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DI ARYLMETHYL PI PERAZI NE DERI VATI VES, PREPARATI ONS
THEREOF AND USES THERECOF The present application

w@bkaeciostiBhe benefit of United State Provisi onaPCT/SE2005/001186

Application 60/602, 363, filed August 18, 2004, the
entirety of which is incorpordted herein by reference,
and clains priority under 35 U S.C. 119(a)-(d) to
Swedi sh Application No. 0401968-3, filed August 2,
DOARYIMETHYE BRIVAT IVES @REPARATIONS i S

i t CO nds, to a process for their
ﬁﬂ@%‘igﬂﬁ%%ﬁi ﬁéﬁd phar maceuti cal conpositions

conprising the novel conpounds. The novel conpounds

ar e ubkesr RiFsanhapMisation clammdhe henedit of Binited Stat Protisional
ASSRSIBA k62,200 LR Yo M ARG BReLr i i corporte

hehchiﬁllﬂjlrﬂ&re'ﬁbe; afr,ié lctadmé f)dé‘)ﬁtgn?dlamif)U.S]G% bE&{)-(cﬂ@dlSivéd'ﬁﬁd
s .having a ro i.n n odi unctions such as
PRI %Pyoﬁag%ép ﬁ@ﬂq@ﬁt@_, 2é%‘ands for the d
receptor may therefore find potential use as

%’8@ E“‘%/MENFHQ&‘I anti hypertensi ve agents. Ligands
for the d receptor have al so been shown to possess

i munbreceieseat mvyntaa is dire¢ted to idvel ¢aheprivingls, ¢at porvess foatheir
Irgaasret1 iotnh'Eeee udieffﬁr%nt Eo uI]?ti ons..of opioi.d r&%ept rs
IR i 1) USP @G, BRFREFTHHER SORTROSHIONS SuaP§pe thgmaxelyy o
RPdLdY. The nbed RoaPohiidlareidieh tHRRG ahndRIPaRItRlar for the
systens of many species including nan. Anal gesi a has

traERes 196 Bripetn ey vad fungoral gasirointedtimekdisprdarsone or

nore of these receptors has been activated. Wth few

BACKSGROMEND OF T&HE IyVENAIOD| e sel ective opioid d

i gands are peptidic in nature and are unsuitable for

admi riltetdedth (@) teeestysharbeen ideutifisd ad M ixard @ minyebodily
on- pepti di c . d-agonist i.s SNC80 (Bilsky EJ. et al.,
GHoms pucky assirg | p%palg gyptems. Ligands for the  receptor may

therefore find potential use as analgesics, and/or as antihypertensive agents. Ligands

for the 8 receptor have also been shown to possess immunomodulatory activities.

The identification of at least three different populations of opioid receptors (L,
6 and «) is now well established and all three are apparent in both central and
peripheral nervous systems of many species including man. Analgesia has been
observed in various animal models 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 routes. One example of a
non-peptidic d-agonist is SNC80 (Bilsky E.J. et al., Journal of Pharmacology and
Experimental Therapeutics, 273(1), pp. 359-366 (1995)).

Many 6 agonist compounds that have been identified in 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
administered systemically.

PCT Publication W002/094794 describes some §-agonists.
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(1995)). Many d agoni st conpounds that have been

WO dwavif18ed in the prior art have many di sadvaPCHSEX05/001186

that they suffer from poor pharmacoki netics and are

not anal gesi ¢ when adm ni stered by system c routes.

Also, it has been docunented2that many of these d

agonist _conpounds ow significant.convyl sive effects

when lg%l‘ﬁ?ﬁr’stﬁ%rreéﬁ S@E% P‘:éer%ﬁ @E}WWPV%W}B#F-C ation

W02/ 094794 descri bes sone d-agoni sts. However, there

is still a need for inproved d-agoni sts. DESCRI PTI ON

BESEREPTNYRNOFGMENIAMeTION Sur prisingly found that

certai n conmpounds exhibit one or nore inproved

prop [ : Y/ -0, VI VO

Pt env s aow SurpiFRER 66 A RRORE oBRNHGY ertifly Hpg G more

istpaddieliptopertias, iié. impaival &laigbyist gateicy, Pered petadn,

I%nd/or | ower tofoity.,UnLess sﬁeclfied ot herw se ‘
APpRGRKInRTES, DpnavRifabulify igyitrq sfabilbmEhkiva stabdity,dwsinipgnetration,

dnbjo? IoRGGbLit#@t 1 on generally foll ows the exanpl es and

rules stated 1 n Nonencl ature of Organic Chem stry,

Sect ildmessApedfiedpDerviise Withiariblis lspedBeagimnpthe Romssclature used in
ford 979, Lch.is incorporated by references

8 B ceBipA st el o PR RIS it pdied i AReenalre of

OraRe CHenRAY), SBctfe Ml Bak, Bt EUR! 483, PPl GBYelsy Oxford, 1979,

name of a conpound may be generated using a chém ca

VAR isgnesrperatethby AcforeshesiBiein éor, its\exesiptary ShavicSepuetubenames

' Devel t, Inc., T tQ,
oA s SEVEREE SR BhIy o R E it it gt mey be
generhiat nking aasheias handmPopedgrife ACINEHeABRAEN, Oddioput  of

t total ampunt of the two possible enantioners
S saker OB chdiangad Ghosaipey BiselppBaBo o eontc, Canada.

" enanti i he. !
cont a hERALERRY RO BRST b SATRRHP G 1cost 3% ofhe
nahed endrdion@mountf thé tdtdlantonnt aiths tvnd possitdaénantiemsrs contained

contained therein, |.n a re particul ar enpodi nment,
therein. lIn a partlcufar embochent, I'Tc!:)nan’ucr))mer1ca"hy 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,
"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.
"Warm-blooded animal" includes human.
In one aspect, the invention provides a compound of formula I,
pharmaceutically acceptable salts thereof, solvates thereof, prodrugs thereof,

diastereomers thereof, one or more enantiomers thereof, and mixtures thereof:



"enantionerically pure"” refers to a conpound
containing at |east 95% of the nanmed enanti oner out
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cont ai ned therein. "Warm bl ooded ani mal" includes
human. In one aspect, the invention provides a
conpound of fornula |, pharmdceutically acceptable

salts thereof, solvatesgthereof, prodrugs thereof,
di astereoners thereof, ¢gne or nore enanti omers
t hereof, and ni xt urés N hereos: > enbodi nent, the
conpound of the inventi on{aA be ected from
phar maceutical |y accéptabl € sallts t heM&of, one or nore
i sol ated enantioners thereof aNd m xtures thereof. In
i
centl

anot her enbodi mrent, the conp of the invention may
be selected from and pharnma cally acceptable
salts thereof. In a further_empodi nent, the conpound
of the present invention e sel ected from and
pharmaceutically acceptab alts thereof. In a
further enbodi nent, the cgnpound of the present

i nvention may be selected from and pharnmaceutically
acceptabl e salts thereof. Inla further enbodiment, the
conmpound of the present invention may be sel ected
from and pharnaceutically acceptable salts thereof.

I n a hwht kaibodiimeithetdmpdund of Gigiavdtionimdyte eleetedftom:
i nvention may be selected from

4- ( 3- apd nophenyl [ 4- (4-fl uor obenzy} ) pi perazin-1-y
]/]\jhe .1 Vdie nzgde; N
49 (1 7 mophemyl ) rob

[] neth& -
4-[ (R) - (3-am nophenyl ) [ 4-[ ( 2-

f1 uorophenyl ) met hyl ] -1 - pi p&fazi nyl] nethyl]-Y,
- di et/@genzam de; 4-[(@33- d
F ' ’

5 F

pharmaceutically acceptable salts thereof, one or more isolated enantiomers thereof

JV-di et hyl ben

and mixtures thereof,

In another embodiment, the compound of the invention may be selected from:

) ) O

F B> N o ¢
F'
10  and pharmaceutically acceptable salts thereof.

In a further embodiment, the compound of the present invention may be

selected from:
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am nophenyl ) [ 4-[ (3-fl uorophenyl ) net hyl ] -1 -pi perazi nyl ]
nmet hyl ] - , N-di et hyl benzam de and pharmaceutically

waewept4ahbd e salts thereof. In an even further PCT/SE2005/001186

enbodi nent, the conpound of the present invention my
be sel ect ed fromenantionerically pure

4-{(5)-(3-am nophenyl)[4-(4-4

fluofobenzyl)plpera2|n [ -yl ] methyl}-

AN hyI nzam de; enantionerically pure 4-

{gyO) ophenyl ) [ 4- (4-f 1 uor obenzyl ) pi perazin-1I -yl
] et hyT'} -1 L Ndttet hyl benzami de; enantionerically pure
4-[ (R) - ((8-am nophenyl )[4-[ (2- fluorophenyl)nethyl]-

1- pi peraginyl] methyl]-iV,iV-diethyl benzam de;

enant i rically pure
4-1 ( 3- am nophenyl ) [ 4-[ (3-fl uorophenyl ) nethyl]-I - pi
per dzinyl] net hybid phaNdaetuighlbemzepthlde satsdhereof.

har caII acce able salts.thereof. It wll
&aﬁﬁﬁﬁﬁl&f*?m TR TRRE A e B pisption may bE
seR¥RAFAN contain one or nore chiral centers, the
corr%ounds of the invention may exi st in, and be

ollated as, enantioneric or dlastereonerlc forms, or
m xture. The present invention i ncl udes
arny pogsih pant i onmer s, di astereoners, racenates or
mxturesg‘jereof, of a conpound of Formula I . The

I

opti cal ctive fornms of the conpound of the

i nvent j o may be prepared, for exanple, by chiral

chro graphi c separation of a racemate, by synthesis
from ically active starting materials or by

asymmetric synt hmiIslahas@dueail}tdbeeppalﬂeeatsrtb&edﬁscri bed
thergafter It wijl 0 be understood that certain

conpdBadurtear W@dlﬁ?e@ééﬁ? CORRAMG; of fhepigseak inyentign may be

Sg@g%§g§g1 for exanple hydrated, as well as unsolvated
forms. It will further be understood that the present
|nv nti on enconpasses all such solvated forns of the
cggp S the formula I. Wthin the scope of the
i iven ) so salts of the conpounds of the
formul a General ly, pharmaceutically acceptable
salts o{f:bnpounds of the present invention nay be
obt ai ned Jusi ng standard procedures well known in the
art, E?I

F and pharmaceutically acceptable salts thereof.

In a further embodiment, the compound of the present invention may be
selected from 4-{(S)-(3-aminopheny!)[4-(4-fluorobenzyl)piperazin-1-ylJmethyl}-N,N-
diethylbenzamide; 4- {(R)-(3-aminopheny!)[4-(4-fluorobenzyl)piperazin-1-
yllmethyl}-N,N-diethylbenzamide; 4-[(R)-(3-aminophenyl)[4-[(2-
fluorophenyl)methyl]-1-piperazinyl] methyl]-N,N-diethylbenzamide; 4-[(R)-(3-
aminophenyl)[4-[(3-fluorophenyl)methyl]-1-piperazinyl] methyl]-N, N-diethyl-
benzamide and pharmaceutically acceptable salts thereof.

In an even further embodiment, the compound of the present invention may be
selected from enantiomerically pure 4-{(S)-(3-aminopheny1)[4-(4-
fluorobenzyl)piperazin-1-yljmethyl}-N,N-diethylbenzamide; enantiomerically pure 4-
{(R)-(3-aminopheny1)[4-(4-fluorobenzyl)piperazin-1-yljmethyl}-N,N-
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exanpl e by reacting a sufficiently basic conpound, for

exanple an alkyl amne with a suitable acid, for
wex@apl4a33 HCl or acetic acid, to afford a PCT/SE2005/001186

physi ol ogi cal ly acceptable anion. It may al so be

possi bl e to make a correspondi ng al kali netal (such as

sodium potassium or lithiud or an alkaline earth

Erhylbetmads qpartiopernce i s B -stabry e G e
f@d&&@ﬁ eﬁﬁﬁ@‘@?fﬂsl ﬁlg@ﬁ& l?l?ﬁmet g)(l?‘?v’ﬁ d@éth)ﬁb&ﬁ%ﬂﬁ’clle ‘éhﬁrﬂlo%?ically

equi i ne earth netal
hye 49 R)e8- ammalblkmxl)H%[(Gsfhmmmsnylhaetbylﬂrdxplgeramyl] methyl]-N, N-

Xi de uita basi ne (such as
rbrireseshas gt Pl nadb SRl dl ol | owed
by copvgmbé aRdstBeH thht waéd &Hnﬁ(ﬁﬁﬁ@ bEHHE Preskit-iRPéhtion contain
enbodi nent, the conpound of fornmula | above may be

ansrov encre ghirad cantpﬁsaihmompumbldfyh@mz@}jmabn@ gxasttingind be

te th reof an acid addition sa
kRS SRR Hat e oD of o G iR The
ﬁ@@hﬂh@entfdﬁﬂﬁélﬂﬂ&,an 9@51@ endrdiohiedd, Qiasrddn@irs, racemates or
wethanesulghonate or toluenesulphonate The novel

TP eL gL B0 ﬁﬁémppé@%ﬁ Forpydank i Bhe aptisallsaatiye fomps of the
Jggrﬁ{??{}a of e %&hﬁbﬁ Yha %fe #rngﬁretdr RN 51e°63{ }‘{m{ﬂ %}ﬁ%nﬁ%gqaphlc

I ONS SucC as C ne U
saparhgorpal awaceane by mth’e,sls rfmnm opialaﬁg dcﬂw;e stheugaiamMHS or by

arthritis, mgraine, iscer I n.etc, This list

SR RSP PRt Goe Pﬁf%?%#@f CHRe b RARAT ve.

