| DI ARYLMETHYL PI PERAZI NE DERI VATI VES, PREPARATI ONS THEREOF AND USES
THEREOF The present application clainms the benefit of United State

Provi sional Application 60/602,363, filed August 18, 2004, the entirety of
which is incorporated 5 herein by reference, and clains priority under 35
US C 119(a)-(d) to Swedish Application No. 0401968-3, filed August 2,
2004. FIELD OF THE | NVENTI ON The preseﬁt invention is directed to novel
conpounds, to a process for their preparation, their use and pharnmaceuti cal
conposi ti ons cggg& the novel 10 conpounds. The novel conpounds are
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The delta ("&") receptor has been identified as having a role in many bodily

functions such as circulatory and pain systems. Ligands for the & receptor may
15  therefore find potential use as analgesics, and/or as antihypertensive agents. Ligands
for the & receptor have also been shown to possess immunomodulatory activities.

The identification of at least three different populations of opioid receptors (1L,
& 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

20 observed in various animal models when one or more of these receptors has been
activated.

With few exceptions, currently available selective opicid 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

25  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

30 administered systemically.

PCT Publication W002/094794 describes some d-agonists.



PCT Publication WO02/094794 descri bes sone 8-agoni sts. 101503-1 WD 2
However, there is still a need for inproved S-agonists. DESCRI PTION OF THE
INV&N%MGN)VE have now surprisingly found that certain conpounds exhibit one
or nore 5 inproved properties, i.e. inproved S agoni st potency, in vivo
pot ency, pharnmacokinetics, bioavailability, in vitro stability, in vivo
stability, brain penetration, and/or homer toxicity. Unless specified
otherwise within this specification, the nonenclature used in this

specification I ?ﬁﬁ@?‘ Lules stated in

Nonencl at ure ofgﬁ %%V%k}%g%?écdt@q\%ﬁegg ?15 ecet% %o%bq%,w& C, D E F, and H
Per ganon Press, Oxford, 1979, which is incorporated by references herein for
its exenplary chemi cal structure names and rules on nam ng chem cal

struct ur epESOCRIPTEONYOF THEMRVENRAG@GYMPound nmay be generated using a
chem cal nam ng program ACD/ ChentSketch, Version 5.09/ Septenber 2001,

Advanced Chem 9@% I oG merically
pure" refers ti@%ﬁ%ﬁtn cghggl@l?‘}ldgthg?&ﬁggj&m% ﬁof )\t tOnarrerhttﬁtl)rgnantl oner
out of 5t henipodval paspeuiis, oa‘ 1mb&)vt:¢1\/6 agmsu;imlteelcg,nam\:oqmasr&ypont ained therein.
In a particul ar enbodi "enantionerically pure" refers to a conpound
cont ai ni nghatmacekEtiecy Oavaliaﬁéltﬁdﬁérar%ﬁ%lliYomW%ﬁ&abwyat npgReifatighount  of

the two %ﬁ%%v@er‘?&aa oners contained therein. In a nore particular

enbodi ment enantionerically pure” refers to a conpound contai ni ng at
| east 95% of t Hﬁl&ampehﬁe:haﬂhmivﬁsmwitbiutthits Rpedi fidaaibn ah@uomenflatifzaistdvn possi bl e
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Secepush, Sy AR b abee, Lier e RIASHRD e ealo £,
t hereof : LOHBOB-ihcofdBted Wy/refdrentdy heveillifbr(ilN)exemplary chemical structure names
and rules on naming chemical structures. Optionally, a name of a compound may be
generated using a chemical naming program: ACD/ChemSketch, Version
5.09/September 2001, Advanced Chemistry Development, Inc., Toronto, Canada.

15 "Enantiomerically pure" refers to a compound containing at least 75% of the
named enantiomer out of the total amount of the two possible enantiomers contained
therein. In a particular embodiment, "enantiomerically pure" refers to a compound
containing at least 90% of the named enantiomer out of the total amount of the two
possible enantiomers contained therein. In a more particular embodiment,

20 "enantiomerically pure" refers to a compound containing at least 95% of the named
enantiomer out the total amount of the two possible enantiomers contained therein.

"Warm-blooded animal" includes human.
In one aspect, the invention provides a compound of formula 1,
pharmaceutically acceptable salts thereof, solvates thereof, prodrugs thereof,

25  diastereomers thereof, one or more enantiomers thereof, and mixtures thereof;



N F 1 1In one enbodinent, the conpound of the invention nay be sel ected
from 000/ A/JANV/ JOX? NHz NH2 NH NCND (N) Fri P-) O 5 F
phaoreceudi cal |y acceptable salts thereof, one or nore isolated enantioners
thereof and m xtures thereof. In another enbodi ment, the conpound of the
invention may be selected from 00O Hv NJNNH NH, Hv NH (N CND CND
& F 10 and pharmaceutically acceptable salts thereof. In a further

enbodi nent, the conpound of the present invention may be selected from
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In one embodiment, the compound of the invention may be selected from:

® ) ®
o7 ot T,

pharmaceutically acceptable salts thereof, one or more isolated enantiomers thereof

and mixtures thereof.

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

. ) »
o oy L,

10 and pharmaceutically acceptable salts thereof.

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

selected from:



F and pharmaceutically acceptable salts thereof. In a further enbodi nent,
the conmpound of the present invention nay be selected from 0 J HNH CND F
and pharmaceutically acceptable salts thereof. 5 In a further enbodi nent,

t hapgempewnd of the present invention may be selected from O ' j H NH,
(N) N F and pharmaceutically acceptable salts thereof. In a further

enbodi nent, the conpound of the present invention may be selected from
4-{(8)-(3-aninophenyl)[4-(4-f|uorobenzgl)piperazin-I-yI]nethyI}-N,N— 10

di et hyl benzam de; 4-{(R)-(3-am nophenyl')[4-(4-fl uorobenzyl) pi perazin-|

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

f 1 uor ophenyt), | ] -4~ pi perazinyl] nethyl]-N Ndiethyl benzam de; 4-[(R)-(3-
am nophenyl ) J 4- A r&phenyl)nethyl] -1 -piperazinyl] nethyl]-NNdiethyl-
benzam de and pharnpceutitally acceptable salts thereof, 15 In an even
further enbodinen{i he conpound of the present invention nmay be selected
fromenantionericatdy pure 4-{(S)-(3-am nophenyl)[4-(4-

fl uor obenzyl) pi zin-1-yl]Jmethyl }- N, N-di et hyl benzam de; enantionerically
pure 4- { (R)- m nopheng{l}#[4-(4-f | uor obenzyl ) pi perazin-1-yl]nmethyl }-N N
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F and pharmaceutically acceptable salts thereof.

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

selected from:

$

Z e and pharmaceutically acceptable salts thereof.

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

selected from 4-{{.S)-(3-aminophenyl)[4-(4-fluorobenzyl)piperazin-1-yljmethyl }-NV.N-

10 diethylbenzamide; 4-{(R)-(3-aminophenyl)[4-(4-fluorobenzyl)piperazin-1-
yllmethyl}-N.N-diethylbenzamide; 4-[(R)-(3-aminophenyl)[4-[(2-
fluorophenyh)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.

15 In an even further embodiment, the compound of the present invention may be
selected from enantiomerically pure 4-{(S)-(3-aminophenyl)[4-(4-
fluorobenzyl)piperazin-1-ylJmethyl} -V, N-diethylbenzamide; enantiomerically pure 4-

{(R)-(3-aminophenyl!)[4-(4-fluorobenzyl)piperazin-1-ylimethyl} -V, V-



di et hyl benzam de and pharnmaceutically acceptable salts thereof. 51t wll be
under st ood that when conpounds of the present invention contain one or nore
chijpabs.cgnters, the conpounds of the invention may exist in, and be

i solated as, enantioneric or diastereoneric fornms, or as a racem c m xture.
The present invention includes any possible enantioners, diastereoners,
racemates or mxtures thereof, of a conpound of Forrmula I. The optically
active forns of the 10 conpound of t heXi nvention may be prepared, for
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havi ngsa suj L i 0 sea 25 garhoxyli¢ acid or pheno
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compounds of the formula [.
Within the scope of the invention are also salts of the compounds of the
formula [. Generally, pharmaceutically acceptable salts of compounds of the present
invention may be obtained using standard procedures well known in the art, for
20 example by reacting a sufficiently basic compound, for example an alkyl amine with a
suitable acid, for example, HCI or acetic acid, to afford a physiclogically 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
25 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
30  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-toluenesuiphonate.



The novel conpounds of the present invention are useful in therapy,
especially for the treatnent of various pain conditions such as chronic
paiimsoems opat hi ¢ pain, acute pain, cancer pain, pain caused by rheunatoid
arthritis, mgraine, visceral pain etc. This list should however not be
interpreted as exhaustive. 5 Conpounds of the invention are useful for the
treatnment of diarrhoea, depression, EX|ety and/ or stress-related disorders
such as post-traumatic stress disorde pani ¢ di sorder, generalized

anxi ety di ordefhe %06f A RRAR @fth@BH-sa@mﬁﬁafﬁare%%mpinsthyﬁpp'eéﬁercqiﬁry, urinary
i ncontinence, premature ejacul ation, various nental | ' nesses, cough, |ung
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traumatic & i HAEMNG hoSEicR k6 bileflhoRl 3l Bethuai,d ol | owi ng mi ocardi al
infarction, spinal 1njury and drug addiction, 1ncluding the treatnent of

al cohols, n|cotHhmnmnmﬂmﬁﬂmamdmﬂUMEmedBﬂblﬁbﬂ&ﬁnmandnkddumﬂmamders of the

synpat heti ¢ nervous system for ex ertensi on. 15 Conpounds of the
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di seases, cﬁéb‘f'@er@]ﬁ)g@” hﬁrdlr&ér entéféﬁlzéci(éﬂkléigﬂfsbl%er,% ?Ppﬁdbﬁﬁﬁ&# BeSsignd sim | ar
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useful in disease s es wher e degeneration or 20 dysfunction of opioid
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di agnostic tec niques and 1 magi ng applications such as positron em ssion
t onogr aphyDysE&isT, Patkmqoois aaksasefant lneher moemtdisomndeas, arausetivlbras immyanal gesi ¢
agent for use durin eral anpaest hesia.and popjtored 3naesthe5|a care.
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bl ocker.s and opij oi ds. thin the scope of the invention is the use of any
conpodrd of f orrAkReUPd %1% twaénvemé‘ep% #%ﬁrlmmﬁ@om&%mhﬁ%e%fyaf%ed. canent .

autoimmune diseases, such as arthritis, for skin grafts, organ transplants and similar
surgical needs, for collagen diseases, various allergies, for use as anti-tumour agents
and anti viral agents.
Compounds of the invention are useful in disease states where degeneration or
20 dystunction of opioid receptors is present or implicated in that paradigm. This may
involve the use of isotopically labelled versions of the compounds of the invention in
diagnostic techniques and imaging applications such as positron emission tomography
(PET).
Compounds of the invention are useful as an analgesic agent for use during
25  general anaesthesia and monitored anaesthesia 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.
30 Within the scope of the invention is the use of any compound of formula [ as

defined above for the manufacture of a2 medicament,



101503-1 WO 7 Also within the scope of the invention is the use of any
conpound of the invention for the manufacture of a nedi canent for the

t hangpyi wh pain including, but not limted to: acute pain, chronic pain,
neur opat hi ¢ pain, back pain, cancer pain, and visceral pain. 5 Also within
t he scope of the invention is the use of any conpound of the invention for
t he manufacture of a nedi canent for thg t herapy of anxiety, including, but
not limted to: social phobia, general "anxi ety disorder, acute anxiety. Also

Wi thin the scopgQtyithilfinl ¥ tdg?ﬁb inPert R iVEE 9L 0PI GAURRHAY: Bl t he

invention for the manufacture a nedi canent for the therapy of depression.
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conpounds‘9§fﬁﬁﬁmgresent invention, for the manufacture of a medicanment for
the treatnment of any of the conditions discussed above. 15 A further aspect
of thebSinventi oklso svithimiht howpefodthd iheerttiveat tenke of aryy ulgjoend of wf f eri ng from
any of the condit.l ussed. aboye, wh an effective. a nt of a

iops dis re
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pharmaceutically 20 accep e sa sol vat e thereof, "as herei nbefore

defi ned for uselsewitherthpycoperftirencanioext thefus¢ btarpresgound pettief i cati on, the
term "therapy". also, includes "prophylaxis" unless there are specific
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t
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for therapy a warm ani mal such as a human, the conpou
the conditions discussed above.

