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di azocycl oal kanes having affinity for 5 serotoninergic receptors, to
pharmaceuti cal conpositions thereof and tf uses for such conpounds and
conpositions. In mammls, mcturition (urtnation) is a conplex process that
requires the integrated action of the bladder, its internal and external
sphincters, the nuscul ature of the pelvic floor and neurol ogical control
over thesdIfildt| es at three levels (in the bladder wall or sphincter
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conpounds th directly on the such as fl'avoxate, a
15 from the sacral spinal cord. A simple voiding reflex is triggered by sensory nerves for pain,

temperature and distension that run from the bladder to the sacral spinal cord. However, sensory

tracts from the bladder reach the PMC too, generating nerve impulses that normally suppress the

sacral spinal suppression of cortical inhibition of the reflex arc, and relaxing the muscles of the

pelvic floor and external sphincter. Finally, the detrusor muscle contracts and voiding occurs.

20 Abnormalities of lower-urinary tract function, e.g., dysuria, incontinence and enuresis, are

common in the general population. Dysuria includes urinary frequency, nocturia and urgency,

and may be caused by cystitis (including interstitial cystitis), prostatitis or benign prostatic

hyperplasia (BPH) (which affects about 70% of elderly males), or by neurological disorders.

Incontinence syndromes include stress incontinence, urgency incontinence, overflow

25  incontinence and mixed incontinence. Enuresis refers to the involuntary passage of urine at night
or during sleep.

Previously, treatment of neuromuscular dysfunction of the lower urinary tract involved

administration of compounds that act directly on the bladder muscles, such as flavoxate, a

spasmolytic drug (Ruffiman, J. Int. Med. Res. 16:317, 1988) which is also active on the PMC



spasmol ytic drug (Ruffinan, J. Int. Med. Res. 16:317, 1988) which is al so
active on the PMC WO 03/106444 PCT/ EP03/ 06280 -2 (CGuarneri et al., Drugs
of Today,w83806444994), or anticholinergi c conmpounds such pag/EPey/bezs8y ni n
(Ander sson, Drugs 36:477, 1988) and tolterodine (Nilvebrant, Life Sci.
68(22-23): 2549, 2001). The use of al-adyrenergic receptor antagonists for
the treatnment of BPH is common too, but S based on a different mechani sm
of action (Lepor, Urology, 42:483, 1993). However, treatnents 5 that
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N-oxi des (e.qg., pi p%ra2| ne oxides), crystalline fornms, hydrates,
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| can exist asUf.é).UISatesr}t rg.ogﬁé%@és dis%ieg r5-];'3@'}% ﬁﬁdiﬁé%ﬁ%& wiflch may be used in the

treatment of CNS disorders, such as, for example, anxiety.
EP 0924205 discloses aryl piperazine compounds that bind to 5-HTa receptors.

The invention provides compounds represented by a general formula [:
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R! represents a halogen atom,

15
wherein:

R? represents a (C3-Cg)-cycloalkyl group,
R? represents a (C;-Ca)-alkoxy or (C;-C4)-haloalkoxy group, .
20 mis1or2, and

nislor2;
and enantiomers, optical isomers, diastereomers, N-oxides (e.g., N-piperazine oxides), crystalline
forms, hydrates, soivates or pharmaceutically acceptable salts thereof.

Compounds of formula I can exist as four stereoisomers, which may be present in

25  racemic mixtures or in any other combination. Racemic mixtures can be subjected to



25 racemic mxtures or in any other conbination. Racemi c m xtures can be
subjected to WO 03/ 106444 PCT/ EP0O3/ 06280 -3 enantioneric enrichnent, to

yi el d conwoastip@ns enriched in a particul ar enanti omer, oPCTEPOSVE@H)
conpletely to single enantionmers and to conpositions conprising single
enantiomers. Enantioneric enrichnent ca(r}? be expressed as ee (enantioneric
excess) as defined bel ow. Conpounds of fotnula | where the carbon atom
bearing the R -phenyl group has the (R) 5 configuration are preferred.
Most pr ef . wher . car t: i 5

ar oup' has CHREOE B R R e e e
and hydr conpletiyouos siighall dnamimess yardaso t erengicSitions nédngprisittg cimgleramantiomers.

