WO 2006/ 014133 PCT/ SE2005/ 001156 1 DI ARYLMETHYL PI PERAZI NE DERI VATI VES,
PREPARATI ONS THEREOF AND USES THEREOF The present, application clains the
benefit of United State Provisional Application 60/602,363, filed August
18, 2004, the entirety of which is incorporated 5 herein by reference and
clainms prior under 35 U.S.C. 119(a)-(d) to Swedis

0401968- 3% Q%P%‘H Mdgust 2, 2004. FIELD OF THE |NVENTW%{%"%§ ent
invention is directed to novel conpoundi, to a process for their _
preparation, their use and pharnaceutical conpositions conprising the novel
10 conpounds. The novel conpounds are useful in therapy, and in particular

for the trﬁ%@@m i it esti nal

di sorders q’%&%&%ﬁ&%@ﬁ@%ﬁ@ ept or ‘has been

i dentifi ed BISEREOMAND USESTHER®BOF bodily functions such as circul atory
and pain systens. Ligands for the S receptor may 15 therefore find potential

use as anal gesi qpe pﬁr@@ﬂt@ﬁplﬁ&tr&fﬁlﬁﬁ]‘ﬁﬂ%ﬁeﬁé‘ﬁt‘df@rﬂﬁ@ﬂiaﬁeﬁbhﬁi@ﬁ&is for the 5
receptor have al so possess i munonodul atory activities. The

| denti fi catARPﬂiCWOné@/qOeééia fﬂ@ﬁfé‘égl@t 1% 89%@%&@%@5%@11 tﬁflﬂf@m%@tad receptors

, S a I t in both
central r5d ?erelﬂ)%?}f Ar?g?;\ﬁ‘%%gﬁ%ys gnn(geglg ﬁygggg%)a@z |ncefszEl ing man.

Anal gesi a hﬁmhbﬂ@nmowéléﬁazeﬂledmugmtaow%m mal nodel s when one or nore of
t hese receptors has been activated. Wth few exceptions, currently

avai | abl e JAEED OFIHDINVENTIDN)ands are peptidic in nature and are

unsui table for adm nistration by system c routes. One exanple of a

non- peptidic 6- cmerpfeséntme&madﬁajtéﬁbmoﬁlbompéunﬂb to a PueeREbr théir Phar macol ogy
and 25 Experinental_ Therapeutics ngﬁ %] 359-366 (1995)). Many 8

agoni st corfbeRerIen+thelf uyr snd Pharmaceugiesi oo P%%qu%cewgnerg ng¥el” have ~ many

- di sadvaypt ag@sp bﬁhds hate &ok}@%oﬁigf)ﬁﬁs afel &W%&@W%ﬂ@&%&ﬂbﬁt&k?&ﬂi@d are not

anal gesi c vvhen adm ni st ered y systemc routes. Al'so, it has been docunented
that many tepimastefpad, anely sod Soatenshenstreingwtindl disptdersant convul si ve ef fect s
when

BACKGROUND OF THE INVENTION

The delta ("8") receptor has been identified as ha\ring arole in manjr bodily
functions such as circulatory and pain systems. Ligands for the & receptor may
15  therefore find potential use as analgesics, and/or as antihypertensive agents. Ligands
for the 3 receptor have also been sthn to possess immunomodulatory activities.
The identification of at least three different populations of opioid receptors (|,
8 and k) isnow well established and all three are apparent in both central and
. peripheral nervous systems of mémy species including man. Analgesia has been
20  observed in various animal medels when one or more of these receptors has been
activated. _ ' _
With few exceptions, currently available selective opioid 8 ligands are peptidic
in nature and are unsuitable for administration by systemic routee. One example of a
non-peptidic §-agonist is SNC80 (Bilsky E.J. et al., Journal of Pharmacology and
25  Experimental Therapeutics, 273(1), pp. 359-366 (1995)). |
Many & agonist compounds that have been identified m the prior art have
many disadvantages in that they suffer from poor pharmacokinetics and are not
analgesic when administered by systemic routes. Also, it has been documented that
many of these & agonist compounds show significant convulsive effects when
30 administered systemically. .
| PCT Publication WOOZ/ 0047 94. describes some §-agonists,



30 adm ni stered system cally. PCT Publication W02/ 094794 descri bes sone
S- agoni sts. WD 2006/ 014133 PCT/ SE20051001186 2 However, there is still a
need for inproved S-agonists. DESCRIPTION OF THE | NVENTI ON W have now
surprisingly found that certain conpounds exhibit one or nore 5 inproved
properti e®0 30060141331y oved S agoni st potency, in vivo gotTEHEyp001186

phar macoki netics, bioavailability, in vitro stability, in vivo stability,
brain penetration, and/or |ower toxi ﬁi'ty. Unl ess specified otherwi se within
this specification, the nonmenclature used in this specification generally
follows the examplveserafhereisiifiba Sdedti@dmbibvilosRpsdiai.ure of 10 Organic

-Chem stry, Sections A, B, C D, E F, and H, Perganon Press, Oxford, 1979,
which is incorporated by references herein for its exenplary chem cal '
structure nanes and rules on nam ng chem cal structures. Optionally, a nane
of a conpodHPCRIPBEON QEHBINYENTIRN a chemni cal nani ng program.

ACD/ Chentket ch, Version 5.09/ Septenber 2001, Advanced Chem stry :

Devel oprent, | n&Ve havo nowtsurpriSaghydaundtbat cEtem toropemils edhilyt guerosmaref ers to a
compound cont ai nj nc %ﬁ | east 75% gf th?‘ nanmed enantionmer out of the total-
amount o CREOVRLPEREeSTE RRATET B Ayt ORYC: RetVO PRI n. I n a particul ar
enbodi ment ,phar@idasitiheieR Hicehill abilRIi itfoatBilfy, lif vEroGRBTHN hehin petatid, Ng at

| east 90% of the naned_ enantionmer out of the total anpbunt of the two

possi bl e erfaHer Her ©XiC8lt ai ned therein. In a more particul ar embodi nent, 20
“enantioneri cal cifie i Tn fotalal g YRl 8@s{,95% of the
nanmed enanti Omk%ﬁle%ﬁ%p%gﬁg&%@@ﬁé;wn@amﬁﬂ%&égﬁg tmﬂsgg%?%%ﬂgnantlponers

cont ai ned tthie scification/fenenally tldwd therexamples ambiuied stcdumdomeralaierefaspect , t he

ol 1o (hor ipe EhoRebl BRPRA . Brbokdnend HePetbmon B PR (80 er s ™ ©
thereof , onrshi€l is RbBoLHAY By rofRensed Hedi® fifr its adnplhoyiciEBiRall shacteRMmamédd

2006/ 014133 PCT/ SE2005/ 001186, 3 O i
and rules on naming chermical structures. Optionally, a name of a compound may be

generated using a chemical naming program: ACD/ChemSkeich, Version
5.09/September 2001, Advanced Chemistry Development, Inc., Toronto, Canada.
15 "Enantiomerically pure" refei*s to a compound containing at least 75% of the
named enantiomer out of the total amount of the two possible enantiomers contained
therein. In a particular embodiment, "enantiomerically pure” refers to a compound
containing at least 90% of the named enantiomer out of the total amount of the two
possible enantiomers contained therein. In a more particular embodiment,
20  "enantiomerically pure" refers to a compound containing at least 95% of the named
enantiomer out the total amount of the two possible enantiomers contained therein.
7 "Walm-blooﬂed animal" includes human.
In one aspect, the invention proirides a compound of formula I,
pharmaceutically acdeptable salts thereof, solvates thereof, prodrugs thereof,

25  diastereemers thereof, one or more enantiomers thereof, and mixtures thereof:



N JI I NHZCNQ1 F 1 1In one enbodinent, the conpound of the invention
may be selected from 00O / V1 NH12r NHNH NOCVY I NDC\N~ F 5 F
-pharnmaceutically acceptable salts thereof, one or nore isolated enanti onmers
thereof and m xtures thereof. In another enbodi nent, the conpound of the
inventi on WRJMOHBI4EE| ected from 0 0 / H\ | NH IN/ PCT/SE2085/Q01186" 7 NH,
NHz CND CND CND \ | \ F 10 and pharnaceutically acceptable salts thereof.
In a further enbodi nent, the conpound Qf the present invention nay be

sel ected from WO 2006/014133 PCT/ SE2005/001186 4 O /SIN 1 \ H NH,
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@

T

In one embodiment, the compound of the invention may be selected from:
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pharmaceutically acceptable salts thereof, one or more isolated enantiomers thereof

and mixtures thereof.

In another embodiment, the compound of the invention may be selected from:
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10 and pharmaceutically acceptable salts thereof.

Tn 2 further embodiment, the compound of the present mventlon may be -

selected from:



CND and pharmaceutically acceptable salts thereof In a further enbodinent,

t he conmpound of the present invention nmay be selected from O NHz N F and
pharmaceutically acceptable salts thereof. 5 In a further enbodinent, the
conmpound of .the present invention nmaybe selected from fO/C NHz F and

phar maceunambi/yi4sscept abl e salts thereof. In a furthetCeSH0E00ERE, the
conpound of the present invention nmay be selected from

4-{(S) - (3-am nophenyl ) [ 4-(4-fl uorobenzyl) pi perazi n-1-yl ] net hyl } - N\ 10

di et hyl benzam de; 4-{(R)-(3-am nopheny¥)[4-(4-fluorobenzyl) pi perazin-|

yl ] nmet hyl } N, N- di et hyl benzami de; 4-[(R)-(3-am nophenyl)[4-[(2-

f1 uoropbenyl ety | - ~pi perazi nyl ] nethyl]-NN\-di et hyl benzam de; 4-[(R)-(3--
am nophenyl) [ 4- [ fllya @henyl )net hyl ] -1-pi perazi nyl] methyl]-NN-diethyl -
benzami de” and phar mjceut [*tal |y acceptable salts thereof. 15 In an even
further enbodi nment Rghe conpound of the present invention may be selected
fromenantionerica pure 4-{(S)-(3-am nophenyl)[4-(4-

fl uorobenzyl ) pip in-1-yl]methyl}-NN-diethyl benzam de; enantionerically
pure 4- {(R - (3: nophenyl ) [4- (4-fl uor obenzyl ) pi perazin-1 -yl ]methyl}-NN WO
20061014133 PCT/ SE20051001 #&6phasmageatically seseptehicsalis thergpt i omerical |y pure

4-[ (R) - (3-am no I Q@ﬂ%ﬂ yl]

methyl]-N, N-di e'l?lkh]E nzamcgﬁmrgntgél)tE rlﬁclc:% &/’Rﬁ‘)é%)dl‘jrn}eveﬂl!l(5}%1%%ep

4-1(R) - ( 3- ankttoqbfremyl )[4-[(3-fluorophenyl) et hyl]-1-pi perazinyl] :

met hyl J-N, N- dbet hyl benzam de and pharnmaceutically acceptable salts thereof.
51t wll’ od t hat when conpounds of the present invention contain
one or i , the conpounds of the invention may exist in, and
be : ' '

and pharmaceutically acceptable salts thereof, -
5 In a further embodiment, the compound of the present invention may be

selected from:

s
54

In a further embodiment, the compound of the present invention may be
selected from 4-{(S5)-(3 -aminOphenjrl) [4-(4~ﬂuofobenzyl)piperazin- 1-yl}methyl}-N,N-
10 diethylbenzamide; 4- {(R)—(3—aminopheny1)[4-(4»ﬂuorobenzy1)piperazin—1;
yljmethyl}-N,N-diethylbenzamide; 4-[(R)~(3-aminophenyl)[4-[(2-
-fluorophenyl)methyl]-1-piperazinyl] methyl]-N, N-d1ethy1benzam1de 4- [(R) -(3-
aminopheny){4-[(3-fluorophenyl)methyl]-1-piperazinyl] methyl] N,N-dlethyl-

and bhannaceutically acceptabk: salts thereof.

benzamide and pharmaceutically acceptable salis thereof,
15 In an even further embodiment, the compound of the present invention may be
selected from enantiomerically pure 4- {(S)-(3-aminophenyl)[4-(4- _
fluorobenzyl)piperazin-1-yljmethy! }-N,N-diethylbenzamide; enantiomerically pure 4-
{(R)-(3-aminophenyl)[4-(4-fluorobenzyl)piperazin-1-yljmethyl}-N,N- |




isolated as, enantioneric or diastereoneric forns, or as a racem c m xture.
The present invention includes any possible enantioners, diastereoners,
racemates or mxtures thereof, of a conpound of Forrmula |I. The optically
active forns of the 10 -conpound of the invention nmay be prepared, for
exanpl e, BY0 2W6/PIAI33chr omat ographi ¢ separation of a r aRERISR2005/001186y Nt hesi s
fromoptically active starting materials or by asymetric synthesis based
on the procedures described thereafter. It will also be understood that
certain conpounds of the present invenfion may exist in solvated, for

exanpl e hydy. as. wel |l as unsol vat oL,ns.. It wll further be 15
undtranr) stooé éﬁgﬁgﬁ%@“ﬁﬁ%}éﬂtﬂo@%féﬁfP‘Hﬁggﬂ@ﬁﬁ%‘g@ie’&ﬂ}mi ¢h sol vated forns of
t he conpounsopdbnylfetiy0F Mpiparakiny Winidfiyl]- ¥ AedisGoPenAiidd) endnfiveetidaig are al so

salts of the compounds of_ the fornmul neral ly, pharmaceutically

| Ge
accept abl e R¥t 4- 3%@@@6@%[9[%E(3tﬂliéfo_gh%’aﬁlethYﬂnb@ﬁFﬁa@ﬁyl&ﬁVﬂWQ"fBM ai ned
using Stancgl 1@&&%&9%ﬁ§%%h§}35ce§§§a‘ﬁg)?g%6faﬂfes@ﬁﬁhﬁ{(;pf. 20 exanpl e by reacting

a sufficien asi c conp ] e an a amne wth a suitable
acid, for exanplewilHielunderstacdthatwhai dmpoondsfol diethresepthiysdntibn gontaih | y
acceptable anion. |t al o be possi bl e.to make a correspondi ng al kal i
met al (sucHt&ET %Eﬁc@ﬁﬂﬂ‘%é@fsa iCBW’Pg‘B}dSP {hﬁill}}'ﬁflhq;}m%)he?gqitk%ap‘gge earth net al

(such as a jgakicd WIknadabtheYorldifRk iR forrRNRON AGa il PgxtReggat i nvention
having a suitably acidic proton, such as a 25 carboxylic acid or a phenol

with one ecuésgalinyantion inghrded duaipossitele santpmes kdipstereomers.trhcemates ot hydr oxi de or
al koxi de (s t hoxi de_ or t hoxi or.a._suitably_.hasic organic
htngcngc?ﬁthrQ& c?fta coﬁnéag u‘?r? eo)tm}lﬁ)iag‘ﬁé %%cg][]]% a%ggif(?ﬁs 0{ 2

am ne (such as chol'Ine or | owed by
convent ifonadonfputind dfaeled inGhtion alayibe peparell fod @) by chiedl ichrobfatgephieound of
formul a | above, may be converted to_a 30 pharmaceutjcally, acceptable salt
or sol vat e SCHEREREOL agagemate, by,gynihesis frogygpiical oﬂct%ﬁa%lasfnateg\a@rer BE a

- hydrochl or iﬁfmm@mrs%&mﬂﬁed RS PRRLRiresR &L SthefcABY 2t €, 1l eat e,
tartrate, citrate, hethanesul phonate orp-toluenesul phonate. WO 2006/ 014133

PCT/ SE2005/ 001186willelsris underetood thapesutathronipoutvs of thegeesentiinveation way ar e usef ul
T S IO
rheumat @ d adeRtobd tat thepaséit ientidrSaRo@paspaiall such solvated forms of the
| compounds of the formulaI,
Within the scope of the invention are also salts of the compounds of the
formula I. Generally, pharmaceutically acceptable salts of compounds of the present
invention niay be obtained using standard procedures well known in thé art, for
20 example by reacting a sufficiently basic compound, for exampie an alkyl amine with a
suitable acid, for example, HCI or acetic acid, to afford a physiologically acceptable
anion. It may also be possible to make a corresponding alkali metal (such as sodium,
potassium, or lithium) or an alkaline earth metal (such as a calcium) salt by treating a
| compound of the present invention having a suitably acidic proton, such asa
25  carboxylic acid or a phepol with one equivalent of an alkali metal or alkaline earth
metal hydroxide or alkoxide (such as the ethoxide or methoxide), or a suitably basic
organic amine (such as choline or meglumine) in an aqueous medium, folldwed_ by
conventional purification techniques.
In-one embodimeﬁt, the compound of formula I above may be converted to a
30 pharmﬁceutically acceptable salt or solvate thereof, particularly, an acid addition salt
| such as a hydrochloride, hydrobromide, phosphate, acetate, fumarate, maleate,

' tartrate, citrate, methanesulphonate or p-toluenesulphonate.



etc. This list should however not be interpreted as exhaustive. 5 Conpounds
of the invention are useful for the treatnent of diarrhoea, depression,

anxi ety and/or stress-related disorders such as post-traumatic stress

di sorders, panic disorder, generalized anxiety disorder, social phobia, and
obsessi ve WEHRgI4LBve di sorder, urinary incontinence, PCESEDW00118§ acul ation,
various nental illnesses, cough, |ung oedenma, various gastro-intestinal

di sorders, e.g. constipation, 10 finttional gastrointestinal disorders such
as Irritabl e Bowel Syndrome and Functifonal Dyspepsia, Parkinson's di sease
and ot her notor.disorders, traumatic brain.injur Sstroke, car.dioprotection
fol | owi ng mi ocal i %eh %P:QPH‘?({S(?K?‘%%?Sﬁ%tImYeHFW %reé%%fubpﬁlbﬁmpgdﬁﬁpﬁ?gl nl,o

i ncl udi ng  fdrehd treaaheie bt vadfoush4i BeMditidhk §@hial @hrofieipaind n@depaelipdindr ug abuse
and for disorders of the synpathetic nervous system for exanple :
hyper t ensi aHite pag, canesoRavaPaircansed by shesmafoithalrdisumigraine. yiscerghnifonodul at or s,
especi al |y o Ofnis Al OI MG GBS SlerpRHfhs B 1 LS, Tor skin grafts,
organ transpl ant s and simiar _surgllga needs, fof collagen diseases,

vari oussal | er gi €anpdunds ofsthe avemtivini ard apetiul fordlgetndatmerd od dianhoeayi r al agents.