Conpay Al aRh bk hﬁdér&ﬁ@d‘iﬁa?&r@'ir?cdfﬁﬁfuﬂhs 50the E)Pé%ent invention may
treatnment of diarrhoea, depression, anxiety and/or

extist @ssplvases ferbxdingby Ifwirated us tvellss posilvatediforesi it wsll figger be

di,so r ani ¢ _di sorder, generali ed an

B idad e B tererf iR ASH epefiBRRRL U Sien 3o pies of he
(@hﬁgﬁg@gofﬂgiﬁﬁghmqpncontlnence premat ure ej acul ati on,
various nental illnesses, cough, |ung oedema, various

gast rWithin the s¢apa of dlesByension arcealgp sadte eé thepamipornds of the

t I d
ARG o Bbe IS BRS¢ B8 P Uil og e presen
iRednkion Sty te dliteﬁ@astesllfgm:miaftfpmﬁmu@es wilBldadat B, the art, for
traurmtl c brain inj.ur stroke, cardi oprotection

Mer@aqﬁng&aﬁuéﬁ%FntYthaamowun% geretempls 4 glkglpanine with a
sgl{t%ie 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 as a
carboxylic acid or a phenol 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, followed by
conventional purification techniques.

In-one embodiment, the compound of formula I above may be converted to a
pharmaceutically 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.
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addi ction, including the treatnent of al cohol,
ni cotine, opioid and other drug abuse and for

waele®@endass of the synpathetic nervous system fRPECT/SE2005/001186

exanpl e hypertensi on. Conpounds of the invention are
useful as inmmunonodul ators, especially for autoi mune

di seases, such as arthritis,6for skin grafts, organ
transplants and simlar surgical needs, for. collagen .
di sedbesove} spmppunds|qf dhegressnt pypntipgears sefk i thespryy especially
fc?rgtﬁg{rﬁatﬁlggt &'Uahoﬁ% Eé?h c&%éﬁ&n‘s sulP FPOHBSES \Rﬁfn haﬁopathic pain,
invention are use I'n"di sease states ef e
acleg paias aincarpadt, pdipsfaustel byahewhatojl athditis coegpsioe,sviscsral pain

resent or jnplicated. in that paradigm This may

e&nmsdlét sheuld fowveyer P%t&ed%qe’éoé?tfa&‘?r %ig)_é&ft@’&- versions of

the ¢q %Hﬂ(‘fgsoéq e IVEntidlVAB Lk fo tHeitAGRRSH: o€ diarthoea,
techniques and 1 nmagi ng applications such as positron
depriessson antietyagdsp kiressREIR)ed diongrosisitd asfhostHeavntaliestressn
are useful as an anal gesjc agent for us urin )
Garierapain dBodies B Al o e ah abSE UGl g gpsessive
cGRPRisRR iRk AfriRge MedntMchbe, PrdnhRiRRachl0BA/ Faridss Aeftal
often used to achi'eve a bal ance of effects needed to
ilireeisses adongh Heng pedesmah safiois gesireintestigal dispiderp.ce.g. constipation,
anal gesi .Juscl e .rel axation e ' | nc :
oA BT PR s BREREE Y SPhad Fadiihtional
DV¥pétal, Parkirdbih alsyise@ad ottt Moo siidordurs, itaaaiatic draamthjury,

oploids, Wthin the scope of the inventjon is the use
stypkea agrdioprasention followimgmuogarfiah miyetion, sping g diige

6 i | s it hi:n:
RGN o SR T S D 0P 208
ahd Yerdisopder§ of the sgmpatheticdrvnes sgtem foeciamgiehypeiiensiome

therapy of pain, including, b nat limted to: acut

pai nj%%(‘irmo_ﬁﬂ 50013131? HIVeREW %ﬁ3?#]casr}ﬁ\r?ﬂnoﬁﬁ’gﬁla&fgiﬂ”r??pec‘ﬁly for
G RGN Bistase & RAcH ASH A, BN cAfBOoNEA Rafspldhes SRIORRilar
of the invention is the use of any conpound of the
sigwahhéeds, Hocoltagen dispaskes oatipes afergiesnbeti usa ae Anti-fuspour pgents

SLHSE RO oty. 1 nel uding

Compounds of the invention are useful in disease states where degeneration or
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
general anaesthesia and monitored anaesthesia care. Combinations of agents with
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,
neuromuscular blockers and opioids.

Within the scope of the invention is the use of any compound of formula I as

defined above for the manufacture of a medicament.
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but not limted to: social phobia, general anxiety
di sorder, acute anxiety. Also within the scope of the

WO pwetnid1eh i s the use of any conpound of the |PWVESEI0051001186

for the manufacture of a medi canent for the therapy of
depression. Also wthin the scope of the invention is
the use of any conpound of the invention for the

manuf acture of a medi canment for the therapy of

Par kitdsowitkindhe eeope of legpvaptionisihe pee %@@pféoaﬂoomof the
U 1T, Bt ety e KA E BEREY R Pl UBing, bt
nboﬁmttbtljtot naat prinf clobniapyinpheurtyeaticio pdint banfpaiti, senrss pain, and
above. A further aspect of the invention is a method
visgeral padnt r eat nent of a subj ect suffering fromany of

t he i T

amoun o e P g i DR R R bt
imchtion ﬁtre]neamamtfaaumatﬁ agn¢dicamand fat thé theraply of lamate‘ryemc}.udmg,

Thus, . t i nven ro d d of f la I,
bR R AT BAP RSP e LA LOP L AP 265 FATED

t her egf, wakinRE %0@;@ RF HeAnieitibA rkht ke Y5y dOmipdard@BYthe
In the context of the present specification, the term

itiventioma oy th@mwfamtmf@gnecbmmw Fenthe thetapy of depreesien. ar e
specif.ic i atl ons ..0 .t he n
"t hele{ emtﬁ %\F]cd) pe Oﬁerezi%‘éeu llggaﬁt tﬁq"élﬁﬁ’e ?ﬂ}&cf © %}:Hcl)% W} &d

iERa68 fd’ighé’maﬂlﬁﬁcﬁlﬁ &N a'tbdicamnt for thé‘l therdpef Parkiesoh’safisease.
the present invention further enconpasses to
adni Ailse withinrthe sgopeof the 1YRAIAR 191e ¥5¢ ohany i dbgsorprpaamnds of

t%ir @'g&% ivE ?JH k" hﬁn{ﬁ}ag € BbdibShet O the BXhRIhPSF any of

ase sta Acut e or ronic, or a recurring
tleoocudiditions disdtsed aladvieni t i on al so enconpasses

prop i c ther |es for .prevention Curri
c o ndi A/ *L""(ﬁi@r %ﬁﬁ’&"t&f HyeRfondR ‘?dlof?) g:ﬁfnaent of & Subject

Qﬁ&ﬁ ang 3t Hﬁ%oﬁlﬁftloh@ @Fsé\i%&’ed dbode WRkdR ) AOSRLIAE BNt of
as a he conpound of the i nvéntion nmay be

aau@mpnusd of thd presemthavdnblpm ishdminissereé ta & patint in need of such
h{ar m?ceut i cal
cartment.

Thus, the invention provides a compound of formula I, or pharmaceutically

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
"therapeutic" and "therapeutically" should be contrued accordingly. The term
"therapy" within the context of the present invention further encompasses to
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 prophylactic therapies for prevention of recurring
conditions and continued therapy for chronic disorders.

In use for therapy in a warm-blooded animal such as a human, the compound
of the invention may be administered in the form of a conventional pharmaceutical

composition by any route including orally, intramuscularly, subcutaneously, topically,
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conposi tion by any route including orally,
i ntranmuscul arly, subcutaneously,

W0 o@hoadiBy, i ntranasal ly, intraperitoneally, PCT/SE2005/001186

intrathoracially, intravenously, epidurally,
intrathecally, intracerebroventricularly and by
injection into the joints. I& one enbodi nent of the
invention, the route of adm nistration may_be orally,
intranpsellsnistrapsyiteneal s ipgathemaaty lytraweuamg‘g“ ¥ |

. depen n - r-at, | the: erity of
R e S R T S A

f act o sne@nbamlilyntcafnised Meembnbthetrbvete af hémdiisigition may be orally,
_physi ci an, when deferm ning the individual reginmen and
H&H@ﬁ@é“b@ﬂéﬂ“%@“%ﬁ-rhbst appropriate for a particular

pati gfL doé%g lv&fiil éﬁg AdVon thBFhfe bfadhifit:F6h, ®he severity of the

phar maceut ica osition conprising a conpound” of
disbasepagesmdtwdi ghte theopatiestindatlss fadiens @ofmaltyr capsidered by the

haymaceuti.cal Ly acceptabl e salt. .thereof. |
aggrg{ar_eg P}}){S}ﬁlﬁr\m n getg WW&EE{I}%&‘QWQB rea%rglsﬂtag%fl%sage level at the
nfRt £¢r§6pﬂa?@fdrla%h%la\fpaﬁaﬁf e is provided a
pharmaceuti cal "conposition conprising a conpound of
t he prdditemially themmtis proyidedpphemaace eAmpEsitin comprising a

har ically.accepta her e ] :

BB b Ptk VB RS Rl S b tonly acoeptable
sh10thetddEriaRYsoclHEbE vRfard phathadeuyicdlgractératdpyarsitr.pai n and
anxiety, Further, there is provided a pharmaceutical -
conp&grtiquimlyc e is praveded cRiepBeGTYIeE CORRORHaR epfpprising a

| . her, j

ok BRI e DR SRR LBE 56  tes Mot P I SR AR acceptable
sallp ehierad ciu takwal altign adtheypimohacenticallyeaccergeble naraiay fon therdpy,

condi tj ons di scussed_ahove, Faor preparing
%ﬁpﬁ%‘tﬁ%ﬁfwg%‘ltﬁﬁ‘@ﬁ%%?ﬁ@&ﬂ%“’?’?% t he compounds of this

| nvent,}Qo, tﬂeP@fsgylroﬂH&f ﬂﬁ%&&&ﬁkﬁwﬁog%%@mﬁ%@pﬁﬁhg hers

can be either solid and liquid. So form
cpmppamchof the presert lindatiposdbates theagifeerss pltirspesusirllyeacceptable

ST SR S TR B HRBREHL B B g
BhdifloRCdis@Bsdi dbeoat s,

For preparing pharmaceutical compositions from the compounds of this
invention, inert, pharmaceutically acceptable carriers can be either solid and liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets, and suppositories.

A solid carrier can be one or more substances, which may also act as diluents,
flavoring agents, solubilizers, lubricants, suspending agents, binders, or table
disintegrating agents; it can also be an encapsulating material.

In powders, the carrier 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 having the necessary binding properties in
suitable proportions and compacted in the shape and size desired.

For preparing suppository compositions, a low-melting wax such as a mixture

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



10

15

20

25

30

flavoring agents, solubilizers, lubricants, suspending
agents, binders, or table disintegrating agents; it

w@2mw6alees be an encapsul ating material. | n powRer/SE20031@1186

carrier is a finely divided solid, whichis in a
m xture wth the finely divided conpound of the
i nventi on, or the active conponent. In tablets, the

actlvg corrp }glxed Wi t thec frier havin

é}eg;ela o 5%? petifiing The molte I%"%?PS%H?&BH% in then
pORELAGRITRAGYEfferlt §izb Tt RRGAANGwEd ?oeco%md eﬂtdlfg

preparing suppository conpositions, 'ow nel 1 ng wax
such Sastableranteny e axﬁaghasnm;a ca:(hodatg magresmﬁsstmaitectab‘ohictose

butter .is,first ted an C redle
SPEth B0 1Al agacinty e f e lSie, SRR e opgmethy!
RRhH&S) ahmgaaﬁgwax Niotbaib@tdr arldBARQUr ed int o
conveni ent si zed noul ds and al |l owed to cool and

sol i ditfeyternSeompdsitéonciarlsp éntsndeddo incduvsshe fﬂrmalia@@n@tf the active

nesi.u steara talc, .l act ose
HEpERsH e R lofing s SHecrint 8% kTR proYRRfg 2 Bl ginigh the
aefvdeosipoRicht/dwitedr wiki@Be other t@meFils tshirguinied ,by(aQﬁﬁ@er Wthh is
butter, and the like. The ternlconp05|t|on I's al so
thus i saogiatien vt it odingileely erchets are Beluded -t he acti ve
conp I
or v o SobeSRARRl A eI B bl odas o HbLEE forins
sﬁ%ﬂﬂhﬁﬂknﬂhthﬂM@ﬁﬂkhwr carrlers) is surrounded by a
carrier which is thus in iation wWith i
Si i |Iaﬂwn§q0%e¢f@wl%9né inclade 1°n‘~’ra§HFIéGP§1°n§36‘%é§F’é‘131°nS For
1
AR Sori M A S ORI VAR dolBoml e SRR ¥Smpounds
rognipoliquid prepaiatiochusiétablolfor pavergerabadspisistors, Lignil

enul si.ons. pl e, .steril.e wate er,
SRS EResgiRede CBTHe g S HeBbo Groliienralysnly
sBRitlohqui d preparations suitable for parentera
adm ni stration. Liquid conpositions can also be
f or mAgeeds salutiagis e aal ddminigtiatiuscapdieysenyedhiedigioldag the
I a tr Q
at éve %6&?% éeg’gl?@galf% a%g aﬁé%lg\glﬁlltl%b%% ﬁ(geﬂn%hts, HE%‘ % @ﬁfs, Mtabilizers,
and thickening agents as desired. Aqueous suspensions for oral use can be made by:

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 suspending agents known to the pharmaceutical
formulation art.