i nvention_alsp includes nmetabplites of the for.egoi.ng conpo s.of, formula I
ving f s me e PO cat or Pponel e r e kg ot aRg Bhiob?

met abol i tes. 1@okpBuhdWeitbiniila BhbErei tAE baBeSatpmdstatiae thotR 'chheaylexromi Adscthe ey
in the body to generate any of the foregoing conpounds. | n another

enbodi freneonfigweationasn mrefpreest Aos @sclemrad e comprends Wesmp 8 arvsateysariag ty
conpounds pof afb) il JRden NG afeS bedringsthal R3 A1
forms, hy rgthélgmg*é%ﬁ’ \h/]gsf g{sé g? %ﬁg%&n’gg%ﬁ%gﬁey acctef)t abl g sal (tes n)c%f such

conpounds hpdrokylrgrolyzs simultaneaahhy ketsuhe(S)icodfigut8iophar maceuti cal |y accept abl e

di | uent iers. .In oth nbodi nent s. t he i pvent | j
R 8 e ke Ry A L LR
di st ensi Ofhel SAmd BBtV By GBredftar IR Yo hdadtivechetdbeliel by admini stering

an effective anount of at |east one conpound of tkga ,p%fsetg‘t i nvention to
reduc0 the frd§edreption alse inrlndes prdrues vnenare auriagolized Wdhe Lody & FheTathao

the mammal ¢4 20 1.8 gt}gg] gkQRdi nents the invention provide nethods for
i ncreasing urinary Bla 8er capacity in a mammal (such as a human) in need

t her eof by adnimasdther engboglimedif the inveatiempuonided pharmacdusigatcoppesitionfpenidisie

the present inventi to. i pcrease urinary bl add Cj : ARl
Yet anot hé‘?mBWﬂjgiai qufpg ula g ?P@Pﬁ%er?’o 1a tgrésg’tnlerﬁg%%f”g}g?sgeég %Q{ag#lgq[ E(};e}ﬁﬁ P irﬁgar Vi
tract in glvads GRPiEmatatedllyakceptdbldTEul) of Budhewehpohrtsadifolmyuladin ndmixture vgttan
effecti ve anount of at |east one conpound of the present invention to

amel i &7 at ehaymapaically aecepBhigidiliemts of3HE ™ ir i nary urgency, overactive

bl adder, i ncr eﬁ??ﬂle'ﬂ I Y d¥m i ARG ¥nti ol BSOPRIES theddB oY redveiiB! tha MeRuency of
(decreased bladder storage capacity), cystitis Sl ncluding interstitial

cystitis) pladdemniractione dueitd bledderdistegsion In a mammal (such as a human) in need thereof by

administering an effective amount of at least one compound of the present invention to reduce

the frequency of bladder contractions due to bladder distension to the mammal.

20 In other embodiments the invention provide methods for increasing urinary bladder
capacity in a mammal (such as a human) in need thereof by administering an effective amount of
at least one compound of the present invention to increase urinary bladder capacity to the
mammal.

Yet another embodiment is a method for treating disorders of the urinary tract in a

25  mammal (such as a human) in need thereof by administering an effective amount of at least one
compound of the present invention to ameliorate at least one condition among urinary urgency,
overactive bladder, increased urinary frequency, decreased urinary compliance (decreased
bladder storage capacity), cystitis (including interstitial cystitis), incontinence, urine leakage,
enuresis, dysuria, urinary hesitancy and difficulty in emptying the bladder.