Conpounds qf the inventiaqn are useful.in di sease states where degeneration
or 20 dysAEREHIBARSEDIST 4 et ES FEORer SRR RPSHFRURF MESt od [ n ¢ hat

paradi gm  FibReABYAnic cﬁt‘bﬁie‘z‘,egehélﬁliééa%nﬂfa?ri@s%}déﬂi s68ihl phobAPAd Beks¥igE Si ons of the
conpounds of the invention in diagnosfic techniques and inaging

appl i cat i opempiEye disorgmsininagnineentingresnpreoaibts cigiatiopPETpUs Memgounds of t he

i nvention al ' . ri wen:general

anaoat hosi E rekty SPa ACURAT PN pafltpbele Bl cliifabidy RIS U

di fferent Amoperl iBgoiatestinl tRordasatc B IaitibleBewel HalmneandFusdtioasit s needed

to maintai the gnaesthetic state (e.q. ammesia, anal gesi.a, nuscle
rel axat | opBé(FRfP%l%g’éfal?’bSH?.Sd‘SFﬁE pEHs RO HLEOTAaH HEEG o 8Phhal ed
anaest het i gigoke RNGHbEStionNHbWink IntiSchrdial MMFCABH SEinhBiljly Atd@he and opi oi ds.

30 Wthin the scope of the invention is the use of any conpound of formula I
as def i nesddigiipneinelyding the trratidns ef alpahob picgting @pigithandiothondruzaber014133

PCTI SEZOOS&IQ&P%OE'&?%@ZJ:S%% 12 s%bﬁh&ictrﬁﬁmﬁg %@f\enpifor E&%ﬂl@ﬂﬁ%ﬁgﬁﬁ&l s the use of

any conpoun
15 Compounds of the invention are useful as immunomodulators, especially for

autoimmune diseases, such as arthritis, for skin grafts, organ transplants and similar
surgical needs, for collagen diseas es; various allergies, for use as anti-tumour agents
and anti viral agents. |
_ ~ Compounds of the invention are useful in disease states where degeneration or
- 20 dysfunction of opioid receptors is present or implicated in that paradigm. This may
involve the use of isotopically labelled versions of the compounds of the invention in
diagnostic techniques and imaging applications such as positron emission tomography
- (PET).
Compounds of the invention are useful as an analgesic agent for use during
25  general anaesthesia and monitored anaesthesia cafe. Combinations of agents-wifh
different properties are often used to achieve a balance of effects needed to maintain
the anaesthetic state (e.g. amnesia, analgesia, muscle relaxation and sedation). |
Included in this combination are inhaled anaesthetics, hypnotics, anxiolytics,
n{:uromuscular blockers and opioids. |
30 Within the scope of the invention is the use of any compound of formula I as

defined above for the manufacture of a medicament.



i nvention for the manufacture of a nedicanent for the therapy of pain
including, but not limted to: acute pain, chronic pain, neuropathic pain,
back pain, cancer pain, and visceral pain. 5 Also within the scope of the
invention is the use of any conpound of the invention for the manufacture
of a medi M4MMEOEEE t he t herapy of anxiety, including, PCHSR2005001186 i ted to:
soci al. phobi a, general anxiety disorder, acute anxiety. Also wthin the
scope of the invention is the use of any conpound of the invention for the
manuf acture of a medi cament for the tHerapy of depression. 10 Also within

the scope of the.inuention is e.use.of. any coppound of i nvention for
t he manuf actureggf’wé&’% Fé%ﬁk&%?ve @Fﬂﬁ‘ﬁﬁ?%ﬁ’%&ww{@@% di sease.

Al so wit hi vkigonSeofe ndhufabigrd dhaanddi@mehsot 1he thsHyt paiRindidifig) @ueonpounds  of
the present invention, for the manufacture_ of a_ nedicament for the treatnent
of any of DPHENiEdieriacisRIingrlyenis paig. neyewpathicming backnaine cansspiain, a8d t he
invention is. g nBfhod for the treatment of a subject suf fering fromany of
t he conditions discussed above, whereby an effective anount of a conpound
of the present Abeerithirothe seopeadtheinehisreld theausa opatyl cenipouml sftkel of such

treatnment. .Thus,- the i nvention provjdes c ound qf fornula.,l, or
phar maceut PR .fIm?@e appistH o adgdicagien {@\g%rqm BBHEYHECIHENg; nbef or e

defined fokuiiR@limited REERR photia, LBRerAQRLBY diRkddNRuRBRIBAL Speci fication, the
“term "therapy” al so includes "prophylaxi's" unl'ess theré are specific.

i ndi cations to flse vathin ﬂlaﬁﬁjﬂpﬁvﬁﬂletﬁéiemiorl'iﬁﬂ}?ﬂ&peﬁmY?lbﬁ@nmd'Qﬂ’ibﬁr apeutical | y"
shoul d be 'ﬂﬁﬁﬁo%eiﬂr ﬁ‘éﬁ%ﬁﬁ'ﬁaﬁﬁ}eyof 2 MGlSE for ﬁi@%‘? of\%]ér Isfhot he context of
urt her 0 er

t he present i'nvention enconpasses n Nl an effective
amount 10f a conptsurdthid the beoppof deiivehtioteis theane of anyrdotripgaddof the t her a

pre-exi'sting di.sease statg, acute of chropi.¢c, Or a recuyrri condition. This
definition? g@%ﬁ%@ﬁﬁ%&é&%%&@?@@ﬂe@ ‘orie ey qu’_?“’ _@Q’gﬂ{spﬁﬁ- of
recurring CondAlsb%%i@ﬂlhgs%gfofﬂié%ehﬁ&f@%Js@ﬁ%&@&%&o@lp%&ﬁﬂ%s- In use -

for therapy in a warm bl oodéd ani mal such as a humman, the conpound 30 of
t he i nvent iterprerayt ineentionrifen the manifagtiretof e mredicamett for the rodmentoany of _

pher eceut elnaBgPRL AR ony, Coul e | I uding orel [y Fntramiscularly
15 A further aspect of the invention is a method for the treatment of a subject
suffering from any of the conditions discussed above, whereby an effecti\}e amount of
a compound of the present invention, is administered to a patient in need of such
treatment. | ' |
Thus, the invention provides a compound of formula I, or pharmaceutically
20 acceptable salt or solvate thereof, as hereinbefore defined for use in therapy.
| In the context of the present specification, the term "therapy” also includes
"prophylaxis" unless there are specific indications to the contrary. The term
"therapentic" and "therapeutically" should be contrued accordingly. The term
"therapy" within the coniext of the present invention further encompasses to
25  administer an effective amount of a compound of the present invention, to mitigate
either a pre-existing disease state, acute or chronic, or a recurring condition. This
definition also encompasses pi‘ophylactic thérapies for prevention of recurting |
conditions and continued ﬂlei'apy for chronic disorders.
In use for therapy in a warm-blooded anima] such as a human, the compound

30  of the invention may be administered in the form of 2 conventional pharmaceutical

composition by any route including orally, intramuscularly, subcutaneously, topically, - A



8 intranasally, intraperitoneally, intrathoracially, intravenously,

epidurally, intrathecally, intracerebroventricularly and by injection into
the joints. In one enbodi ment of the invention, the route of adm nistration
may be orally, intravenously or intranmuscularly. 5 The dosage wi |l depend

on the route of admi nistration, the severity of the disease, age and wei ght
of the pa%‘{%%{’{’“%‘ﬁb“ot her factors normally considered bRCE$K0054p1180di ng

physi ci an, when determ ning the individual regi nen and dosage | evel at the
nost appropriate for a particular patient. Additionally, there is provided a
pharmaceutical conposition conprisi ngga 10 conpound of the present

I nvention, : g Lcalily able salt thereof,
in associ a{n?.géléé%ﬁﬁl@pgﬁggﬁg ’cel%ﬁ%]%(g%{t}gg%ﬁ@gflg’ gdri%ﬁg}f‘ Particul arly,

t here is pnteihdedlyanpriararesenticdatly eihposjetii@nntahpioigs.ng a conmpound of the

present invention, solvates thereof, or, a pharmaceutically acceptable salt
thereof, in ass‘gd)ﬁlﬁf’ﬁnhﬁ‘%we?tﬁ’f edﬂ‘éq“#ﬁ’&’é‘ﬂﬂogﬁqu)%%%ﬁﬂp%méy E%Plfa r for
therapy, 1paRneuddRbt infthddchieifor therapy of pain and anxiety. Further,
there is provided a pharmaceutical conposition conprising a conpound of the

present3 i nvent i Big,dosagevit] elspand on dlesf routsof adipinistrabiere thei sewdrity oftbeept abl e.  sal t

thereof, ip | atq ] a rmaceutd cal |y ageept abl e.caprier use in
any of the&s%%‘%%g% ig%invgé}%w sotgghse ggﬁgg%n@%tgerz%&&rg rn%B’E‘éei@a"?’Pﬁge"ﬁ%@ ceuti cal
conposi t i oftgentling Fhididar; ohipn detednitihg tHe ifdividoyesdimen and dhde lepat @ceut i cal |y
acceptable carriers can be eifher solid and liquid. Solid form preparations
i ncl ude poWaEABPIOPUNE & PagicllsEPAieBt- ¢ granul es, capsul es, cachets, and
Suppositori es. Audifbaly (B il PhAlfeRfical oA cAAGASne yhi ch may al so
act as diluents, 25 tlavoring agents, solubilizers, l[ubricants, suspending
agent s10 bi edeprosmd of the atesent indiegtion; edjvadtsi theyeelgerst pharmacetioally begsploblean

encapsul atihg, material ..l.n poywers, the. carrier .i.s a.finely divided solid,
which is i%]altgtb?ﬁe&ffﬁ’rags%abﬁns’ﬁ%% p?j WP@F?&&%[\M %S%Pt%bé?’rﬁ%ﬁﬁrd of the invention, or
the active conprurgdilarlyl, thetedbpiviled b pRarncdutivsl copppatigndompgisiipeed Wi th the
carrier having the_necessary binding properties _in 30 svtﬁtabl e glroportions
and conp acfeppqued pfibe gﬁsé% Inyeptian, sqlv F1EQf; Or a pharmaceutically acceptable

salt thereof, in association with a pharmaceutically acceptable carxier for therapy,

15 more particularly for therapy of pain and anxiety.

Further, there is provided a pharmaceutical composition comprising a
compound of the present invention, solvates thereof, or a pharmaceutically acceptable
salt thereof, in association with a pharmaceutically acceptable carrier use in any of the
conditions discussed above. |

20 . For pteparing pharmaceutical compositions from the compounds of this
| invention, inert, pharmaceutiéally acceptable carriers can be either solid and liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
pacheté, and suppositories.

A solid carrier can be one or more substances, which may also act as diluents,

25 flavoring agents, solubilizers, lubricants, suspending agents, binders, or table
: disintegrating agents; it can also be an encapsulating material.

In powders, the cartier is a finely divided solid, which is in a mixture with the
finely divided compound of the invention, or the active component. In tablets, the
active component is mixed with the carrier baving the necessary binding properties in

30  suitable proportions and nompacted in the shape and size desired.
For preparing suppository compositinns', a low-melting wax such as a mixture

of fatty acid glycerides and cocoa butter is first melted and the active ingredient is



For preparing suppository conpositions, a |lownelting wax such as a m xture
of fatty acid glycerides and cocoa butter is first nelted and the active
ingredient is WD 2006/ 014133 PCT/ SE2005/ 001186 9 di spersed therein by, for
exanpl e, stirring. The nolten honbgeneous mi xture in then poured into
conveni entW@pWed144Esul ds and al l owed to cool and soli di PT/SBMI@IISe carriers
are magnesi um car bonate, nagnesium stearate, talc, |actose, sugar, pectin,
dextrin, starch, tragacanth, nethyl cellul ose, sodi um carboxynethyl 5
cellulose, a |lownelting wax, cocoa bufter, and the like. The term
conp05|t|on is. a ded to includ the mul ation of the active
component Wik Eh BT h AR G et sl FOp BB B Bboute i n
whi ch the mfad\iﬂoeomﬁi&mzeﬂmduﬂuscmdmmm cobled sglatifyl ers) is surrounded
by a carrier whigch s thus in aSSOCIatIOH with it. Slnllarlégécachets are

Cincluded. 10 TatSiztle caspGy arednagnss iR Ccarbonaie) NagReTHTR Stearals, 1ls, [38tesR. as sol i d
dosage for 0 n ositions

i ncl ude solrgg %gcaﬂgigggﬂe]h%?glﬁf%ag%%’ terén%lﬁr gflgegﬁis&e Ebﬂ%%gfgg% é%ﬁl}g'f)erl | e wat er
or waters prcwbylbmweIcgnk—ymhingwbcudsqcombuttﬁ ant ¢hedidei ve corrpounds may be liquid

preparations suitable f.or rent raI nistra conposi tions
can al so be for e FWO ?Ihltsl ﬂlri‘tﬁ‘a‘gg] 'Sﬁ]é‘d?)gﬂ 3%‘?‘?1‘%@ 813)98%6 sol uti on.
Aqueous  sol détripeisnt vah eﬁéa@hulaﬂ@rﬂat&mau@m&aﬁoﬁ&n h%@ﬁbﬁfédn%xdﬂ'tﬁ@m ving the
active conponent in water and addi ng suitabl'e col orants, flavoring agents,
st abi | | zer sctiveygmnopent KeHh arwithah phicrenrims)iy auroundidy casiss jéigiions for or al
use can be aps\é % Mpﬁrginﬁ%r hgacﬁ‘%tgl fidelded active conponent in

wat er together th & VI Scous such as natural synthetic gums,

resi ns,10met hyl dhbletsL poaders oa:hhetm and aafoley rat eydsed ad dolitl desage fmabs ot her

suspendl ng ag to the pharmaceutical formulation art. Depending on
t he mode of® w%?ﬂré’fﬁ%’ﬂﬁ %% phar maceutical composition 25 will

preferably incl udguid Fm Rnp5Sis® M soREbnS; SikpettiondindRinulsidiBY Bor ef er ably
fromO0.10 to 50%v, of the conpound of the_ invention, all percentages by

wei ght  bei qa@mg]@sggplg watep pawatg@ﬁg@gmei ghyeol solutions of the active compounds
may be liquid preparations suitable for parenteral administration. Liquid

15  compositions can also be formulated in solution in aqueous polyethylene glycol
solution.
Aqueous solutions for oral administration can be prepared by dissolving the
“active component in water and adding suitable cblorants, ﬂavoring agents, stabilizers,
and thickening agents as desired. Aqueous suspensions for oral use can be made by
20  dispersing the finely divided active component in water together with a viscous
material such as natural synthetic gums, resins; methyl cellulose, sodium
carboxymethyl cellulose, and other snspending agents known to the pharmaceutical
fbrmulation art. '
Depending on the mode of administration, the pharmaceutical composition
25 will preferably include from 0.05% to 99%w {(per cent by weight), more preferably
from 0.10 to 50%w, of the compound of the invention, all percentages by weight
being based on total composition.
A therapeutically effective amount for the practice of the present invention
may be determined, by the use of known criteria including the age, weight and
30  response of the individual patient, and interpreted within the context of the disease

which is being treated or which is being prevented, by one of ordinary skills in the art.