Depending on the mode of administration, the pharmaceutical composition
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
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.
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active conponent in water and addi ng suitable
colorants, flavoring agents, stabilizers, and

wo bioskensihg agents as desired. Agqueous suspensPONSEF003/001186

oral use can be nade by dispersing the finely divided
active conponent in water together with a viscous

mat eri al such as natural syntfetic guns, resins,

met hyl cel | ul ose, sodi um carboxynet hyl cellul ose, and
ot hern 3 diaiess @negt, sbpepresenk invaptianoprovidepi methodenfiprapating the

nglhlmcgtaf%%%]gen%@% endi ng on the node of

nistra ar maceuti cal conposition wll
pr ef éﬁ ahd ymboditiede tHer iaveriol pYoviides AL sH &dr Qﬁhngﬁ
? nore preferably fromO.10 to 50%w,
formylad, GompERtgon, al | percent ages by wei ght
bel ng based on total corrposi toon. A therapeutically

ef fecyi ve amount for the pracyi esent
invenfion may be deterni N b ' : known

€T NETT t he age wei ponse of the
i ndj vi dl and interpret @t hrn tH@ cont ext
of“ "t he di CPhNH,s being treatem or which is

bei ng prevenied, by one of ordi nar
art.ln a f%;;:ar aspect, the prese
provi des a '
present invefjtion. In one enbod
provi des~a. process for preparin
I, conp ng: reacting iV:
I V-di et < 4-[ (3-ni trophenyl ) (IF pi perazi nyl ) nmet hyl ] ben
zam de i th R-CH2X or R- CHO t gith@iidinadiddt r o
|nterned|ate conmpound; reducing said internedi ate
conpound ith a suitable redu0|ng agent, wherein Ris

sel e UG
o1 A O Ry P ARy My g
R(EHsY by Ra@HO-t0Msm{ amiyd mteemedlhﬂe OOﬁtpoﬁlﬁbedl msnt said
redu0|ng a% g nK e selected fromh ? zinc and
ducing said intermediate compound with a suit )é ere ucmg agent,

wherein

sﬂlls in the
pnventi on

7 the invention
compound of formula

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

In one embodiment, said reducing agent may be selected from hydrogen, zinc and
iron. : ,

In another embodiment, said N,N-diethyl-4-[(3-nitrophenyl)(1-
piperazinyl)methyl]benzamide may be selected from N,N-diethyl-4-[(S)-(3-
nitrophenyl)(1-piperazinyl)methyl]benzamide and N,N-diethyl-4-[(R)-(3-
nitrophenyl)(1-piperazinyl)methyljbenzamide.

In a further embodiment, R may be 2-fluorophenyl; and the compound of
formula I may be 4-[(3-aminophenyl)[4-[(2-fluorophenyl)methyl]-1-piperazinyl]
methyl]-V, N-diethylbenzamide.

In a further embodiment, R may be 3-fluorophenyl; and the compound of
formula I may be 4-[(3-aminophenyl)[4-[(3-fluorophenyl)methyl]-1-piperazinyl]
methyl]-N, N-diethylbenzamide.



iron. In another enbodi nent, said

LyV-di ethyl -4-[(3-nitrophenyl) (Il -
w@er@enamshyl ) met hyl | benzam de may be sel ect ed PE€DRE2005/001186

JV-diethyl-4-1(S)-(3-

ni trophenyl) (I - pi perazi nyl ) met hyl ] benzam de

andi\yV-diethyl-4-[ (R -(3- 11

ni trophenyl) (| ) et hyl ] benzam de. In a

furt Haa @ﬁbwrﬁ@«f@gﬁzﬁ%ﬁ%@ Sihpigohaphenglthe combcind of
AP By K |- b Rl 430 Auorophomimeti 1 pipssprimpl)

methyl] ]V, Nedittity jbendavhid. et hyl benzami de. In a further

enbodi nent, R be 3-fluorophenyl; and the conpound
of f W@WCWB@ compounds of the pryesent invention and ir;rl.[tjermediates

] - . thyl]-]-pipera
TR E Ry Tro kL b YO P USRI B Shiche R RS o
exginphfiedint SchRmeny abé 24- f | uor ophenyl ; and the conpound

of formula I may be

4-1 (3-am nophenyl ) [ 4-[ (4-fnorophenyl ) nethyl]-1-piperaz
nyi] methyl]-N, L/-di etdapdienzam de. More particularly,

t he conpounds of the present invention and

i nternedi ates used for the preparation thereof can be
prepared according to the synthetic routes as
exenplified in Sch s 1 and 2. Schene 1 Internedi ate
4b: (R) enanti ongy 2 Internedi ate 4a: (9S)

enant i NE CH.CR) chl et hane Intermediate 4b: (R
enant i oner (S)-€nantionefr: Conpound 1:

R1=4;f | uor enyl; (R) enantioners: Conpound 2:

Eﬂﬁ flyuor ophenyl ; Conmpound 3: Ri=2-fl uorophenyl;

) 1. BuLi, THF, toluene, -78°C "\ O O 1. SOBr,, CH,Cl
| ) . 2¢ 242
) NO,
OH

2 2. piperazine, MeCN
Intermediate 1 H
NO,

0O

Intermediate 2

o
. . N
Di-p-toluoyl-L-tartaric acid /| H
o V N o
TrLg .
®
N

Intermediate 4a: (S) enantiomer

o}

E;]

Intermediate 4b: (R) enantiomer

racemic
Intermediate 3

Di-p-toluoyl-D-tartaric acid
EtOH
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Compound 4: R1=3-fl uorobDhenvl. BI OLOG CAL EVALUATI ON
AND PROPERTI ES The conpounds of the invention are

WO oaoaai14183 be active towards d receptors in warPeDSEOFW1186

animal, e.g., human. Particularly the conpounds of the
invention are found to be effective d receptor

ligands. In vitro assays, infZra, denonstrate these
surprising activities, eiggcia ly with regard to

agoni sts potency and effiCacy as denmponstrated in the
rat brain functional assay and/or the human d receptor
functional assay (low). This feature may be related to
in vo activity and may not be linearly correlated

[ ffinity. In these in vitro assays, a

' ed for their activity toward d
receptorsyand G50 is obtained to determ ne the
seIectivE 3ctivity for a particular conpound towards d
receptorsy~ln the currentR-cemt ext, |1C50 genegal |y

refers toHthe concentrat iNBF" Bt he conpo at_hi ¢

509% 'MerEpiaicBrdisrniren st ﬁ?&%etﬁ%’{%i oag]tO i \L/qu‘d @ ot @

| i ga@d has been observed—The activities t he NH,
s Kand myreceors are al so neaszgﬁﬁjin

a . In vitroEhweléisWass| | cul ture Hu

293S cel | § expr 8%sing cl ofiegk Awpan K, d and m

recept or d neonycin resistance are grown in R'

suspensi t 37C and 5% CO2 in shaker flasks

cont ai ni ngi cal ci um free DVEMLO% FBS, 5% BCS, 0.1%

Pl ur QRinedifs HOR) AP0 Ng/ i (Speamesneci n. Rat brains are

wei ghed and rinsed in ice-cotereps’: REGALHPHI™MY 2. 5mv

EDTA, pH 7.4). The brains argdisimgani zed with a

polytron for 30 sec (rat) incdmemebleﬂ-ﬂysquenlduffer

(500M Tris, pH 7.0, 2.5nM ECHPOUE R =2 orophony:

phenyl net hyl sul fonyl fluoride added just prior use to

0.5MmM from a 0.5M stock in DMSO et hanol).

BIOLOGICAL EVALUATION AND PROPERTIES

The compounds of the invention are found to be active towards & receptors in
warm-blooded animal, e.g., human. Particularly the compounds of the 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 J receptor functional
assay (low). This feature may be related to in vivo activity and may not be linearly
correlated with binding affinity. In these in vitro assays, a compound is tested for
their activity toward 8 receptors and ICs is obtained to determine the selective
activity for a particular compound towards 6 receptors. In the current context, ICsy
generally refers to the concentration of the compound at which 50% displacement of a
standard radioactive & receptor ligand has been observed.

The activities of the compound towards k and p receptors are also measured in

a similar assay.
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Menbrane preparation Cells are pelleted and

resuspended in lysis buffer (50 MM Tris, pH 7.0, 2.5
WOR0EDTA33 Wi t h PVMBF added just prior to use toPOI/SE20M4/001186

froma 0.1 Mstock in ethanol), incubated on ice for

15 mn, then honogenized with a polytron for 30 sec.

The suspension is spun at 1008y (max) for 10 min at

40C. The supernatant is saved on ice and the pellets
@e"é@%@@a@éd and spun as before. The supernatants from
both spins are conbi ned and spun at 46,000 g(nmax) for

@lelﬁm The pellets are resuspended in cold Tris
buffer (50 MM Tris/d, pH 7.0) and spun agai n. The

1 alugill b ane L susRenGRE T e Bt ot
mhwplénp?hwg%e drel gesvramesu$pengion at 317°dr andi i‘}é,gglz?a lbeilkgﬁﬁaisks
g Bieimetien PMEMIRF TS Srb RE R 24 B F s faihgoo
;.d%?é&gé’ﬂen%}ﬂ fate. Binding assays Menbranes are thawed

a

37C, cooled on ice, (or kept on ice if not used
i mredRaitbeding arp assghtd3and rimesd inhewmogd PBSA6onfamie hémd EDTA,

i d.into, bindin fer 0] ris .Vl .
B0 45, B i i ) SBogin Y 30ise ) o e il pysis
wiffef GoaiNIET S th7r @tz SHAM BDTAgWitB pﬂex%ﬁm&ﬂfyléulfﬁﬁyl fﬁﬁ)@ﬁdé @dded
whi ch has been freshl added 5 a rotl nin, nvi
JBEPriar pse to oS vmM fr@ﬂb@ P4 Mastoek tnqlgMMﬁB are
derived fromtissue (rat, nouse, nonkey, no DTT) .

Meinhrane praperatio i are added to iced 12x75 mm

pol ypr opyl ene tubes containing 100 m of the
appr dpalisatepel kthdand gesudpended ﬁDlysils boffet EStmMOTx pHd7.@gt2.5

%ﬁﬁ%g’%ﬂ&iﬁ%a&@&%égg% ‘i?(@ 138 onspe M 5Sck in

RS HNEEuRtedlCh M1 OMAH) %ﬁ%ﬁﬁ%&ﬂly@d Yith I%%I}Fnléﬁ% B &e.
vort exed and i ncubated af 25C for 60-75 mn, "after

Thiei S@qunsm is $pan@d ih@@i}g(maab forrlQpigl ay 4%G.cLhersupérnatenidd saved on
e R P Y oSl bt e iR yaPiY sl toih spns
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
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

dodecyl sulfate.

Binding assays

Membranes are thawed at 37°C, cooled on ice, (or kept on ice if not used
immediately) passed 3 times through a 25-gauge needle, and diluted into binding
buffer (50 mM Tris, 3 mM MgCl,, 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 uM bestatin, 10 uM diprotin A if the membranes are
derived from tissue (rat, mouse, monkey, no DTT). Aliquots of 100 pl are added to
iced 12x75 mm polypropylene tubes containing 100 pl of the appropriate radioligand
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(What man) presoaked for at least 2h in 0.1%
pol yet hyl enei m ne. The radi oactivity (dpm retained on

WO b@efid1Brs i s neasured with a beta counter aPCBBE2005/001186

soaking the filters for at least 12h in mnivials
gontaining 6-7 m scintillation fluid. If the assay is
set up in 96-place deep well 1gl ates, the fiItration IS
over 96 pl ace PEl-soaked uniflters, which are washe

Hdt 10031 0f tes5t cqppRY0E 3 Farous sapcegipens; ok (BBbﬁnchmorss@lﬁc
(B fRing 8 delerhfiloafh BeGsdicE nPHANEke of 1§ A PRATNAle
tespeictivele] The tubes e voasreddnddsadyedme 25 frd0i 75 A, dieap

l] pla the 1C5Q.0of co nd aree al uated fraom
VVI% Ja&ﬁm 3?@&?%{? arsd ARl yagw fﬂterﬁ?siear@a\g 5@ agaut Znd
ér/%b ed 4 SR IAEBABO MmO YE BH 710 LAV RER 1@&%@@@?@ filters

Kappa. The assay Is done rh 300m wth e appropriate
(AViaimen)afresnaibd foret fersit2biin 0(19hgolysthyipneiarive.| Thxgradioactivity

h f I My, and.Ka respecti.ve . a

BB e Ben 05 Ber 1 e SR bt FIRE i aqpkind Y filers

ﬁ)il @ﬁéas@@hlﬁ of PlitialslconthaPhg 613818 htilRAGH fRRI 'Iﬂ?@ﬁ%hafy% setup
Mu, and Kappa, respectivel %—p The total binding

lar?é rﬂm degp wellipates, i fﬂgamrew@@@re laeelPERsqaked noidiltarsd
\angﬁ Sl%cﬂgas?l[ed IWIW ?n%l %@asﬁ ’BQH‘S* allgdjgﬁéd 1?1%' ox/Aﬁ gfa %@CT{J)? 2h. The
vVity o y

goni st ac he conpouandas i’ S neasure

fﬂedr@lamsrura gourhed medl @& duat Wﬁbl@rﬁid) dfeer a0ding B0 s M$eept or
co | ex activ he bi ndi ng of GTPto G proteins to
tl?lh u&dé‘ﬁ%inlart ¢ gase of aupYSorpriormed Oty dlplatys, the

e 558 R S RO

lh@ltmmleﬁ)-lpomﬂ dispephentsunies fr thmchsenafgdn laﬁéﬁappzt The assay is
ERE A SRR R B Bl A ind

1ﬁrt1?e @L@é 6f DeRE A T RIIIRSE, ré@%@@mﬁ 4ndr50860-86D @ prdiielitot the

of the dose resPonse curve by the delta ant agonl st
aparapriateduacer d28l-peltorphindd, 1251-FEBB83A4,tahd L 25lgRDIN for Delta,

e Specieloh PHh o P bR hEESR iSRG e

determined in absence and presence of 10uM of Naloxone.