30 For treating the above disorders, the compounds of the invention may be administered in

combination with other agents such as, for example, antimuscarinic drugs, al-adrenergic



enuresis, dysuria, urinary hesitancy and difficulty in enptying the

bl adder. 30 For treating the above disorders, the conpounds of the

i nvent i orwoeg/1b@44edm ni stered in  conbination with other agamrs3/eazsh as,
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PCT/ EPO3/ 06280 -4 antagonists, inhibitors of the cycl ooxygenase enzyne,
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be selective for COX2 isozyne, and NO donor derivatives thereof. In yet
anot her e ' te, 1o e [ .%zﬂﬁ ' 1Bt [

5 mamal su? g%ﬁﬁ?id@?oggﬁsg&?%n%glo rééc?us sy%&%@%@%@gg?%goﬁﬁﬁ gg( 2ian
a ser ot onisogymgecor ekish ung demdiyeladbs seletive farg QX2 sbiyend, aué Nehdonet derfvagives

| east one_conpound of the present invention to treat the CNS di sorder.
Such dysfl‘h‘?&? ons include, but are not Iimted to, anxiety, depression,
hypertension, $jeeplavefker exmbbéinhs Ghé §resehi Gfenihndpridderas metipdafor cuating a
di sorders, sexual dysfunction and cognition disorders in manmals ) )
(par t i Tul avammalsufferiag Sjom & sebiral tneay ops shstam (ENSY iddsorqesmanjiestdg federotgningigt

originate rol agica %?%E‘N ng fddal r EWrbdént
di sor der s%’%ﬁﬂ%@ﬂ r %ghlg‘@%ff’g‘ﬁ%}ﬁ, r tljge %ﬁ%%r%ﬁfeqiﬁréliﬁt ‘fatogrll ﬁg@g\ggﬁh \i:lr. "
syndr one. inventai toetéat ey CHIS difdréat ¢idpdydfehdtives inslpde, s apronetdinited: theanxiety,

invention_.to the environment. of,6 a.5- 1A ser otoni nergi e .
exanpl e, @%prﬁ?f’éonejiylpgg%qsfo&r SIECHEET Y If_%-r éﬁ%ﬁ%ﬂ’/ Y gﬁ?@e{)sf %gﬁ%lg(gqu ‘35}9&‘1‘“‘”’
admi ni st egdRgl 87EurBER aud Godritich dIBRTIRE IPRSABSS MartBulatly &n burBisfassecieet ovijh
an amount 15 of ~a conpound of the jnvention ef{?eg:t' ve in the treat.mth .
of “t1 10 afekere TN ederpRndiar g s originated s byt BFHRIPSIS Velgpent; ptteptionsAefich
provi des i, Ol td ﬁ!ﬁgg icfid i NBabRITRRY ishkirbfem
a urinary ééa}%gﬁlg&s%?%gggb@& a rg’?g%%?(ihﬁ%&gfdrﬁ%gggﬂgaﬁég conpound of%?dhe

i nvent i on Treatmbe reay/be effevizdt byofelisieriidr gompaing o6 thej invention frotlia enednatent ofc 3-0

i ncrease duration of bl adder quiescenge with j

i gnly pr et PERERG e 6 ePRaCoiR el RN T B sgbfRealy or
qui escencechBy ags IRkl Re chinpburd tb bl eardmalsedsfing suche. HHT » egredar amount
increase) on micturjition pressure. The preferred_cycloal kyl ug% R2 are
t hoselhavrhgcoppesml afghginyvertionsiseibpsn ﬂfeoﬁreaﬂ@s‘eaﬁﬁ%, %%?%Wg@ﬁf erS.

cycl obutyl, cygl %\pﬁféétféﬁeﬁi 2RHoSNEhONR YhvedfioY RovidiRemb@bil THaLeARR 2 mammal

enconpasses fl uori chlorine, bromne and iodine. 25 The term
"hal oal koxntludimgoapassey setfadhe (fea leoxsinagy drast disorder Hys adihindsisringr dfujsgst one

Zrﬁgi;t ;? ggm}\é\g)ggﬁbé){ ﬁ)[e[]}ﬁ\léeo B6R 18 ttl?en%nv%gmg&l élihé’f‘ |5?1"¥1 pif %%ptgf R m%&ﬁt effe%tive to

increase the duration of bladder quiescence with no contractions. More highly preferred is where

20 the increase in the duration of bladder quiescence is accomplished with little or no effect (e.g.,
decrease or increase) on micturition pressure.

The preferred cycloalkyl groups R? are those having from 3 to 6 carbon atoms, for
example, cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl groups.
The term “halogen” encompasses fluorine, chlorine, bromine and iodine.