15 A further aspect of the invention is a method for the treatment of a subject
suffering from any of the conditions discussed above, whereby an effective amount of
a compound of the present invention, is administered to a patient in need of such
treatment.

Thus, the invention provides a compound of formula 1, or pharmaceutically

20 acceptable salt or solvate thereof, as hereinbefore defined for use in therapy.

[n 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

25  administer an etfective 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.

[n use for therapy in a warm-blooded animal such as a human, the compound

30 ofthe invention may be administered in the form of a conventional pharmaceutical

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



30 of the invention may be adm nistered in the formof a conventi onal

phar maceuti cal conposition by any route including orally, intranuscularly,
suhgytaneously, topically, 101503-1 WO 8 intranasally, intraperitoneally,
intrathoracially, intravenously, epidurally, intrathecally,
intracerebroventricularly and by injection into the joints. In one

enbodi nent of the invention, the route_of adm nistration may be orally,
intravenously or intramuscularly. 5 Thé dosage wil|l depend on the route of

adm ni strati i 0 hSe hght of the patient
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a pharnmaceuti ca cepta rrier. Particularly, there is provided a
phar maéeut i cal Therdpesictwitnlepanips:i i ngutaof sdmpowadonfthd feecityageld i nventi on,
sol vates thereof, or a pharnmaceutical |y acceptable salt, thereo i

, in
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act as di| uent Sarticpgirky e is pgpvadrsi Rharmegeyfeal co@pasiipp RMPATIESa suspendi ng

soents, OARGR S0 PRGN SO 0T AL SRR
whi ch i s isalt éhepdoftinmesosiatibn i a pharmaceutically acceptable carrier for therapy,
15 more particularly for therapy of pain and anxiety.

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

20 For 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,

25 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

30  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 1s



finely divided conpound of the invention, or the active conponent. In
tablets, the active conponent is mxed with the carrier having the
necessaryobi nding properties in 30 suitable proportions and conpacted in the
shape and size desired. For preparing suppository conpositions, a

| ow- el ti ng wax such as a mxture of fatty acid glycerides and cocoa butter
is first nelted and the active ingredignt is 101503-1 WD 9 di spersed
therein by, for exanple, stirring. The nolten honbgeneous m xture in then

pour ed i Nt g ePRYUeRIrEiRthyS fof @dariple] @2:iANATIR heMafhdRogeRtbusaingehh Geh Y-

Suitable carriers are magnesi um carbonate, nagnesium stearate, talc,

| act ose, puwgErintpeoyementdeet mauldssindrablhyed toagrat amt $nlidifet hyl cel | ul ose,
sodi um car boxynet.h 5 cellulose, .a lownelting wax, cocoa butter, and the
ke The. ¢er m BURBESRETGR AR Sh by Sprse RGOS G LHETERe R0 it | on of
the activeuo&OopRAMEAxtMh I GARSIALA dthyIBEIRNOR! siBurd c&RbJREhPN OVi di ng a
capsul e in which the active conponent (With or wthout other carriers) is
sur r ourddeccebylose, @dowiaeltinginah, dosoa bittes, and thebloci ation with it. Sinmilarly,

cachets are in ded. 10 Tabl et owder.s, .cache and ca | es .can be ed
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sterile water or water propylene glycol solutions of the active conpounds

may be | i cpgiide prrepencat (votisorswithaaib behef carrigral e nteowided dyiardagiarathidnis Li qui d 15

conposi tions can also be forpul.ated in soluti,on jn aqueous pol yethyl ene

gl ycol sotﬂkﬁ‘i“c?ﬁ?“@ﬁ&éﬂé’ lgo%‘?% scqﬂg?tsa?edf’daﬁ?d'ni stration can be prepared
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flavoring agents, stabilizers, and thickening agents as desired. Aqueous

suspensi orwittlge f@reh] adgenisatidve nmade by 20 di spersing the finely divided

active corrponerEimié.lB wat er toget her lﬁéth a. viscous . material such_as natural
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synthetic guns,-'th fAn CoRPRHOnsang eosé)é‘}t'oé‘&(fflﬁﬂﬁns‘85§’t§‘8§§wws' EBT | ul ose,
and ot her &Hﬁ?ﬁaﬁ%ﬂﬁ RGN SO Onel N1c P BANTBGEM I hE Altive feBmBUhRLi on art.

Dependi ng on the node of adm ni'stration, the pharnmaceutical conposition
may be liquid preparations suitable for parenteral administration. Liquid
15  compositions can also be formulated in solution in aqueous polyethylene glycol
solution.

Aqueous solutions for oral administration can be prepared by dissolving the
active component in water and adding suitable colorants, flavoring agents, stabilizers,
and thickening agents as desired. Aqueous suspensions for oral use can be made by

20  dispersing the finely divided active component in water together with a viscous
material such as natural synthetic gums, resins, methyl cellulose, sodium
carboxymethyl cellulose, and other suspending agents known to the pharmaceutical
formulation art.

Depending on the mode of administration, the pharmaceutical composition

25 will preferably include from 0.05% to 99%w (per cent by weight), more preferably
from 0.10 to 50%w, of the compound of the invention, all percentages by weight
being based on total composition.

A therapeutically effective amount for the practice of the present invention
may be determined, by the use of known criteria including the age, weight and

30 response of the individual patient, and interpreted within the context of the disease

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



25 will preferably include fromO.05%to 99%w (per cent by weight), nore
preferably from0.10 to 50%v, of the conpound of the invention, al

per cent ages by wei ght being based on total conposition. A therapeutically
ef fiegtimen anount for the practice of the present invention nay be

determ ned, by the use of known criteria including the age, weight and 30
response of the individual patient, and interpreted within the context of
the disease which is being treated or ich is being prevented, by one of
ordinary skills in the art. 101503-1 10 In a further aspect, the present
i nvention provi sent
invention. In éggqgﬁ%g%§§§ﬂt&£Iﬁgﬁg%&gﬁg?%ﬂ%ggggggggﬁg%ggﬁ%ki éf preparing
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NN- di et hyl - 4- [ (18.9RF €1 B St )ﬂeq mﬁ?'ﬁ@“ég?‘fﬁ‘fs)%%ﬁ%ﬁﬁf%é%‘i%ﬁﬁ“&é‘ with R CH2X or
R-CHO to fQhRotndbE fofmiifaties i@ g conpound; reducing said internediate
compound with a suitable reducing agent, 10 wherein Ris selected from

2-fluorophenyl, 3-fluorophenyl and 4- flgorophenyl' and X is selected from

a, I, Br, OTso(tosyI) and - Ovs ( e I n one.enbodi mrent, said

reduci ng agﬁn\ By he sel ected from hydrof i d i ron. 15 I n anot her

enbodi nment ; /ﬁl ; 4-1(3-n tﬁrop‘ NO
2

F

5 F “nitro intermediate”
]

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

reducing said intermediate compound with a suitable reducing agent,

10 wherein

R is selected from 2-fluorophenyl, 3-fluorophenyl and 4-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,

15 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)(l-piperazinyl)methyl}benzamide and N, N-diethyl-4-[(R)-(3-
nitropheny)(1-piperazinyl)methyllbenzamide.

In a further embodiment, R may be 2-fluorophenyl; and the compound of

20  formula [ may be 4-[(3-aminophenyl)[4-[(2-fluorophenyl)methyl]-1-piperazinyl]
methyl]-N, N-diethylbenzamide.

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



pi perazi nyl ) met hyl ] benzam de nmay be selected from N, N-diethyl-4-[(S)-(3-
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Intermediate 4b: (R) enantiomer {S) enantiomer:

Compound 1: R'=4-fluorophenyl;

Scheme 2

(R} enantiomers:

Compound 2; R'*=4-flucrophenyl;
Compound 3: R'=2-flucrophenyl;
Comoound 4: R'=3-fluoroohenvl.

BIOLOGICAL EVALUATION AND PROPERTIES

The compounds of the invention are found to be active towards d receptors in
5 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 & receptor functional
assay (low). This feature may be related to in vivo activity and may not be linearly
10 correlated with binding aftinity. In these in vitro assays, a compound is tested for
their activity toward & receptors and ICsg 1s obtained to determine the selective
activity for a particular compound towards 6 receptors. In the current context, ICsg
generally refers to the concentration of the compound at which 50% displacement of a
standard radioactive & receptor ligand has been observed.
15 The activities of the compound towards k and p receptors are also measured in

a similar assay.



N H Internediate 4b: (R) enantioner (S) enantioner: Conpound 1:

R =4-fl uorophenyl; (R) enantioners: Conpound 2: R =4-fluorophenyl;
Conpapndy@: R1=2-fl uorophenyl; Conpound 4: R =3-fluorophenvl. BIOLO3 CAL
EVALUATI ON AND PROPERTI ES The conpounds of the invention are found to be
active towards S receptors in 5 warm bl ooded animal, e.g., human.
Particularly the conpounds of the invention are found to be effective S
receptor ligands. In vitro assays, inf fa, denmonstrate these sur pri sing

activiti es[n;;?t?cPﬁ%Eé}L' y wth regard to agoni sts potency and efficacy as

denonstr at rat brain functional assay and/or the human S receptor
functional assay (low). This feature nay be related to in vivo activity and
may not beCdlicndardy 10 correlated with binding affinity. In these in vitro
assays, a conpound is tested for their activity toward S receptors and | C50
i's obtained to wlghal P93%ecellhexmedsattdvd eiah\d, 5 Yind Qrre@pRAE khdcul ar conpound
towards S receptors. In the current context, IC50 generally refers to the
concent r atiegmye reRHAREG PO AN SWIPEBHOBAR AT spil é&’eg@aﬂn gfaker flaskandar d

radi oagtive_S.recept.or }i o) ved, 45 The.activities of the
conpound tSREIELE %ﬁgﬂﬁ'ére"?@@ﬂ%ﬂg@é%Sé‘lb]i@én@géﬁgﬁmiwnp% ’@dnqtoioar assay.
101503-1 W@/éﬁgerﬂeﬂcmjtro nodel s Cell culture Human 293S cel | s expressing

cl oned hunman S and receptors and neonycin resistance are grown in
suspensi on at FaCbeaeb Bosve@heil and hasedrin fdeawikdPBS (comainingiZngnatRTam f r ee

DVEMLO FB % 0.1%,Pl uroni c,F-68, d 600 / eneticjn. .Rat brains
arc el ghdll hd | Fntatds e fetbelBied pa AnsBHiton i g % e EB RS i
buffer (50mM Tris, pH 7.0, 2.5mM EDTA, with phenylmethylsulfonyl fluoride added
10 just prior use to 0.5MmM from a 0.5M stock in DMSO:ethanol).