“AtherapeuticallTy effective amount for the practice of the present invention
may be determ ned, by the use of known criteria including the age, weight
and 30 response of the individual patient, and interpreted within the
context of the disease which is being treated or which is being prevented,
by one of (nary.skills in the art. W 2006/ 014133 R 1186 10
In a furtﬂgiﬂgggé%?, the present invention provides.alﬁé%ﬁgﬁggﬁﬁgfeparing
the conpounds of the present invention. In one enbodi ment, the invention
provi des a process for preparing a cquound of formula I, conprising: O~ \
I /11 £/ N2 1NH2 (N CNDNIQ '"i"Q F 5 F "nitro internediate" |
reacting N, N- di Bidtthéabfedt, e froRREnydnliod piowes aictul orBleBiidchanzan de with
R-CH2X or RRCHO to forma nitro_ internediate conpound; reducing said

i nt er medi afEMRBABLRATAC DcteRt ivertiopabl e reduci ng agent, 10 wherein Ris

sel ected from 2¢f - -f . enyl; and X is
sel ected from &ndn?%fn@?&ﬁfégrghe?ﬁ)eég% &gﬂgw@@g%ﬁg%ﬁ %t%é?g QI n one
enbodi ment commmiugdd vEfbuaulad, egerisingpy be sel ected from hydrogen,  zinc and
“iron. 15 In another enbodi ment, said N, J\- di et hyl - 4-[ (3-nitrophenyl) (1-

pi per azi nyl) net h | ] benzam de nmay be seljected from N, N-di et hyl -4-[(S)-(3-

nitrophenyl) (1- @

ni trophenyl }(4s+

)
N
F
5 F : ' "nitro intermediate”

I
reacting N, N-diethyl-4-[(3-nitrophenyl)(1-piperazinyl)methyl]benzamide with
R-CH3X or R-CHO to form a nitro intermediate compound;

reducing said intermediate compound with a suitable reducing agent,
10 wherein
'R is selected from 2-fluorophenyl, 3-fluorophenyl and 4-flnorophenyl; and
X is selected from Cl, I, Br, -OTs (tosyl) and ~OMs (mesylate). '
In one embodirent, said reducing agent may be selected from hydrogen, zinc and
iron, , e .

15 In another embodiment, said N,N-diethyl-4-[(3-nitrophenyl)(1-
piperazinylymethyiJbenzamide may be selected from N,N-diethyl-4-[(S)-(3-
nitrophenyl)(l -piperazinyl)metﬁyl]benzamide and N,N-diethyl-4-[(R)-(3-
nitrophenyl)(1 -piperazinyl)methylibenzamide.

In & further embodiment, R may be 2-fluoropbenyl; and the compound of
20 formula I may be 4-[(3-aminophenyl)[4-[(24ﬂuoropheny1)methy1]-1-pipérazinyl]
methyl}-N,N-diethylbenzamide. |
_. In a farther embodiment, R may be 3-flucropbenyl; and the compound of
" formula I may be 4-[(3-aminophenyl)[4-[(3-flucrophenyl)methyl)-1-piperazinyi]
methyl)-N, N-diethylbenzamide.



In a further enbodi nent,
formula | may be :

4-[ (3-am nophenyl ) [4-[(2-fl uorophenyl) net hyl
-met hyl ] - N, N-di et hyl benzam de.
3- f | uor oploexydgi4ead t he conpound of
4-[ (3-am nophenyl )[4-[ (3-fl uorophenyl) net hyl
met hyl ] - N, N-di et hyl benzam de.

further enbodi ment, R may be 4-fl uorophenyl ;

be 4-[(3-am h 1)[4-[(4-fl I t hyl
1A o T R PCn L ol e B PG ,
present i nyenii Pﬁgﬁﬁ@zu[@ta‘%ﬁjﬁ@ﬁﬂeﬁ;‘}l §-[(45ﬂﬁb?§ﬂaeﬁﬁ§métﬂﬁ]—@{%ﬁkﬂﬁrﬁ%})

etrc routes as

be prepared accor to the 'synt

|
and 2. Sch@ﬂ‘ibﬁl]'l\f,f\édiﬂ%&ﬂ@pzalﬂﬁ'd@, oHdz C d

R may be 2-fl uorophenyl;

In a further enbodi nent,
formul a |

and the conpound of 20

]-1-piperazinyl]

R may be

may  bePCT/SE2005/001186
]-1-piperazinyl] .

WD 20061014133 PCT/ 5E2005/ 001186 11 In

and the conpound of formula I

- 1- pi perazi nyl ]
@@%Pﬁ&%@é of the

n thereof can
in Schemes 1
THF, tol uene,

ifie
BuLl ,

exe
1 OJN i

'No2 G O 1 nt M HEGHEPUSE. T copbgiidgof el Epu Mo BB R0 £ no,

N / 5

exemplified in Schemes 1 and 2.

-Scheme 1

0

" NHE,, NEt,, CH,Cl, CKK@\
/ 1

Intermediate 1

a
Di-p-toluoyl-L-tarfaric acid

O

racemic
Inteimediate 3

Di-p-toluoyi-D-tartaric acid
 E{OH

.0 . _ o
/\N
)J@\ 1. Bull, THE, toluens, -789C N O O
| . —
=
2 OH

used for the preparation thereof can be prepared according to the synthetic routes as

1. SOBr,, CH,C,

2, piperazine, MeCN

Intermediate 2

o

Intermediate 4a: {S) enantiomer
o}
T
JAGTIGN
NO,
O
N
H

Intermediate 4b: (R) enantiomer



"~NCIl /AT N Nk H (NM Internediate 4a: (S) enantioner H O racenic
~'N./ Di-p-toluoyl-D-tartaric acid J / H\ Internediate 3 EtOH NG3 CN)
Internmedi ate 4b: (R) enantioner WO 2006/ 014133 PCT/ SE2005/001186 12 Schene
2 ONX NCDN1 RI-CHOO H NaBH(QAc)3 Internediate 4a: (S) enantioner
1, 2- Di chl oWOSWMESIN 0 - / \ NH2 2) Eon nol T CNN) J pEmismemb/ooités \\at er
N2 | CNJ H3 Pd/C Ethanol R N H Internediate 4b: (R) enantioner (9S)
enanti omer. Conpound 1: R1:4-fl'uorophe1n-zyl;

N o
(Nj . 1) R-CHO
H

_ " NaBH(OAG), Q
Intermediate 4a: (S) enantiomer 1,2-Dichloroethane N Q ‘ Q
0 - ) NH,
N 2) Iron NH,Cl N
) - Ethano! THF Water [ j
: NO, N
e

Scheme 2

or
N H, Pd/C Ethanol
() | R
N .
H
intermediate 4b: (R) enantiomer (8) enantiomer:
Compound 1: Ri=4-fluorophenyl;
{R) enantiomers: '
Compound 2: Ri=d-fluorophenyl;

Compound 3: Ri=2-fluorophenyl;
Combound 4: R'=3fluorophenvl.

BIOLOGICAL EVALUATION AND PROPERTIES

The compounds of the invention are found to be active towards & receptors in
5  warm-blooded ‘animal, ¢.g., human, Particularly the compounds of tlie invention are
 found to be effective § receptor ligands. In vitro assays, infra, demonstrate these
surprising activities, especially with regard to agonists potency and efficacy as
demonstrated in the rat brain functional assay and/or the human & receptor functional
assay (low). This feature may be related to in vivo activity and may not be linearly
10 borrelated with binding affinity. In these in vitro assays, a compound is tested for
their activity toward & réceptors and ICsp is obtained to determine the selective _
activity for a particular compound towards 8 receptors. In the current context, ICs
generally refers to the concentration of the compound at which 50% displacement of a
standard radioactive & receptor ligand has been observed.
15 The activities of the compound towards k and p receptors are also measured in

a similar assay.



(R) enantioners: Corrpound 2. Rl=4-f| uor ophenyl ; Conpound 3:
R =2-fl uorophenyl ; . Conpound 4: R1=3-fl uorophenvl. Bl OLOG CAL EVALUATI ON
AND PROPERTI ES The conmpounds of the invention are found to be active towards
S receptors in 5 warm bl ooded animal, e.g., human. Particularly the
conmpounds ph 609/@ gfvention are found to be effective &fﬁﬁﬁ%@ﬁmkl gands. In
vitro assays, %ra denonstrate these surprising activities, especially
with regard to agoni sts potency and efficacy as denonstrated in the rat
brain functional assay and/or the humagyS receptor functional assay (low).
This feature may be related to in vivo activity and may not be linearly 10
correl at ed Injvitho ipdels ng affinity. In these in vitro assays, a conpound is
tested for their activity toward S receptors and ICso is obtained to
det er m ne t¢ei1§§| ective activity for a particular conpound towards S
receptors. urrent context, IC50 generally refers to the

concentration of tha[no,&g‘qp nd at V\/m ch 50% di spl acenent of st andar d

radi oactive S recdp sagan}pﬁégn%%l%e CBR e 2 TP RRY vi t i es of the
conpound tomrrqslmmﬁme BRGEHVO InSudicBsioh &@7@%&5%@@ nsﬁalét m&ar assay. WO
2006/ 014133 PCI/ SE2005/ 001186 13 1In vitro nodels cul ture Human 293S

cel | s expr e¥sfaningeatien-firaRMEM10% By 5% BEB A bﬁ)sﬂlﬁﬁ@CFrf@@h@dﬁW resi stance
are grown | m@@/hon at 37C and 5% CO2 in shaker flasks 5 containing
cal ci um fre o FBS, 5% BCS, 0.1% Pluronic F-68, and 600 pg/m
geneticin. Rat Rabrmsarewvighghmd rapa inicesid PBS (watabdhgl. ABS EDDAS ai ni ng

2. 5mVl EDTA, 7.4).. Th d.wit ol yt for 30
Craty i B (TR opis S foRopen g it taprion e freB iRpeetstd o o o
phenyl met hyhgrk t30RN1 Thk UM 792, mmommﬁen@ml&ﬁﬂmn&m&n&meﬁr oma 0.5M

st ock in DMBO ef hanol). "Menbrane preparation
 just prior use to 0.5MmM from a 0.5M stock in DMSO:ethanol).

Membrane ima_naration

Cells are pelleted and resuspended in lysis buffer (50 mM Tris, pH 7.0, 2.5 |
mM EDTA, with PMSF added just prior to use to 0.1 mM from a 0.1 M stock in
ethanol), incubated on ice for 15 min, then homogenized with a polytron for 30 sec.
15  The suspension is spun at 1000g (max) for 10 min at 4°C. The supernatant is saved on
ice and the pellets resuspended and spun as before. The supernatants from boﬂi spins
~ are combined and spun at 46,000 g(max) for 30 min. The pellets are resuspended in
cold Tris buffer (50 mM Tris/Cl, pH 7.0) and spun again. The final pellets are |
| resuspended in membrane buffer ( 50 mM Tris, 0.32 M sucrose, pH 7.0). Aliquots (1
20 ml) in polypropylene tubes are frozen in dry ice/ethanol and stored at -70°C until use.
The protein concentrations are determined by a modified Lowry assay with sodium

dodecy! sulfate.
Binding assays
Membranes are thawed at 37°C, cooled on ice, {or kept on ice if not used
25  immediately) passéd 3 times through a 25-gauge needle, and diluted juto binding
~ buffer (50 mM Tris, 3 mM MgCly, 1 mg/ml BSA (Sigma A-7888), pH 7.4, which is
stored at 4°C after filtration through a 0.22 m filter, and to which has been freshly
added 5 pg/ml aprotinin, 10 pM bestatin, 10 pM diprotin A if the membranes are
derived from tissue (rat, mouse, monkey, no DTT). Aliquots of 100 ul are added to
30 iced 12x75 mm polypropylene tubes containing 100 pl of the appropriate radioligand



Cells are pelleted and resuspended in lysis buffer (50 MM Tris, pH 7.0, 2.5
. mM EDTA, with PVSF added just prior to use to 0.1 mMfroma 0.1 Mstock in
et hanol ), incubated on ice for 15 mn, then honogenized with a polytron for
30 sec. 15 The suspension is spun at 1000g (max) for 10 mn at 4C The

super nat agt d on ice and the pellets resuspen : n_as before.
Qi8S - AR

The supern romboth spins are conbined and sp g(max) for
30 mn. The peIIets are resuspended in cold Tris buffer (50 MM Tris/d, pH
7.0) and spun again. The final pellets Are resuspended in nenbrane buffer (
50 MM Tris, 0.32 Msucrose, pH 7.0). A}lquots (1 20 m) in polypropyl ene

tubes are fdhdzlemlpicﬁftédﬂtompﬁinﬂfahmhs adﬂde:a:taqa@ 'ﬂitalé’? CadonbpediR.  The _
protein concenémat [ ons are_det erm ned a nodified Lowmy assay w th sodium

dodecyl sul®& Bndngses deipradned ya th R/@h@?%%@%ﬂ?ﬁ\l@@%@ﬂ@me cool ed on i ce,
(or kept ongj 9&@%3&5%@% el AR h@ita/ at??sé?(%gg mq@saﬁe?rough a

- 25- gauge nee ute into b|n t1's 3 MM Md 2, 1
‘mg/ M BSA (vﬂug,}lm@&hﬁéiﬁﬁt):ms pHd 17pidly vmbmmhﬁltsred suicowadledtvith @bafttizr filtration

;Bi 8? ?EI ﬁ % rwféggom“%isgé}# H%isb\?’ ?@ﬁwéélégﬁ‘bﬁé}hgg%i&@% gg/r imved from
tissue (rat Frdﬁ@dk'é@&’oraﬂléa@fmn{)f%'pi%s%ﬂ@l&fem%ﬁ@ Thexb@ioaddag to 30 iced

12x75 nmm pol ypropyl ene tubes contai nin of the ap ropr| ate radioligand
WO 2006/ 0144D58) m@%ﬁ@ms’@%@@mah@@cgﬁn@fﬁ@e issisdiliess at vari ous

concentrat 'fgpﬁéeazpfﬁlm ﬁiﬂﬁhﬁﬁ%@ﬂﬂﬂ\%‘f hafl L&intil A%l§)1 ﬂlaicp qf @n? a@srag_hsds%{ mned in |

t he absence and presence o oxone  respective es are
“vortexed and9bptachdéspdveil plﬂsd;tﬁecﬁluﬁﬂ)nisomr B6-phdct @EI—smﬂieottmﬁltem, the contents

are rapjdly cuumfllte out 12 5 ed wash
bt  er 050 TR s il s | e ery BN Teaees en it £5°6 S i Shfmn)
presoaked ffﬁferﬁ!ateb%ﬁiouﬁ@did’h'ﬁ) &myﬁh@hﬁé}%} E@O pTMS—E@dI oactivity
(dpm) retained on the filters is neasured with eta counter after soaking

the filter sscmFIB@twatﬂql%f@ltl InAhe page pf appays ﬁP@O@IﬁQﬂ%P% Hegp veliplates, g nti | | ati on
s over o6 ore Bl 8 eyl RpH IR S gRERRIE Lo B Bt 0 5 1
wash buf f erDeltanshddr pcant displapmentenrvat in3bd:ase pf . and Kappa. The assay is
15  done in 300l with the appropriate amount of membrane protein (2ug, 35ug, and 1ug,
in the case of Delta, Mu, and Kappa, respectively) and 50000-80000 dpm/well of the
appropriate tracer (1251-Deltorphin II, 1251-FK33824, and IZSI—DPDYN for Delta,
Mu, and Kappa, respectively). The total binding and non-specific binding are

determined in absence and presence of 10pM of Naloxone. .

20 Functional Assays

- The agonist activity of the compounds is measured by determining the degree
to which the compounds receptor complex activates the binding of GTP to G-proteins
to which the receptors are coupled. In the GTP binding assay, GTP[y)*S is combined
with test compounds and membranes from HEK-293S cells expressing the cloned

25  human opioid receptors or from homogenised rat or‘ mouse brain. Agonists stimﬁlate
GTP[y]”S binding in these membranes. The ECso and Ep.y values of compounds are
determined from dose-response curves. Right shifts of the dose response curve by the
delta antagonist naltrindole are performed to verify that agonist activity is mediated
through delta receptors. For human 3 receptor functional assays, ECsp (low) is

30 measured when the human receptors nsed in the assay were expressed at lower

levels in comparison with those used in determining ECso (high). The Eray values



filter plates are counted in a TopCount (Packard) after adding 50 | Ms-20
scintillation fluid/well. In the case of assays perforned in 96 deep well

pl ates, the 1C50 of conpounds are evaluated from 10-poi nt di spl acenent
curves in the case of Delta, and 5-point displacenment curves in the case of
Mu and Kappa. The assay is 15 done in 300g1 with the appropriate anount of
menbrane‘g 3PeOIBDg, 359, and 1g, in the case of DelPCESENMISOEEE Kappa,
respectively) and 50000- 80000 dpnmiwel | of the appropriate tracer

"~ (1251-Deltorphin 11, 1251-FK33824, and 1251-DPDYN for Delta, Mi, and Kappa,
respectively). The total binding and rién-speci fic binding are determned in
absence an [ RREAGS ENEghHI QN Ehe, agoni st
activity o?e%h%%comgginﬁgag%g%g%%gygﬁg etter m ?ﬁ l%d%k%ﬂé?@g%?%oe};%t o which

t he conpouadsnpendphad hasc betph efficamtthan$¥E€8@.he bi nding of GIP to G proteins
to which the receptors are coupled. In the GIP binding assay, GIP[y]35S is
conbi ned Ridckdurest ratbraoGiiEs and nenbranes from HEK- 293S cel | s expressing
the cl oned 25 human opioid receptors or from honogeni sed rat or nouse brain.
Agoni sts sti mJ|Ritﬁbraiﬁ;ﬁi%hib}a%&rbmﬁﬂeﬂgt$7‘?C%j]btﬁ§ﬂ?fmﬁ&rt&%@§haﬁl@a@@50 and Em ,
val ues of conpounds are determ ned from dose-response curves. Right shifts

of the #osblupeeslgissde eng dibuteshintheCTRE hinding (AgeMi Bapen A0mMANONE are