25 The term "haloalkoxy" encompasses monohaloalkoxy groups, that is alkoxy groups
substituted with one halogen atom, and polyhaloalkoxy groups, that is alkoxy groups substituted
with af least 2 halogen atoms.” A preferred haloalkoxy group is 2,2,2-triflucroethoxy.

A "metabolite" of a compound disclosed herein is a derivative of a compound which is
formed when the compound is metabolized. The term “active metabolite” refers to a biologically

30 active derivative of a compound that is formed when the compound is metabolised. The term

“metabolized” refers to the sum of the processes by which a particular substance is changed in
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20  mixture of equal parts of enantiomers. The term "chiral center" refers to a carbon atom to which
four different groups are attached. The term "enantiomeric enrichment” as used herein refers to
the increase in the amount of one enantiomer as compared to the other. A convenient method of
expressing the enantiomeric enrichment achieved is the concept of enantiomeric excess, or "ee",
which is found using the following equation:

25 eezEl_Ez*IOO
EWE2

wherein E1 is the amount of the first enantiomer and E2 is the-amount of the second enantiomer.

Thus, if the initial ratio of the two enantiomers is 50:50, such as is present in a racemic mixture,
and an enantiomeric enrichment sufficient to produce a final ratio of 50:30 is achieved, the ee
with respect to the first enantiomer is 25%. However, if the final ratio is 90:10, the ee with

30  respect to the first enantiomer is 80%. According to one embodiment of the invention, an ee of
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comprising pure enantiomers. Resolution of enantiomers typically requires reaction or molecular
20  interaction with a chiral agent, e.g., a solvent or column matrix. Resolution of enantiomers may
be achieved, for example, by converting the mixture of enantiomers, e.g., a racemic mixture, into
a mixture of diastereomers by reaction with a pure enantiomer of a second agent, i.e., a resolving
agent. The two resulting diastereomeric products can then be separated. The separated
diastereomers are then reconverted to the pure enantiomers by reversing the initial chemical

25  transformation.

Resolution of enantiomers can also be accomplished by differences in their non-covalent
binding to a chiral substance, e.g., by chromatography on homochiral absorbants. The
noncovalent binding between enantiomers and the chromatographic adsorbant establishes
diastereomeric complexes, leading to differential partitioning in the mobile and bound states in

30  the chromatographic system. The two enantiomers therefore move through the chromatographic

system, e.g, column, at different rates, allowing for their separation.
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on the MetaChiral™ ODM. Derivatization is often necessary when the solute molecule does not

20  contain the groups required for solute-column interactions. Derivatization, usually to
benzylamides, is also required of some strongly polar molecules like amines and carboxylic
acids, which would otherwise interact too strongly with the stationary phase through non-stereo-
specific interactions.

According to a preferred embodiment of the invention, R' of formula I is a fluorine atom.

25  Further preferred is where R! is a fluorine atom at the 2-position of the phenyl ring.

A preferred group that R? represents is an unsubstituted cyclohexyl group.

A preferred substituent that R® represents is alkoxy, more preferably methoxy and most
preferably a methoxy group at position 2 of the phenyl ring.

A preferred compound of the present invention is 1-[4-cyclohexyl-4-hydroxy-3-(2-

30  fluorophenyl)-butyl]-4-(2-methoxyphenyl)-piperazine having the formula II:
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where Z' and Z* represent chiral centers. Compounds of formula II can exist in one of the
following four stereoisomers:

CHs

5 Formula Il (S,R)

Q <
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* H .
H—O
Q Formula il (R,R) F@ Formula 1l (8,S) ‘

These compounds may be named as:

1-[(3R,4S)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl}-4-(2-methoxyphenyl)-piperazine,
10 1-[(3 g,4R)14-cyclohexyl-éf-hydroXy-B -(2-fluorophenyl)-butyl]-4-(2-methoxyphenyl)-piperazine,

1-[(3R,4R)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4-(2-methoxyphenyl)-piperazine,

and

1-[(38S,4S)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4-(2-methoxyphenyl) -pip‘erazine.