Membrane preparation

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

dodecyl sulfate.

Binding assays

Membranes are thawed at 37°C, cooled on ice, (or kept on ice if not used
25  immediately) passed 3 times through a 25-gauge needle, and diluted into binding
bufter (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 ug/ml aprotinin, 10 uM bestatin, 10 pM diprotin A if the membranes are
derived from tissue (rat, mouse, monkey, no DTT). Aliquots of 100 pl are added to

30 iced 12x75 mm polypropylene tubes containing 100 ul of the appropriate radioligand



pH 7.4). The brains are honogenized with a polytron for 30 sec (rat) in
ice-cold lysis buffer (50mMM Tris, pH 7.0, 2.5nM EDTA, with

phapybaekhyl sul fonyl fluoride added 10 just prior use to 0.5MiM froma 0.5M
stock in DVBQO et hanol ). Menbrane preparation Cells are pelleted and
resuspended in lysis buffer (50 MM Tris, pH 7.0, 2.5 M EDTA, wth PNMSF
added just prior to use to 0.1 mvlfroma 0.1 Mstock in ethanol), incubated
on ice for 15 mn, then honogeni zed with a polytron for 30 sec 15 The

suspensi on, dsl(JBRHBfFeE Jo?rﬂ%%néqﬁ&(a)lo QEO@Qnﬂtfbnﬁlt Tét% QTI%E‘) arfl 1Y %f?c”t |s saved

on ice an t he S resuspenae spun as er nat ant s
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spun agal resPrR@valy-nhhe {ybpy @e yogexed ar“éé%lbétﬁ@éﬂzﬁ & veAbramenpifiFer (50 nM
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frozen in dry |ce/e use otein
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sul fate. Binding assays Menbranes are thawed at 37C, cooled on ice, (or kept
onice if (Matrﬂ%)opre%k%ﬁ%ai Ises ) yn B Lepalyghylppag e dggrdigagyigauge

needl e, i ( Il mg/m
BSA (Si gnggﬁfq%%%ﬁéh ('nﬂhg ﬁ{e&ﬁﬁ%ﬁs£§& I]Vgt ort%% at t}ghﬁ?tsg?m IM?%]{:?? on t hrough
a 0.22 in fb hitledst laﬂﬁh rhiivikils eBnthiasn @ mifse@silthtyon Aeideds the aghpriis @pupt i nin, 10
M bestatin, 10 Mdiprotin Aif the nmenbranes are derived fromtissue (rat

mouse, monk 9-pEﬁédmmvellAiait@futheﬁmtlom@overaﬂé@lwd% togkagbunifbers12x75 nmm
| | 101503- 1
B0 1500 PG e ERnEE AR o Dl A bl MR RRIR B ALR S0E B UPAME 73) "ana

nonspeci f ifilter pNs apé aelinkgl iameT PeloarniPACrd)fiehed Bils smaenveaz) presence of 10 M
nal oxone respectivel %WlThe t ubes are vortexed and i ncubated at 25C for

60- 75 m n,scafilaon ﬂ#nd k ilrdha ¢pse @fﬁﬁ@@ﬁtwrfar@eqr @p‘i&ﬂeyp \Y\e@éllnmﬁs, ithet er ed and
oo AR LB S R e R PO TR O o7,
pol yet hyl angiarhmes- pﬁ]ﬂﬁdﬂ’sﬁl‘dt&ﬁé‘rﬁ leMivkYin the case of Mu and Kappa. The assay is
15 done in 300pl with the appropriate amount of membrane protein (2pg, 35ug, and lpg,
in the case of Delta, Mu, and Kappa, respectively) and 50000-80000 dpm/well of the
appropriate tracer (1251-Deltorphin 11, 1251-FK 33824, and 1251-DPDYN for Delta,
Mu, and Kappa, respectively). The total binding and non-specific binding are

determined in absence and presence of 10uM of Naloxone.

20 Functional Assays

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

25  human opioid receptors or from homogenised rat or mouse brain. Agonists stimulate
GTP [}1]358 binding in these membranes. The ECsy and Eq,x 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, ECs (low) 1s

30 measured when the human 8 receptors used in the assay were expressed at lower

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



(dpm) retained on the filters is measured with a beta counter after soaking
the filters for at least 12h in mnivials containing 6-7 m scintillation

f | ubrdos-1lfo the assay is set up in 96-place deep well plates, the filtration
is over 96-place PEl-soaked unifilters, 10 which are washed with 3 x | n
wash buffer, and dried in an oven at 55C for 2h. The filter plates are
counted in a TopCount (Packard) after ﬂgding 50 p1 M5-20 scintillation
fluid/well. In the case of assays performed in 96 deep well plates, the
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50000- 800@owddnteviet tat bfairt G&P appropriate tracer (1251-Deltorphin I

1251- FK33824, and 1251 -DPDYN for Delta, M, and Kappa, respectively). The
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presence of 10M of Nal oxone. 20 Functional Assays The agoni st activity of
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human opi ol d receptors or from honogeni sed rat or nouse brain. Agonists
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verifyath ' hyi ' [ : eyl s. For human
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with those used in determn ni ncgo EC50 (high). The Emax val ues 101503-1 WO 15
ver e det el heells siabhaeeressigtcdrned dodip sergrioss s dagoH sslighklegelferente. | hi gher
than 100%] ‘REPQ d fi Vi n Procedure for
rat brai n%@g gg@ raﬂér;'s’ %%%gjr %I%g?‘ ggg&ﬁgﬁghlg@ﬁ%{ﬂgb%gse l?t’ipﬁlces t hr ough
a 25-gaug€d 4, Add fresh: 0.5% BSA, no DTT) and with a 3uM final conc. of GDP.

15  Data analysis

The specific binding (SB) was calculated as TB-NS, and the SB in the
presence of various test compounds was expressed as percentage of control SB.
Values of ICso and Hill coefficient (nyy) 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 ICsg, K; and ny were reported for

ligands tested in at least three displacement curves.



5 blunt-end needle and diluted in the GIP7S binding (50 nmM Hepes, 20 nM
NaOH, 100 mMM Nad, | mM EDTA, 5 M MgCl Z, pH 7.4, Add fresh: 1 mM DIT, 0.1%
BSA 1}03-13&P1AM GDP final is added nenbranes dilutions. The EC50 and Emax of
conpounds are eval uated from 10-poi nt dose-response curves done in 300pl
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Receptor Saturation Experiments

Radioligand K§g 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
10 feasible). The specific radioligand binding is expressed as pmole/mg membrane

protein. Values of K§and B,y from individual experiments arc obtained from
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t he bi ndi ng assays on <cell nenbranes with the appropriate radioligands at
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Mechano- Al | odyni a Using Von Frey Testing Testing is perfornmed between 08: 00

and 16: 00Ipd&iiigatione ek ado dasaivhRadkindVhy Fihapsan: et al . (1994). Rats are
pl aced in Plexiglas cages on top of a wre nesh bottom which allows access

to the paw, an o d}@e@% 3| Hdasted is the
m d- pl ant ar Ieﬁ%ﬁﬁ%%g\%?&%vm %é@ﬁiﬂ{de@@@g{@s-é&&%ﬁ eggéﬁée.ﬁ The paw
mcromontal - SUT1ness (0045, 0-80. 120, 3 04 3 6375 50 851 and 15. 14
e, St GEMOTrHICk FOwIFCEESAs hemy. Dishae gy KrBatHuRS LT S8R B Under neat h
the nmesh f i : I h ; fiLci-ent force
to cause & FuRFRREERIE kR I bR BRSNS T o1 ) 6
seconds. Aapasiduckel wabpoase dff Viat Bdy ihhirs tvith pagarittamsbly pleyemanitdl hdr awn.

Fl i nchi ng i.nmedi ately upon renoval hair_is al so considered a

f th
posi tive rEdpee4AhbU latl P4 é'ﬁéoic:g(i)vzfesrelean%}ﬁ-é‘l"rﬁi’%%je}t%pﬂhse, and in

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

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

15  cases the stimulus is repeated.

Testing Protocol

The animals are tested on postoperative day | for the FCA-treated group. The

50% withdrawal threshold is determined using the up-down method of Dixon (1980).
Testing is started with the 2.04 g hair, in the middle of the series. Stimuli are always

20 presented in a consecutive way, whether ascending or descending. In the absence of a
paw withdrawal response to the 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

25  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:

30 50% g threshold = 10%1**9 /10,000



15 cases the stinmulus is repeated. Testing Protocol The animals are tested
on postoperative day | for the FCA-treated group. The 50% w t hdr awal
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von Frey test varies depending upon the nature of the test conpound.
compound and the von Frey test varies depending upon the nature of the test

compound.

Writhing Test

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

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

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

(i) Solutions preparation

25 Acetic acid (AcOHY: 120 uL. 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.

30 (1) Solutions administration



Withing Test 15 Acetic acid will bring abdom nal contractions when

adm nistered intraperitoneally in mce. These will then extend their body
ingustypikgal pattern. Wen anal gesic drugs are administered, this described
novenent is |less frequently observed and the drug selected as a potenti al
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For the anxiety and anxiety-like indications, efficacy has been established in
the geller-seifter conflict test in the rat.
15 For the functional gastrointestina disorder indication, efficacy can be
established in the assay described by Coutinho SV ef ¢/, in American Journal of
Physiology - Gastrointestinal & Liver Physiology. 282(2):G307-16, 2002 Feb, in the

rat.