Pecent or o. RamRE, 4l SAIOE Shy Sl b 714 ABBRA! B BB 0 e asur e
when t he hBSAN. R0udL &Diofiml issdded merhfrenaasiiagonseTiee BGpaasEmdxaf | ower | evel s
2006/ 044138 PRSP SN T R 18900 fesecTEReRincHBEs P BRAMGHI e { e

better off ?@%ﬁ%@%@mﬁﬂ%@ﬁ@?&?@@%%&%;@P?Oé?’é’@%‘2?‘913?gi ey anes

are t haledGIPy 37 eer wab@dd -8.14nvip The hassligiv maxdBalptiogdatedbitdivgereend needl e and
diluted in,the .GIP7S, bi ndi 50 0 NaOH 10 NaCl, 1 mM
EDTA, 5 MATEEISE abspni s butspe B3 PR SRIaET TEDeshey Pl ab bR COD 1 i s

added menbpgamslle ktblyicRRessinEoreCDR e Ride iR @ne i€ QENAUDAsTRse eval uat ed

from 10- poi nt dose-response curves done in 3000 with the
buffer (50mM Hepes, 20mM NaOH, 200mM NaCl, 1 mtM EDTA, 5mM MgCl,, pH

7.4, Add fresh: 0.5% BSA, no DTT) and with a 3uM final conc. of GDP,

15  Data analysis
L The specific binding (SB)'was calcnlated as TB-NS, and the SB in the

presence of various test compounds was expressed as percentage of control SB.
Values of ICsy and Hill coefficient (ng) for i gands in displacing specificalty bound
radioligand were calculated from logit plots or curve fitting programs such as Ligand,
20  GraphPad Prism, SigmaPlot, or ReceptorFit. Values of K; were calculated from the
: Cheng-Prussoff equation. Mean + S.EM. valuc_as of ICs, X and ny were reported for

ligands tested in at least three displacement curves.



appropriate anmount of nenbrane protein (20g/well) and 100000- 130000 dpm of
10 GIP735S per well (0.11 -0.14nM. The basal and maxi mal stinmul ated bindi ng
are deternmined in absence and presence of 3M SNC80. The assay perfornmed on
HEK 2935 cells stably expressing cloned Delta receptors is done in a
slightl'y wihbepenss buffer (50mM Hepes, 20mM NaOH, ZO%I}(LW ™™ EDTA,
5mM MyCl2, pH 7.4, Add fresh: 0.5% BSA, no DIT) and w't Rﬂ |naI conc.
of GDP. 15 Data analysis The specific binding (SB) was calculated as TB-NS,
and the SB in the presence of vari Oupg t est conpounds was expressed as
percentage of control SB. Values of 1C50 and H Il coefficient (nH for
| i gands i n di sglableiirshowpsmd the blologidabdmalof ceadinabingamds wéthe ipvahtiod at ed from
logit plots or curve fittin rans such as Ligand, 20 G aphPad Prism
gl Harioe

Si gmaPl ot ,PEFUR Bsing te gpeve ABPSKi were cal cul ated fromthe
Cheng- Prussof f equation. Mean S.E.M values of 1C50, K; and nH were

reported for _ligands test in | east three splacenment curves. WO

2006/ 014133 PCTI SE2005{1001186 16 Tabl %ésoﬁmh %B%ﬁ%mb ol ogggﬁ dat a of
certain cg)rrpoamtajr@f t fesanaV ersbirdrCsoRmAS UT e (4 N e(h@mo tged |
assays. EC50h EC50h EGh0h EC50h BC50r b| (@) “{% éhlg %9' p50h nes¢hm (| ow)

(high) EChOrb (low) (hjgh) Emax |Emax Emax D T INHS Y. 687 524 115 20.63

95.3 4.18]104, 8 22,82 [130.3| NH ([N} 8.0 >1D000 3316 [N'A N'A 100. 3 89. 09
465.9 66.32) RLL,

ENj 0.587 | b524 715 120863 95.3 418 | 103.8 | 2282 ] 130.3
N
i g
o
~N
pastioW
N

8.80 |>10000| 3316 | N/A | N/A {1003 | 89.09 | 465.9 | 66.32

0.717 | 7258 | 2262 | 48.10 | 89.96 | N/A N/A N/A | N/A

()
fog
&
54
0

1.08 | 5767 | 2736 7742 |84.44 | NA N/A | N/A | NA

3

5  N/A: not available

Receptor Saturation Experiments

Radioligand Ka values are determined by performing the binding assays on
cell membranes with the appropnate radioligands at concentrations ranging from 0.2
to 5 times the estimated K (up to 10 times if amounts of radioligand required are
10  feasible). The specific radioligand binding is eXpress_ed as pmole/mg membrane

protein. Values of K5 and Bmax from individual experiments are obtained from



u~ NHS (N) 0.717 7258 2262 48.10 89.96 VA NA NANA F NNIi 1.08 5767
2736 77.42 84.44 NA NANANA I\ F5 NA not avail able Receptor

Sat urati on Experinments Radioligand Kg val ues are determ ned by perform ng

t he bi ndi ng assays on cell nenbranes with the appropriate radioligands at
concentrations ranging from0.2 to 5 tines the estimated Kg (up to 10 tines
i f anpumiczéomedi ol i gand required are 10 feasi bl e) . PCAHE28058811F4 ¢

radi ol i gand binding is expressed as pnol e/ ng nmenbrane protein. Val ues of Kg
and B. fromindividual experinents are obtained from W 2006/ 014133

PCT/ SE2005/ 001186 17 nonl i near fitsldf specificall y bound (B) vs. nMfree

(F) radioligand_fr uaI cCco 0.a.0 ite

Det er mi ndtoPpRcapfits EIPF& B’a quﬁ wﬁ%‘%@%ﬁﬁaﬁ% h"ﬁi‘r“‘%g‘éatll ng is

per f or med;cBatigeHa B gg,g(mgl 16 00h using the nethod descr| bed 5 by Chapl an
et al. (1994). Rats are placed in Plexiglas cages on top of a wire nesh

bott om W&mgtgﬂ@gg&ﬁ% %go%gglg%ﬂégvg@glegﬁeﬁ ft to habituate for 10-15

mtt. The nd paw, avoiding the |ess

sensitive foo n Frey hairs
with |ogarit e ﬁfgﬁi‘lpgﬁ‘%‘r‘%@%@ 6@@&@@%&6@%‘%@? ’b‘?@%‘?&f % 2.04, 3.63,
5. 50, 38. Sy, Cleptinkballd 994)aRats até plecteﬂlmglexigllds,cagda ohﬁz@of a'Rh@e megh Fr ey hair is

applied from under eat h the sh flo endi cul ar t.he plantar surface
with suf fhodpEvhiehg l?éVStaﬁceé%ﬁ? %@%l@fgﬁﬁeq abﬁbat%@ﬁ ﬂéé MipeThaw, and hel d

for approxi el @diéﬂ@st% ﬁﬁé}%&hﬁd %'%i&gﬁ@[b@@&%ﬁ i%%#&ﬂl. frﬁé he paw is
sharply vmth rawn I'nchi ng | di‘ately -upon rem)vaef ﬁe air is also
consi der guwais tquobid wittea seeispoin® ¥on Brey bkt with lqganﬂmmallgtemcednwhalanbl guous
response, and S4B, 1.20,2.04, 3.63, 5.50, 851, and 15.14 grams; Stoelting, Il,

10 USA). The von Frey hair is applied from underneath the mesh floor perpendicular to

the plantar surface with sufficient force to cause a slight buckling against the paw, and
held for approximately 6-8 seconds. A positive response is noted if the paw is sharply
withdrawn. Flinching immediately npon removal of the hair is also considered a
positive response.  Ambulation is considered an ambiguous response, and in such

15  cases the stimulus is repeated.

TestingProtocol

The animals are tested on postoperative day 1 for the FCA-treated group. The
| 50% withdrawal threshold is determined using the up-down method of Dixon (1980).
Testing is started with the 2.04 g hair, in the middle of the series. Stimuli are always
20  presented in a consecutive way, whether ascending or descending. In the absence of a
paw withdrawal response to the initialty selected hair, a stronger stimutus is
presented; in the event of paw withdrawal, the next weaker stirnulus is chosen.
Optimal threshold calculation by this method requires 6 responses in the immediate
vicinity of the 50% threshold, and counting of these 6 responses begins when the first
25  changein response oceurs, e.g. the threshold is first crossed. In cases where
thresholds fall outside the range of stimuli, values of 15.14 (ﬁormal sensitivity) or
0.41 (maximally allodynic) are respectively assigned. The resulting pattern of positive
and negative responses is tabulated using the convention, X = no withdrawal; O =

withdré_wal, and the 50% withdrawal threshold is interpolated using the formula:
30 50% g threshold = 10%°*%) / 10,000



15 cases the stimulus is repeated. Testing Protocol The animals are tested
on postoperative day 1 for the FCA-treated group. The 50% w t hdr awal
threshold is determ ned using the up-down nmethod of Di xon (1980). Testing
is started with the 2.04 g hair, in the mddl e of the series. Stinuli are

al ways 20 WPEeWMEPB in a consecut i ve way, whet her ascemrdirsg0sndescendi ng.
In the absence of a paw withdrawal response to the initially selected hair,
a stronger stinmulus is presented; in the event of paw w thdrawal, the next
weaker stimulus is chosen. Optimal -th8eshold cal culation by this nethod
requires nses i i medi |n|1 the 50% t hreshol d, and

In.the |
counti ng o?’{‘?rﬁ eVﬁJFé?EB’SH%Séé’O%]eﬁV ?rW’?Qr{ ogl’fglt%rlfstta AERHET N response
occurs, e. h e esholds fall
out si de th%h Pgd%géglo 1‘995')?%&1111%% Jde é:;% Elﬁ §§Fxféjg_aﬁ\}é rGé}%ﬁfe \é%lﬁsal t?l%/éih'[ y) or 0.41
(maxi nal | ydlﬁ'eﬂeﬁclsyouméenaflmuhebgaﬂits)vwese &séﬂg@ed The resulting pattern of

positive and negatl ve responses is tabul at ed_ usi.ng the _conyvention, X = no
Wit hdrawal ; 0 =VonjrentHreskalds araﬁan‘feﬁfé tronsr Rt pfaPariEPmnepdklp sitert (%

i nt er pot at 5 000 WO
2006/ 0(1%413121@{'E %F‘gs%d’%%%%%gf ligébﬁh%g%‘m %Ego'g%&%ﬁ“fg% Von Frey hair
used (log WMPE); k = tabul ar val ue (from Chapl an et al . (1994)) for the
pattern of p05| L. ( ) ] ference bet ween
stimuli (I og unb\g‘E eFe—S5 =0 4 ‘ F 5% #te converted to
percent of maxi num possi bjoﬁtr@_ffﬁleg:tolc{(’g) Elldﬂ?ﬁhthraslﬁ) I\g ng to Chaplan et al.
1994. The followi ng equation is used to conpute % % MPE = Drug

treated. tRARFAMaGod OF Test Blib@gxgi @ threshold (g X 100 Control threshold (g)
- allodynia threshol'd (g) Admnistration O Test Substance 10 Rats are

injectggl (SUbCLﬁaﬁ‘é‘ﬁgﬂxﬁéded ﬁ%ﬁ%ﬂ@&dslﬁroﬁﬁéﬁewonehl 'i &EM§15/36r gaugy ally) with
a test substance prio on Frey testing, tween admi ni stration
of test cwnbammwuaﬂmwmaovmoﬁmywm thammebehl@penﬁnmgihumvﬂtm nature of
t he test comm

&i and the von Frey test varies depending upon the nature of the test

compound.

Writhing Test .

15 Acetic acid will bring abdominal contractions when administered
intraperitoneally in mice. These will then extend their body in a typical pattern. When
analgesic drugs are administered, this described movement is less frequently observed
and the drug selected as a potential good candidate. ‘

A complete and typical Writhing reflex is considered only when the following

20  elements are present: the animal is not in movement; the lower back is slightly | '
depressed; the plantar aspect of both paws is observable, In this assay, compounds of
the present invention demonstrate significant inhibition of writhing responses after
oral dosing of 1-100 wmolkg,

(i) Solutions preparation

25 Acétic acid (AcOH): 120 pL of Acetic Acid is added to 19.88 ml of distilled water in
order to obtain a final volume of 20 ml with a final concentration of 0.6% AcOH. The
solution is then mixed (vortex) and ready for injection. .

Cdmuound (drug): Bach compound is prepared and dissolved in the most suitable

vehicle according to standard procedures.

30 (i) Solutions administration



Withing Test 15 Acetic acid will bring abdom nal contractions when

adm nistered intraperitoneally in mce. These will then extend their body
~in a typical pattern. When anal gesic drugs are adm nistered, this described
novenent is less frequently observed and the drug selected as a potenti al
good candidpdofsgrfyssompl ete and typical Withing reflexdscaaniges ed only
when the followng 20 elenents are present: the animal 1s not T n novenent;
the lower back is slightly depressed; the plantar aspect of both paws is
observable. In this assay, conpounds gy the present invention denonstrate
significant inhibition of withing responses after oral dosing of 1-100 :
gnol / kg. (i) Sollht ¢ammmupd &reg)at admniBredoeilly; inmpetitéuaDH(IF20 L of Acetic Acid

is added to .19, 88 f.distilled,water i _tp .obtai final |
of 50 m werrignrunty )t Bhtveprsnlist o BadEboiRat et dedet e thon
m xed (vor hﬁé‘e)boﬂﬁldve'iﬁn?@, B®br 40inBitck QltcordE@® Siethsé 6f dotpoukPadl igonpound s

prepared and di ssolved in the nost suitable vehicle according to standard

pr ocedur es chazgrtgristiys) gopiioitentine alheibe comapquas issslizered rontialina

PCTI SE2Q05 3 ' 1hg 0y Iy,

intr apergi té]%g%’%‘ﬁ?‘“?%?yp@sﬁ)%gu cukt{%ga%é/gaghg%/Vdg%n%gﬁ gjr“ ﬁ%ﬁ@%\%@%@%l y (i.v.)) at
10 m / kg (consi Ths AoQHtihadmiviteagiintrapedenbdy(i. p ingiato)siteOat 18@nldke 40 mi nut es
(according,to the class of conpound.gnd its, characteri.stics) prior to
Lesting. VKERSORDEbRHGHAE mice A WAsIUmERRIAY PYST 8 95HBF avent ri cul ar |y
(i.c.v.) ogihmegt@ghecal Iy (i.t.) a volune of 5 L is admnistered., The AcCH
is adm nistered intraperitoneally (i.p.) in tw sites at 10 m/k

(consi dering t h&éheammalgamonsagds ehseryedvior g peniod ¢fddniavies yndihe ormbay of est i ng.
(i) sti . Reael) [@I ' i f L nutes and
t he nu-riger 00(%81-5%( occa |r81§1®k{§ﬁlta %ﬁf%og&ﬁlgﬁﬁg%gﬁ% @ngj{rﬁ B%Sﬁtpllvﬁee at the end
of the expé&eptimividividdat&has Box lcagds with dontictbeddial. A shdefdexite mages Wit h
contact bedding.. Atqtal of 4. mce are .usually. observed at the sanme tine:
one cont r oPSusa opisrisd ahibe dame fimy gfg conirol 88d three’doses of dg;

For the anxiety and anxiety-like indications, efficacy has been established in

the geller-seifter conflict test in the rat.

15 For the functional gastrointestina disorder indication, efﬁcacy can be
established in the asséy described by Coutinho SV et al, in American Journal of
Physiology - Gastrointestinal & Liver Physiology. 282(2):G307-16, 2002 Feb, in the

rat.