Compounds of formula II can be separated into diastereomeric pairs by, for example,
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trifluoroethoxy) @Fﬂﬂﬂ il cyploBexydaliy@roxd=1-(Bfluorophenyl butyl -4-[2-(2,2,2-
S,4R) - 4-c ) % Cryoxy Z{yglru%),ro(p%ﬁenylg bat)yl ] EZ((Z 2, 2-

trifldBr o@ﬁhg&% ﬁﬁﬁ@rﬂhe]lylﬂrﬂ?ﬂ@ﬁéﬂene
ISR AR oYk o B Yol (22,2
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1 -[(3R,4R)-4-cyciohexyl-4-hydroxy-3-(2-ﬂuoropheny1)-butyl] -4-[2-(2,2,2-
trifluoroethoxy)-phenyl]-piperazine, and
15 1-[(3S,4S)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl}-4-[2-(2,2,2-
trifluoroethoxy)-phenyl}-piperazine,
and enantiomers, optical isomers, diastereomers, N-oxides (e.g., N-piperazine oxides),
crystalline forms, hydrates, solvates and pharmaceutically acceptable salts thereof.
3R,4S and 3R,4R are preferred. 3R,4S is most preferred.
20

Combination treatments

In certain embodiments, disorders of the urinary tract are treated by administering a
compound of formula I in combination with an additional 5-HT; antagonist or an antagonist of
one or more additional class of receptors. In preferred embodiments a compound of formula I is

25  administered in combination with an antagonist of an o1-adrenergic, or muscarinic receptor.

In further embodiments, lower urinary tract disease is treated by administering a
compound of formula I in combination with one or more inhibitor of the cyclooxygenase
enzyme, which may inhibit both COX1 and COX2 isozymes or which may, alternatively, be
selective for COX2 isozyme, and NO donor derivatives thereof.

30 Examples of antimuscarinic drugs for administration in combination with a compound of

formula I are oxybutynin, tolterodine, darifenacin, and temiverine.
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a conpound, of ..f | are described Pat 990,

6, 306, 861: des%l@gém 9@@%‘73 éﬁfgpe@ﬁ%ﬂ Ep%g%ﬁ ﬁpiﬁs@éwse%eﬂa } Ne. ﬂi‘ﬂh@ 088 and
ant agoni st19/26aat04mxd e G&pbd B 10e0Ed AduittRabs Bat | gﬁtagbﬂlas %cl&R@GUMS% and
formula | are found in Leonardi et al., J. Pharmacol. EX

P.
1027- 1037 related pgopoynds gdescrdeed im/ BE7 atent), No. Pad@s942Nend @obalzotemoandotemd

phenyl pi p ' Is jsbed in WO 99/ 06383 and pending U. S
Pat ent Ap%f)ﬂ‘i’g?’?dgggg@é’??é %i%%%?é 66,088 and 10/266, 104 filed on Cctober

7, 2002. Addit IE)ﬂamlpleE -dfiEblectivet GQXi inhibitore chat cheayhe: éﬁﬁﬁﬁ&rﬁfﬂh cotrtimitiofl with a
Corrpounds gren%glrlrllcP ep formula ?'arga\}vi?l?c;[ut 11m1ta?10n mmesghdae me o%?c% OrE) ecox1gdcerlgclo?n ed
parecoxib and valdecoxib. Additional examples of selective COX2 inhibitors are described,
without limitation, in US 6,440,963. Examples of non-selective COX1-COX2 inhibitors are,
without limitation, acetylsalicylic acid, niflumic acid, flufenamic acid, enfenamic acid,
20 meclofenamic acid, tolfenamic acid, thiaprophenic acid, ibuprofen, naproxen, ketoprofen,
flurbiprofen, furprofen, indomethacin, acemethacin, proglumethacin, ketorolac, diclofenac,
etodolac, sulindac, fentiazac, tenoxicam, lornoxicam, cynnoxicam, ibuproxam, nabumetone,
tolmetin, amtolmetin. Accordingly, each of the foregoing are non-limiting examples of COX
inhibitors that may be administered in combination with a compound of formula I.
25 Examples of derivatives of COX inhibitors that may be administered in combination with
a compound of formula I are derivatives of COX inhibitors bearing nitrate (nitrooxy) or nitrite

groups, such as those given , for example, in WO 98/09948, able to release NO in vivo.