ADDITIONAL IN VIVO TESTING PROTOCOLS

20  Subjects and housing

Naive male Sprague Dawley rats (175-200g) are housed in groups of Sina
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.
25 Sample

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

30 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



For the anxiety and anxiety-like indications, efficacy has been established
in the geller-seifter conflict test in the rat. 15 For the functional
gastrs@Lint@sti na di sorder indication, efficacy can be established in the
assay described by Coutinho SV et al, in Amrerican Journal of Physiology -
Gastrointestinal & Liver Physiology. 282(2): G07-16, 2002 Feb, in the rat.
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treat ment A Rét at are treated with E. coli |ipopolysaccharide (LPS).
For the LPS-treated experinment, four groups are injected with LPS, one of
the four dkdipinistiaton ¢ vehicle-treated whilst the other three groups are

injected with the drug and its 30 vehicle. A second set of experinents are
conducted i nvolRatnaye tlleedjtocubpguat i dik sxpalrhentaflatwinatoty foet2i20enino LPS
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Rats are ahfr@erRdrd-Gchtalilithali® v.))id Neolameef il DRNUdhe kah@rakerdothar 15-20 mn
prior to treatnent. Inflanmmation is induced by adm nistration of LPS

(endot oxi rsutgfical gpchmynesgdevisofuranoiriacghestialiha skiorbstwase tha dars BousiSidyma) . LPS

2.41 i.ntracerebro-ventricularly (i.e.v.), i | f
101 48 Pt § hnai R RCEHE RS HE M e P e Bl b bl s Pane. ©
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| ongi tudi nal i ncision of about |I" cmis nade to expose the skull surface.

1.5 mm lateral (left) to the lambda (sagittal suture), and 5 mm below the surface of the
skull (vertical) in the lateral ventricle. LPS is injected via a sterile stainless steel
needle (26-G 3/8) of 5 mm long attached to a 100-pl Hamilton syringe by
15 polyethylene tubing (PE20; 10-15 cm). A 4 mm stopper made from a cut needle (20-
(3) is placed over and secured to the 26-G needle by silicone glue to create the desired
Smm depth.
Following the injection of LPS, the needle remains in place for an additional
10 s to allow diffusion of the compound, then is removed. The incision is closed, and
20 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
25  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 c¢m, is controlled
by a system (AirStim, San Diego Intruments) capable of delivering puffs of air of

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



The puncture site is determ ned by the coordinates: 0.8 mm posterior to the
bregma, 1.5 mmlateral (left) to the |lanbda (sagittal suture), and 5 nm
bel,gwsthe; surface of the skull (vertical) in the lateral ventricle. LPSis
injected via a sterile stainless steel needle (26-G 3/8) of 5 mmlong
attached to a 100-1 Ham Il ton syringe by 15 pol yet hyl ene tubi ng (PE20; 10-15
cm. A4 nmmstopper nmade froma cut nefdle (20- G is placed over and
secured to the 26-G needle by silicone“glue to create the desired 5mm
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i nci si on itssicThs B ainpdff n2k4 the staatofirscordihgir ned to its original cage and
allowed to rest for a mninmumof 3.5h prior to testing. Experinental setup

for air- puxpesinkntl @tipoRr IMPulk@icini esRidlag i N the experimental |aboratory
followng LPS injection and conpound (drug) admnistration. At the tine of

testing all ratmedbeaEmak ARGdee (R @GR RVLSHITLABHARIGAL Y. One rat
at atime is brought Iinto the testing I'aboratory™ and placed in a clear box
(9 x 95x FBumhdndwhbretionss Vellerek pDaeeatk) placedsiasidel eathtombicht amigeonuelitd | at ed
cubicle asur]j 2(w). x35( 46(h) cm (BRS/ LVE, Div. Tech-Serv 1Inc). The
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wi th a freauescywat (LMSUTADpek 1.5BBlima [1:04 BAtdekin§DM3hitommdi Ultka (Ofer 10 puffs
are adm nistered, or until vocalisation starts, which ever cones first. The
first air [POSTRMPpERG&AG ARIEEEYt of recording. Experinental setup for and

ul trasound recording The vocalisations are recorded for 10 m nutes using

m cr ophondonp@urdsyRues)5 sound and vi brations, Vedbaek, Dennmark) placed

i nsi de each cubicle and controlled by LM5S (LM5S CADA-X 3.513, Data

Acqui si tion Monilt ampoindy (drdsg bregdhpdjsstd betveen 6 Phead 7 2aubaimiestdoet ween 0

and 32000Hz are recarded, ved and anal ysed by the  sane sqftware (LM
CADA- X 3. 568 VeHiFRE vl s ﬁ@@éﬁ%cmw@rézahadysmls&r@é% Ay Emi ng and

Anal ysi ) keturned to their original cages until time of testing.

Analysis

15 The recording is run through a series of statistical and Fourier analyses to filter
(between 20-24kHz) and to calculate the parameters 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

20 between groups is considered sigmificant with a minimum p value of <0.05.

Experiments are repeated a minimum of two times.

Determination of thermal hyperalpesia using the Haroreaves plantar test

Administration of FCA or carrageenan

Freund’s Complete Adjuvant (FCA): SIGMA cat.# F 5881, Mycabacterium
25 rtuberculosis (H37Ra, ATCC 25177), Img/ml, heat killed, dried, 0.85 ml paraftfin,
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



10 Conmpounds (Drugs) All conpounds (drugs) are pH adjusted between 6.5 and
7.5 and adm nistered at a volune of 4 m/kg. Follow ng conpound (drug)
admynRisstwa@t i on, animals are returned to their original cages until tinme of
testing. Analysis 15 The recording is run through a series of statistical
and Fourier analyses to filter (between 20-24kHz) and to cal cul ate the
paraneters of interest. The data are gé(pressed as the nean SEM
Statistical significance is assessed using T-test for conparison between
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reached, tihlealatah chsmbenowi¢desred efeadectaciiedvent ral decubi tus (sterna
position). The left hind paw is, grasped and the needle is introduced

subcut anedtfier the ighaplantanisepn, theanials roeHpud rvake ygander gbsgyation 3 j n

or der bhe&i?%ghmkge m ddl e of the paw (netatarsal area). Finally, a volune
of IOdI FCA, )01 of carrageenan 5 solution, is slowy injected into the
paw, and a snalHor pCastseat@ertSraggpt hRevéd48 Bouds fog elxodidslophricat offtheoval of

needl es. If_the animals are waking up during the procedure, they are then
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in the lab (in their cages). They are allowed to habituate to the room for at least 30

15 minutes.
Test Site

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

20 The plantar apparatus consists of a box with a glass top/platform, the glass
surface is maintained at 30°C by an 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

25 the light, and automatic sensors turn the light off when the paw is removed; a cut-off
of 20.48 seconds ensures that no tissue damage will occur should the rat fail to
remove his paw. The experimenter may also turn off the light at any point. A Timer
will record the duration of time that the light 1s activated.

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

30 maintained at ~97-98; the flux can be modified by adjusting the plantar device, but
must never be changed in the middle of an experiment.

Time-Course



10 in their cage. For FCA treatnment, rats are allowed 48 hours for the

devel opnent of the inflammatory process. For carrageenan treatnent, rats
ar gpaf:liagwed 3 hours for the devel opnent of the inflammatory process. On the
norning of the test, rats are placed in the lab (in their cages). They are
all owed to habituate to the roomfor at least 30 15 mnutes. Test Site The
heat stimulus is applied to the center_of the plantar surface, in between
the pads. The test site must be in cohtact with the glass, with no urine or
feces in betwe 0 ' [ ‘COk properties
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positioned under the rat's paw. When the light is activated it shines

t hrough ardeap&peqduec of - 2nmm di anmeter. The experinenter activates 25 the
light, and autonmatic sensors turn the light off when the paw is renoved; a
cut-of b MNaikkats8 Fee dunasceensurtestablidiingwDbssRespodantgee wink lgragoar? shoul d

the rat fail . to .renpove his paw. The experinenter may .alsq turn off the
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is activa [ F e e : i .S acti vat ed.
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adj ust i ng beleninkanimamedietelc tllobartg thoasperimeanerwildethe maingewin istretshe m ddl e of an
experinment. Time-Course 101503-1, 3 The experinment can be performnmed
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i nj ec??on?ﬁ%}elgltﬁa Pr oceélﬁl(rég%%e %@&gqﬁg%ﬂg%o@ fgﬁéeﬁ%?%fg%) upléndg%setﬁa eIri shing a
Dose RespansealCue vendyanesgiaulphnis placedaticilysundee theasstaite and aalvagidoup; t hey
are anesthetised with the rer’{tili ning 28 rats, but

and the latency to withdrawal 1s recorded. After a period of 3-8 minutes, to allow skin
temperature to return to normal, a second reading is taken, and the rats are then
removed and replaced in their cage.

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

injected with FCA (or carrageenan) are placed in individual boxes on the machine and
allowed to habituate for 30 minutes. The experimenter should verify the degree of
inflammation of the paw and check for discoloration. The heat stimulus is placed
under the test site, and the latency to withdrawal is recorded; two readings are taken,

20  as above. It is the comparison of these baseline values with those of the naive animals
that establishes whether hyperalgesia 1s present.

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

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

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

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

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



are not given any injection. Testing of the naive group may be done either
prior to beginning or immedi ately following the experinent, with the

m niRMMwet ress possible, the rats are placed in individual Plexiglas boxes
(14 x 21 x 9cm) on top of 10 the plantar device; they are allowed to

habi tuate for a period of 30 m nutes. Wen the aninmals are ready to test,
the light is placed directly under the 4est-si te and activated, and the

| atency to withdrawal is recorded. AftEt a period of 5-8 mnutes, to allow
skin te r ' S, and the
rats aren?@gﬁﬁﬂﬁﬁﬁéggg:éﬁ%ﬁf%%f@%@ %%mﬁﬁéﬁggg§8é$ﬁ§§9g5§%W%%§q éeues: The
remai ni ng p2éhtarahshimdi Vicskads is pbdordnagiraulpsoribe aboveaVevolvestings an¢ eked wi th FCA
(or carrageenan) are placed in individual boxes on the machine and all owed
to habi t uatifefi®for3Qstiignut es. The experinmenter should verify the degree of

i nflammation of the paw and check for discoloration. The heat stinulus is
pl aced under t I : WM kS rec@rded; two
readi ngs are taTEIEr?FﬁZ% nglsSEg %@@fj&n}j{h%lléé’%{eﬁgl%%’o%%alﬁﬂg%ﬂ{r%%%g@g ’ E\g@el i ne

val ues 5w tro urine se fats bdteenraile ekmrifned gaw ditbihe ghikabirfaabes theheddhare. An

hyperal gesia i.s, present. Post-drug testing: Once hyperalgesia is

est abl i shélﬂl,m&tlﬁ%gl}lgpgﬂ)af‘rté“?‘i}féct ed with the conpound of interest. Each
compound i r . 1SS0 < i vehi cl e accordi ng
t o standar }%Fg@%g%9gggg¥ﬂgﬁ§6k%ﬁ@gkggyﬁgﬁ%ggﬂ?g%E@%Eé@?“ﬁ%lune, 25 and
time of tedienrginafiededpimpgection is specific for that conpound (or class of
conpounds) .._When testing conpounds at. 20-30 m.nut s_post-injection, such as
for i.v. -dmegngnalishousingoRvioys s of atress Joaty 1EMPAIY ovRed! iZ8IoRasA Buat e on
the Phn! 3anaRRRLAhUS arMil bBsile el Or PEOHPGRR! ddee(RL] S5 canfifitfe L est i ng
conpounds at m nutes or nore ollowmng the 1njection, rats are placed
back in theoiledri ginal cage with their cage 30 nmates. Rats are al ways
replaced in . thejr origipal cages with their original, cage mates to mnim ze
the stress UF ARENAE BBIGES Hbs%ﬁs“dﬁqyél’atéb‘? BRY It p kg Canteriotith BF rats.
101503-1 gﬁ%ggm“%gg%ﬂ?&ﬁkﬁ%f&ﬁps are placed one the plantar and all owed 30
m nutes t abituateto the Tplantar machine. Testing is perforned as
descri bed -dbeueimalwpanaadispisingridud al@ing as@residr ofea Bagrinjeesén. dgthisThe ani nal

must be cal mand quiet, yet alert, and in the correc osition, with
15 case, the amimal 1s rejécted from the experiment completely (at the beginning).