ADDITIONAL IN VIVO TESTING PROTOCOLS

20  Subjecis and housing

Naive male Sprague Dawley rats (175-200g) are housed in groups of Sin a
temperature controlled room (22°C, 40-70% humidity, 12-h light/dark). Experiznenfs
are performed during the light phase of the cycle. Animals have food and water ad

libitum and are sacrificed immediately after data acquisition.
25  Sample

Compound (Drug) testing includes groups of rats that do not receive any
treatment and others that are treated with E. coli lipopolysaccharide (LPS). For the
LPS-treated experiment, four groups are injected with LPS, one of the four groups is
then vehicle-treated whilst the other three groups are injected with the drug and its

30  wvehicle. A second set of experiments are conducted involving five groups of rats; all

of which receive no LPS treatment. The naive group receives no compound (drug) or



For the anxiety and anxiety-like indications, efficacy has been established
in the geller-seifter conflict test in the rat. 15 For the functional
gastrointestina disorder indication, efficacy can be established in the
assay described by Coutinho SV et al, in Amrerican Journal of Physiology -
Gast r oi nwesdaiak138 Li ver Physi ol ogy. 282(2): G307- 16, PXU(RE20EM0118M t he rat.
ADDI TI ONAL I N VI VO TESTI NG PROTOCOLS 20 Subj ects and housi ng Nai ve nal e
Sprague Dawl ey rats (175-200g) are housed in._groups of 5in a tenperature
controlled room (22C, 40-70% hum di ty2,0 12-h light/dark). Experinents are

per f or med i I . ' vemfo0od and water
e 11 b1t aclere b b pnAS Gl AL Rics BP0 " S
Conpound " (pErfoped e détemyns axidigesor gedatips eiifdety eftdsugs vdtichdan oiiribeteed ve any

treatment and ot h;e(r:}zS hat are treated with E. coli |ipopol ysaccharide (LPS).
For the CPECHUNPEd Experiment, four groups are injected with LPS, one of

the four groups is hen vehicle-treated whilst the other three groups are
i njected O Yand its 30 vehicle. A second set of experinments are
conducted involving five gproups of rats; all _of which receive no LPS

treat mént. TheRakiaeallgisd b habiuats asthe exnesimsaighlberatongipr b8-20@ir006/ 014133
PCT/ SE2005/: ﬁ:@gﬁ s r AL d with

vehi cl e w~ ﬁp%gt%\%tr?%gu ru%gn‘f%@g%&g?g ad%%ﬁ&?ﬁ%%%%ﬁ?@éﬁlﬂ%g anxiolytic
or sedati weanehégatsEojolibatigta ydnvtgpe Eldn:BAQ BigmahUIRS Rapgpistigietted i on in USV.
Adm nistration of LPS 5 Rats are allowed _ to habituate in the experinental

| abor at or yatfaserehng-veptrigiiarly o e) It dvalpae phE, usgrstaadard siesetaic i nduced by

admi ni st r%ﬁfgﬁ:‘%t@@@é@% g&%g%ggmaﬂe PaestRUATTREGR Be‘f\%esgbth&?iré isQAGlar i @ serotype

0111: B4, IS 1njected 1ntracerebro-ventricularly
(i.c. D), rostraly wwl ulvegiofdidabibcisiesiofigbst dod as wadk te cppisasieckuls surficeal

10 r o5t a1y Pt S dPETARALeY P P QHBACS BB RER PEg b0 oxpose & ho.
skul | sur fia@m lateral (left) to the lambda (sagittal suture), and 5 mm below the surface of the
skull (vertical) in the lateral ventricle. LPS is injected via a sterile stainless steel
needle (26-G 3/8) of 5 mm long attached to a 100-ui Hamilton syringe by
15  polyethylene tubing (PE20; 10-15 cm). A 4 mm stopper made from a cut needle (20-

(3) is placed over and secured to the 26-G needle by silicone glue to create the desired
Smm depth. |
Following the injection of LPS, the needle remains in place for an additional
10 s to allow diffusion of the compound, then is removed. The incision is closed, and
20  therat is returned to its original cage and allowed to rest for a miniraum of 3.5h prior
to testing. | '

Experimental setup for air-puff stimulation -

The rats remains in the experimental laboratory following LPS injection and

compound (drug) administration. At the time of testing all rats are removed and

25  placed outside the laboratory. One rat at a time is brough{ into the testing laboratory
and placed in a clear box (9 x 9 x 18 cm) which is then placed in a sound-attenuating
ventilated cubicle measuring 62(w) x35(d) x46(h) cm (BRS/LVE, Div. Tech-Serv
Inc). The delivery of air-puffs, through an air output nozzle of 0.32 cm, is controlled
by a system (AirStim, San Diego Intruments) capable of delivering puffis of air of

30 fixed duration (0.2 s) and fixed intensity with a frequency of 1 puff per 10s. A



The puncture site is determ ned by the coordinates: 0.8 mm posterior to the
bregma, 1.5 mmlateral (left) to the |lanbda (sagittal suture), and 5 nm
bel ow the surface of the skull (vertical) in the lateral ventricle. LPSis
injected via a sterile stainless steel needle (26-G 3/8) of 5 mmlong
attached to a 100-1 Ham |l ton syringe by 15 pol yet hyl ene tubi ng (PE20; 10-15
cm. A AWRRWEBYEEr nade froma cut needle (20- QO i sPEHIEE/ BB and
secured to the 26-G needle by silicone glue to create the desired 5mm
depth. Followi ng the injection of LPS, the needle remains in place for an
additional 10 s to allow diffusion of!the conmpound, then is renoved. The

| nci SiON 563 8510 AR s ndifiichd of el FAL0fEn b, wﬂla{@mﬁ scage and

al l owed to rest a mnimum of 3. prior to testin perimental setup
f or ai r - pufiiskt. $he fiwst ait puifimitle theattat ofomwirdisgi n t he experi nental | aboratory
followng LPS injection and conpound (drug) adm nistration. At the tine of
testing alExpedinsntal etupeomandaiteasouitreqirdiagd out si de the | aboratory. One rat
at atinme is brought into the testing laboratory and placed in a clear box
(9 x 9 x 18 cmTheloedlishttonk B Redokddatl 10 minee Ukt afidrepHoatd (MR.AGNt I | ated
cubi cl e neasuring 62(w) x35(d) x46(h) cm ( BRS/ LVE Dv. Tech- Sere Inc). The
del i verly ovourd sndsibmtons; Kedbaelh Dermarks plscediinsidnench cubigle apd S@U@H?

el veri g poy PRLBCRONGES 1B DIy SRR B TURE kg ooty .ﬁIens.ty

with a fre'ﬂlnai'ﬁqyemﬁeslbemémOdeSMQHzmdl@cﬁdHﬂﬁﬁeﬁ'ﬁdlaﬂBarﬁtﬁécﬂﬁQmaS/ 001186 21

maxi mun of 10 fs ntil sat rts, which
ever cones s %W {-ﬁg&f%r}ﬁﬁﬁ ﬁqe]ﬁ%tﬁggoc?ﬁgx %H“’r éﬁ@é@b@? Thg.

Experi nentla{)gﬁg&rhng &1 Aathsishit rasound recordi ng The vocalisations are
recorded for 10 minutes using mcrophones (GR A S. 5 sound and vibrations,
Vedbaeijg uhhs d inside each cubicle-and controlled by LMS (LM
CADA- X 3. 5B, cquisition Mnitor, Troy, Mchigan) software. The
frequenci es bet ua&%ﬁ%@(@ d by the
sanme software (LMS Cl.% DA- k?l %ﬁggﬁgeﬁgg%ggéﬁ%g%@g??%@é%?UPA (User
Pr ogr ammi red aaabmsrd4ysliie) )Follomng compound {drmg) administration, animals are

returned to their original cages until time of testing.

Analysis

15 The recording is run through a series of statistical and Fourier analyses to filter
(between 20-24kHz) and to calculate the paramete’rsb of interest. The data are
expressed as the mean = SEM. Statistical significance is assessed using T-test for
comparison between naive and LPS;tl‘eated rats, and one way ANOVA followed by
Dunnett’s multiple comparison test (post-hoc) for drug effectiveness. A difference

20 between groups is consider_ed significant with a minimum p value of <0.05.

Experiments are repeated a minimum of two times.

Deiermination of thermal hyperalgesia using the Hargreaves plantar test

Administration of FCA or carrageenan

Freund’s Complete Adjuvant (FCA): SIGMA cat.# F 5881, Mycabacterium
25  tuberculosis (H37Ra, ATCC 25177); lmg/ml, heat killed, dried, 0.85 ml pai'affm,
0.15 mi mannide monooleate. Or carrageenan Lambda type IV(Cg): SIGMA cat.# C-
3889, (Gelatin, vegetable; Trish moss), (1.0% solution) in NaCl. |
Injections are done with a Hamilton syringe with a sterile needle size 26G5/8”.

Rats are handled and placed in chamber for anaesthesia with isoflurane. When the



10 Conpounds (Drugs All conmpounds (drugs) are pH adjusted between 6.5 and
7.5 and adm nistered at a volune of 4 m/kg. Follow ng conpound (drug)
adm nistration, aninmals are returned to their original cages until time of
testing. Analysis 15 The recording is run through a series of statistical
and Fouriwpeiahyses to filter (between 20-24kHz) andctr;gE%g@Ekﬁte t he
paraneters of interest. The data are expressed as the nmean
Statistical significance is assessed using T-test for conparison between
naive and LPS-treated rats, and one wgy ANOVA followed by Dunnett's
mul ti pl e conparison test (post hoc) for drug effectiveness. A difference 20
bet ween grdnsnsd effectBmeichiel; G rati ig ranidvediadd pladeld oa vemtrd! deenbjus/@terrml of : 90. 05.

Experinment s r ted.a mninu nmes i on of thernal
hvger al gesP&" l? E@Qfﬁe‘ﬂ%}’a@? @ﬂ%ggn‘i)‘l‘“élr%%wep dt mtrﬂg‘?ﬁe S@@%PF%’ of FCA or
carry eg %&aﬁrsgwad;eﬁve@@ RIS &w&m(#:%)ordélt@%aaﬂhe thiddios8 1,
Mycabact eri urn 5 tubercul osis (H37Ra, ATCC 25177), ling/m, heat killed,

dried, O.g%hepswametatarselarea)Finglysh vakamsiofé00d FE S, eal@aﬂulef casgeeageenan Lanbda
type | V§ ngdlutﬁangylg’low in ecgéd nﬁg%'?e’ ((%ne HL?EHI rg%géqu% hed E‘dr%hdr moss), (1. _0%

sol uti on) tions ar n-syri'nge with a
steril e nesdb@lssfizigebE@ bBiicedleRat s are handl ed and pl aced in chanber for
anaesthesia with isoflyran When t he 200 4133 PCTI SEZOO 001156 22
desired effect glera@‘é%”rl]:%‘ﬂ V"ta]ﬁ’é‘gr"‘ﬁtd“i“%gﬁw@)ﬁfﬂ?é By theR TR ral

decubi t us {8L8KAhamBASIntil @ddred di&t 1s&Edchdd nd paw i s grasped and the needl e
is introduced subcutaneous, ventral aspect, between footpad of finger # 2

and # 3 i nAﬁmdbe inttaplanterioiection thei aithals ok alloves toaveke npundapbwivationa) .
Fi nal | tﬁelt’ of 1001 FCA, or 1001 of carrageenan 5 solution, is slowy
i nj ect i He° paw, and a small pressure is applied for 3-4 seconds

after renoval oforF€Rct@sment fratshee AliwedHKS heure foralkd digelopmentiof g t he procedure,
they are tgﬁgﬁn&gturn in the i nhal ati on chanber ntil %gswed effect is
reached. A FEY PIREFS&pF O FEPESeRIEBTRL TRl &r ANOMSS 3 gPB TN Poved to wake

up under OBSRIo}AkhiQT the inflammatory process.On the morning of the test, rats are placed
in the lab (in their cages). They are allowed to habituate to the room for at least 30

15  minutes,
Test Site

The heat stimulus is applied to the center of the plantar surface, in between the
pads. The test site must be in contact with the glass, with no urine or feces in between,
in order to maintain thé correct heat transfer properties ﬁ:dm the glass to the skin.

20 | The plantar apparatus consists of a box with a glass top/platform, the glass
surface is maintained at 30°C by an intemnal feedback mechanism. Underneath this
glass platform is a light bulb mounted on a moveable arm, a mirror is placed
underneath to allow the light to be positioned under the rat’s paw. When the light is
activated it shines through an aperture of ~2mm diameter. The experimenter activates

25 the light, and automatic sensors turn the light off when the paw is removed; a cut-off
of 20.48 seconds ensures that no tissue damage will occur should the rat fail to
remove his paw. The experimenter may also turn off the light at any point. A Timer
will record the duration of time that the light is activated.

| Flux meter: measures the flux/cm2 when the light is activated. This should be

30 maintained at ~97-98; the flux can be modified by adjusting the plantar device, but

must never be changed in the middle of an experiment.

Time-Course



“I0in theiT cage. For FCA'treatnent, rats are allowed 48 hours for the

devel opnent of the inflammtory process. For carrageenan treatnent, rats
are allowed 3 hours for the developnent of the inflanmatory process.On the
norning of the test, rats are placed in the lab (in their cages). They are
allowed to habituate to the roomfor at least 30 15 [ t Site The
heat sti P d¥P¥¥splied to the center of the plantargéﬁgﬁﬁigpIﬁﬁ bet ween
the pads. The test site nust be in contact with the glass, with no-urine or
feces in between, in order to naintab the correct heat transfer properties
fromthe glass to the skin. 20 The pl antar apparatus consists of a box with
a gl ass top/pl arﬁmmrirhmcgimﬁoﬁﬂéaﬁ&evmmgaéﬂgmw%e&bu&@ﬂgﬂ:\é an internal
f eedback nmechani sm Underneath this _glass platformis a |ight bulb nmounted

on a noveaBrectiopef milapmatign. Hyperslgesia is mepswed abdihposbF eABRetimer Phght to be

posi ti oned,dipder. Lhs oppaw. Wien the light is activated it shines
t hr ough anpaperta re%éilﬂ%%lm% di aneter. The experinenter activates 25 the

l'i ght, andﬁ;g% sensors turn the light off when the paw is renoved; a
cut-off o conds ensures that no tissue damage will occur shoul d

the rat fa'I..tb r ve hi aw. ,The, ex | nent er .also turn.off the
light a aﬁ%l‘%éﬁ%tlfe"q%‘eﬁrﬁ%eﬁu&ﬂ\fl ertabiShiBE B LioNe RGPt iV oot B8E PhAt € he i ght
i s activat g is fdedts Bebifol griRpSHELse ki iiktitbdvafdhvhamitiie2$ tghbud s acti vat ed.
This should be 30 maintaned at -97-98; the flux can be nodified by

adj usti ng ¥REYIw Y esfiorelestng of thesaivegoup mpx be Beprpdei miof ke ni ddl e of an
experi nment ]ﬂnﬁ%‘ . 9@1’}1 ]tgfelﬁé ’%‘{E 1186 The experi nent
can be per?%r med after &\?ﬁ/j{%ﬁg gngt s %tﬁﬁ%@ﬁl%ﬂﬁgw ngsqi%ég i nduction of
i nf | anmat i pessibldytherat$ gre plaged m indiwsluzl diexiglasdBixepdtx-AGOdm)joaddp ah or 3h
post - carrageenan i.nj.ection. Test Procedure 5 Naiye.rats: Fqf.t procedure
D "ot S 1 O PRGBS el BipoRein Pertonih or g pgnd 6 s p o e a
control  grgiipalskRa¥adyte taf) @Rl et sphdediivdiill Roddr eNPksisnE akBackiddtsd, but

and the latency to withdrawal is recorded. After a peried of 5-8 minutes, to allow skin

~ temperature to return to normal, a second reading is taken, and the rats are then
removed and replaced in their cage.

15  Baseline Values: The remaining 28 rats (divided into 4 groups) that have been

injected with FCA (or carrageenan) are placed in individual boxes on the machine and

allowed to habituate for 30 minutes. The experimenter should verify the degree of

inflammation of the paw and check for discoloration. The heat stimulus is placed

under the test site, and the latency to withdrawal is recorded; two readings are taken,
20  asabove. It is the comparison of these baseline values with those of the naive animals

that establishes whether hyperalgesia is present. |

Post-drug testing: Once hyperalgesia is established, the rats are injected with the

compound of interest. Each compound is prepared and dissolved in the most suitable
vehicle according to standard procedures. The administration route, doses, volume,

25  and time of testing after injection is specific for that compound (or class of
compounds). When testing compounds at 20-30 minutes post-inj ection, such as for
i.v. or s.c. injections, rats are placed and allowed to habituate on the plantar apparatus
while the drug produces its effect. When testing compounds at 60 minutes or more
following the injection, rats are placed back in their original cage with their cage

30 mates. Rats are always replaced in their original cages with their original cage mates

to minimize the stress of re-establishing a social structure within a group of rats.



are not given any injection. Testing of the naive group maybe done either
prior to beginning or immedi ately followi ng the experinent, with the

m ni num stress possible, the rats are placed in individual Plexiglas boxes
(14 x 21 x 9cm) on top of 10 the plantar device; they are allowed to
habituate for a period of 30 mnutes. Wien the aninmals are ready to test,
t he Iightwpén%fﬂé‘géﬁ directly under the test-site and ZETiSE0&MI186and t he

| atency to withdrawal is recorded. After a period of 5-8 mnutes, to allow
skin tenperature to return to normal, a second reading is taken, and the
rats are then renoved and replaced i B4their cage. 15 Baseline Values: The
remai ni ng rats ivided.into 4 ou th have been.. injected with FCA
(or carrag%@%g%te%%fg alfﬁp%cgg °P‘?18‘F|1?1ﬁ% 8‘3@%‘1"8@?8 %ﬂ&?%té’%?ﬂitér@%%d al | oned
t o habi t uaglenthrahacBtheMTastingSs peif@med Redes et abo N Plb deadtigh b thilka. degree of

i nflammati on of the paw and check for discoloration. The heat stinulus is
pl aced undgferik ke Te@§io-Site, and the latency to withdrawal is recorded; two
readi ngs are taken, 20 as above. It is the conparison of these baseline

val ues with thogg AfmdiRfisHR hin B fRESyet BRAL afBSih 3 doplR@SHoWREA RAE:

hyperal gesia i s present. Post-drug tes¥| ng: " Once hyperal'gesia 1s

est abl i sheuh vriteer fevesbeiween the ghin efthepsth andithe gbospulaneiofthe matlinedtn Each
conpound i s.prepar.ed an i ssolved in the nost suitable vehicle according
to standar%Iﬁ?lgggﬂgf‘g@&?ﬁg‘s@dmni stration route, doses, volune, 25 and
time of tesThowimilien lostintiohdAcliding REHInE] Gob@ingtdnakxgemmound (or class of
conpounds) . _When testing conpounds at 20-30 m nutes post-injection, such as
for i.v. vrreanmaligslespingons, rats are placed and all owed to habituate on
the plantar T]ib%%aﬁfiélﬁm?ﬁ%gr éb%i&ugﬁigﬁ% %m@éﬁ%&qﬁﬂh&&ﬁ SRt zatificd esting

conpounds at 60 m nutes nor e ow ng the 1n etgtl on, rats are placed
back i W t hidt), uolestherstlarecthg possibldresiticifia compewBisidendifest andatnohbe al ways
replaced in t(Pﬁi r original cages with their original cage mates to mnimze
the stress®0ffe-establishing a social structure within a group of rats. WO
200610141 33TiCGhirdi 205113 Buck4 waP thabthe ph®R s Acttis diddcCcdptREREh @Re t he
plantar and al | owed 30 m nutes to habituate to the plantar machi ne. Testing
s p_erforn%lélsségé"ﬂ%@g%‘ﬂpéﬁw}é. Two readings are taken. Criteria for
gg:it'ti“g:n Tm@dﬁh iRl gAWSE dRFlaGiak Bh ReoftHE &4 a re¥lt offd Bdlinie@R. Intnfhe correct
15 case, the animal is rejected from the experiment completely (at the beginning).