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
human opioid receptors or from homogenised rat or mouse brain. Agonists stimulate
GTP[y]*’S binding in these membranes. The ECsq and Epay 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 & receptor functional assays, ECso (low) is
measured when the human & receptors used in the assay were expressed at lower

levels in comparison with those used in determining ECsg (high). The Emax values



measur ed when the human d receptors used in the assay
were expressed at |lower levels in conparison with

wa bws@1413&d i n determ ning EC50 (high). The EnBXI/SE2005/001186
val ueswere determned in relation to the Standard d
agoni st SNCB80, i.e., higher than 100%is a conpound
that has better efficacy thari5SNC80. Procedure for r at
brain GIP n nmenbranes_are thawed at

‘ﬁ%rggé@nglqeﬁﬁégekf%tmnda&w shansigreyG agniss S8 het» lwgé%n tha P is
By B e R e ™2, Add Tr st
RIS B NERRAR. 170 Eeo0 and Ermex of compounds

o SR R BB P PR SR SReS R < P oo

5 mﬁﬁte%fdmeé@l%a& \aﬁﬁﬂea 1@&9 d@v@%&ﬁ ééT EM%%H

per well (O . The basal and XI
KI0imiM Ha@hi lbnMoEmT;Aai ml\dédiﬂlm pied.4, Addkfme]mcbnﬂvid)TT 0.1%

8453 RME Crb By R adien o 5 SulShs. FhEE sciptiopes vt
&ﬁa@uhab @e SVal0Rbd Frof 10- E%slﬁmos%w ﬁse(éﬁ?ew ddﬁ@ ﬁ§300%tWh the

200MM NadCl , 1mM TA, 51V a2
mmte(ﬁnsmnBsf\Inembr@Wrotadewg/weﬁ) S T00AG1 3 00ictot of

I bi ndi n
10 G R D YR oRe N R e P b Binging are
dé@érhﬂkb%i 1h @Bdenc® QBRPM@%%C%% axp s8e30d T8 a$¥ay 981%1%93%1 A HEK
control SB. Values O'IC 0 and Hill coefficient

298P cellystably ercnre@ﬁlsgwlamd@elmmtp@aa; {lgneyp arstightly dlft)erent

r t
G PR RS RO AR LB By AL o
G gudPiresh: 062, BSaend OTAT) tand MadhueSuMffing] coMel €f GDP.
cal cul ated fromthe Cheng-Prussoff equation. Man
15 IutEaMlysi@l ues of 1C50, K and n were reported for
[T gands test ed in at |east three displacenent
curv @lﬂ@/@ I
cert glﬁlne s?g&rrggé}} S0 B?ﬁ&é@lc%ﬂéglﬁﬁdgiﬁ‘i%gg 0?%131111858 @L‘B ﬂtleh
abmsuee ditsconbtedt @mgsysds was expressed as percentage of control SB.

Values of ICso and Hill coefficient (ny) for ligands in displacing specifically 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.E.M. values of ICsq, K; and nyg were reported for

ligands tested in at least three displacement curves.



N A: not avail able Receptor Saturation Experinents
Radi ol i gand Kg val ues are determ ned by perform ng the
whrediong3nssays on cell menbranes with the appPOPSEADF001186
radi ol i gands at concentrations ranging from0.2 to 5
times the estimated K (up to 10 tinmes if anmounts of
radi oligand required are fead bl e). The specific
radi ol i gand binding is expressed as pnol e/ ng nmenbrane |
pr ot &able 1\shbwe somwé thedueldgBrdetd eloreriamdiomneyads of the invention
experinents are obtai.ned fromonlinear fits of
H?EJQLEF#PS&% a%%eh SERCAASS AN free (F) radiol i gand
fromindividual according to a one-site nodel.
Determnation O Mechano- AUodvnia Using Von Frey
Testing Test|ng is| perf¢rmed %?ﬁﬁaﬁp@ﬁ é&oﬁﬂﬁcﬁ.%i 00h  [ecsomb
usi sgucture et lnsdhdlessonkbedohy | Chap| dowet al . | (H@O4EC50rb
Rats are plaged in Plexiglas 4g&s ?uﬂa{ HiMaG %H.}g;(re Emax
nmesh bottom which lall ows accebss to € paw, and ar
/I\ef’t to habituate [for 10-15 nn. The arga tested ifs
tjl%gi ar legft hind paw avolding|the |ess
sensitive pt pads. The paw | s tolched|{w th rii es
of 8 o Frey U8 ris 594 i Baﬁa-?‘l-ﬁ% @gi%l /%ﬂﬁcgﬂ%ﬁt a:fez.sz 130.3
stiffness (0{41, 0.69, 1.20, PR.04,|3.63| 5.50, 8.451,
and .14 granms; Stoelting, U, USA). The voh Frey
hair is applied frlom underneath the mesh floobr
/p\er"endi culay to the plantar gurfage with suffici¢gnt
f ru;gkg\;e a gl i ght [buckl { ng agai ns{ the|paw, Jand
hel d fqr a oXi ely 6-8 secaonds positiy
respor[sﬁ i's 10?'%%3{}?10%99 ?fﬁ\?/ Ngnh ar@f‘y as#ot#wjgg\%ﬂ. 465.9 | 66.32
Fl i nghi'ng i mredi atlel y upon repoval |of the halr is jal so
coq@éred ajpositjive rgsponse. Anpulation i$
consi dered aiph anbijguous |[respohse, and iph such cases
g stinmulus|is repeated. Testing Protogol The anijmal s
@» on postijoperat/ive day 1 tor the FCA-treafted
droup. [The"50% wi t|hdr awdl t hreshol d i n'“ d

) et
usi ng (t he upj o méetod 2D ZoH0 ﬁ!@g?) ?N/Xr A | NA | NA

CL,

) 108 | 5767 | 2736 | 7742|8444 | NIA | NA | NA | NA

N/A: not available

Receptor Saturation Experiments

Radioligand K3 values are determined by performing the binding assays on
cell membranes with the appropriate radioligands at concentrations ranging from 0.2
to 5 times the estimated Kg (up to 10 times if amounts of radioligand required are
feasible). The specific radioligand binding is expressed as pmole/mg membrane

protein. Values of K and B, from individual experiments are obtained from
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Testing is started with the 2.04 g hair, in the mddle

of the series. Stinuli are always presented in a
w@omsecuss ve way, whet her ascendi ng or descendP@LSE005/001186

the absence of a paw withdrawal response to the

initially selected hair, a stronger stimlus is

presented; in the event of paw w thdrawal, the next

h t | th hol d
T L A e AV e A —

f the 50% threshol d, and counting
dgg&t%ﬁieggg%%%%gg%aggg begl ns when the first change in

D& EMeBhanG- Al he b e§ﬁ0| efl rSﬁ aﬁggsgfd

e pind RFeg %ﬁ) GO0 B 160K ing egpastod diseribed
byeSHsiptanig ab f1doay, nRQtfs aROShddduR P?&‘i*glsk;&@& S8t RS fhesh

is tabul ated using the ‘convention
beftem Wwhiply plewas accgs$d0 tlieepa50 A diateHelft amadbituateetsh 00-05 infin. The

b PRI B A BV, B s SFastvaont Fadey The
phm is tcmsbcﬂ Wltbg semstcﬁ“)s Vi Frely i @ﬁth\l@édﬂ%hrﬁfca fehan a0

994)) for the attern of positive / negatlve
SF&E ﬁ%%i %9%; d-49; 20&9%6 f1-$9. S Hnerd bdihgmmss Siawitinig, 11,
Iﬁfﬁ@g "Ithré'vfoﬁ)Fre},ﬂnels Pﬁh% #&4 Unxgm%aotégl%/ ¢ hr N qr})glpgrsp(agélgular to

converted to ‘percen maxi num
theRntapsucacelivit stificiha fdreantoatausd a slilg@l@’éucliﬁhg a@@ih&tcﬂfé P8v, and
[ ed to compute % VPE: % MNP ug
h?@éa 3t %’&f?’HFlé‘@V 19 4§ seePndsa P Ragifvedesprriesh @p@da@tﬁe Kaw(@9sharply
WaibBawal. RIRCE®B nthelilely ufdd ﬁ%@hﬁf__&?é fgpgl a‘iiso(&))ntslélared a

AdmnlstratlonO‘ Test st ance S are I njec
Pesitivroiesranso uAmpulatint isgesidecdeal ampbigrion mpsmyawln%ch

substance prior to von Frey
%E?tﬂe%hm‘%thws{epﬁ% jet ween admi ni stration of test
nd nd the von Frey test varies dependi ng upon
Iﬁ%ﬁ%@@—?@ of the test conpound.

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
presented in a consecutive way, whether ascending or descending. In the absence of a
paw withdrawal response to the initially selected hair, a stronger stimulus is
presented; in the event of paw withdrawal, the next weaker stimulus 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
change in response occurs, e.g. the threshold is first crossed. In cases where
thresholds fall outside the range of stimuli, values of 15.14 (normal 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 =

withdrawal, and the 50% withdrawal threshold is interpolated using the formula:
50% g threshold = 10%*% / 10,000
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Withing Test Acetic acid will bring abdom nal
contractions when administered intraperitoneally in

won@e/o14ibese will then extend their body in a PGPSEAD5/001186
pattern. Wen anal gesic drugs are admi nistered, this
descri bed novenent is |less frequently observed and the
drugI sel ect gd as a potential8good candi date. A
conplete and typical Withing reflex is conside

wieené 3Kf whviahnetof ghe bt onifirgy baiéngeﬁt(kogé}nét% k< @hylar Yaﬁged (from

R T
dﬂ%ﬁ&%&ﬁ%@ﬂ@ ASEJYHee®WOUNds of the present

I'nvention ate significant inhibition of
Wi tVismBrey dlspsinddssara tomvertod & patessit afmexinum possikie effre (Yo

MBE, acifioe e LB G0 Blel i Lo 1 i Re S predd olibene

%i PErder to obtain a final volune of 20 Ml with a

!nal concentration of 0.6% AcCH. The solution is then
m x e NIPB g tepatpdrthredhold () -jalipdynia Hesogegd g 00

(drug): Each c ound i.sS ' ed i

st sui tabl o GO rEe RGP AR rhangey o 1 he
Aprocedlg,r es.. (ii) .Solutions adm ni strationThe conpound
—@@H@—m{@ﬁ%ﬁ p)al e | orally, intraperitoneally

.p.) , subcutaneous .€.) or, intravenousl

(i . VRt a@tlnmetem(?qbﬁ“‘@%%%ﬁég’d EF‘?aﬂa‘tPﬂ%aﬁ’XvB@&%“’Hng ST BBy
wﬁﬁ L 908 ;ub%%a;cg’ﬁ%gf t040n FrHeithel BRARNEIDAFeEOadhRistlaaSS of test

of "conpound a its characteristics) prior to testing.
coffyeount had denpairdy test deles depeadingawpon did gature of the test

Intraventricularly (i.c.v.) or intrathecally (i.t.) a
CWW@- of 5 nL is administered. The AcOH is

adnm ni stered intraperitoneally (i.p.) in tw sites at

h t (consi dering the average nice body wei ght)

i mredi ately prior to testin iiji) Testin
Acetic acid will bring abdominal cgntg’actio%ls when adtginistered

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
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 pmol/kg.

(i) Solutions preparation
Acetic 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.

Compound (drug): Each compound is prepared and dissolved in the most suitable

vehicle according to standard procedures.