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

20 of the animal’s behaviour should be conducted throughout the test.
Re-Tests:

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

25  urinating or defecating while the stimulus is being applied.

Acceptable responses:

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

30 - Toes are moving off the glass



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

i nghygiing, sni ffing, groom ng and exploring. - The animal is sleeping. - The
animal is show ng obvi ous signs of stress (tonic imobility, vocalizations,
ears 10 flat), unless these are the possi bI e result of a conpound side

ef fect and cannot be avoided. - The aﬂh is positioned in such a way that
t he pawis not in direct contact with gl ass (paw resting on top of
tail); - t of a bad
injecti on e%@h@la gﬁggttgtaespa i %%/!r)ra |!:I)I&sﬂ£l§:ﬂee%l é?‘felé@%nom th ((gerﬁe};](gperl ment

conpl et el }glz(sat t he begi nni ng) . V\hen urine or feces are present, the ani mal

is renoved, the glass surface is wiped clean, and then the aninmal is

repl aced. AMepid he animal is sleeping, or exhibiting tonic immobility, the
experimenter may gently nove the box or nove their hand in front of the box

to elicit a sh r \: r r t| of the
animal's behav?fgltﬁrdgghag&ttﬁd}rge con n%%Eanroug 1sﬁ§a§s§9ﬁﬁat@e ste%?
any tife diieNgtebhfer exPpdrisaR Btiwekh nhive afK PETAMYE PALE ankd DB Hay AN OFIAN t hat the

paw w t hdr awal response was not a response to the heat stinulus, the aninal
may be rdol@sedehy Appnsit smgltiplagamenarisaihicst (peag-hee) fudrusoeffastivensssret movi ng

suddenl y, nat i ng or. defecatin he stimulus.is appl i ed.
accept abl R Ebl&h s (s RR i ink Fub dinErhIR et otk ER T0 % he
heat stlrrul us -Wthdrawal novenent of the paw of f the gl ass (often followed
by paw | i dRAGMETABLUJSN ARRY RHARM ¢ DEJAEPROIIR FESat eral for the
stinmul at ed pavv) 30 - Toes are novi ng off the gI ass 101503-1 WD 25 - The
cent ropl anar (i del srpanglnfpwdtthafone hemiord dragetttghaliciasd r enoved from t he

gl ass. i

10An%|hX1$n|1aSéokinetic properties of the compounds are improved due to the fluoro-
substitution on the bottom benzyl of the benzyl-piperazinyl moiety of formula I. In
one embodiment, 1t was found that certain reactive metabolites are reduced or
eliminated for the compounds of the present invention. In another embodiment,
certain compounds of the present invention provides improved bioavailability, which

15 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 uM nominal initial concentration)
20 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 CH3;ONH,) 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

25  incubation mixture,

Hepatocvyte 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

30  hour. Hepatocyte incubation mixtures contained Williams E Medium supplemented



The data are expressed as the mean SEM Statistical significance is
assessed 5 using T-test for conparison between naive and inflaned rats, and
ongg M@yt viNOVA fol | owed by Dunnett's nultiple conparison test (post-hoc) for
drug effectiveness. A difference between groups is considered significant
with a mininmump value of < 0.05. DRUG METABOLI SM AND PHARMACCKI NETI C
PROPERTI ES It was surprisingly found that one or nore drug netabolic and 10
phar macoki netic properties of the conpounds are inproved due to the fluoro-
substitutig it t yp, of
formula 1. nﬁrgﬁgﬁeﬁod?ﬁlﬁ?r@é%m\%% Ifngeuﬁegﬂﬁ%{l Fll% ﬁt?ﬁ%ﬁﬂ% ﬁeyo

et abol i t esMAlEPE®R (Wi @d),and 2ahMi.ghitedinkolndubsti@n mxoe dsiraed hethpr esent

i nvention. In angther enbodi nent certain, co ounds. of the present

i nvent i on 28RN aEeayahuelyne »f BrigHiedi(P Bt formie aciiasionitriledy sl @EipR ed f rom
its weak gffjpity with 2D6 and 3A4 cyt ochrorre P450. The follow ng assays
dennnstrate one or nore of these suprising properties of these conpounds.
M crossmal | pcubat | ans A conpound of the present invention (10 |ItM nom nal
initia ) 20 was incubated individually with rat liver

m cr osones %ﬂg pr ot ei n), 1n01M KH2PO4 buf f er (pH74) with 5 mM
Myd 2 and 5 © aﬁmgdﬁoﬁeé’aﬁéﬁpltatwbWﬁ?%@@@%werﬁa&é F I‘€\yste| ne (NAC),
or CH3ONH addi tion of
NADPH (1 o té%ﬁldg Q)gr m rslgaine%d%stﬁ% C?glmt% f%ﬁ{@?ﬂngﬂﬁfog%ag%bw]fégnmér of acidified
(0. 1% f or rach metabolita deeetednktagieaiativo phtteen2vomnddivahaldiC-MMB e.  Hepat ocyte
| ncubati ons A conpound of the present inventign (10 M nom nal initial

concent r atkBHImengYere iRy EeLE) h%p PSHEnETElreRof H“W‘@s‘ﬁFSﬁb‘P #6t-at ed rat

( Spragye [Py, and cryopreserved dog (Beagle) hepatocytes (1 x 106
cells/ M)—WMA—H%H—%#—FWW ures
cont ai ned Hikt | i amsHE! NBAPLmSwifpp Henehtegrd BIsU3 Weldep Germgip h 25 mvl HEPES,

1% 1 TS-G 3@ uti on (,d;@ f]ﬁm@@ﬁb{ﬂ&irﬂ@h 8ss Rl@?-bakSNQkW@Q J&é@h) 10 M HEPES (pH
d—2—tt=groteanrme—treubattons—ere—termated—bhy—tie—

7.4), an
MS condition (L.LCQ)
Source Voltage 4.5 Kv
Capillary Temp 180 °C
Sheath Gas Flow 80
Aux Gas Flow 5
Source Type EPI
lonization Mode Positive

HPLC conditions

Column Phenomenex Synergi MAX-RP, 4 1, 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

10 90
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Ll 2
o
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<




addi tion of equal volunme of acidified (0.1 %formc acid) acetonitrile to
the incubation mxture. 5 LS-MS Analysis Follow ng protein precipitation,
sanpk@-1super nat ants were anal ysed for netabolites by full scan LC M.

Mol ecul ar wei ght information was obtained for each netabolite detected.
Fragnentation patterns from additional LC- M5/ M5 experinents were anal yzed
to hel p assign structures of primary rrg,gabol ites. 10 Instrunents HPLC HP
1100 HPLC System (Hewl ett Packard, D7 37 Wl dbronn Germany) M5 LCQ

Gas Flow 5 Source Type EPI I oni zatl on Mbde Positive HPLC conditions
Col um Phenonenex Synergi MAX-RP, 4 , 2.0 x 150 mm ( Phenonenex, Torrance,
CA) Mbi lesiheR&uAs= 0. 1% formc acid in water, B = ACN Fl ow Rate 0.2

nL/mn Tenperature 45 C Detection LCQ nmass spectrometer 15 Gradient nethod
Timre A B 0 90 7@ pridfirfBio88ns3natioh PaBWaySdbsk®edGor 38 cdmPOur were N-

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

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

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

compounds without the fluoro-subsituted benzyl ring.

IN VIVO MICRODIALYSIS METHODS

10 Procedure

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

15 mL/min. for 2 h to stabilize the baseline, Three 20 min 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.

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

of baseline levels.

Stress Procedure

25 For the stress procedure, standard passive avoidance boxes, equipped with
lights, tone and shockers, are used (Med Associates, Inc). Boxes are placed in sound-
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 hight, followed by electric foot shocks (0.5 sec duration, 1.5 mA intensity,



101503-1 WD 27 40 90 10 Testing Results The primary biotransformation

pat hways observed for the conpounds were N- deethylation, N-deal kylation and
hydsexyilvat i on. For the conpound of the present 5 invention,which has
fluoro-substituted benzyl -pi perazinyl noiety, no glutathione adduct on the
benzene was detected in rat hepatocyte incubates. In contrast, sone

gl ut at hi one adduct on the ring was obsgf{Jved in rat hepatocyte incubates for
simlar conmpounds wi thout the fluoro-3Subsituted benzyl ring. IN VIVO

M CRODI AL Y3 S (MabEKE: ‘=Q&féfpg@ﬁ§ﬁt€x§o§%att§ cRARb SRR ToK1s6 ] GRthot O €i ght
treatment groups: vehicle-quiet, vehicle- stress, drug-qw et, drug-stress.

M cr odi al ysicsvehotkss w@mmzlam amnnﬁeﬁbrlgheseqmmgtlhrefp@atedrﬂﬁm)m aheks npl ant ed
in the brain 2 hrs before the experinent and are perfused with artificial
CSF (aCSF*" iar"'f)‘gl alysis AB) at a flowrate of 1.1 15 nlL/min. for 2 It
to stabilize the baseline. Three 20 mn sanples are collected to define the
basel i ne, 1 Oflnjected ip with vehicle or conpounds and sanple
collection is carried on for the next 5 h. The stress paradi gm programis
started 20 ni nAlbfanepountieargdindsnived frasteraln destilledhevateo PehinldsandSanpl es ar e

i mredi ately (on-1ine 'e ed.on the HP or anal ysis of

onoam ne “UBHURHER ARFEREITSE NP ARPHERT G SHhENES(PAACAR L or & 1 n 3

sanpl es col | ect ed bef ore adm ni stration of conpounds/vehicle are averaged
and defi nétldsamaglgqt apeRlectioBncent rati ons of neurotransmitters in the

subsequent m crodi al ysat es are t hen expressed as percentage of baseline
| evel s. Stress Tlhﬁéifédhﬂét%(l@tﬁrﬂswféi il @ymppMysleaOA Sowlpelendlipassi ve

avoi dance boxes, q hts t and _shocker d (Med
Aosoc at ettt REMBRSREE i sl oy RAT e ST HBhERIS of Foss
par adilgm ggOWh8 ofVRE lge@oﬂﬁmmmmC§ BleGnétik! fhasd 8d75 a1 NaeHebanmbers for 2
hours, then exposed over the course of 6 mn to a series of flashi ng |ight,

fol | owed BYMdILEBAS .2 niMdtoatimsswishgroc aeideld Ol ariednlaning 16% aestanisile.y

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

collected using a PC-based acquisition/analysis system (501 Computer and A/D
Software, ESA, Inc) integrated and transferred into speadsheet/graphic software for
15 further analysis.