When urine or feces are present, the animal is removed, the glass surface is
wiped clean, and then the aﬁimal 1s replaced. When the animal is sleeping, or
exhibiting tonic immobility, the experimenter may gently move the box or move their
hand in front of the box to elicit a short-term attentional behaviour. Close observation

20  of the animal’s behaviour should be conducted throughout the test.

Re-Tests:

At any time during the experiment, if the experimenter is not certain that the
paw withdrawal response was not a response to the heat stimulus, the animal may be
re-tested after 5-8 minutes. This may be due to the animal moving suddenly, or -

25  urinating or defecating while the stimulus is being applied.

Acceptable responses:

Any of the following are considered responses to the heat stimulus
-Withdrawal movement of the paw off the glass (often followed by paw licking)
- Lateral movement of the body (contralateral for the stimulated paw)

30 - Toes are moving off the glass



5 no wine or feces between the skin of the paw and the gl ass surface of the
machi ne. An animal should not be tested if: - The aninal is in |oconotion,

i ncluding sniffing, groomng and exploring. - The animal is sleeping. - The
~animal is show ng obvious signs of stress (tonic imobility, vocalizations,

ears 10 W@posogmidess these are the possible result ofPCESKwoROWSE Si de

ef fect and cannot be avoided. - The aninmal is positioned in such a way that
the-pawis not in direct contact with the glass (paw resting on top of
tail); - The animal's paw is displayin@Sque coloring as a result of a bad

I nj ection. this ase, the ani LS. rejected fro he experlnent

conpl etely ( qﬂm?PB@@¥@ﬂ3ﬁ6P$” nﬁﬂ? dP@Wé%“%¥@g% , the anim
s renoved,,iihe gl ass surface is w ped clean, and then the anlnal S

repl aced. J&en the animal is sleeping, or exhibiting tonic immbility, the
experlnentqg?ﬁgy gently nove the box or nove their hand in front of the box
to elicit -tern1attent|onal behavi our. C ose observatlon 20 of t he

ani mal ' s behavi %ll E§thoul d _be Q ct ed gi%\g g@g%ct 1t_.l Re- Test s At
any tine during CHEP@IFPPIREE; g soat tfabicibpe isaFesfl 1 hat ¢ he
paw Wi t xdr m@w&mpmgoﬂmw@nrn@ﬁs@ﬂ@ﬁﬂmea% BeBéneSkiyAINOVA t he ani nal
may be re-tested after 5-8 m nutes. This nay be due to _the aninmal novi ng

suddenly, dPlowed by hamet s tantiple cempatisorytesiHpos- hopdosdmeafferiiveaesheng appl i ed.

A bl h

e e
180 AND P ]

by paw lic ‘«‘ ateral for the

sti nul at ed Paw e F e e S=HE2006/ 014133
PCTJSE20051001186 25 The Ianar m ddl e aspect of the inflanmed
paw i s removed fro# Sﬂlﬁglsméﬁf;é faqnﬁgfg‘ore ‘%“g “P?mhcan%

10  phanmacokinetic properties of the compounds are improved due to the fluoro-
substitution on the bottom benzyl of the benzyl-piperazinyl moiety of formula I. In
one embodiment, it was found that certain reactive metabolites are reduced or
eliminated for the compounds of the present invention. In another embodiment,
-certain corpounds of the present invention provides improved bioavailability, which

15  may be resulied from its weak affinity with 2D6 and 3A4 cytochrome P450. The
following assays demonstrated one or more of these suprising properties of these

compounds.

Microsomal Incubations

A compound of the present invention (10 pM nominal initial concentration)
20  was incubated individually Wifh rat liver microsomes (0.5 mg/ml protein) in 0.1M
KH,PO, buffer (pH 7.4) with 5 M MgCl; and 5 mM irapping reagent
(glutathione(GSH), N-acetyleysteine (NAC), or CH;ONHS,) for 60 min at 37°C.
Reactions were initiated by the addition of NADPH (1 mM) and terminated by the
addition of an equal volume of acidified (O.l"{o formic acid in acetduitrile) to the

25  incubation mixture.

Hepatocyte Incubations

A compound of the present invention (10 M nominal initial concentration)
was individually incubated with freshly isolated rat (Sprague Dawley) and
oryopreserved dog (Beagle) hepatocytes (1 x 10° cells/mL) at pH 7.4 at 37°C for 1

30 hour. Hepatocyte incubation mixtures contained Williams E Medium .supplemented



The data are expressed as the mean SEM Statistical significance is ,
assessed 5 using T-test for conparison between naive and inflaned rats, and
one way ANOVA followed by Dunnett's multiple conparison test (post-hoc) for
drug effectiveness. A difference between groups is considered significant
with a nm WMOAe/P413a1 ue of 50.05. DRUG METABOLI SM AND HeHARRASTKINMET| C
PROPERTIES It was surprisingly found that one or nore drug netabolic and 10
phar macoki netic properties of the conpounds are inproved due to the fluoro-
substitution on the bottom benzyl of #he benzyl - pi perazi nyl noiety of

et abol i 81828 FRAATIRS. L TTGHG iwiiedt? §F B etsrr et OB NL 1, coont

i nventi on. maEpetieH 7ahad RN - bt Mo fRIRAWRES hinkRE ppigsent

i nvention provides I nproved bioavailability, which 15 may be resulted from
Cits weak afdditimmngf egpal Folppe of aeidified (G detsre addRusonitriledo the drcnbationg assays
denonstr at e or nore of these suprising properties of these conpounds.
M crosomal T'ncubati ons A conpound of the present invention (10 M nom nal

initial  COPGE ration) 20 was incubated individually with rat |iver

i cr 0s0 s—@&%ﬁﬁﬁlﬁﬁﬁ protein) in 0.1M KH2PO4 buffer (pH 7.4) with 5 mM
MyCl2 and 5 nMtr in eagent.. (glutathione(GSH ), N-acetyl cysteine (NAC),
or CH3ONH2) forﬁ%@'%gﬁa{“ eClpitail g@ﬁ’@ﬁ%}}gﬁ auds Whreanalyss f%"y the addition

of “NADPH ( thefbdlited 16y fu8 56 TaC-BAK. bVMolebislar el Elhtlin @i ondihs @8t Y& Ume of
acidified (0.1%formc acid in acetonitrile) to the 25 incubation m xture.

Hepat ocyt ecachansapoliristepted o Fysgmartation natfernp femeadditionglddt-MsMB10 pM noni nal
ottty ; . o by isolated rat
I(g:or :algueCODa% ey e%h%m%%%%Q gl zdéﬁg‘g%%‘%@eﬁ&gf}&g&sﬁ’e%%%%@}%gz (>1/ Ixsgog =0 re

cel | s/ i) Btstrphbrts 4 at 37 C for 1 30 hour. Hepatocyte incubation m xtures
cont ai ned Mjic | ans dp | NaQiPUARAURRESIR LR YO 620N B4 Bambly /| SE2005/ 001186

26 with 25 nM HEPES, 1% | TS-G sol ution (Life Technol ogjes, Cat.

No. 41400- QX 1t iy gtign, Jpp River ks Parigupy, S23 1084 ne. 1 ncupati ons were
term nated by the

MS condition (LCQ)
Source Voliage 45Ky
Capillary Temp 180 °C
Sheath Gas Flow 80
Aux Gas Flow 5
Source Type ' EPI
. lonization Mode Positive
HPLC conditions
Column Phenomenex Synergi MAX-RP, 4 p, 2.0 x 150 mm (Phenomenex, Torrance, CAj
Mobile Phase A = 0.1% formic acid in water, B = ACN
Flow Rate 0.2 mL/min
Temperature 45°C ,
Detection LCQ mass spectrometer
15
Gradient method
Time A B
0 _ 20 . 10
30 40 60
30.1 10 90
33 10 _ 90

33.1 , 90 10




addi tion of equal volume of acidified (0.1%formc acid) acetonitrile to the
I ncubation mxture. 5 LS-MS Analysis Follow ng protein precipitation,

sanpl e supernatants were anal ysed for netabolites by full scan LC- M.

Mol ecul ar wei ght information was obtained for each netabolite detected.

Fr agnent aMOo0¢iH#r38rns from additional LG M5/ M5 experiamsmzansinenss anal yzed
to help assign structures of primary netabolites. 10 Instrunents HPLC HP
1100 BPLC System (Hew ett Packard, D-76337 Wl dbronn, Germany) M5 LCQ
(Finnigan Corporation, 355 River Gaks2Parkway, San Jose CA) M5 condition
(LCQ Sousse« . : 2.3 S
Gas Fl ow 540 Source Type EPI I9@n| zat I on I\/bde P05| tiQ ve HPLC condl tions
Col uim Pheénonenex Synergi MAX-RP, 4 p, 2.0 X 150 nun ( Phenonenex, lorrance,
CA) Mbile Phase A= 0.1%formc acid in water, B = ACN Flow Rate 0.2

m./ mn Teﬁ&%ﬁﬁ%ké’éhﬁs% C Detection LCQ mass spectroneter 15 G adient nethod
Time AB _ 30 40 60 30.1 10 90 33 10 90 33.1 90 10

The primary biotransformation pathways observed for the compounds were N-

deethylation, N-dealkylation and hydroxylation. For the compound of the present
5  invention,which has fluoro-substituted benzyl-piperazinyl moiety, no glutathione

adduct on the benzene was detected in rat hepatocyte incubates. In contrast, some

glutathione adduct on the ring was observed in rat hepatocyte incubates for similar

compounds without the fluoro-subsituted benzyl ring.

IN VIVO MICRODIALYSIS METHODS

10  Procedure

Rats are randomly assigned to eight treatment groups: vehicle-quiet, vehicle-
stress, drug-quiet, drug—stress.. Microdialysis probes (CMA/12, 4 mm membrane
length for mPFC) are implanted in the brain 2 hrs before the experiment and are
perfused with artificial CSF (aCSF, CMA Microdialysis AB) at a flow rate of 1.1

15 mL/min. for 2 h to stabilize the baseline. Three 20 min sainples are collected to
define the baseline, animals are injected ip with vehicle or compounds and sample
collection is carried on for the next 5 h. The stress paradigm program is started 20 min
after the administration of the compounds. Sampies are immediately (on-line)
injected on the HPLC systems for analysis of monoamine concentrations.

20 . Concentrations of neurotransmitters in 3 samples collected before administration of
compounds/vehicle are averaged and defined as baseline (100%). Concentrations of
neurotransmitters in the subsequent microdialysates are then expressed as percentage
of baseline levels.

Stress Procedure

25 For the stress procedure, standard passive avoidance boxes, equipped with
lights, tone and shockers, are used (Med Associates, Inc). Boxes are placed in sound-
at_tenuéting chambers. Stress paradigm occurs over one day. Animals are acclimated
to the chambers for 2 hours, then exposéd over the course of 6 min to a series of

flashing light, followed by electric foot shocks (0.5 sec duration, 1.5 mA intensity,



WD 2006/ 014133 PCT/ SE2005/ 001186 27 40 90 10 Testing Results The primary
bi ot ransformati on pat hways observed for the conpounds were N- deethyl ati on,
N deal kyl ati on and hydroxyl ati on. For the conpound of the present 5

i nvention, whi ch has fluoro-substituted benzyl - pi perazinyl noiety, no

gl ut at hi on®0 24KALEE3 on the benzene was detected in rat PRESEN6TYNERS ncubat es.
In contrast, sone gl utathione adduct on the ring was observed in rat

hepat ocyte i ncubates for simlar conpounds w thout the fluoro-subsituted
benzyl ring. IN VIVO M CRODI ALYSI S METHODS 10 Procedure Rats are randonly

assigned taq_ej t.reat . groups: vehicl e-quiet, .vehicle- stress,

dr ug- qui et ,%tair Eig}sﬁlg‘fkrs 'ss(.ﬂﬁﬁ%l §‘(r‘]°88i1 a?’?g?egq%g%%réb rs(‘@k%%%’ lbﬂé ﬁ?ﬁsrﬁ?hbr ane " length
for nPFC) ativershbekel 0 mimités @etiniils thellicht Rghiaice idiBgeadpPRit ndBRdckand are
perfused with artificial CSF (aCSF, CVA Mcrodialysis AB) at a flow rate of
1.1 15 ni/ iadopigistered (o stabilize the baseline. Three 20 min sanples are
collected to define the baseline, animals are injected ip with vehicle or
conpounds JP8gedmmisirations| | ection is carried on for the next 5 h. The stress
paradi gm programis started 20 mn after the adm nistration of the
conpounds. SanplAdkcompeundsrasiflistobicy i gerile distlled wape@febitlyand he HPLC systens

for anal ysig, _of. .mhoam conc Lons.. 20 Concent, atiopns of
neur ot r ans rfgi%‘[ntuél?tgreclin%?pé;rgtﬂ%ﬁ%ggﬁgﬁ)??eé L2 1rbt%ef Sotrr & %a%dn es({nrdéy‘i on of

conpounds/ tléﬂ ede:ilrg aver.aﬁgd! a%d defined as baseline (100% .

Concentrati - S in the subsequent mcrodial ysates are

- then expressed - ntage of basgline | evels. s, Procedure 25 For
the stress procgz‘ﬁ'%g’?‘%gﬁyﬁtﬁ’g‘dﬁpﬁs%%gésglﬂﬁpd%ﬁé% %ﬁ%ﬁ“@ﬁﬁﬁ%ﬁed with

lights, tonktafde MDOGENS150ah8 cf@h, fael 5055 Asipaidateirid f)(all BexassAar e pl aced

I n sound- attenuating chanmbers.. Stress paradi gm occurs over one day. Aninmals

are acclli rdrednd pgrling EjectrntBorsBAB Anc). Hisunebilephass isxg s NgWEO4 B2 course of
5 1 10 25 oy ol 380 o kA OE by B! 10 LBcalocks (0.5

sec duration, ensity,
pH 3.0. Potential is set at +0.65V, flow rate is maintained at 0.3 ml/min. Data are

collected using a PC-based acquisition/analysis system (501 Computer and A/D

Software, ESA, Inc) integrated and transferred into speadsheet/graphic software for
15  further analysis.

| When groups of 6-8 rats, prepared with intracerebral microdialysis probes

placed into the mediél prefrontal cortex (where the neurochemical signal is strongest)

are subjected to the conditioning paradigm described above, increases in

norepinepherine (NE) and dopamine are observed in vehicle-treated animals . Certain

20  compounds of the invention block the sustained increase in NE and dopamine .