(ii) Solutions administration
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The ani mal (nmouse) is observed for a period of 20
m nutes and the nunber of occasions (Withing reflex)
wmodoed14ssl conpil ed at the end of the experi nePCT/SB406F001186

are kept in individual "shoe box" cages with contact
bedding. Atotal of 4 mce are usually observed at the
sane tine one control and thPee doses of drug For
the iety-like indications, |cac
boen BecinoBR TR if Amput Fief SEUST IR AR o st
s'uBcﬁtﬁﬁaoﬁﬁ? (s.E9br ﬁﬁﬁvéﬂéﬂﬁ’l&'(w )l at YOI @RI the average

di sorder indication, efficacy can be established in
mige badswyighd s B%ed%ym@cs@st (eedvadigy t@the@llass phcompaundand its

BRI i) piots S he T S badly Miefy shalEiiy:
|
Iﬁ?ﬁeﬁiﬁ?ﬂ%}%@ N e AROEGoRS: SHPLESS adiitered

hous eﬂlelf}nPQgH c;\wbnmfstesed mtrap@ré Lt(Lip-& Inclover siteb plek) milsgn
AR A Yo SRR b B

(Ab)iTestisg have food and wat er ad I i bitum and are
sacrlflced i.mmedi ately after data acquisjtion. %prle
mp iSRRI BYOUED S P%sgweﬁépwg%ﬂ &8@’6‘? tes gpd therpymber of

(Q (R@M%a n\ég ﬁ&%ln’b{eﬁaﬁiﬂ%aﬁyﬁwaﬂﬁ@% eot‘tﬂ@%sq?errﬁient ¥1ce are

treate I'i popol'ysacchari
kIsBS}ntindiaidadl ‘éshpteba))d’amgﬁs Wik corgamlvpédlag eA itotpledftdedioniatdn

f f t | t ed
bR ot BTt Grotpiokiat PSSOt he
dr ug rapehd etrﬁuetf Bﬂl&ﬁrﬁiletﬁnl&@ GRIcht RS, PficaR¥ PeE bRNLAbAIRA in

conducted invol ving five groups of rats: all of which
the gellepseifier Q@@l@trtesénm’émrat The nave group recei ves no

Cr aih i SR nP e efing P et R R B

aRRblisHedesl tHeQisSiSt RE Y b@rmlmhué sv araz e @haﬁdrican gdifresitos

of drugs which can contri but
Physiology - Gastrointestinal & Liver Physmlogy 282(2):G307-16, 2002 Feb, in the

rat.

ADDITIONAL IN VIVO TESTING PROTOCOLS

Subjects 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). Experiments
are performed during the light phase of the cycle. Animals have food and water ad

libitum and are sacrificed immediately after data acquisition.

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
vehicle. 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
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a reduction in USV. Adm nistration of LPS Rats are
allowed to habituate in the experinental |aboratory

WO 200605H12D mn prior to treatnment. |nflammati oPCT/SE2005/001186
i nduced by adm ni stration of LPS (endotoxin of
gram negative E. coli bacteria serotype 0111 : B4,
Sigma). LPS (2.4ng) is injectéd I f
i ntracerebrosventricul arl i.,C.V. in a volu 0
LT FRClRhh” e Beat Kt Lidemihe” plBai ugs These are
peRfdenied poddidtineaisifsd Sk ftive ldFRcBHIMINRRWIBEN cdh@ntribute to

ears is pushed rostrally and a | ongitudihal 1ncision
predeivatin USH.i s nade to expose the skull surface. The

uncture site is determ ned by the coordinates: 0.8 nmm
Aébﬂ@ﬁ@@ﬁﬁ&DbLﬂﬁe bregma, 1.5 nmlateral (left) to the
| anbda (sagittal suture), and 5 mm bel ow the surface

of t HRatskmelallofreé td habddudteiim tHehgpbihedtal lab&aiory fre 5-10R%in
sterile stainless steel needle (26-G

Iio“/%éiion' ?ea%gmfglﬂgﬂ%&%& Helgcgdbipadminisatipmed 1D (endotoxin of
- : : ' PE20:\ 1G5 cm . A 4
S RARHRE RO XL 06,6} 1ok S KSR e
intveerebpslvettiledy (i@.+ J)eén 2 Gofenitagdlon], R¥ingistdn8R0Stedt disxic

to create the desired 5mmdepth. Followng the '
sprgicad fachpiques wrpder ispferane arfesthesiaralhesskinbapivesnethé ears dgpushed

it i I . 1L0: [ sion _of, the conmpound
L G LY
The puetturendid it detetnsinad byiheabokiagresa0 @ aml pg&t@ﬁo;t 12) thfe Bfegma,
) peri ment a

Bl BTl P SR e i
Pl R A USSR SR LS,
na¢dle (266 3d8)eofrSemmpleny atmathpd acet0®)it HagiltdohSringe by

oBet e iafiing G510 rta B adehmum s@pbwaadetn p susndle (20-
G§§s ﬁl@led’@\}e‘? Bnd SecttaNo RleSEE deBdid b§l%ﬂf&gﬁ@§ﬁ1§ ?&&Ieiat%glhe desired
5mm 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
the rat is returned to its original cage and allowed to rest for a minimum 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
placed outside the laboratory. One rat at a time is brought 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 puffs of air of
fixed duration (0.2 s) and fixed intensity with a frequency of 1 puff per 10s. A
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(BRS/LVE, Div. Tech-Serv Inc). The delivery of
w@reospufids, through an air output nozzle of 0.B2I/SER003/601186
controlled by a system (AirStim San Di ego |ntrunents)
capabl e of delivering puffs of air of fixed duration
(0.2 s) and fixed intensity wilth a frequency of 1 puff
per. 10s. Amaxi nun of 10 puffs are adm.ni stered, or
RHmUD\ S d § PHES Ao mapigier e, ORIy OB At RS, fTYiEh ever femes
filst She Frdt Bl MRAKShd st S Rbrafe, T eCor di ng.

perinmental” setup for and ultrasound recordi ng The

E&%ﬁlrﬂﬁifatl ‘sé’cﬂ,§ @%‘ﬁg ‘hga%ﬂﬁﬂ;%’xfdig]go. m nutes using

m SRS, ~vi brations, Vedbaek,

s (Tt B R S0 Y By Bt mvBiroprefigoa s
JMub b 8RGbratdht, WaddBack] MRniiafl) yReH B5ideaiave 6ibifle ARd controlled
32000Hz are recorded, saved and anal ysed by the sane

ok MR(LMY CiD ASADASR, BasB)cqniisitorDioaiten; dras Minkigan) software.

n |

R oo G 5 B AL P by e
faiteadftuatea@ MS CWERA-363 SBaling Dataitidcasinp Mati eald WP AX(User
vol ume of 4 m/kg. Follow ng conpound (drug)
Rragiagming 304 dmalygisdmal s are returned to their original
cages until tinme of testing. Analysis The recording is

‘ series of statistical and Fourier
anal yses to filter (between 20-24kHz) and to cal cul ate
t he pAlanmpeursls¢drugsitase pHtadjishel whhveendr. & avk o esd @dmasstered

t he an EM_ Statistical sigpjficance.i s assesse
O T B R
refiendd 18 Ao @hA cagdddin@iN Bmeay ttilYA fol | owed by
Dunnett's nultiple conparison test (post-hoc) for drug

Lifiegtiveness. A difference between groups is
considered significant with a m nimum p val ue of

t<|0 mca) gl‘heﬁ)ég(ﬁ{ﬂn@qg}ﬁl tHfdugh GREALESE Pt iTiH T Qlﬁrie!r%alyses to filter

(between 20-24kHz) and to calculate the parametérs of interest. The data are

expressed as the mean = SEM. Statistical significance is assessed using T-test for
comparison between naive and LPS-treated rats, and one way ANOVA followed by
Dunnett’s multiple comparison test (post-hoc) for drug effectiveness. A difference
between groups is considered significant with a minimum p value of <0.05.

Experiments are repeated a minimum of two times.

Determination of thermal hyperalgesia using the Hargreaves plantar test

Administration of FCA or carrageenan

Freund’s Complete Adjuvant (FCA): SIGMA cat.# F 5881, Mycabacterium
tuberculosis (H37Ra, ATCC 25177), 1mg/ml, heat killed, dried, 0.85 ml paraffin,
0.15 ml mannide monooleate. Or carrageenan Lambda type IV(Cg): SIGMA cat.# C-
3889, (Gelatin, vegetable; Irish 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
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Determ nation of thermal hyperal gesia using the
Har greaves plantar test Adm nistration of FCA or
we@eansagaahan Freund' s Conpl et e Adj uvant (FCA) : PCI/Sha805/001186
cat.# F 5881, Mycobacterium tubercul osis (H37Ra, ATCC
25177), Img/mM, heat killed, dried, 0.85 m paraffin,
0.15 m nmanni de nonool eate. @ carrageenan Larrbda type
IV(%): SIGVA cat.# C 3889, (Celatin,
desiresheffastisyreached,dbs o lisremenyd and paggd ony ‘fﬁngé]t ¢96H§m§r(étema1

R0 2 PR IR M AR SRl cons
vieBfralaRpesHResdoR ﬁM)tbbld bﬁﬁﬁgehi Hehend #Mﬁﬂoﬁhletﬂe seach (ﬂhe mlddle of
effect is reached rat. i s renpved and Bl aced
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ed
Slohis ALt Aol et | Splpae g ora4
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the p[gvﬁe( rret ggxgesxg%n?ég]g) @x Ef%/clegwe lg}l’J gq%&ﬁ;ryrle%gpin the
lﬁf(;ne&’lahl%louﬂtf‘@eﬁﬁe‘ﬂefﬁ@gls@ea%ﬁ?d| pressure is applied
or 3-4 seconds after renoval of needles. |If the

Muerrthet traplentaaikijeetionpthd aninrds arhellpwed oduzle, upt dnslpr abservation
en return in the inhalation chanber until desired

18 Yct?8fs reached. After the intraplantar injection;

t he gy Strédi@eid +OYRE allowsa kS hbis hdhe dolsaiivat bOthe

in their cage. For FCA treatment, rats are al | owed 48

inflammatosy progessd EoeraspespRangrealiRrit; Tafs| axmalavsidd hows &y dhe

I r e
R
idtiglab ginaficii tuget)eThey dratafiowed tqohabitaste Itclntheheoﬂnéfbr qtilenst 30
their cages). They are allowed to habituate to the
EYIESf or at | east 30 minutes. Test Site The heat
stinmulus is applied to the center of the plantar

e, in between the

-

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 the correct heat transfer properties from the glass to the skin.

| The plantar apparatus consists of a box with a glass top/platform, the glass
surface is maintained at 30°C by an internal 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
the light, and automatic sensors turn the light off when the paw is removed; a cut-off
0f 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
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
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pads. The test site nust be in contact wwth the gl ass,

with no urine or feces in between, in order to
wOoraionai1es t he correct heat transfer properti espET/8mM0DFI@1186

glass to the skin. The plantar apparatus consists of a

box with a glass top/platform the glass surface is

mai nt ai ned at 30C by an intelZdal feedback mechani sm

Underppeat h t.his gl ass atformis a |light bulb nt ed
on 5 H5 epriEed 8 Beltpted 4B sRnfuadelibe hume Rolfaving the
iathh@n tof en flan@hAtidn0 HYBerdRSkih i OMesbuHadR U gh ?8st[F@A $nj0&@Wn or 3h
Wien the light is activated it shines through an
ROsEfartAgEenSN InRettAIdi amet er . The experinenter activates
the light, and automatic sensors turn the light off

aw i s renoved; a cut-off of 20.48 seconds
ensures that no tissue damage will occur should the
Naive fatd: | Fdrahe proosdurd bSespbilishihh @ PRSP Riebptaié EuriBi¥nd@df)p of 7
turn off the Iight at any point. A Timer wil| record
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of inflammation. Hyperalgesia is neasure _ _
agnals meacady]te dest.ghe EghtShplpctsi dizeatly agéeibatesnjiecmidantivated,
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o e e o Rl et o B A i S Bl toatlow skin
teapcatufe togere® reel)hkedond reddRig i Bén 24l B e8s hetkhsed
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reRpEdiang aeplacediin HigigFagehe nai ve group Irmyf blel done )
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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,
as above. 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,
and time of testing after injection is specific for that compound (or class of
compounds). When testing compounds at 20-30 minutes post-injection, 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
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.
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animals are ready to test, the light is placed
directly under the test-site and activated, and the

wo 200er0cmM33 0 Wi t hdrawal is recorded. After a pePCDSEWH5/001186
5-8 minutes, to allow skin tenperature to return to
normal , a second reading is taken, and the rats are
then removed and replaced in2¢heir cage. Baseline
Val ues: The remaining 28 rats (divided into 4 grou
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ierLfﬁ ége degree of inflammation of the paw and check
tion. The heat stinmulus is placed under
the test site, and the |atenc wthdrawal is .. .
r ecorﬂ@&nlrfl%dwséaa calgyang qugt %%ﬁ?eﬂagn Pokie cotrget pasitipr, with
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nave anlna s that est IS ether hyperalgesia is
apiredeshould Bosbe @sted iff est i ng: Once hyperalge3|a is
tablished,, the rats I n ted W th t Cc ound
crpBds lopsignti b msdife P ec PPt i o BBy o
W&w%ﬁﬁnﬂ9§he hgable vehicle according to standard
procedures. The adm nistration route, doses, vol une,
-3¢ apimal ipshaveang phv}ouﬁ signs ofisiresst (tanic insmelidisy, pealizations, ears
at ound ar
el TR B n SR Tr Qs ACPOIRA ol R G bty e
dvoMledOr s.c. injections, rats are placed and al |l owed

to habituate on the plantar aF{Jarat us while the drug
-prhisdneadl 15 pesiienedan sudyreway that the pawdnpeiindireskcoptrct With the

mnng the injection, rats are
$%£g%§§ggﬁﬁ£8ﬁﬁgﬁgh% original cage with their cage
rﬂiemmﬂéﬁ;smarsehaﬂamygblue pblarieglas mrashiiof a bad gijevdion. In this
cages wi.th their te ze th
S Brtipdl is Paetted oGy Pa Sl Grmaitefic ke B Pring -
gr oupyRéy ﬁﬁﬁe%@l%&@srhré gxfeﬁ‘ént rtfé niffaisRtRAGEEL, @Héeglﬁsﬁ%urface is

pl antar and al l'owed 30 m nutes to habituate to the
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Two .re s.are en. Criteria for. Testing; .
TR i R AT LB PRt Sy S ipd 3 o e thei
Hah@ i€ RbASTithdBSH fol it aWhéi-term attentional behaviour. Close observation