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

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

Geller-Siefter — Anxiety Model Method

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

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

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

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



101503-1 WD 28 total 10 shocks). "Quiet" group is exposed to chanmbers with
| i ghts, bud does not receive shocks. 40 mnutes later animals the |ight
seqsiengeyd S repeated, but no shocks are adm nistered. Drug adm nistration.
5 All conpounds are dissolved in sterile distilled water (Vehicle) and

adm nistered intraperitoneally (IP) 20 min prior the stress procedure on
day. HPLC and el ectrochem cal detectign. The HPLC system consists of a 5041
punp, Model 5200A Coul ochem Il detector, MD>-150 3 x 150 mm col unm, nodel

S0 At Oty kRl AR RS0, ARSE Aadotil pogidalag! o (From oas

1- oct anesuhgémsailie rmmtcér oﬂlé@etulbnétses thaethe whamdlnejll HaAke acthe @mptresséda pH 3. 0.

Potential is set at +0. 65V, flow rate is |nta|ned mM/mn. Data are
col | ect ed CORPARFS WHRINLREH 1BERf LPES Wlaweas?gmgtm@w% Y QYRSEL er and A/ D
Sof t war e, th [ f aphic

sof twar e fﬂ%?%e El%‘e)m ﬂﬂ:’t ﬁ%’?%se?g&“%en%%’ﬂ%gcwb %@Q?’gq%hﬁgér@%gr ed with

i ntracér elpralle i3 ar adiidlysinsthprppbedurepl aced into the nmedi al prefrontal cortex
(where the neurochem cal signal is strongest) are subjected to the

condi ti oni ng paradi gm descri bed alfpggaMPINES eases i n  norepi nepherine (NE)
and dopam ne are observed in vehicle-treated animals . Certain 20 conpounds
of the inventiqneBhatkol bR AHELALORACANGYRRRE By a %ﬁg :
Celler-Siefter -eAnx?ect)y Vb Gy: ﬁélc llgl%lt he Egﬁ?w (\:{tn‘?feog]t% ungry ani mal s
ar e trai nédamplel exhioh gaseasls hethodsowberes) a:anepqpnds mf tbegteaadan‘ebn(apenﬂamt chanber

under two_conditions,.ln the fir ondi ti on, erred to
unsuppr es L8 BTPBIHoREHTCd. ?Wefiéngépi? deadly t?ﬁﬁedaﬂ &’ééﬁlé‘ﬁ Bt t?%el ever - pr esses

25 ar g rraggnsﬁﬁlgggs ﬁ@hl@qh@m\@%rﬁchedul e of reinforcement). In the second

condi tion erre as the suppressed conponent and signal | ed by

fl ashi ng II PR He 08, 0_&eﬁ§d1ethclganber food is also delivered

follo electric shock is
a1 onal [y 39 veugd 9y he Losn ol oy Ea0s icer 5, pepecat VR 17
conmponent mixture of EtN (50 mL) and EtNH (100 mL) at 0 °C. After the addition, the
resulting reaction mixture was warmed up to room temperature in | hr and was then
15 washed with saturated ammonium chloride. The organic extract was dried (Na;SOy),
filtered and concentrated. Residue was recrystallized from hot hexanes to give 80 g

of INTERMEDIATE 1.

INTERMEDIATE 2: 4-[Thvdroxv{3-nitrophenyl)methyl]-N N-diethylbenzamide

N N-Diethyl-4-iodobenzamide (5.0 g, 16 mmol) was dissolved in THF (150

20 mL) and cooled to -78 °C under nitrogen atmosphere. n-BuLi (15 mL, 1.07 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. NH,Cl (aq.) was added after 30 min.
After concentration in vacuo, extraction with EtOAc / water, drying (MgS0O,) and

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



30 type: suppressed (3 min in duration) and unsuppressed (3 mn in
duration). The nunber of |ever presses emtted in the suppressed conponent
i s @byiiausly | ow 101503-1 WD 29 relative to the unsuppressed conponent.
Anti-anxi ety agents, such as diazepam increase the nunber of |ever-presses
that the animals will make in the suppressed conponent within sone range of
doses, without altering the nunber ofuﬁﬁver presses that are nmade in the
unsuppressed conmponent. Certain conpo s of the invention 5 profile as an
anxi ol yti qNITRRIVIEST 108 EFW-Bie R XANTY: ERop RS 1 NYGRELAN 1 b dihy 1{Bht d16ie Pe
describedin nore detall by the fol 'ow ng anpl es I'c Scri be net hods
wher eby conmpounds e } J . purified,

anal yzed and bﬁ%ﬁﬁ%&%g1fggpﬁgggépﬁgﬁgﬁ§%ggﬁ@gﬁgﬂﬁgfﬂigﬂﬁéﬁgglconstrued as
limting tdishléromeniah®(200 nINNHENdREATHEoml] béomiael g2, B8 M dBsichymbBnzawk de To a

m xture of 4-iodo-benzoyl chloride (75 g) in 500 nL CH2Cl 2 was added a

m xt ure ofonERGN 4t B MM peRy R RNFae@OWa Yasked 911 samrated aqugeussidivmon, t he

resul ting feacti i Xt ur s warned up. ta Q rature in hr and was
then 15 AERER RN D 17l RH -SRIt fET TRRBSAIIFE et - ace “Vas
dried (Na2&eHdd with dichRi@dethmg: GANDENHL PhRthe BaSbEYE oWRsid &erayistwakd | zed from
hot hexanes to give 80 g of |NTERMVEDI ATE 1. | NTERMEDI ATE 2:

4- f hydr oxyifisd (iN©:A6kh étgrefdmad kondenia®d di et hyl benzamni de

N, N- Di et hyl - 4- i.odobenzam 5. 16 ] s.. di ved in THE (150 20
m.) and coo|edTﬁS°9?§%%ghﬁ%&%“ﬁ?ﬁ%%&gﬁﬂggﬁ%gﬁﬁﬁP%?kiﬁ%ﬁﬁﬁgﬁﬁ% m., 1.07 M

sol ution ipipcRexane0.5:617mhb \Wes Adee dA feraRwisethddedcign T6 demoat at- 65 to - 78
C. The soluytion was then canulated into 3-nitrobenzal dehyde (2.4 g, 16

mol ) 1Pn  6fof ukheaqtiqm Wagppesbird withsatugayed smoninm chigide/ethghacitate agd fhewas added

after 30 mn. . After concqn@r bion In pacuo, extra tLtntmﬁttht%?c I water,
drying ( MUBOHC RHE V28 SBRALHISS af PoRitsPo ML P slecER pa bl afotZs e vae
purified hyoedlnonaieaiodtiYeddt garsit bkt Were d?ié&’%@@;ih‘ﬁ‘ﬂé?e@%ﬂ to give

| NTERVEDI ATE 2 (2.6 g, 50% . FNVR (400 MHz, 13) 611 1.0-1.3 (m 6H),
3.2 (m 2m.pncegirged g gizpyace BN {ERMERIATE 30-

15 INTERMEDIATE 4b: N N-diethyl-4-[(R)-(3-nitrophenyD(1-

piperazinylymethyl]benzamide
Racemic INTERMEDIATE 3 was dissolved in ethanol (150 mL} and di-p-

toluoyl-D-tartaric acid (11.79 g, 1 equivalent) was added. The product precipitated
out over a 12 hour period. The solid was collected by filtration and was redissolved
20 in refluxing ethanol until all of the solid dissolved (approximately 1200 mL ethanol).
Upon cooling the solid was collected by filtration and the recrystallation repeated a
second time. The solid was collected by filtration and was treated with aqueous
sodium hydroxide (2 M) and was extracted with ethyl acetate. The organic extract
was then dried (Na,SO4), filtered and concentrated to give 1986 g  of
25 INTERMEDIATE 4b.
'H NMR (400 MHz, CDCl3) 8 1.11 (br s, 3H), 1.25 (br s, 3H), 2.37 (br s, 4H), 2.91
(t, J = 5 Hz, 4H), 3.23 (br s, 2H), 3.52 (br s, 2H), 4.38 (s, 1H), 7.31-7.33 (m, 2H),
7.41-7.43 (m, 2H), 7.47 (t, J= 8 Hz, 1H), 7.75-7.79 (m, 1H), 8.06-8.09 (m, 1H), 8.30-
8.32 (m, 1H).
30
Chiral purity was determined by HPLC using the following conditions:



7.40 (m 4H, 7.50 (m | H, 7.70 (d, J - 8 Hz, | H, 8.12 (m | H), 8.28
(m I H. 101503-1 WD 30 | NTERMEDI ATE 3:

N, Nydi:atityl - 4-[ (3- ni trophenvl ) (1- pi perazi nyl ) met hyl | benzam de To a solution
of al cohol | NTERMEDI ATE 2 (10.0 g, 30.5 mmol) in dichloronmethane (200 i)
was added thionyl bromde (2.58 nL, 33.6 nmmol ). After one hour at room
tenperature the reaction was washed wi fh saturated agueous sodium 5

bi carbonate (100 nL) and the organic |layer was separated. The aqueous | ayer
was washe ) and the conbi ned organic
extracts \(%jeh\r{\fgiﬂacgA@&?{\fggg%%)%ae?l{el%éarlé Shgksdéoncentrat ed. The crude benzyl
brom de wdswdtagsbhadnuta acetonitrile (350 nL) and piperazine (10.5g, 122
mmol ) was added. After heating the reaction for one hour at 10 65 C the
reaction RS WRGHEMIRYESAtat br at ed armoni um chl ori de/ et hyl acetate and the
organic | 0 t t t hyl
acarat o (R T L it BN Y i S Rk Lo Na2son)
filteréd &nids voodictaplananed to gi ve racem ¢ | NTERVEDI ATE 3. 15 | NTERVEDI ATE
4b: N, N-diethyl-4-1 (R)-(3-nitrophen ly)(l- piperazinyl)nmethyll benzami de
Raceni ¢ | K DHAFET N Ae@IGT 8508ES i n” et hanol (150 nL) and di - p-
toluoyl-D-tartaric acid (11. 79 g, 1 equi val ent) was added. The product

preci pi t atNdERS .u b 4z .2 I- o -nitfipbenyddild was col | ect ed by
f||trat|on and i d 20|n refusing ethanol until all of the solid
di ssol ved Flapptoxt 4EC 1| et hanol ). Upon cooling the solid was
collected by fil tratlon and the recrystallation repeated a. second tinme. The

solid was col | d&¢ &Y wyniemern It itME m&atn?aé’d%eé@tﬂm%bbﬂﬂgﬁ%ng @8 di um
hydr o>fbde gbs e% @ngoél% &é}{@ﬁggpp%%’gﬂeﬁ Dylgeglhate. The organi c extract

was then red concentrated to give 1.986 g of 25

. g .25 (br s,
3H), 2.37b - S5g) ; AT : 52 (br s,
2H), 4. ssmﬁ,dlétht)lbe&amda 33 (m 2H), 7.41-7.43 (m 2H) '7.47 (t, J= 8 Hg,
1H), 7.75-7.79 (m 1H), 8.06-8.09 (m 1H), 8.30- 8.32 (m 1H).