Geller-Siefter — Anxiety Model Method

In the conflict test, hungry animals are trained to lever-press for food delivery
in a standard operant chaﬂlber under two conditions. In the first condition, referred to
as the unsuppressed component, food is delivered on average after 17 lever-presses

25  are made (also called a VR17 schedule of reinforcement). In the second condition,
referred to as the suppressed component and signalled by flashing lights inside the
operant chamber, food is also delivered following an average of 17 lever-presses, but
electric shock is additionally delivered to the floor of the cage under a separate VR17
schedule. Daily sessions consist of 5 alternating presentations of each component

30  type: suppressed (3 min in duration) and unsuppressed (3 min in duration). The

number of lever presses emiited in the suppressed component is obviously low



WD 2006/ 014133 PCTI SE2005/ 001186 28 total 10 shocks). "Quiet" group is
exposed to chanbers with [ights, bud does not receive shocks. 40 m nutes

| ater aninmals the |ight sequence is repeated, but no shocks are .

adm nistered. Drug adm nistration. 5 Al conpounds are dissolved in sterile
di still edVQa06P14%%hi cl e) and admi ni stered intraperi PEREBIPONAISP) 20 nmin
prior the stress procedure on day. HPLC and el ectrochem cal detection. The
HPLC system consi sts of a 5041 punp, Nodel 5200A Coul ochem Il detector,
MD- 150 3 x 150 mm col um, nodel 5041 ,&ﬁperorretri c cell (all fromESA 10 -

Inc) and o 1 [Nl I NG i se LS. 75 nm
Na2HPO4, Z%IW%D%%%?%%EE%%éﬁ %%ng%%ga%gl Héu%%g%a%%/p E&f riethyl am ne,
10% acet onintreaseche nphbed oDlev@Reirensts thit thesarsmbls atill #@kEhithe fippressedt e | s
maintained at 0.3 nj./mn. Data are caollected i ng.a PC- based

Rl o ¢ 1 OFPIRRRR ST LT et Ro sy Rt SLAe BT PLIEYE PESA, | nc)

i nt egr at edthafe iaddmitRE aRbpirBdsed SRRRMSRE elehttih aBRberIR bF Weiech@n 15 further
anal ysis. Wen groups of 6-8 rats, prepared with intracerebral mcrodialysis
probes 5 pl BreEls a5 g sntiplytigiaghisiprgsedreont al cortex (where the neurocheni cal
signal is strongest) are subjected to the conditioning paradi gmdescri bed
above, increases in norepi nepher EXANIREESand dopani ne are observed in

vehicle-treated animals . Certain 20 conpounds of the invention block the
sust ai ned i ncr eBzanventiEwdhfirtienizerdeseibed itGableaietaBibyfthefollowitugxi et y Model

Met hod In the confl.i.ct test ungr nimal s are.trained.to Jl.ever-press for
oot del | vERGPPIRTWIHEfeshS B B edk Sl SRS i Ratidi B T0° he
first condbéprepared, pheficdeahalyred asd bioRgleadyRMEE 388 hichrpOR®Ms be f 00d s
delivered on average after 17 |ever-presses 25 are nade (also called a VRL7
schedul® OFOQSK?W%?%W?mVFW@he second condition, referred to as the
suppressed_conmponent and signalled by flashing lights inside the operant
chanber , f@' JERIATE 4 dilode-NN figthvignzamide, aver age of 17 | ever-presses,
but electric shock is additionally delivered to the floor of the cage under

a separate VR1710 agridugiob-ipie-hepzed shlovde (T80 & 290 wE Blelrversnddedry
presentati gag, Qf.r BARN 56 I RAEBENH (100 mL) at 0 °C. After the addition, the

resulting reaction mixture was warmed up to room temperature in 1 hr and was then

15  washed with saturated ammonium chloride. The organic extract was dried (Na;S0y),
filtered and concentrated. Residue was recrystallized from hot hexanes to give 80 g
of INTERMEDIATE 1.

INTERMEDIATE 2: 4-[hydroxy(3-nitrophenyDmethyl}-N.N-diethylbenzamide

N,N-Diethyl-4-iodobenzamide (5.0 g, 16 mmol) was dissolved in THF (150
20 ml) and cooled to -78 °C under nitrogen atmosphere. n-BuLi (15 mL, 1.07M

solution in hexane, 16 mmol) was added dropwise during 10 min at -65 to -78 °C. The
solution was then canulated into 3-nitrobenzaldehyde (2.4 g, 16 mmol) in
toluene/THF (approx. 1:1, 100 mL) at —78 °C, NH4Cl (aq.) was added after 30 min.
After concentration in vacuo, extraction with EtOAc / water, drying (MgSO,) and

25  evaporation of the organic phase, the residue was purified by chromatography on
silica (0 — 75% EtOAc/heptane) to give INTERMEDIATE 2 (2.6 g, 50%)."H NMR
(400 MHz, CDCl3) 8y 1.0-1.3 (m, 6H), 3.2 (m, 2H), 3.5 (m, 2H), 5.90 (s, 1H), 7.30-
7.40 (m, 4H), 7.50 (m, 1H), 7.70 {d, ] = 8 Hz, 1H), 8.12 (m, 1H), 8.28 (m, 1H).



30 type suppressed (3 mn in duration) and unsuppressed (3 mn in
duration). The nunber of |ever presses emtted in the suppressed conponent
is obviously | ow WO 2006/ 014133 PCT/ SE2005/ 001186 29 relative to the
unsuppressed conponent. Anti-anxi ety agents, such as diazepam increase the
nunber of W@2806/3#B8ses that the animals will nmake in tHE/SAH0Edsed
conmponent within some range of doses, without altering the nunmber of I|ever
presses that are nade in the unsuppressed conponent. Certain conpounds of
the invention 5 profile as an anxi ol yt30c in this procedure. EXAMPLES The

i nvention w

- Exanpl es whi E]é@ & e O : gl 2 fivent i on
may be prepared, purifie ana i cal tested and whi ch are
not to be 10 congPF‘lﬁ%ldtl%fsoﬁq W’E’ii\é m@ﬂﬁt&ﬁ%f& lg,% EP@RGFR‘)I“ATE 1:

4- 1 odo- N, N- dicRlRh iR 350 GiﬁLT@a@ad&éthﬁﬁrfyl%nﬁdé(g%@ e BRhmel)| Akede (75 g)
in 500 mL CH2C12 was added a= m xture of Et3N (50 nL) ‘and Et 2NH (100 nl) at

0 C. After whehauadt tobmrtempmturertbstﬁaouqmgvasemhedmthmwmeé aquesusyedived up to

o0 L STRT kD ol A g S SBR H SRABD EE™

concent r at edvasiResvitidichiasmethafiy/St:al 00i e hnt tedoikhinddexgitsextiactgivee 80 g  of
| NTERMEDI ATEE@l. | NTERVEDI E 2: 4- 1ox%( 3-ni trophenvl ) net hy _Idi et hvl benzam de
N, N- Di et hyt 9%eq Q¥fabetlz rdgopeegiraleds nmol ) was di ssol ved in THE (150 20

m) and cool ed t gpg Zlﬁdecb Yrofide Qﬁﬂs&{rémﬁﬁaﬁ&ﬁml@a%m)%@ m, 1.07 M

sol ution in hexane, was a dropwi se durihg 10" mn at -65 to -78
C. The sol tptpemzuwébo 53;&&2 ) taaseaddedatﬁsﬂéihmtmgmretiodéhwm hoerat g, 16

TTrer 500, 85 ERf hidiioh AR Rtien Hih sohf e Rndontiig peidrdor Vit Bihe T uat or

dryi Pg El Ngs@ﬂéhanﬁﬂ@rei!ﬁlaﬁ ﬁtefeat Tae ?@feomey@m%ggx@cwd&}ﬁﬁ: eth}tleoa).rtﬁs (3e was

purl | e ycr ma SlIllCa 0 t ane to glve

| NTERVEDI ATEV QE@&%‘?%‘? CS‘G ngﬁext(%%d" C§§ efiteredgd. 3 (m 6H), 3.2
(m 2H), 3. 3ohdeBiratédth: gw@r%&rﬂlé IN'F]%RM)&DIKT@Q

15 INTERMEDIATE 4b: N.N-digthvl-4-[(R)-(3-nitrophenyl)(1-
piperazinyl)methyi]benzamide
Racemic INTERMEDIATE 3 was dissolved in ethanol (150 mL) and di-p-
toluoyl-D-tartaric acid (11.79 g, 1 equivalent) was added. The product precipitated

out over a 12 hour period. The solid was collected by filtration and was redissolved
20  in refluxing ethanol until all of the solid dissolved (approximately 1200 mL ethanol).
Upon cooling the solid was collected by filtration and the recrystallation repeated a
second time. The solid was collected by filtration and was treated with agueous
sodium hydroxide (2 M) and was extracted with ethyl acetate. The organic extract
was then dried (Na2S04), filtered - and concentrated to give 1.986 g  of
25 INTERMEDIATE 4b.
TH NMR (400 MHz, CDCls) 8y 1.11 (br s, 3H), 1.25 (br s, 3H), 2.37 (br s, 4H) 2.91
(t, J = 5 Hz, 4H), 3.23 (br s, 2H), 3.52 (br s, 2H), 4.38 (s, 1H), 7.31-7.33 (m, 2H),
7.41-7.43 (m, 2H), 7.47 (1, J= 8 Hz, 1H), 7.75-7.79 (m, 1H), 8.06-8.09 (m, 1H), 8.30-
8.32 (m, 1H).
30 _ _
Chiral purity was determined by HPLC using the following conditions:



7.40 (m 4H), 7.50 (m IM 7.70 (d, J =8 Hz, IH, 812 (m iH), 8.28 (in,
[11). WD 2006/ 014133 PCT/ SE2005/ 001186 30 | NTERMEDI ATE 3:

NN- di et hyl - 4-f (3-ni tronhenyl ) (1-pi en razinyl)nethyll benzam de To a

sol ution of al cohol | NTERVEDI ATE 2 (10.01g, 30.5 nmmol) in dichl oronethane
(200 nl) WALIWAHE t hi onyl bromide (2.58 ni, 33.6 moPFTSEVEPIe hour at
roomtenperature the reaction was washed with saturated aqueous sodium 5

bi carbonate (100 nL) and the organic | ayer was separated. The aqueous | ayer
was washed w th dichl oronethane (3 x 3100 m.) and the conbi ned organic
extracts i ) ok d: concentrated. The crude benzyl
brom de mm@g?lg%é(l@g3@%3%%%@%%@2%&%9%_) and piperazine (10.5g, 122
mol ) was &ddeals 1 Aflfreinuigeat i ng the reaction for one hour at 10 65 C the
reaction S shed .w th topr at ed anoni um chl ori de/ et hyl acetate and the
or gani c I@@%gséﬁfﬂ?%@g. I:EThe aqueous | ayer was extracted with ethyl
acetat e (3Isécrafi® Q5%hLoth-A0H (dohRiri 0.l ek AidiRNiBinE)X 8593 AeRante (@nthidigd (Na2SH4) ,
filtered and concentrated to give racem c | NTERVED ATE 3. 15 | RVEDI ATE
4b: N. N°di 8tlffyy/y dicghyfymine). nj t r ophenyD(1- pi per azi nyl ) net hyl | benzani de

Racem c IW%MM&%M??HQ%?SM‘%QS in ethanol (150 nL) and di-p
i

toluoyl-D-tartaric ac equi val ent) was added. The product

precipitat %%'%ﬂggﬁﬁﬁ_&g _Pe&l ed, . . 9ff.d was col lected by
filtration S t hanol until all of the

sol i d di sselpeadinyhpphoibemmdimidg 1200 nL et hanol ). Upon cooling the solid was
collected by filtration and the recrystallation repeated a second tinme. The
solid was col | eThe@) byantibmtr BNTERMBDIATE S inb2 8¢ 66laintd By i#fg thé¢odi um

hydr oxi de M apd was extracied with ethyl acefate. The organic extract
éﬁ d%ﬁg@a rf(SRﬁlﬁ@@mc 2

was th equre Wit dhp-Selersddrisdaicasided to give 1.986 g of 25
| NTERVEDI ATE 4b. ' H NVR (400 MHz, CDCl3 (br s, 3|-? 1.25 (br s,
3H), 2.37 8 MBOUDIDAN: 4-4(S8r¢3-aminopheny)ed- (4 uonehenzy3ipmerazy 1ylimethyll- 3 5o (br

s, 2H), 4 38yhsmdi nda3l-7.33 (m 2H), 7.41.7.43 (m 211), 7.47 (t, J= 8
M, 1H), 7% 8.06-8. 09 (m 111), 8. 30- 8.32 (m 1H).
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To a solution of INTERMEDIATE 4a (467 mg) in 1,2-dichloroethane (13 mi)

15 was added 4-fluorobenzaldehyde (252 pL; 2 eq) and sodium triacetoxyborohydride
(498 mg; 2 eq). The reaction was stirred at room temperature under nitrogen for 18
hours and concentrated. Saturated sodium bicarbonate was added and the aqueous
solution was extracted with three portions of dichloromethane and the combined
organics were dried over anhydrous sodium sulfate, filtered and concentrated. The

20  compound was dissolved in a mixture of ethanol, tetrahydrofirran, water and saturated
ammonium chloride (4 ml; ratios 4:2:1:1 v/v). Iron nanoparticules (3 tips of spatula)
were added and the solution was heated at 150°C for 10 minutes in the microwave.
The resulting mixture was cooled, filtered through celite and concentrated. The
residue was purified by flash chromatography on silica gel, eluting with a gradient

25  from 1% to 5% MeOH in dichloromethane. The product obtained was dissolved in



30 Chiral purity was determ ned by HPLC using the foll ow ng conditions: WO
2006/ 014133 PCT/ SE2005/ 001186 31 Chiral pack AD col unmm (Dai cel Chem cal

I ndustries) Lowrate | m/mnute Run tinme 30 mnutes at 25 C lsocratic 15%
et hanol (containing 0.1%v/v diethylam ne) 85% hexanes (containing 5 0.1%
viv di et hyWQAHH 4Rt ention tine of nolecule = 20 ni nutPEI/SERPOSINNESS ATE 4a:
NN- di et hyl - 4-[(S)- (3-ni trophenyD(1- piperazinyl)nethyllbenzam de The (S)
enanti omer | NTERVEDI ATE 4a nay be obt al ned by perform ng the 10 above

resol ution procedure with di- p t ol uoyI f-tartaric acid. COVPOUND 1:

4-{(S)-(3-

NN et i ogRAEmihe flitigs | JMPIGRIBMBCUR' Mtk 924 Rade S W | v e
4a (467 ny)removdd ﬁrddhcc:;brbduo@%hanhteﬁh@thﬂhﬁmﬁﬁom%sa&ddgd'eCGMBOUNmBnzaI dehyde
252 pL; 2 d di. t t 4 2 | . Th

ﬁeact Pon ﬁ%ﬁ‘?‘?&é@ eﬁ? rﬁllcf’ e OX%M?‘%‘%HQ‘?P%&)& gé’"%PB?ﬂ%ﬁ hourg and
concent r at e@hirSPH RN EY: e®9%adﬁml(mmﬂm eﬂ= 83414 b)), qcme(@,us

O@SI @@1
solution was extracted with three fort i ons i or onet hane and

conbi ned o?‘gﬁﬁlfézﬁ%r?’ezocﬁZ@@n&ﬁr éhﬁ?dr(@u@{b&d‘ﬁdm%ﬂﬂb‘lé%{ml ter ed and
f |
concettt i Toe 20OV, g o Sl VeSS P s e

t et rahydr of ur uraré anmoh ratios
4:2:1: 1 v/ vim, 4H) dioundr@) par6s| Hu.4% N, 3 asl @5.HENL Ak 4113 Cl veeg &l;@cddetl and t he

sol ution 5 nutes in the mcrowave. The resulting.
m xture wasa‘ejﬂéﬁé@dc%(% }% @5%@%&‘% celite and concentrated. The
- COMPOUND 2. 4-{(R)-(3-aminophenyl)[4-(4-fluorobenzyl)piperazin-1-ylimethyl}-
10  N.N-diethylbenzamide

@
iog

To a solution of INTERMEDIATE 4b (5.790g, 14.6 mmol) in 1,2-dichloroethane (60
mL) was added 4-fluorobenzaldehyde (2.04 niL, 19.0 mmol) and sodium triacetoxy
-borohydride (4.02g, 19.0 mmol). After 20 hours at room temperature the reaction was

15  quenched with aqueous sodium bicarbonate and the organic layer was separated. The
aqueous layer was extracted with dichloromethane (3 x 100 mI.) and the.combined
organic extracts were dried (Na;SO,), filtered and concentrated. The residue was
purified by flash chromatography, eluting 30% to 50% acetone in hexaries to afford a
colourless foam (5.285g, 71%), which is the nitro intermediate. The nitro

20  intermediate (5.285g, 10.4 mmol) was dissolved in a mixture of ethanol,
tetrahydrofuran, water and aqueous saturated amomonium chloride (4:2:1:1 ratio v/v)
(100 mL) and granules of iron (0.63mg, 11.5 mmol) were added. The reaction was |
heated to reflux and periodically more iron granules were added. After 24 hours at
reflux (90 °C) the reaction was cooled to room temperature and filtered through celite

25  and concenfrated. To the residue was added aqueous sodium bicarbonate and

dichloromethane. The organic layer was separated and the aqueous layer was



residue was purified by flash chromatography on silica gel, eluting with a
gradient 25 from1%to 5% MeOH i n di chl oronet hane. The product obtai ned was
di ssol ved in WD 2006/ 014133 PCT/ SE2005/ 001186 32 di chl or omet hane i n which
1.2mL of IMHO in ether was added. Solvent was renoved and the product was
i sol at ed advQ HW/A#Sochl oride salt to give COVPOUND 1 PABEE2R$5/0081§6, vi el d)
as a colourless solid. Purity (HPLC): > 99% Optical purity (Chiral HPLC):
> 99% 1H NWR (400MHz, CD3CD), 1.08 (t, = 6.5 Hz, 3H), 1.21 (t, 5 J=6.5
Hz, 3H), 3.20-3.26 (m 4H), 351354( 6H), 4.43 (s, 2H), 7.19-7.23 (m

%H)m ; 3421 (dextrg,ctleig @'ﬂgdﬁﬁgﬁr&ﬁ&hagé( 16@::11% d&@oﬂﬁ%mg%bl)gggé thgﬁﬁsﬁéx( m 13%)

X 0.8 H20 x dviedl (N&SM)) Gltkizd a@] camzeBiEiedHThe pftind, w parified @ONRAIND 2:

4-{(R) - (3-am 4- (4-fl.u en a | =

AL i et bl b ISR e % frefioatit SEREF bR S Ra B NIRY Bk AT 4o
(5.790g, 14. aBﬁ:amaiubw foarh, ﬁnlgur@ ma&hemmaltﬁﬁmy dHtdindEEord Bé@8ove flash