Pharmaceutical Compositions

30 The invention further provides pharmaceutical compositions comprising a compound of

formula T or an enantiomer, diastereomer, N-oxide, crystalline form, hydrate, solvate, active
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Suitable suspending agents include, but are not limited to, bentonite.

20 Suitable dispersing and suspending agents include, but are not limited to, synthetic and
natural gums such as vegetable gum, tragacanth, acacia, alginate, dextran, sodium
carboxymethylcellulose, methylcellulose, polyvinylpyrrolidone and gelatine.

Suitable edible oils include, but are not limited to, cottonseed oil, sesame oil, coconut oil
and peanut oil.

25 Examples of additional additives include, but are not limited to, sorbitol, talc, stearic acid

and dicalcium phosphate.

Unit Dosage Forms

The pharmaceutical composition may be formulated as unit dosage forms, such as tablets,
30 pills, capsules, boluses, powders, granules, sterile parenteral solutions, sterile parenteral

suspensions, sterile parenteral emulsions, elixirs, tinctures, metered aerosol or liquid sprays,
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Pharmacopeia standard <711>. In a preferred embodiment, immediate dosage forms release at

75% of active ingredient within about 45 min.
Dosage forms can also be formulated as, for example, "controlled release" dosage forms.
20  "Controlled," "sustained," "extended" or "time release" dosage forms are équivalent terms that
describe the type of active agent delivery that occurs when the active agent is released from a
delivery vehicle at an ascertainable and manipulatable rate over a period of time, which is
generally on the order of minutes, hours or days, typically ranging from about sixty minutes to
about 3 days, rather than being dispersed immediately upon entry into the digestive tract or upon
25  contact with gastric fluid. A controlled release rate can vary as a function of a multiplicity of
factors. Factors influencing the rate of delivery in controlled release include the particle size,
composition, porosity, charge structure, and degree of hydration of the delivery vehicle and the
active ingredient(s), the acidity of the environment (either internal or external to the delivery
vehicle), and the solubility of the active agent in the physiological environment, i.e., the
30  particular location along the digestive tract. Typical parameters for dissolution test of controlled

release forms are found in U.S. Pharmacopeia standard <724>.
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20 For liquid dosage forms, the active substances or their physiologically acceptable salts
are dissolved, suspended or emulsified, optionally with the usually employed substances such as
solubilizers, emulsifiers or other auxiliaries. Solvents for the active combinations and the
corresponding physiologically acceptable salts can include water, physiological salt solutions or
alcohols, e.g. ethanol, propanediol or glycerol. Additionally, sugar solutions such as glucose or

25  mannitol solutions may be used. A mixture of the various solvents mentioned may be used in the
present invention too.

A transdermal dosage form is contemplated by the present invention too. Transdermal

forms may be a diffusion transdermal system (transdermal patch) using either a fluid reservoir or

a drug-in-adhesive matrix system. Other transdermal dosage forms include, but are not limited

30 to, topical gels, lotions, ointments, transmucosal systems and devices, and iontophoretic

(electrical diffusion) delivery systems. Transdermal dosage forms may be used for delayed
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intranuscuiar, rrtralumnal, intratracheal or subcutaneous. The active
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administered by a variety of routes, such as the oral and enteral, intravenous, intramuscular

subcutaneous, transdermal, transmucosal (including rectal and buccal) and by inhalation routes.
20  Preferably, the oral or transdermal route is used (i.e. with solid or liquid formulations or skin
patches, respectively).

The pharmaceutical composition or unit dosage forms comprising an effective amount of
the present invention may be administered to an animal, preferably a human, in need of treatment
of neuromuscular dysfunction of the lower urinary tract as described by E. J. McGuire in

25  “Campbell’s UROLOGY™", 5™ BEd. 616-638, 1986, W.B. Saunders Company, and patients
affected by any physiological dysfunction related to impairment of 5-HTa receptor function.
Such dysfunctions include, without Iimifation, central-nervous-system disorders such as
depression, anxiety, eating disorders, sexual dysfunction, addiction and related problems.