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

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)

- Toes are moving off the glass
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no urine or feces between the skin of the paw and the
gl ass surface of the machine. An animal shoul d not be

woe®bpt183 . - The animal is in [ oconotion, i ncPCMsPYOs/001186
sniffing, groom ng and exploring. - The animal is
sl eeping. - The animal is show ng obvious signs of

stress (tonic immbility, voe#lizations, ears flat),

unl ess these are the possible result of a conpound

-shhgecentropdanar smiddiapaot aspect of Hledafiamed mave isgamaued frgm the
ggitioned in such a way that the paw is not in direct
ontact with the glass (paw resting on top of tail); -

The animal's paw i s displaying blue coloring as a

éﬁékﬁﬁ of a bad injection. In this case, the animal is
rejected fromthe experinment conpletely (at the .

begi nierlgga arpusspresied ﬁét}@rmﬁa@c%§% eStafistislpgnipigagce is assessed

: o I face i .

s ook P B Decl B8 BT Gd Big bbby B2 NOV A

fslleead BygDunodtt’ e xduitiplé corgpdrizon cest (poethdd) tor, drifeffectiveness. A
eéperinenter may gently nove the box or mpve theiyr

didiergnearbetvesn SroRPs 1 sonsaderedsigifieant vithshniopay pvalue of <0.05.
attentional behaviour. Cl ose observation of the

est . Re-Tes: t yt L‘ durin t he experint, i f
t he dxpas surprisieglyifsumbthatceretainmore datg métebgavand
i t hdr awal, response S not a,response t he heat
eTRFR e ROPRHIeRa [y TBEuRS FEUTBRvS Py ioguaiitoro-
SEhEHHh G onlthe DoliB Rz 68 tﬁe%ehﬁ‘ﬁ-@ﬂérﬂﬁ{\}%l@éﬁb?ﬁ)f formula I. In
ile e

suddenly, or urinating or defecating '
@kiemblodsndng, ibwas fpuagd phat eertainowepivaketabeldspanmsedicedny

f .the.follow ng are nsi der.ed responses..to the.hea
Sl S5 A ar of B0 EHSRE Ry oofRE B4 chBefat
defthin@Rdnipoth@sdhdyrepanidvieaiomgbvides improved bioavailability, which
may be resulted 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)
was incubated individually with rat liver microsomes (0.5 mg/ml protein) in 0.1M
KH,PO, buffer (pH 7.4) with 5 mM MgCl; and 5 mM trapping reagent
(glutathione(GSH), N-acetylcysteine (NAC), or CH30NH,) 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 (0.1% formic acid in acetonitrile) to the

incubation mixture.

Hepatocyte Incubations

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

hour. Hepatocyte incubation mixtures contained Williams E Medium supplemented
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is renoved fromthe glass. Analysis The data are

expressed as the nean + SEM Statistical significance

is assessed using T-test for2&onparison betmeen nai ve
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It was surprisingly found that one or nore drug

mERE»ol i ¢ and phar macoki netic properties of the
conpounds are inproved due to the fluorosubstitution

5 om benzyl of the benzyl -pi perazi nyl noiety

of formula I . In one enbodinent, it was found that
cer t &lotlowamgirdtem pretiphationt esmyle supeembjmﬁsiwere alalysedtor ed
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resulted fromits weak affinity with 2D6 and 3A4

experovéntowercRaBlyzedochelpadsigni shgcluses ay priswmmstabalies one
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HFLEsent  FHNEPDE Sy (i bPrckt) DF 9 Nigdoronn, Germany)

MEoNcent r ath GfdnighR Borb el Ak £vdr ks\Padtay, K3h 9del dmr at
buffer. (pH 7.4) mnth 5 MM Mgd 2 and 5 wNItrapplgg

Qr

SaQNIizge f or 60 #sKvat 37 0C. Reactions were initiated

CQE/ﬂla hﬁm%ddl tion pf,oNADPH (1 mM and termi nated by the

Sheath Gas Flow 80

Aux Gas Flow 5

Source Type EPI

Ionization Mode Positive

HPLC conditions

Column Phenomenex Synergi MAX-RP, 4 u, 2.0 x 150 mm (Phenomenex, Torrance, CA)

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 90 10

30 40 60

30.1 10 90

33 10 90

33.1 90 10
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addi tion of an equal volune of acidified (0.1%formc

acid in acetonitrile) to the incubation m xture.
wokpavoasi e | ncubati ons A conpound of the preseeit/SE2005/001186

invention (10 mMnomi nal initial concentration) was

i ndividually incubated with freshly isolated rat

(Sprague Dawl ey) and cryoprexserved dog (Beagle)

hepatocvtes (1 x 106 cells/nmd) at pH 7 4 at 37 0C for

ad ho_ur. Hepat ocyt e igocubat i on m xtures coaat ai ned

) 0
| TS-G solution (Life Technol ogi es, Cat. No.41400-045),
T10. Eﬁ HﬁPES (pH 7.4), and 2 nM L-gl utam ne.
S were term nated by the addition of equal
vol une of acidified (0.1%formc acid), acetonitrileg to
the iThe BBEBMHRORAISIRRMALIoR BalayhabsFEyed ferihe awnﬁaundes were N-

: acinn i on 4

B0, R BGIA] fhyBREDIafof RGE ORBRRUIEGRe present

iwehtiht, which binsiinoorsubstituted banzyd ghifecazimd aioietys @bgluiatldone

tected. Fragnmentation.patterns from additional

of ot (1S PEREIE B LSctionE e hapaIoe TEPRUR, TR gBnGt some

ofkdiohe hE&RucPbn Bl rﬂ%\%as"@ﬂsé@@a i @8 hepafsdlyfifBiages HE Gmbikr
1100 HPLC System (Hew ett Packard, 'D- 76337 Wal dbronn,

c@apomy WwitBut 1O flusrarnibgiwtedbensot Bng.on, 355 Ri ver Qaks
Par kway, San Jose, CA) Ms condition (LCQ Source

INO/TVaD BIERODIAIGERISIMETHAOR Y 180 0C Sheath Gas Fl ow
80 Aux Gas Flow 5 Source Type EPI

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
mL/min. for 2 h to stabilize the baseline. Three 20 min samples 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. Samples are immediately (on-line)
injected on the HPLC systems for analysis of monoamine concentrations.
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

For the stress procedure, standard passive avoidance boxes, equipped with
lights, tone and shockers, are used (Med Associates, Inc). Boxes are placed in sound-
attenuating chambers. Stress paradigm occurs over one day. Animals are acclimated
to the chambers for 2 hours, then exposed 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,
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I oni zati on Mode Positive HPLC conditions Colum
Phenonenex Synergi MAX-RP, 4 m 2.0 x 150 nm

w@ Rivenotrehex, Torrance, CA) Mbil e Phase A = OPAPSE2005/001186

formc acid in water, B = ACN Flow Rate 0.2 niL/mn
Tenperature 45 0OC Detection LCQ nass spectroneter

G adient nethod Tine A B 0 928 10 30 40 60 30.1 10 90
33 10 90 33.1 90 1040 90 10 Testing Results The

tosali iPeshypcls) of @awé?mmt& expogsdito Wagabespwthightss blid dogs not

rwﬁ@gﬁgﬁgt i ﬁ‘r_u {;P ?a{t eani}r(l)e}%% gil?nlghgge%tluggée% &e%@at@@ dDut no shocks

afWThis@Redii ch has fl uoro-substituted
benzyl - pi perazi nyl noiety, no glutathione adduct on

D BRI SRAGoHas detected in rat hepatocyte incubates.
I'n-contrast, sone glutathione adduct on the ring was

obser '
e sl RS OR L LR B s LA Pl
atiNind$thied itEREeRtloAMSI GPMVETHEDSidr the strkss praRadgre anealay.
randonly assigned to eight treatment groups:
BTG g Eeladti@Rhemicahdttdivhr ess,

The HPLC system consists of a 5041 pump, Model 5200A Coulochem II
detector, MD-150 3 x 150 mm column, model 5041 Amperometric cell (all from ESA
Inc) and on-line injector (From BAS Inc). The mobile phase is: 75 mM Na2HPOA4, 25
mM EDTA, 1.7 mM 1-octanesulphonic acid, 100 ul/L triethylamine, 10% acetonitrile,
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
further analysis.

When groups of 6-8 rats, prepared with intracerebral microdialysis probes
placed into the medial 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

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 chamber under two conditions. In the first condition, referred to
as the unsuppressed component, food is delivered on average after 17 lever-presses
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
type: suppressed (3 min in duration) and unsuppressed (3 min in duration). The

number of lever presses emitted in the suppressed component is obviously low
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with artificial CSF (aCSF, CVMA Mcrodialysis AB) at a

flowrate of 1.1 rnL/mn. for 2 h to stabilize the

basel i ne Three 20 mn sanpl @8 are collected to define

bas line, aninmals are |n ected ip with vehicle or
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B D YPPHEHLTRACHR (i Gpopoundipfibe invention
&ghiee&taﬁqn%(ﬁ{cqn adepRiceddrat i on of conpounds/vehicle
are averaged "and defi ned as baseline (1009%.
Concentrations of neurotgpaSVfpilp&’ S i n the subsequent
m crodi al ysates are then expressed as percent age of
basel +ne. | evel s. Procedyre For St .
or oce i 2V E P S S s 8 b a2 T fowine
Brtdntplés which deicﬂbe n@ﬂibds Raeledy SompoendssoFdhd plesent invention may
Associ ates,. Inc). Boxes are placed in soundattenuating

Ragrpraed pusﬁ%%alpfa@da@dgbwleg@a% testedy andyiehigh pre 0otk s
oI -To o1 'Hﬁhﬁghﬂe%\tf&%oﬁhamer s for 2 hours, then

exposed over e course of 6 mn to a series of

IfI\IlTaEi{Mﬁ@)JA'T%W 4 Cc)ll lﬁ\f@gm%lben%r d!eC foot shocks (0.5

SEC uur atf ATt ErsT t Y tal 10 shocks).

2 f S 5 SRR B ATEELE bl B it

thix@lie o EGNEE0 el Sand AT FL00 BB 219G, h@ﬁ&&h@ﬁ&htmn the

adm ni stered. Drug adm ni strati on. conpounds are
rgsu g peekiqnmixtere Wag Wireed np éeirogat @mp@wnp dn & i amdiwas then

\Q?Sﬂ]eﬁl wsftthes Elg%ecp etlml%gglél &qgﬁl yT}geI é?né FX Coﬁglr%s g E{F& B\?a2804)

ress procedure on
filefretaridoddneentrated. Res1due was recrystalhzed from hot hexanes to give 80 g

of INTERMEDIATE 1.

-J

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

N,N-Diethyl-4-iodobenzamide (5.0 g, 16 mmol) was dissolved in THF (150
mL) and cooled to -78 °C under nitrogen atmosphere. n-BuLi (15 mL, 1.07 M
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
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, CDCl;) 6y 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).
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The HPLC system consists of a 5041 punp, Mdel 5200A

Coul ochem Il detector, M>150 3 x 150 nmm col um, nodel
wGd/onmperonetric cell (all from ESA I nc) andP@RSEA0N&E001186

injector (FromBAS Inc). The nobile phase is: 75 nM

Na2HPO4, 25 mM EDTA, 1.7 nmM 1-oct anesul phoni c acid,

100 ul/L triethylam ne, 10% ggetonitrile, pH 3.0.

Potentlal is set at +0. 65V flow rate |s rral nt ai ned at

VMER E 3 NaV-gliashyl - i en -pipevazinvldmgthyllbenzamide
ach|s|t|on/anaIys|s systen1(501 Cbnputer and Al D
Sof t il ®sol&E8A, ofl ateohol BY EGRBAERAAIR2 (10 80.5euimbh i

SRS gR PR S B h eeb ANG 5 HELES il Rer

dHe HoBFAEbY B ItSmPirAReSthR kéHeBfn WAk Xabita wiediAhraRaehnRk 3bdium
cortex (where the neurochem cal signal is strongest)

lambcmbq @00 ed )tavditheeongamid |1etyeol;waﬁ geppratedd i Hhe agegwl loyed was
E
FRBTeh TRHPRE e EPE TP BIPARE I okiPe B PR e

dRAYBLS,), Afltckditaridvoasért@eeddl ock the sust ai ned
|ncrease In NE and dopamine . Geller-Siefter - Anxiety

Model T 35 digsotved in agetrairije G0malka
FEBIRCtm, ee e e AR g

asdatthe reaction whewasadtvittastirhed ansuinne elﬂsade/ethmmam and the

Jgg%g#gz @fd\(el?lgi S\égérlrg%d? gr@%\égﬁg lag/g{:]g(rasj%)éralgfee\éev\riltfetﬁyl acetate (3 x

TORIAL PLRRAE B Mbink MolddficSREAAY WER W 0,30 51 STl

as the suppressed conponent and signal | y flashing

donggmirateidrig g radesnio pNTERMEDEATIEB, food is al so

delivered foll ow ng an average of 17 |ever-presses,

but electric shock is additionally delivered to the

INTERMBDIATE 46ayev-uiden-4a(RerBhidoBhdsl)(i- schedul e.