‘ ‘ NH,

To a solution of INTERMEDIATE 4a (467 mg) in 1,2-dichloroethane (13 ml)

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

20 compound was dissolved in a mixture of ethanol, 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

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



30 Chiral purity was determ ned by HPLC using the foll ow ng conditions:
101503-1 WO 31 Chiral pack AD colum (Daicel Chem cal Industries) Lowrate
1 mM/mnute Run tine 30 mnutes at 25 C Isocratic 15% et hanol (contai ning

0. 1%ml vy i et hyl ami ne) 85% hexanes (containing 5 0.1%v/v diethyl am ne)
Retention tinme of nolecule = 20 m nutes | NTERMVEDI ATE 4a:

N, N-di ethyl-4-[(S)-(3-nitrophenyl)(1- piperazinyl )nethyll benzamide The (9S)
enanti omer | NTERMVEDI ATE 4a nmay be obta ﬁjed by performng the 10 above

resol uti on procedure with di-p-tol uoyl tartaric acid. COVPOUND 1:

4-{(S)-(3- 2
N e ot ol GORIREN i S5ttt RPAA DRURELAS A kBB, are 40 (467
ng) in 1, zeldo@dail adakd pradect(Wal is019ted dSthwasdrediletddsdl| uaiabeorat@ieNyde (252 L;

2 eq) and SOdI um triacet oxybor ohi/drl de (498 1”;%_;1 2 ehgg) The reaction was
stirred atl (6bmME ddperdtlisse een Shiictl#dod)élﬁt)f@i @) >Hur-Oriisal P}Sﬁléentrat ed.

Sat ur at ed ar a e epu |4

extracted (%Hﬁﬂqﬁl[?ée pd(?‘raﬁl %ﬁgwﬁf@glﬂc oro malngggh? 5elﬁ[go r ne or gani cs
wer e dsi ed :o@ernzaanydarws 26@1@!, wm s’atﬂlf:ase(mrtﬁm},ar@ctsam@ canckm mt ed. The 20
conmpound was dissolved in ture of ethanol, te hydr of uran, water and

sat ur at ed ZHnfdhidihTh 6tz &i]é[) (7440nﬂd Trat( de. ?4{)27f417 @3(}1} 3Hk df0nafopart i cul es
(3 tips o rgmsﬂﬁﬁ Hodhd. d\esr4e63aﬁ%q19aﬁd 58e S uy] &BX%SHB?QE)%H?(? «}PPC for 10
t ng ket cool ed,

m nutes in the ' 'mcrowave réu re”was il tered

t hrough cel,H® bpd.,conent, batiad. 8.6, residue was purified by flash
chromat ography on silica gel, eluting with a gradient

COMPOUND 2: 4-{{R)-(3-aminopheny}[4-(4-fluorobenzyl)piperazin-1-y!]methyl}-
10 N.N-diethylbenzamide

O

iog

To a solution of INTERMEDIATE 4b (5.790g, 14.6 mmol) in 1,2-dichloroethane (60

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

15 quenched with aqueous sodium bicarbonate and the organic layer was separated. The
agqueous layer was extracted with dichloromethane {3 x 100 mL) and the combined
organic extracts were dried (Na,SQOy), 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

20 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

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

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



25 from1%to 5% MeCH i n dichl oronet hane. The product obtained was dissol ved
in Mb01-1 WO 32 dichloronethane in which 1.2nL of 1M HCI in ether was
addede3-1So) vent was renoved and the product was isolated as the

hydrochl ori de salt to give COWPOUND 1 (164 ny, 30%yield) as a col ourl ess
solid. Purity (HPLC): > 99% Opti cal purity (Chiral HPLC): > 99% 1H NWR
(400MHz, CD30OD), 1.08 (t, J =6.5 Hz,%l (t. 53 =6.5 Hz, 3H,
320326(m 4H), 3.51-3.54 (m 6H) 43(5 2H) 7.19-7.23 (m 2H), 7.34

(d, J = 8.QtrktEed Mtﬁ')dmh?oréﬂeﬂﬁme@ X'l@) IQLh'iémd %@kom%mléﬂ 075&@1?{: &BacBWre
7.70-7.82 (m_4H). Found: C, 54 H, C29H36N4ACF x 4.1 HCI

x 0.8 Hzodxw@(TiazS@Hfm@qdmd@onwtramd mhe aroslmctr\wasaat@rf%i OOGNRAGRD 2:

NN et g BeRa g o gl er SRR B BT A Al it ao

(5.7909, Zbak vemel)fohd. 1m ufdl @ﬂb@il%ﬁﬂ@lﬁoﬁﬁ obthihe MBS MAHE 86bve flash

4-fl uorobenzal dehyde (2.04 mi, mol ) and sodiumtriacetoxy borohydride
(4.02g7 19hmnmmr§phwnﬁéhlsz’@smwéiedtbyra@ommdél-qsbphnomeongYn elatng on was 15

hed b nd th
dopar at ed TR G0 Ee 0Py B i e P e B i B B Pt ne 2 x 100
n) and teyppohingd. c%gﬁﬂédcmstéhalae%ﬁné@eaasdg Gk é:f‘éﬁ’c?)s%}lty fHpter ed and

concentrated. The residue was purified t? flash chronmat ography, eI uting 30%

to 50% acetYe @mldabmrrteéchmaldﬂﬂdf)d>é99"/coHd\1|Mﬂ?e(§§0WM([50@5§03 1%, which

i ssorved 16 St b b S0 APt S B ahy i SRt S Ak Er S Sfieous |
sat ur aped mmm-qmmhi QH‘) de34 &f 3—18 d Hzatip 7\410\()1 J%kaHﬁb)H)am@zxgﬂ@wI es of

iron (0.63ngy 5 nmmol ) ‘were added. The treaction was heafed to reflux and
peri odi cal(lmy3Hbr7e7G 1.8% (lgr Al %@llid&@eSdanéﬂ 6.34, Ne8.474 (heldrsEN4D x 4.éf | ux (90 O

t he react |}fm vgicc& Oe Oth{rd)fl)a{gé%rg%ﬁ ﬁng4g,;/l tered through celite

COMPOUND 3: 4-[(R)-(3-aminophenvl)[4-[{2-fluorophenv!imethyl}-1-piperazinvl]
methyl]-N.N-diethyl-benzamide

O
)
NH,
0

N

CL,

To a solution of INTERMEDIATE 4b (298 mg, (.752 mmol) in 1,2-dichloroethane
(8.5 ml) was added 2-fluorobenzaldehyde (160 mg, 1.503 mmol, 2 eq) and sodium

15

triacetoxyborohydride (319 mg, 1.503 mmol, 2 eq). The reaction was stirred at room
temperature under nitrogen for 18 hours and concentrated. Saturated sodium

20 bicarbonate was added and the aqueous solution was extracted with three portions of
dichloromethane and the combined organics were dried over anhydrous sodium
sulfate, filtered and concentrated. The compound was dissolved in a 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

25 150°C for 10 minutes in the microwave. The resulting mixture was cooled, filtered

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



25 and concentrated. To the residue was added aqueous sodi um bi carbonate and
di chl oronet hane. The organic | ayer was separated and the aqueous | ayer was
1015608-lwoND 33 extracted with dichloronmethane (3 x 100 m-) and the

conbi ned organic extracts were dried (Na2SO4), filtered and concentrat ed.
The product was purified on silica gel, eluting 1%to 5% nethanol in

di chl oronet hane to afford COMPOUND 2 (3, 5059) as a pale yellow foam | npure
material was additionally obtained from the above flash 5 chronmat ography and
this was r I, d 100% et hyl
acet at ot OVhl; wat faaay P BERIbeL BRIt ATEL PSR Yes RUHE0 Y00 ot
COVPOUND 2lichGanimiethede. imeinal orghmaemtmtis werd bidigd (IQE)%Q@ eﬂlté)ed 4Adr | ty (HPLC) :

> 99% Optical puri iral HPL > 99% ' H 4 1.08 (t
J = 6.5 [gncesjgited 1%&8%““\1‘”33 Ry efi&’y rejgyse @a%é“é e“ﬁﬁo%;D )1 3. 54 Em

6H) 8404§|Z d}%{:l\iﬂl @J@S Zo@axé%g%’}(?% Tm) %;&we §/f'P(§ DJ3 F% B goun i 91%59 547030 |(4 fj

6 34 N, &Sﬂ% TEGQ@HBE[IEMGamnAl was lk-l@hxkzeﬁ fﬂ)MMON/HZ.IdeHﬂ@dmﬁaIQ 54.02; H,
6.37: N, 8.46% :
DR o 3 Vel BpIart I MR (300Y1Har SBRRRY | Pibt 166 FapPHbrlad2 (T 6.6t hyl |

-N, N-di et RVEDI ATE
4b (298 rrgm,/ZI 3“‘% %%ﬁi) %05}51‘&? zﬁl()oroe'g)’rjégrg!e%l Iﬁéag é%l#tswas) g(f(%e(grrﬁ

2-f | uor obenz&ldehite 431602 1Hg 4.58.(503)nop (di2] e@)3 &rioHs,0lcH U 24-7.30 (m,
trlacetoxy The reactjion was stirred

room gﬁpﬁg(ﬁ{ﬁ‘:’lge g‘i% g]? { ﬁQé@mEHmﬁ%cﬁlﬁ?@r antddnbent SatfebX sat ur at ed
Sod UM 20 ¢ PRl vs Bdfed e, fhecasiienys SRl icaypag ext ract ed wi th

three portions o I'or ofef hane and the co i ned drgani'cs were dried over
anhydr ous (csbeti)L4s. 33Q~I’IH&D evI §. (foued)ed7 abdvVtbncHPLC ak’ed. 3 5ThariworpBund was
di ssolved in a mxtu

(215nm), >99% (”54nm) >99% (280nm). HPLC Conditions: Zorbax C-18, gradient

10-95% B, flow : ImL/min, 25°C, A: 0.1% TFA in H,0, B: 0.1% TFA in MeCN.

Rotation; [a]'s = - 8.91 (¢ = 1.179, MeOH).

