-yl ] - pi peri di pgy, ﬁaf;pﬁr’blﬁpﬁlr&o BRQRidago1l, ﬁuﬁi Phﬁ@:\@h o‘kah]l 1,

- (pheny] met hyl ) -1 Hi m dazo er i di nesul fonam €. . A conpound
whi ch is degraded in vi wexaazglyyﬂamlﬁ opyzdot ayrigidiayl, Ia/ﬁi}mb’he of

claims [-10. 12. A COWW%H Qﬁa&glyl Qr AM¥rofbti E by IR hlafeﬁ;c?'élﬂrrad‘iéd? as a

medi ci ne. 13. A pharnac osI'tion conprising maceutical l'y
acceptable carrier and$el<a:@da"mthe grqug o€ dinelinyl, aummdmpbmdolyb.l ly effective

amount Oflo a benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzothiazolyl,

benzisothiazolyl, benzofuranyl and benzothienyl ; each monocyclic

and bicyclic heterocyclic radical may optionally be substituted on a

carbon and/or an heteroatom with halo, hydroxy, alkyloxy, alkyl, Ar,

Ar-alkyl or pyridinyl.

15 2. A compound according to claim 1, characterized in that A=B is selected from
the group of C=0, C=N-R® wherein R® is hydrogen or cyano, C=S, S=0, SO,
and C=CR'R® wherein R7 and R® each independently are hydrogen, nitro or
alkyl.

3.. - A compound according to any of claims 1-2, characterized in that R! is

20 selected from the group of alkyloxy, Ar-alkyloxy, alkyl, polyhaloalkyl,
alkyloxyalkyl, Ar-alkyl, Het-alkyl, Ar, piperazinyl, pyrrolyl, thiazolyl,
pyrrolidinyl and NR®R!® wherein R’ and R'° each independently are hydrogen,
alkyl, Ar, Ar-alkyl, pyridinyl or alkyloxycarbonylalkyl. :

4, A compound according to claim 1, characterized in that A=B and R! together
25 form a radical selected from the group of Het® and Het*.
5. A compound according to claim 4, characterized in that A=B and R! together

form a radical selected from the group of benzoxazolyl, thiazolyl,

benzothiazolyl, benzimidazolyl and pyrimidinyl.

6. A compound according to any of claims 1-5, characterized in that X is a
30 covalent bond.
7. A compound according to any of claims 1-6, characterized in that R?is

alkyloxy or halo.



conpound according to any one of clainms 1-10. 14. Use of a codﬁdﬂﬂyLZOOG

according to any one of clains 1-10 or a pharnmaceuti cal
according to claim13 for the manufacture of a nedi canent for

conposition
use in the

treatnment of various pain conditions, such as and in particular centrally

medi at ed paMWQ 0¥B348pheral |y nedi ated pain, structural or PSTEPIY/ESTE

rel ated pain,
pain such as caused by acute injury, trauma or surgery and chronic
such as caused by neuropathic conditions, diabetic peripheral neuropathy,

post - her peti @. neur Alcginpount at@edihg®l anf @D¢ElaGi 187, chaadterided okBat R i

cl uster or

15. A compound according to any

5

10

15

20

30

progressi ve di sease rel at$t pain,

m gr ai ne_headeaches, arthritjs,. psoriasis, asthma,, |nflammtory
bowel di sease, resfﬁlet"?ig P?ltF%ﬁTBPPB Pé?né’l?ﬁﬁé ,dqaﬂﬁgi’li’ BQ?EPI‘J;H?“QF’?tWea,
non-ul cer ogeni ¢ _dysBaRskawith BOSR biRSAitArsddclel R B BRUBLhAYNr OMe (1 BS).

9.

10.

alkyloxycarbonyl, hydroxy, alkyloxy and dialkylaminocarbonyl.

A compound according to claim 1, in which A=B is C=0 or SO,, R! is
alkyloxy, alkyloxyalkyl, Ar or NRR", wherein R? and R"® each
independently are hydrogen or Ar ; or A=B and R together form a
benzoxazolyl radical ; p is zero, R? is benzyl optionally substituted with
hydroxy or alkyloxycarbonyl and R* and R® each are hydrogen.

A compound according to claim 1 selected from the group of
1-ethoxycarbonyl-4-phenyl-4-[ 1-(phenylmethyl)-1 H-imidazol-2-yl]-
piperidine;
1-propyloxycarbonyl-4-phenyl-4-[1-(phenylmethyl)-1 H-imidazol-2-yl]-
piperidine ;
1-ethoxycarbonyl-4-phenyl-4-[1-[(4-hydroxyphenyl)methyl}-1 H-imidazol-2-
yl}-piperidine ;

1-ethoxycarbonyl-4-phenyl-4-[1-(1-phenylethyl)-1 H-imidazol-2-yl]-
piperidine;

1-isopropyloxycarbonyl-4-phenyl-4-[ 1-(phenylmethyl)-1H-imidazol-2-yl]-
piperidine ; _
1-ethoxycarbonyl-4-phenyl-4-[1-[[4-(methoxycarbonyl)phenylJmethyl]-1 H-
imidazol-2-yl]-piperidine ;

1-benzoyl-4-phenyl-4-[1-(phenylmethyl)-1 H-imidazol-2-yl]-piperidine ;
1-(methoxyacetyl)-4-phenyl-4-[1-(1-phenylethyl)- 1 H-imidazol-2-yl]-
piperidine ;

4-[[2-(1-benzoyl-4-phenyl-4-piperidinyl)-1 H-imidazol-1-yl)methyl)-
methylbenzoate ;
4-[[2-[1-(2-benzoxazolyl)-4-phenyl-4-piperidinyl}-1H-imidazol-1-yljmethyl]-
methylbenzoate ;

1-benzoyl-4-phenyl-4-[1-(1-phenylethyl)-1 H-imidazol-2-yl]-piperidine ;
1-ethoxycarbonyl-4-phenyl-4-[1-[1-[4-(ethoxycarbonyl)phenyl]ethyl]-1 H-
imidazol-2-yl]-piperidine and

neur opat hi ¢ pai n and

I njury
acute
pai n

syndr ones,

of claim1-10 in isotopically labeled form



11.

12.

13.

14.

15.
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N,4-diphenyl-4-[1-(phenylmethyl)-1 H-imidazol-2-yl}-1-
piperidinesulfonamide.

A compound which is degraded in vivo to yield a compound according to
any one of claims 1-10.

A compound according to any of claims I-11 for use as a medicine.

A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and, as active ingredient, a therapeutically effective amount of a
compound according to any one of claims 1-10.

Use of a compound according to any one of claims 1-10 or a pharmaceutical
composition according to claim 13 for the manufacture of a medicament for
use in the treatment of various pain conditions, such as and in particular
centrally mediated pain, peripherally mediated pain, structural or soft tissue
injury related pain, progressive disease related pain, neuropathic pain and
acute pain such as caused by acute injury, trauma or surgery and chronic
pain such as caused by neuropathic conditions, diabetic peripheral
neuropathy, post-herpetic neuralgia, trigeminal neuralgia, post-stroke pain
syndromes, cluster or migraine headeaches, arthritis, psoriasis, asthma,
inflammatory bowel disease, respiratory function disorder, functional
diarrhea, non-ulcerogenic dyspepsia, incontinence and irritable bowel
syndrome (IBS).

A compound according to any of claim 1-10 in isotopically labeled form.