Dal 'y seSS|ons consi st of 5 alternating presentations

AP CLAZAL hpdhenaamidgpe: suppressed (3 mnin duratlon)

f‘”d %%QI%PJ ﬁx%fﬁﬂl\{fﬁ)ﬂfh BN AHERLIOMY 1 gt‘ﬂ%l&l and di-p-
ever presses em e suppressed conp nen

tohsylongdraricaamid (HLTY g, 1 Q:qtlh'&letﬂ) mpdcmsa ed'heofpdine qireclpltated

Anti -anxi ety agents, such as
out over a 12 hoalr pe%od The solid was collectecP by filtration and was redissolved

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 aqueous
sodium hydroxide (2 M) and was extracted with ethyl acetate. The organic extract
was then dried (NaySO,), filtered and concentrated to give 1.986 g of
INTERMEDIATE 4b. r

"H NMR (400 MHz, CDCls) &y 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), 747 (t, J= 8 Hz, 1H), 7.75-7.79 (m, 1H), 8.06-8.09 (m, 1H), 8.30-
8.32 (m, 1H).

Chiral purity was determined by HPLC using the following conditions:
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i ncrease the nunber of |ever-presses that the animals
wi Il make in the suppressed conponent within sone

wOo amge1483 doses, wi thout altering the nunber OPCT/EE®N5/001186

presses that are made in the unsuppressed conponent.
Certai n conmpounds of the invention profile as an
anxi oI ytic in thi s procedur e31EXAMPLES The invention

scrl ed.ip nore detail by the
Fafl néf)] FiFa {f’rdilﬁ:é‘e?d)et hods wher eby
p&npgqulg/lﬁfnugelwe present I nvention may be prepared,

urified, analyzed and biol ogically tested, and which
wretime B0mainties 801G ued as |imti ng the invention.

1. 4-10 di et h enza .
R £ gD, oy eyl geg i ifgbesfcontining
@t%@/adm@mﬂﬂ@)j a mxture OEt3N (50 nL) and Et2NH
}iloo m) at 0 OC. After the addition, the resulting
‘é%t%ﬁnqw&mgkéuw(bmmm up to roomtenperature in
1 hr and was then washed with saturated amoni um
‘ c Adiethydt [ ed3-masplomiyBEl -( Na2SO4) ,

Jili)éltyeqelsjma[ conn rat ed. Residue was recrystallized
PO ot S 4 ive 80 g of | NTERVEDI ATE 1.

I NTE

4-r h%%ﬁ @HHPWBWWMM% wanpe ghtaingd by @efarmiog the
ab¥vd MsBBEMHooir® M%@mﬁgﬁg 38?291& Afy Mol ) was

to -78 C under

qﬁlttﬂ 13-

d| ssolved in THF (150

N,Nailtthvlbé’l&aﬁudél'he soI ution was then canul at ed into
3-ni trobenzal dehyde (2.4 g, 16 mmol) in toluene/ THF

(app|00x 1:1, 100 m) at -78 C. NH4CA (aq.) was added
afrte ter concentration in vacuo, extraction
Wi t er, drying (MgSO4) and evaporati on of

NH} he residue was purified by

chr omat ogrEa;jhy on

N

bog

To a solution of INTERMEDIATE 4a (467 mg) in 1,2-dichloroethane (13 ml)
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
compound was dissolved in a mixture of ethanol, tetrahydrofuran, 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
from 1% to 5% MeOH in dichloromethane. The product obtained was dissolved in
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(2.6 g, 500Zo0)-1H NMR (400 MHz, CDC 3) dH 1.0-1.3 (m

W@R)os/081123 (m 2H), 3.5 (m 2H), 5.90 (s, |H, FCBSE2005/001186

7.40 (m 4H), 7.50 (m IH), 7.70 (d, J = 8 Hz, IH),
8.12 (m IH), 8.28 (m |H).|NTERVEDI ATE 3:
JV—di et hyl - 4-rf 3-ni trophenv¥2

i perazi nvDnet hyl | benzam de To a sol ution of al cohol

dl nerim wehich G2ailgof BE HClimsther wias addad: 3plymeitWagne
rém Ox?e)dnaiﬁﬂft roalgcq %%0‘152)'18 as thE ﬂ??h%@hl()ﬁdé Saifto #wegéO@IP_OUND

one ur a roomtenper ature tme reacti on
164 s e vidld)assadoloiateedsalidu Porisy &ﬁmmymmwa rystival purity

(ORI Doy @ A NRIBHEROMER CISER of Bk hrtes 18 HDrd1 G
TS B RS0 S A S £ by @), 3 AR T 90723

2[3]!) 071134161_ Wes8. 0l itkzs bHY, 60 (al, hF@t(bHZ,tZH) &. 5@375@3 ﬁm)3}b)ga_70 -7.82
R IR TR v R B oo ek e BY A

QMBS eehsWt (97 cratiukah ad @epRi um chloride/ethyl acetate
é)the organlc l'ayer’ was separated The aqueous | ayer

NNJ,dleihﬁHeImadndmncent rat ed to give racemc | NTERVEDI ATE

3. I NTERMVEDI ATE 4b: jy-diethyl-4-r(RVf3-nitrophenvD a
[ eraZ|nyI)nethV| ~| benzam de Racem c | NTERVEDI ATE
S eqd. i n ethanol (150 nL) and di - pt ol uoyl -
(11.79 g, 1 equivalent) was added. The

: anied out over a 12 hour period. The
solid was anllected by filtration and was redi ssol ved
in refluxinglethanol until all of the solid dissolved
(appr oxi matneTy 1200 ni et hanol ). Upon cooling the
solid wa ol l ected by filtration and the
recrys ation repeated a second tinme. The solid was
col | ge by filtration and was treated wi th aqueous

sodi um hydroxide (2 M and was extracted with ethyl
Tacedohiteon oFAN TERMBIDEA EE ¢b a6t790g, 14.6 mmol) in 1,2-dichloroethane (60

mL) was added 4-fluorobenzaldehyde (2.04 mL, 19.0 mmol) and sodium triacetoxy
borohydride (4.02g, 19.0 mmol). After 20 hours at room temperature the reaction was

quenched with aqueous sodium bicarbonate and the organic layer was separated. The
aqueous layer was extracted with dichloromethane (3 x 100 mL) and the combined
organic extracts were dried (Na,SO4), filtered and concentrated. The residue was
purified by flash chromatography, eluting 30% to 50% acetone in hexanes to afford a
colourless foam (5.285g, 71%), which is the nitro intermediate. The nitro
intermediate (5.285g, 10.4 mmol) was dissolved in a mixture of ethanol,
tetrahydrofuran, water and aqueous saturated ammonium 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
and concentrated. To the residue was added aqueous sodium bicarbonate and

dichloromethane. The organic layer was separated and the aqueous layer was
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was then dried (Na2SO4), filtered and concentrated to
give 1.986 g of | NTERMEDI ATE 4b. 1H NMR (400 MHz,

W@EDKob@B)4184H 1. 11 (br s, 3H), 1.25 (br s, 3H), 2PGWSKI0n5/001186

s, 4H), 2.91 (t, J = 5 Hz, 4H)5 3.23 (br s, 2H), 3.52
(br s, 2H), 4.38 (s, IH), 7.31-7.33 (m 2H), 7.41-7.43
(m 2H), 7.47 (t, J= 8 Hz, |Bp, 775779(m | H),
§°f8€twéﬁ%rff '?”?éarowthapeé” ﬁégﬁ %i)%?dft%qﬁ?m?ﬁa! orgamg extdots were
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STRGE) IR A B Ve Cp L Blpisied S5 he shprsg flash
dhh&ﬁﬁl&@@h cflm ified b d flash chromatography, eluti
VIV-di ei KY 18 Was replm tler ogh%%ef/:lor\lll p?specr aozrfl?}\?g"re ¥1 THE mg
19%eethel Eph@te( 18)5%3 mﬂlan@hareth)dwmrm ek afurtiray0.849g of

QMR PhbRe il FhiRgt s A Ra i PERT thPLO)

H99%LOp &a@uﬂ@qgmumﬂhtﬁ = 99961 GORMR (UOREHAZED;ODY NIB (t, J
t hvUIV- dieth enzam de To a sol ution of | NTERVEDI ATE

265 (Hizs Hpayh. 21 » 1= 9. XDy 320 Patfe(nn, 13Dnd Plviakt @ridED, 4.43 (s,
25 _

o] asrebengouchadny 252yt iyl 0S80k, 1947

(a1, BH) £17 @0 . S2daniipnpeust @ 64. OO;JIH; 6.BiNRIEN CHELFNAO x 4.7

i JaGa8 a0 O e oGSt GBIt o bR r act od w t
t hree portions of dichl ororret hane and t he corrbl ned )
CONEIND 3 Ad (R (oamippbenyhid-Hdlnorephenyi

Iﬁédl{,ﬁflj\?ﬁ (ﬁgtﬂvpgg;],%&feat ed The conpnd was di ssol ved

T a nmxture of frarol , tetrahydrofuran, water and
sat upat ed

QL
®
L

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

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 compound was dissolved in a mixture of
ethanol, 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

through celite and concentrated. The crude was dissolved in CH,Cl, and washed with
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amoni um chloride (4 m; ratios 4:2:1:1 v/v). Iron

nanoparticules (3 tips of spatula) were added and the
wa@i0an1483 was heated at 150C for 10 m nutes i nPCTIBE2005/001186

m crowave. The resulting m xture was cool ed, filtered

t hrough celite and concentrated. The residue was

purified by flash chronatogr abdhy on silica gel,

| ut th d t f % t 50/ Me OH
it 1 BF BRI AT P SRR 6 eaions DS wal SuBIciadaih
dl&ﬂbl%ﬂleﬁ{aﬁg%&ﬁﬂﬁed Br i %Qﬁ&ctg%reoéne'dwozb nﬁl@éré@ﬁnd

was added. Sol vent was renoved and the product
coscrndiated. ddiephalult etaopivifoad byeresebe phase HIPLE (@@@ﬁnﬂlﬂﬁ(}l%

qete P sanigiat 15 TRy Fa gV ERTVEDEY 2,088 eolog gt
a(%'{ﬁ'f@: TF&QQMF'ZT hl%@)ﬂ w&s gggﬁlllzed]ﬁom@lﬁgﬂglih@% Erohu@éla pale

y@ﬂé)wm\wisr 53 (,4001\411;, GPRODY MO8k = 6.63Hr, BE). uzze(tsJeéé

gD 3 oot by B S e 0 TS o2 o

TS HBHDHGH S 6, 2Hﬁ@153>(s011$)cgvng(&t 0=12. /68 010, 1H} 724-7.30 (m,
1&1) { |36’\7r43]— (é@n%p?réw 04y, 4@1‘%@&?&%@9 CosHspf MO %28 TFA x

U v A O b oo sarnel

(d312d)d 4 ThB VBB SR (fBRd)UYS R BPLC: k’: 2.35; Purity: >99%

I ROV e v AP Nl T
1*@095"/§ Ba"ﬂonOqfﬁ]I/ﬁﬁiP e¥sad UK 0. 1 RETT £ 3¢ HLONBYR$YIPEAGIRACN.

queous sodi Um bi carbonate and the organic |ayer
mecmebél

ated 8.9THe =dglitb MeOByer was extracted with
di chl oronet hane (3 x 100 nlL) and the conbi ned organic

GOMPEITNDvE |4€f(R1H3ea:lnM@m4 [(Bifltoesdgngiingethyl]-1-piperazinyl]
con at.ed. The resn due was purified by flash
mgthyl AN.Nediethylbe €ng 30% to 50% acetone in hexanes

to afford a coI ourl ess foam (5.285g, 719, which is
{j\e ityro intermediate. The nitro internediate

5128 10 pl ) was dissolved in a mixture of
ethanoh tetrahyer of uran, water and aqueous sat urated
anmoni umf!ﬂoride (4:2:1:1 ratio v/v)

N

&
To a solution of INTERMEDIATE 4b (281 mg, 0.709 mmol) in 1,2-dichloroethane (8
ml) was added 3-fluorobenzaldehyde (180 mg, 1.417 mmol, 2 eq) and sodium
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,
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
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(100 m.) and granules of iron (0.63ng, 11.5 mml) were

added. The reaction was heated to reflux and
w@erkodileal | y nore iron granul es were added. APCEBEDA5/001186

hours at reflux (90 C) the reaction was cooled to room

tenperature and filtered through celite and

concentrated. To the residueswas added aqueous sodi um

bi car bonate and di chl oronet hane. The organic |.a S
theeyedr celitapngiraneqniraiedu B esyitipe prq;dagfewsr%aog@d\m Eilchna

| :