4-f1 uorobenz dehyde 2.04 nmL, 19.0 nmmol) and sodiumtriacetoxy borohydride

(4.02g, 19. chipwatysraptpiead ﬂzwwwféad hysossrand-Hneh ahrgmatography, ldibgon was 15
quenc hed Wi t@O%«%ﬁ)ﬁ‘éﬁe’tﬁQ% Wn@ﬂfa%ﬂﬁ%ﬁér?a&f g ﬁopﬁelg:égﬁpigfo b@gﬁ& vas

separ at ed. eous | ayer was extract ec onethane (3 x 100
m.) and the @@Wﬂiﬁﬂ)Zoﬂgmbuxcdmeitanabdﬂgamai'é4d#gé2ﬂ)%wam$@1)r1ty’(]ﬂl’1@)"ed and

o 5056 acet gt ropL s L RPL Y SR oyPR GBS POBERYS (Fog | "ot ch
is the nitro=gBtHe Hﬂylllamqt Jthes E&tﬂg,?QOBFHG B, 3t -1 5 @8, 443 &, ol ) was

di ssolved in a mxtu rof uran, water and agueous

Cnror e ot DTty e PSS 8.0 LT 50 H P AT e oe. of
[ ron (0. 63y, 3in S TUPk) cienn, R9edc, TA0EaRLA R0 Y95 CRNG 47 ef | ux and

peri odi caIIy morée iron granul’es were added.” Affer 24 hours at reflux (90 O
t he reacti onHGEs0.2 6aHet) x &1 Fa0mas EnpboZitl 68 7aNd8.#6%t ered t hrough celite

methyi]-N.N-diethvl-benzamide
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To a solution of INTERMEDIATE 4b (298 mg, 0.752 mmol) in 1,2-dichloroethane

(8.5 ml) was added 2-fluorobenzaldehyde (160 mg, 1.503 mmol, 2 eq) and sodium
triacetoxyborohydride (319 mg, 1.503 mmol, 2 eq). The reaction was stirred at room

15

temperature under nitrogen for 18 hours and concentrated. Saturated sodium
20  bicarbonate was added and the aqueous solution was extracted with three portions of
dichloromethane and the combined organics were dried over anhydrous sodium
sulfate, filtered and concentrated. The compound was dissolved in a mixiure of
ethanol, tetrahydrofuran, water and saturated ammonium chloride (3 ml; ratios 4:2:1:1
v/v). Tron nanoparticules (3 tips of spatula) were added and the solution was heated at
25  150°C for 10 minutes in the microwave. The resulting mixture was cooled, filtered

through celite and concentrated. The crude was dissolved in CH,Cl, and washed with



25 and concentrated. To the residue was added aqueous sodi um bi carbonate and
di chl oronet hane. The organic | ayer was separated and the aqueous | ayer was
WO 2006/ 014133 PCT/ SE2005/ 001186 33 extracted with dichl oromethane (3 x 100
m.) and the conbined organic extracts were dried (Na2S™4), filtered and
concent r A @AW6FHA33pr oduct was purified on silica gel, PCEBSEADTWITI t 0 5%

nmet hanol in dichloronmethane to afford CO/POUND 2 (3.505g) as a pale yell ow
foam Inpure material was additionallé4obtained fromthe above flash 5
chromat ography and this was repurified®by a second flash chronat ography,

Furt hor 0. Sdy (o ek Bo s IR funelh R BB 3 1 G5
yi el d). Pulichlgrofiefth®. Combired Ygabintextradts wereidriyd (B0, filReind > 99% "H NMVR
2428“/';2260%%’3%@68% gg%émé“%ﬁaf H‘;‘H%Q)bY fﬁveggf Fthése%%‘g‘fé@adl?ﬂt%ﬁ@s (in, 211),

7.34 (d Qs 3H) ,
738 ( SZJ%%@i&HR)F%&Jr&un ning 04 /@A)ﬂo ng@C@Mﬁouﬁﬁ)a(gbsgzté’ /«ﬁ%eld in, ;D ol

X 0.2 (§4H Bthe(THA salt-Tlispmatere] Wsmlyephﬂm:d ﬁam@HsﬁN/I&CMl@%rom/Pme 3

ety : Mo IBRER UL NI (DM R EDRORD Y OB TE L Tl 221 L S reren e
zztbf I( 32?0%‘? G}I),S:Qsmmb,)zmm 02 axd;S 210, B1estIsane 4|, 3.5 (bié zmsa sxi@ed
triacet oxy‘bég#\"ygﬁ?&e“%g@%@@rfbsg’l@ g'ghmr@lfﬁt % 3&?%}%3‘3&%7 hWas stirred

at room tRMPeRAl7UN{ul BEEY. szti GUJGEWLDOAnaI%aIba%ﬁcﬁﬁﬁFNwQQWTﬁ&?{d Sat ur at ed

sodi um 20 bi'car bonate was ad he aqueous sol ution was extracted with

t hr ee Yor t4-6H800E. S1R% HL 6136;?&&1%@0@11‘1!% Ab3LdHI 8P i, 699N MeS were dried over
anhydr ous iU lrf+@ f rat ound was '
di ssol ved q%%@dg %‘?S)Z Eh{[%ﬁ%?’[ﬁ.ef E)%'G}S?g?/ﬂ%ﬁy ¢u1?a§g5’\lpx/;a[‘?l ‘;@5@, sat ur at ed
ammoni um Rl &rm)i299%8 (2ﬂ4nm1),a49|9ﬁ5(2801ﬁn)_1HPLQ¢on)htmhs AorerGp@rgradiettes (3 ti ps
of spatul &) 818 89992 Ndn! MECSR! SO HRS Y. §A08rA in MeCN.

Rotation: [a]'’p = - 8.91 (c = 1.179, MeOH).

15 COMPOUND 4 4-[(R)-(3-aminopheny){4-[(3-fluorophenylymethyl]-1-piperazinyl}
methyl}-N.N-diethyl-benzamide

0

o

F .
To a solution of INTERMEDIATE 4b (281 mg, 0.709 mmol) in 1,2-dichloroethane (8
wl) was added 3-fluorobenzaldehyde (180 mg, 1.417 mmol, 2 eq) and sodium
20  triacetoxyborohydride (300 mg, 1.417 mmol, 2 eq). The reaction was stirred at room

temperature under nitrogen for 18 hours and concentrated. Saturated sodium
bicarbonate was added and the aqueous solution was extracted with three portions of
dichloromethane and the combined organics were dried over anhydrous sodium
sulfate, filtered and concentrated. The product was dissolved in a mixture of ethanol,
25  tetrahydrofuran, water and saturated ammonium chloride (3 ml; ratios 4:2:1:1 v/v).
Iron nanoparticules (3 tips of spatula) were added and the solution was heated at

150°C for 10 minutes in the microwave. The resulting mixture was cooled, filtered



25 150C for 10 minutes in the mcrowave. The resulting m xture was cool ed,
“filtered through celite and concentrated. The crude was dissolved in CH2Cl12
and washed with WO 2006(014133 PCTI SE2005/ 001186 34 water. The organic
| ayer was separated and the aqueous |ayer was extracted wth
di chl or om¥OHAKE14133nbi ned organic extracts were dri ed KOWsES®s)poiisd | t ered and
concentrated. The product was purified by reverse phase HPLC (gradi ent 5-50

% CH3CN in H20 containing 0.1 % TFA) to give COVWOUND 3 (0.28 g, 46 %

yield) 5 as the TFA salt. This materi 3 was |yophilized from CH3CN H20 to

R

3.18-3.38 v(fashed Wikl vated . Th3 of dahicdaye? Whs se’éaﬁ%d(aﬂdthb aqiedus &ybizwasZ14) 4.43 (s,
211), 4.53 111&{#7.09 H]rz 111), .7.24-7.30 (m 111).

d
7.30-7. 41 % Ctafl—b"l Chlﬁrwnﬁ’g‘ﬁltﬂerﬁ?omwed MEHNIC exifaEy “feaeral@ﬁe@@ BEMFO x 2.8 TFA X
10 0.4 H2 - N, 6.97%
s eargted o cBibepthied - BlemblnsPyit oY reyoree Do HELE (pditt )N,
Purity:3 >9980 %(QHEENr)n H0a0isbd A% Img% ¢i280MPOVRDE OR7dig 6Dns: Zor ba(>)<
et o he st 36 1K e iR aenid Vs BiobpeE o g AT BB oo 4
4-[(R-(3- mﬁﬂbwbvdbﬂ&{muﬂwﬂmmmmf{wﬂré4lepﬂ{)r’;llamfd,
nmet hvl | - N d| et benzam de %%)@g a soI uti on of
T TERVED! T8 £ Ph0h 23500 2556 0By 5 260, 316306 &ri BDo 2204570 2. 33 v added
311 uorobag g%gngshBﬁzo@gzm}4§ég7irgggls?(d&ﬂh4 250Yiun,

tri acetox oro The react 21@1% was stirred
at rool tb%@déﬂm 1301.13’1'668!‘8 Hz,tllfbgé%—ﬂdﬁ (m84HbGr5§ (Arid= 8.3 bz AH). at ed. Saturated

sodi um bi gcan, e cted with
three port‘&%a&?o@?tfora(\lfg% gﬁgﬁég%é&gﬁt}aﬁ @é@ﬂ&gﬁ%é % e dried over
anhydr ous Gadi32fH, S0l fmt@m% IMSe(cemdﬁmds B@mﬂr),tma fdundhé7 50 @dEE). was
di ssol ved in a m xture of

HPLC: k’: 2.43; Purity: >99%%215nm) >99% (254nm), >99% (280nm). HPLC

Conditions: Zorbax C-18, gradient 10-95% B, flow : 1mL/min, 25°C, A: 0.1% TFA in

15 H,0,B: 0.1% TFA in MeCN. Rotation: [a]'p = - 8.94(c = 1.04, MeOH)



25 tetrahydrofuran, water and saturated amoniumchloride (3 m; ratios
4:2:1:1 v/v). lron nanoparticules (3 tips of spatula) were .added and the
‘solution was heated at 150C for 10 minutes in the mcrowave. The resulting
m xture was cool ed, filtered WO 2006/ 014133 PCT/ SE2005/ 001156 35 t hrough
celite and concentrated. The resulting product was dissolved in CH2C12 and
washed with water, The organic |ayer was separated and the aqueous | ayer was
extracted with dichloronmethane. Conbinggd organic extracts were dried
(Na2SO™4), filtered and concentrated. The product was purified by reverse
phase HPLCG-{ gfgdi ent 5 5-50 % CH3CN in H20O containing 0.1 % TFA) to give
COVWOUND 4 (0.375 g, 65 %yield) as its TFA salt. This material was

| yophi i zell fr odnc@np@nidia? @rimmlapk phlumeceuticgdhyl szcopedtlovalip dvadet, soluatedVR ( 400MHz,

CD30D) 1.08 (t, J = 6.4 , . 1.21 (t, J =6.8 Hz, 31-1), 2.38 (br s,
2H), 3.00 ’?Bﬁg%?m?ﬁﬁg,s%fi%a%’%%xms‘ﬁ?&}’?ﬂ3.40 (br s, 2H), 3.51 (q, J = 6.8
Hz, 2H), 4.37 (s, 211), 4.56 (s, 1H), 7.18 (ddd, J = 1.2,2.3, 7.8 Hz, 1H),
10 7.24 (ddd, J=1.0, 2.7, 8.8 Hzw, 28~7.38 (m 4H), 7.55 (d, J = 8.2
Hz, 2H). Anal.Calcd for C29H35FNAO " A x 1.1 H2G C, 51.50; H, 5.01;
N, 6.98. Found: C, 51.52; H, 5.701; 618 WS, (calcd): 475.3 (MH),
MS. (found): 475.2 (MH). HPLC k': 2-83; Purity: >99% (215nm, >99%
(254nm), >99% (280nm . HPLC Conditions[ aorbax C- 18, gradient 10-95% B,
flow: 1ni/mn, 25C, A 0.1% TFA in 15 O B 0.1% TFA in McCN. Rotation:

[a] 16D = - 8.94(c =1.04, MOH 36 1. A conpound of formula I,
phar maceutically acceptable salts th of ; solvates thereof, prodrugs
t hereof, and m xtures thereof: 0 H N F (I) 2. A conpound according to

claim1, wherein sai.d compound is sel eﬁs ed from

o} o o .
BAGUCHES A%
»” T,

N N

@ ® .
A A

and pharmaceutically acceptable salts thereof.

3

2. A compound according to claim 1, wherein said compound is selected from:

A compound according to claim 1, wherein said compound is selected from:

L,
()

Cl
N
N

F :

4. A compound according to claim 1, wherein said compound is selected from:

3
<y
P

and pharmaceutical]y acceptable salts thereof.
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1, wherein
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1, wherein
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caLry acceptabl e

cally acceptable salts thereof. 3. A conpound according to claim
said conmpound is selected from O ,~NHNHZ N F and
cally acceptable salts thereof. 4. A conpound according to claim
said conmpound isi selected from 37 O I~NNH, . CN F and
cal 'y acceptable salts thereof. 5. A conpound according to claim
sai d conpound is selected frém 0 1~NJ H/ NH, N/ F and
salts thereof. 6. A conpound according to any
ns1l and 2-5 for use as a nedicanment. 7. The use of a conpound

d claims 1 and 2-5 in the manufacture of a nedi canent

na, @NXi ety or depression.

£ and pharmaceutically acceptable salts thereof.

A compound according to claim 1, wherein said compound is seiected from:
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BRasUe
H
) NH,

7.
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CL,

A compound according to any one of claims 1 and 2-5 for use as a medicament.

and pharmaceutically acceptable salts thereof.

The use of a compound according to any one of claims ! and 2-5 in the

manufacture of a medicament for the therapy of pain, anxiety or depression.

8.

A pharmaceutical composition comprising a compound according to any one of

claims 1 and 2-5 and a pharmaceutically acceptable carrier.

9.

The use of a compound according to any one of claims 1 and 2-5 in the

manufacture of a medicament for the therapy of pain.

10.

The use of a compound according to any one of claims 1 and 2-5 in the

manufacture of a medicament for the therapy of anxiety.

11.

The use of a compound according to any one of claims | and 2-5 in the

manufacture of a medicament for the therapy of depression.

12.

The use of a compound according to any one of claims 1 and 2-5 in the

manufacture of a medicament for the therapy of Parkinson disease.



8. A pharmaceutical conposition conprising a conpound according to any one
of clains 1 and 2-5 and a pharnaceutically acceptable carrier. 9. The use
of a conmpound according to any one of clainms | and 2-5 in the mnufacture
of a nmedicanment for the therapy of pain. 10. The use of a conpound according
to any one of clains 1 and 2-5 in the manufacture of a nedicanent for the

t herapy of anxiety. 11. The use of a conpound according to any one of clains
1 and 2-5-in the nmanufacture of a negdi canment for the therapy of depression.
12. The use of a compound according to any one of clainms I and 2-5 in the
manuf acture of a medi canent for the therapy of Parkinson disease. 38 13. A

e LT i gt Ry

with R CH2X R-CHO to form an internedi ate conpound; reducing said

i nt ermedi at’ew th a suitable reducing agent, wherein Ris selected
from2-fl uor/éph JHorophenyl and 4-fluorophenyl; and X is selected
fromd, |, By, (tosyl) and -OVs (nesylate). 14. A process according to

claim 14, wherein gand reducing agent nmay be selected from hydrogen, zinc
and iron. 15. A compound selected fromenantionerically pure
enantionerically e 4-{(R) -

(3-am nophenyl) (4-fl uorobenzyl) pi perazin-1-yl]nethyl}-N, N-di et hyl benzam d
e; enantioneri#: ly pure ' '
4-[ (R) - (3-am nophenyl ) [4-[(2-fl uorophenyl ) et hyl] - 1-pi perazi nyl ]

met hyl ] - N, N-di et hyl 1 benzam de; enantionerically pure '

4-[ (R) - (3-am nopheny] ).[ 4-[ (3- _fluoragophenyl ) net hyl]-1-pi perazi nyl|
met hyl ] - N, N- di éqaﬁwg@&é\%%la%bé-[@rfatroﬁwaylaéd@lﬂﬁ@?&l@fd@eﬂa@}ﬁéﬁ%@ﬁﬂw&%Brs
thereof. ¢m,X or R-CHO to form an intermediate compound;

reducing said intermediate compound with a suitable reducing agent,
wherein

R is selected from 2-fluorophenyl, 3-fluorophenyl and 4-fluorophenyl; and
X is selected from Cl, I, Br, -OTs (tosyl) and —OMs (mesylate).

14. A process according to claim 14, wherein said reducing agent may be selected

from hydrogen, zinc and iron.

15. A compound selected from enantiomerically pure enantiomerically pure 4-{(R)-
(3-aminophenyl)[4-(4-fluorobenzyl)piperazin-1-ylimethyl }-N,N-diethylbenzamide;
) enantiomericdlly pure 4-[(R)-(3-aminophenyl) [4;[(2-ﬂuor0phenyl)methyl]~ 1-piperazinyl]
methyl]-N,N-diethyl-benzamide; enantiomerically pure 4-[(R)-(3-aminophenyl)[4-[(3-
fluorophenyl)methyl]-1-piperazinyl] methyli]-V,N-diethyl-benzamide and

pharmaceutically acceptable salts thereof.