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

»

o

F

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

20 triacetoxyborohydride (300 mg, 1.417 mmol, 2 eq). The reaction was stirred at room
temperature under nitrogen for 18 hours and concentrated. Saturated sodium
bicarbonate was added and the aqueous solution was extracted with three portions of
dichloromethane and the combined organics were dried over anhydrous sodium
sulfate, filtered and concentrated. The product was dissolved in a mixture of ethanol,

25  tetrahydrofuran, water and saturated ammonium chloride (3 ml; ratios 4:2:1:1 v/v).
Iron nanoparticules (3 tips of spatula) were added and the solution was heated at

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



et hanol, tetrahydrofuran, water and saturated amonium chloride (3 nl;
ratios 4:2:1:1 wv/v). lron nanoparticules (3 tips of spatula) were added and
t hapseluwidon was heated at 25 150C for 10 minutes in the m crowave. The
resulting mxture was cooled, filtered through celite and concentrated. The
crude was dissolved in CH2Cl 2 and washed wi th 101503-1 WD 34 water. The
organi c | ayer was separated and the aqggous | ayer was extracted with

di chl oronet hane. Conbi ned organi c extracts were dried (Na2SO™4), filtered and
concentrat f ient 5-50
S L o S P SR G L

yi eI d) 5 asashbd witkAvasal The d’dgamc mateewaahepa/aﬁed emdpha: hqeeds fayermv@H3CN H2O t o

DL00)%C 12 Blafiod Ytk O oty Cormbimest ¢iginG exisqifs WereaBiedaNosSOByy O 0
3.18-3.38 fﬁ]EBrea‘lthd’Coﬁfgfraie? The p%_&ugt @a?_éu f’fbd& reverge J'%B[P%@(gni‘}jl_ﬁﬁ (s, 2H),

4.53 (s, 111), 7.09 =23
7.30- 7.541 3-69 Y6EH;CK.i6PLO.B0tafiting am)% TARg o Gk CONBOTTIOMIBBRAQ, &5 2. 8 TFA X
10 0.4 H2 51.8

C, 8 6.97%
M S. (calqéd')eld)z@*ﬁstsgﬁ(ﬁm Tﬁrmater(l &yop%ﬂvsdéromﬁﬁygNﬂﬁL%&w%@gucgN ™
Puri t >%8/ gn? > 9904 AP W(d‘@ Om HPLA Zor b
Cijrlé,ygra |ent§ 13100- gg}geé-, ?ﬁ\l W‘?ﬁ n % A J0 %% hi EgrngJB O(r).ii%

TFA in MeGhb.8 HRoBH, D38 (Hra] 2115 DB.08 (br 8.291), 1.66-3.28. (ngH),M:mbr s1BHCOMROUND 4

4-[ (R) - (3- h 14-[(3-f1 h - |
me'E §1y|)] (N &%ngﬁfpy ﬁé%%@%u‘?r SJellql I\Zf)Hg (déél)J]Nllzpbge%'gz%nﬁHI Jution of

| NTERMEDI ATEy 4Ra(P81.078.7, 8.8192 18701 287 gkn2 aflh SRS PILFLNEN R, 81y,
Anal.Caled for CyoH;sFN4O x 2.7 TFA x 1.1 H,0: C, 51.50; H, 5.01; N, 6.98. Found:
C,51.52; H, 5.01; N, 6.87%. M.S. (caled): 475.3 (MH+), M.S. (found}: 475.2 (MH+).
HPLC: k’: 2.43; Purity: >99% (215nm), >99% (254nm), >99% (280nm). HPLC
Conditions: Zorbax C-18, gradient 10-95% B, flow : ImL/min, 25°C, A: 0.1% TFA in
15 H,0,B: 0.1% TFA in MeCN. Rotation: [a]'s = - 8.94(c = 1.04, MeOH)



m ) was added 3-fl uorobenzal dehyde (180 ng, 1.417 mmol, 2 eq) and sodi um 20
triacet oxyborohydride (300 ng, 1.417 mmol, 2 eq). The reaction was stirred
at room tenperature under nitrogen for 18 hours and concentrated. Saturated
sodi um bi carbonate was added and the aqueous sol ution was extracted with
three portions of dichloromethane and the conbi ned organics were dried over
anhydrous sodium sulfate, filtered ang concentrated. The product was

di ssolved in a mxture of ethanol, 25 tetrahydrofuran, water and saturated
ammonium chloride (3 m; ratios 4:2:1:1 v/v). |Iron nanoparticules (3 tips
of spat ul &Yhaveretaimddéed and t he sol ution was heated at 150C for 10 m nutes
inthe m growave. The?fL%srrul ti ng n‘ixture,we?s cool ed, fi Lt erted 101503-1 WO 35
through cél it e REreBpteipratiad Phamacedically pocgriable deltshersel $IKAH ved in
CH2Cl 2 ancherd@shédtudd thbre¥RLES mixtiies feddni ¢ | ayer was separated and the
aqueous | ayer was ‘extracted wth dichloronmethane. Conbi ned organic extracts
were dried (Na2SO4), filtered and concentrated. The product was purified by
reverse ph 1R et 5 5-50 % CH3CN in H20O containing 0.1 % TFA) to
gi ve COVPQJN% 65 % vyield) as its TFA salt. This material was

| yophi I'i zed 1 om CH3TRW H2 gy produce a pale yell ow powder. 'H NVR (400MHz,
CD3CD) 1.08 (t, J = 654 Hz, 3H), 1.21 (t, J = 6.8 Hz, 3H), 2.38 (br s, 2H),
3.00 (br s, 2H), 3.16-3128 (m 4H), 3.40 (br s, 2H, 3.51 (q, J = 6.8 Hz,
2H), 4.37 (s, 2H), 4.56' (s, 1H), 7.18 (ddd, J = 1.2, 2.3, 7.8 Hz, 1H), 10

7.24 (ddd, J = 1.0, 217, 8.8 Hz, 1H), 7.28-7.38 (m 4H), 7.55 (d, J = 8.2
Hz, 2H). Anal.C@/Jor C29H35FN40 x 2.7 TFA x 1.1 H20: C, 51.50; H, 5.01;

N, 6.98. Found: 51.52; H 5.01; N, 6.87% MS. (calcd): 475.3 (MH),
MS. (found): 4752 (M+). HPLC k': 2.43; Purity: >99% (215nm, >99%
(254nnm), >99% (280nm). HPLC Conditions: Zorbax C 18, gradient 10-95% B,
flow: Inmk/mn, 25C A @.1% TFA in 15 H2O B: 0.1% TFA in MeCN. Rotation:
[a]16 D= - 8.94(c = 1.04, MeOH) 36 Wat is clained is: |I. A conpound of
formula 1, pharmaceutically acceptable salts thereof, solvates thereof,

prodrugs ther eRfcbm%ancmc)éBan%StotcB% Q,O\f)vhergin said compound 1s selected from:
o] o 0

0 @ )
EoAR s N v

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:
(o] o 0
<N ~ Ty S Y
»w )*QQ »M
» Y “
- () »

P A

F

and pharmaceutically acceptable salts thereof.



J\H/ NHZ Cd N F (l). 2. A conpound according to claim1, wherein said
conpound is selected from O o O/ANN NH2 J 1 / \ NH/ / \ NHz NCN 11 x
nor e

i sol ated enantioners thereof and mxtures thereof. 3. A compound accordi ng
to claim1, wherein said conmpound is selected from 0 o O 1i" j H
NH " NH2 CN NCNJ C11/ F F and pharymceutically acceptable salts thereof.
37 4. A compound according to claim1, wherein said compound is sel ected

/ Cl11 N F / F pharmaceutically acceptable salts thereof,

one or

from O H
4. A compound according to claim I, wherein said compound is selected from:
o)
<N RS
!
P =
NH,
)
N
' S
e and pharmaceutically acceptable salts thereof.
3. A compound according to claim 1, wherein said compound is selected from:

o
BASYS
A
) ¥ NH,

»

o

F and pharmaceutically acceptable salts thereof.

6. A compound according to claim !, wherein said compound is selected from:

gastieH
9

=
|
“ and pharmaceutically acceptable salts thereof.
7. A compound according to any one of claims 1-6 for use as a medicament.
8. The use of a compound according to any one of claims | — 6 in the manufacture

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

9. A pharmaceutical composition comprising a compound according to any one of

claims 1-6 and a pharmaceutically acceptable carrier.

N NH A



J " NHz CD N F and pharmaceutically acceptable salts thereof. 5. A conpound
according to claiml1l, wherein said conpound is selected from O N J H NH
C/ N F and pharmaceutically acceptable salts thereof. 6. A conpound
according to claiml, wherein said conpound is selected from 0 J NH, CN N
F and pharmaceutically acceptable salts thereof. 7. A conpound according to
any one of clains 1-6 for use as a nedigcanent. 8. The use of a conpound
according to any one of claims 1 - 6 in the manufacture of a nedi canent for
the therapy of pain, anxiety or depression. 9. A pharnmaceutical conposition
conpri si n§. a cémpeumatcatdmbranpugitioo camprignga edmpa@indianeording t@mey e of

phar maceut j cal acceptabl e carrier, @8 9, A pharmaceutical conposition
conprisinéaH“%%ﬁﬁBﬁﬁaﬁgg@%?ﬁF%&’?8q§% “6HE®of clainms 1-6 and a
pharmaceutically acceptable carrier. 10. The use of a conpound according to

any one of claims I - 6 in the manufacture of a nedicament for the_ therapy
of pain. 1. ThBe usefgfcompewdnsarrdingde ey chimny - Snethermanuiicige af - 6 in

t he ”B”Uf%%&H&%me%ﬂbﬁm@%Qﬁﬁﬁﬂﬁ%ﬁmfOr the therapy of anxiety.

11. The use of a compound according to any one of claims | — 6 in the manufacture

of a medicament for the therapy of anxiety.

12. The use of a compound according to any one of claims | — 6 in the manufacture

of a medicament for the therapy of depression.

13. The use of a compound according to any one of claims 1 - 6 in the manufacture

of a medicament for the therapy of Parkinson disease.

14. A process for preparing a compound of formula |, comprising:
6]
BAOYE
/J NH,
)

N

|
reacting N,N-diethyl-4-[(3-nitrophenyl)(1-piperazinyl)methyl]benzamide with R-
CH:X or R-CHO to form an intermediate compound;
reducing said intermediate compound with a suitable reducing agent,
wherein

R is selected from 2-fluorophenyl, 3-fluorophenyl and 4-fluorophenyl; and



12. The use of a conmpound according to any one of clains 1 - 6 in the

manuf acture of a nedi canent for the therapy of depression. 13. The use of a
conmpound according to any one of claims I - 6 in the manufacture of a

medi canent for the therapy of Parkinson disease. 14. A process for preparing
a conmpound of formula I, conprising: 0 J / NH2 CNC F

reacti ngNN-di et hyl -4-[ (3-ni trophenyl ) (J9- pi perazi nyl ) net hyl ] benzam de with R-
CH2X or RRCHO to form an internedi ate conpound; reducing said internediate
conpound with a suitabl e reducing agent, wherein Ris selected from

2- f | uor opheinytlectdl fromdiiplp BenyTs dtoeyfarfd -Wdvio phesyldtg). and 39 X is sel ected
fromd, 1, Br, -OIs (tosyl) and -OWws (nesylate). 15. A process according to
claim 14, wherein said reducing agent nay be selected from hydrogen, zinc
and iron. |46. A;ﬁ@&@@éﬁagr t@%ﬁa‘ﬁﬁ lﬁrﬁﬁér@i%ﬁ‘iﬁ'réﬁ’lﬁm Ca%lanlut)fnéiyvlfe%elected _
4-{(S)-(3-am nophenyl)[ 4- (4- uor obenzyl ) pi perazm -yl Tmethyl) -N, N-di

et hyl benz &windeydregan, Zplﬁiaaﬂdamutl cally acceptable salts thereof.

16. A compound selected from enantiomerically pure 4-{(S)-(3-aminopheny!)[4-(4-
fluorobenzyl)piperazin-1-yllmethyl}-N,N-diethylbenzamide; and pharmaceutically

acceptable salts thereof.