D LT 4 A0 8 s v
eﬁﬁdﬁ:ﬁ@lﬁﬁi‘tlﬂﬁlﬁﬁlordﬂ(?ﬁh@feo dibﬁiblMS)r@JmG &itendtsovers dtied ENg80,),
il B I S R b
fﬁ%t%rd}? z@@'%ﬁtﬁﬂﬁg /ﬁ’?FAb peglvi C@MP@@W@‘(@ 375 g, 65

ash” chr onat ogr ap I's was repurif
Yseiehids ftb AFA sahr”ﬂlramagarmbh&$ Iyephilized) frmm,ﬁ@mg{zo to produce

« PileoRypvouash BeneeoRECEOR TS it ey 558 121 .0

= P. 9%
=4 I?%g%@) 3?"18”(5#% 2@1‘% O%W (@4 %)z@ ?1569%/28 gﬂ LN 3. zzoo% 62H), 3.51

(q:mawﬁmﬂa 437 (s.JZH) 65§(|Slz Hngw@dczﬁu 23-7.8 Hg, IH),

7%(&& oL.9; 5% z«gg;ﬁ 4[%1) @3%&3%1‘12‘7@%‘111& 84%1&52}{)4 .
Abd].Cdlcd Sﬁd@gﬁgm&bi)x 2.7 E'SAE;F é g:HZOnc 351)750 A, ieé 71:;:1&293 rfound:
CaS¥'SPrtL %00 5. G0N S erledF 05 hMPES). M5 Gungl: Jgs GAME).
Hly A PR, B 1 s, R Roota it IHuf10B1999Y @R 6rutf. HPLC

uoropghen
Coatliiphd: Z‘d;rlbdtxoﬁ:dﬂhgfadlbﬁmw %ﬁédﬁ ﬂb&v almb/lmm; WMCoA: 0.1% TFA in

e BT T8 Bk oo .08, vom

2-fl uorobenzal dehyde (160 ng, 1.503 mmol, 2 eq) and
sodi um tri acet oxybor ohydride (319 ny, 1.503 mol , 2
eq). The reaction was stirred at roomtenperature
under nitrogen for 18 hours and concentrat ed.
Sat ur at ed sodi um bi carbonate was added and the aqueous
solution was extracted with three portions of

di chl or onet hane and the conbi ned organics were dried
over anhydrous sodi um



sulfate, filtered and concentrated. The conpound was
di ssolved in a mxture of ethanol, tetrahydrofuran,
wowioen14ssl sat urat ed anmoni um chl oride (3 nl; PEI/BER05/001186

4:2:1:1 v/v). lron nanoparticules (3 tips of spatul a)
wer e added and the solution was heated at 150C for 10
mnutes in the mcrowave. Thggresulting m xture was
cooled, filtered through celite and concentrated. The
crude was dissolved in CH2O 2 and washed wi t hwat er.

. ni,c. |layer was separated and the aqueous | ayer
“\-&gaglsgélglr%é?gtl%d wi t h di chl or onet hane. Conbi ned organic

lext r actsinyding off forathld NpBo¥hkeutidally a6 @PtaBRGalts thereof, solvates
concentrated. The product was purified by reverse
thepepdepnofiugs theread; dpttersomersshanpEOnng or 10IO coanticuhers hgreof, and
% .to give COWPPOUND 3 (0.28 g, 46 %yield) as
> n?ﬁéreﬁ&ig@%.t. This material was |yophilized from
CH3CN H2O to produce a pale yell ow powder. 1H NWVR
J =6.6 H, 3H), 1.22 (t, J =
2H), 3.02 (br s, 2H),
2H), 3.52 (q, J =
i Bkés’ IH), 7.09 (dt, J
2427, 30Hom 1H), 7.30-7.41 (m
4H). Anal . Cal cd for C29H35FN4O x
r ¢, 51.88; H 4.86; N, 6.99. Found:
C, 51.89; H 4.89; N, 6.97% MS. (calcd): 475.3
(MH), MS . 475.2 (MH). HPLC k': 2.35;
Purity: >99% (215nm, >99% (254nm, >99% (280nm . HPLC
ax C-1 8, gradient 10-95% B, flow :
0.1% TFA in H2O, B: 0.1% TFA in MCN.

6.8

6H) ,
2.8 TFA x 0.4 O

H)
7.52-7.60 (Ix

Il L/ mn,

Rot ati on: ) D=- 8.91 (c = 1.179, MeOH). COVPOUND
4

4-r (RV(3- &M nophenvnr 4-r (3-fl uorophenvnnet hyl ] -1 - pi per
azinyl 1 nmethyl ~I-N, N-diethyl-benzam de To a sol ution

of | NTERMEDI ATE)4b (281 ng, 0.709 nml) in
1, 2-di chl oroethane (8 m) was added
3-fl uorobenzal dehyde (180 ng, 1.417 mol, 2 eq) and

250di WBokipods@ haveyding RIV&H feyie3f sBll copbidd F1¥Blected from:

eq), The reaction was stirred at roomO
® ® @

PEA P

10 “ F

pharmaceutically acceptable salts thereof, one or more isolated enantiomers thereof

and mixtures thereof.

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



tenperature under nitrogen for 18 hours and

concentrated. Saturated sodi um bi carbonate was added
wa@paehha3nqueous sol ution was extracted with tPCESE2005/001186

portions of dichloronmethane and the conbi ned organics

were dried over anhydrous sodiumsulfate, filtered and

concentrated. The product wa¥7 dissolved in a m xture

of ethangl, tetrahydrofuran, water and saturated

anmoni U ch oride (3 m; rfatios 4:2:1:1 géy [ ron
nanopar'ti dul'é tlpS/ﬁm re ed q
sol utio}n @ 9 c hat 150C \put e NH

nm crowave. resul ting mxturg was cool ed,
fllteredthro Q celite and confeftrated. The reégiilng

product was_dijssol ved in CH2A 2¥and washed with ter.
The organic@)ayer was separ and t he aqueo ayer
was extra d with dichloro ane. Combij ned iC

extracts were dried (Na2SO4),: filtered and
concentrated. The product was purified by reverse
aphpbamapguticelly aetieptablezaliothose0f3CN i n H20 cont ai ni ng
0.1 % TFA) to give COVWOUND 4 (0.375 g, 65 %yield) as
its TFA salt. This material was |yophilized from

ACH3CMZER D Guddprastaeg tecaith @, wabletveapibvuesound kb ddeted from:
(40QMHz, CD3OD) 1.08 (t, J = 6.4 Hz, 3H), 1.21 (t, J =

6.8lHz, 3H, 2.38 (br s, 2H), 3.00 (br s, 2H5
3.6 @@ 4H), 3.40 (br s, 2H), 3.51 (q, J = 6.8
) s, 2H), 4.56 (s, |H), 7.18 (ddd, J =
1.2, 978H23IH) 7.24 (ddd, J = 1.0, 2.7, 8.8

7.28-7.38 (m 4H), 7.55 (d, J 8.2 Hz, 2H).
Analﬁd for C2OH35FN4O x 2.7 TFA x 1.1 H2O C,

51.5 5.01; N, 6.98. Found: C, 51.52; H, 5.01; N,
6. 8F% S. (cal ad)phafndicedti¢ditHacceptitie sdlfsaherelf. 475. 2
(MH). HPLC k': 2.43; Purity: >99% (215nm), >99%
(254nm), >99% (280nm) . HPLC Conditions: Zorbax C 18,

gfad' faﬂ&w unfl is' S fréin:
%@5 ) ﬁé&‘ﬁﬁﬁlfgnggﬁlm &%ﬁeg’nsag‘f%ni@u% P8 94(c

= 1 04 MeOH)What is clained is: 1. A conmpound of

armaceutically acceptable salts thereof,

Yere@f, prodrugs thereof, diastereoners
thereof [Aﬁne or rmre enanti oner s thereof and

>

F and pharmaceutically acceptable salts thereof.

6. A compound according to claim 1, wherein said compound is selected from:
o]
/\N
H
Jastiel
®
N

L,

and pharmaceutically acceptable salts thereof.
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m xtures thereof: (1) 2. A conpound according to claim
1, wherein said conpound is selected from

w@basieasaiti cal |y acceptable salts thereof, oOnBCDSE200F/@1186

i sol ated enantioners thereof and m xtures thereof. 3.

A compound according to claim1, wherein said conpound

is selected fromand pharmac®utically acceptable salts

thereof. 4. A compound according to claim1, wherein

Tsai d Acenmppind aceordiagde 9@domer‘efrﬁlalaﬁd~?>ﬁ5ﬁlﬁi‘a%~°e%megléﬁmﬁm-

acceptable salts thereof. 5. A conmpound according to

claim1l, wherein said conpound is selected from and

g8phar mheewt bfatdgpamdeptating ts ahy snd dfsnigoss.1-Gin the manufacture

compound according to ¢laim1, wherein said conmpound

of 3 mgglicagentiior thenerapy OhPAIPARKEGY P‘béaqu‘iﬁS‘QEc eptabl e

salts thereof.7. A conpound according to any one of

clains 1-6 for use as a nedicanent. 8. The use of a

9¢c onpdupbhraacartidalngnipositing comerisihg alcainpsurid Ecpriinge any one
ufacture of a medjcament fqr the therapy of pain,

03 et i—@ﬂﬁ@é&@gg@gﬂqa .aC%FPm?PA‘? Bt i cal conposition

conpri sing a conmpound according to any one of clains

1-6 and a pharmaceutically acceptable carrier. 10. A

1fiet hadmethodtfrethe thearanyyofeRinpiaiatvanm-blopdedhamimab gemprising the

sgeﬁ:cﬁglflﬁyrﬁggigli% oios?igise{?g eatlf’t 21?3%(% éf %%ﬁh%'rra;‘pbrg% fthlﬂ%g%nﬁi/c%ﬂ'& gffective

aB{ohBEST &/Eonama hc@idiag evapostbiataas dig)g to any one of
clainms 1-6. 11. A nethod for the therapy of anxiety in
a war m bl ooded ani mal, conprising the step of

Jarm bl o Bl , conpri: _ .
Fher anaisfiodifs 48 SRl ARRRL i VR nRbd Sl CoAPHs e
thestep of aministeting tosed afiinell &i need bfGuchiterapy redrambuficaily

the. therap f depression _ in a warm bl qode ni mal ,
eé"heﬁtb‘ﬁ aé’fl?}ﬁl){f’g%cglfl Pngraceoying; te ARY P’P]"g"’t AE \bani mal i n

need of such therapy a therapeutically

12. A method for the therapy of depression in a warm-blooded animal, comprising
the step of administering to said animal in need of such therapy a therapeutically

effective amount of a compound according to any one of claims 1-6.
13. A method for the therapy of Parkinson disease in a warm-blooded animal,
comprising the step of administering to said animal in need of such therapy a

therapeutically effective amount of a compound according to any one of claims 1-6.

14. A process for preparing a compound of formula I, comprising:
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effective anmount of a conmpound according to any one of
clains 1-6. 13. A nethod for the therapy of Parkinson
walt@easdas3ds n a war m bl ooded ani mal, conpri si ng PEESBE10§001186
of administering to said animal in need of such
therapy a therapeutically effective ambunt of a
conpound according to any ors®@ of clains 1-6. 14. A
process for preparing a conmpound of formula I,
conpr{sing: 1 reacting , -diethyl-4-[(3-nitrophenyl)(l
i aziQyl ) methyl ] benzam de with R-CH2X or R-CHO to

for e conpound; reducing said
[ r mredi gt e _eoRpotmg, Wit h a suitabl e reduci ng agent,
wherein R islsel ected?from 2-fl uorophenyl,

3-f|uorophTf? and 4-fluorophenyl; and X is sel ected

fromd, I, Brj -OIs (tosyl) and -OWws (nesylate). 15.
A process acnording to claim 14, wherein said reducing
agent may_belsel ected from hydrogen, zinc and iron.

r
r

16. Ac und selected fromenantionerically pure 4-
{(5)-(3 nophenyl ) [4- (4-fluorobenzyl) pi perazin-
1-ylj hyl} -L iV-diethyl benzam de; enantionerically
pur e

4-{ (i ?)-(8-am nophenyl)[4-(4-fluorobenzyl)pi perazin-I-
}’,'u]r L %@%@Qﬁﬁ&%@ﬁ%ﬂ ?@ﬁf@&?&?ﬁﬁfm@f&zlﬁae'n'zafmide with
f . _ . . .
Rﬁ%ﬁ%gﬁrgsggpwﬁﬁégE%F#%gﬁggﬁﬁégﬁﬁgﬁghtionerLcaIIy pure
4- [ ( Rdutidganidrineheediaty chapp @Bl Wit o swipdhdewedyeing Agedt, - 1-
i perazinyl] nmethyl]-7V, -diethyl-benzam de and
YWaREthaceuti cal |y acceptable salts thereof.

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

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

from hydrogen, zinc and iron.

16. A compound selected from enantiomerically pure 4-{(S)-(3-aminophenyl)[4-
(4-fluorobenzyl)piperazin-1-yl]methyl}-N,N-diethylbenzamide; enantiomerically pure
4-{(R)-(3-aminophenyl)[4-(4-fluorobenzyl)piperazin-1-yljmethyl}-N,N-
diethylbenzamide; enantiomerically pure 4-[(R)-(3-aminophenyl)[4-[(2-
fluorophenyl)methy1]-1-piperazinyl] methyl]-N,N-diethyl-benzamide;
enantiomerically pure 4-[(R)-(3-aminophenyl)[4-[(3-fluorophenyl)methyl]-1-
piperazinyl] methyl]-N, N-diethyl-benzamide and pharmaceutically acceptable salts
thereof.