As used herein, the term “effective amount” refers to an amount that results in

30 measurable amelioration of at least oné symptom or parameter of a specific disorder. In a

preferred embodiment, the compound treats disorders of the urinary tract, such as urinary
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sexual funetdrimedriyy empibichl mlathdds knalen $o those of ordinary skill in the art, for example by
establishing a matrix of dosages and frequencies of administration and comparing a group of
experimental units or subjects at each point in the matrix. The exact amount to be administered
20  to a patient will vary depending on the state and severity of the disorder and the physical
condition of the patient. A measurable amelioration of any symptom or parameter can be
determined by a person skilled in the art or reported by the patient to the physician. It will be
understood that any clinically or statistically significant attenuation or amelioration of any'
symptom or parameter of urinary tract disorders is within the scope of the invention. Clinically
25  significant attenuation or amelioration means perceptible to the patient and/or to the physician.
For example, a single patient may suffer from several symptoms of dysuria
simultaneously, such as, for example, urgency and excessive frequency of urination or both, and
these may be reduced using the methods of the present invention. In the case of incontinence,
any reduction in the frequency or volume of unwanted passage of urine is considered a beneficial
30  effect of the present method of treatment.

The amount of the agent to be administered can range between about 0.01 and about 25
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is effectiggfyi dose, or the total daily dosage may be administered in divided doses. In addition,

20  co-administration or sequential administration of another compound for the treatment of the
disorder may be desirable. Examples of such combination treatments are set forth above.

For combination treatment where the compounds are in separate dosage formulations, the
compounds can be administered concurrently, or each can be administered at separate staggered
times. For example, the compound of the invention may be administered in the morning and the

25  antimuscarinic compound may be administered in the evening, or vice versa. Additional
compounds may be administered at specific intervals too. The order of administration will
depend upon a variety of factors including age, weight, sex and medical condition of the patient;
the severity and aetiology of the disorders to be treated, the route of administration, the renal and
hepatic function of the patient, the treatment history of the patient, and the responsiveness of the

30  patient. Determination of the order of administration may be fine-tuned and such fine-tuning is

routine in the light of the guidelines given herein.
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W thout wishing to be bound by theory, it is believed that adm nistration
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capacity), difficulty in enptying the bladder, i.e., a suboptimal volune of
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stress incontinence, urgency 10 incontinence and enuresis incontinence, as
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passage of urine at night or during sleep. The conpounds of the present
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10 haloacetaldehyde (e.g., the R* alkyl groups can also be joined in a cycle to give a dioxolane or

re

dioxane ring). Other alternative and appropriate bases to carry out the condensation include
lithium amides, sodium hydride, sodium hydroxide, potassium hydroxide, potassium carbonate,
cesium carbonate and the like with the aid or not of phase transfer catalysts.

The reaction is preferably carried out in a solvent such as dimethyl sulfoxide or toluene at

15  atemperature of 0°C to reflux.

Treatment of (2) with an acid, such as hydrochloric acid or ptoluene-sulfenic acid or
trifluoroacetic acid in a suitable organic solvent, achieves aldehyde (3). Generally, the reaction is
conducted in a protic solvent, such a mixture of aqueous acid and acetone or tetrahydrofuran, at
temperatures of from about 5° to 75°C preferably at ambient temperature. A preferred and alike

20 method consists of carrying out the reaction in a mixture of aqueous trifluorocacetic acid in a
chlorinated solvent at ambient temperature.

Aldehyde (3) is coupled with the desired aryl diazocycloalkane (4) by reductive
amination procedure to prepare (5). The reaction is preferably conducted at ambient temperature
in a non-reactive solvent such as dichloroethane or methylene chloride or chloroform in the

25  presence of sodium triacetoxyborohydride and is substantially complete in one to 24 hours (see
for example A. F. Abdel-Magid, et al., J. Org. Chem., 61, 3849 (1996)) or it can be conducted in
a protic solvent (e.g., methanol) with the aid of sodium cyanoborohydride, optionally in the
presence of molecular sieves.

Reduction of (5) to the alcohol (I) is readily accomplished using a reducing agent such as

30 sodium borohydride or, diisobutylaluminum hydride or other aluminum or boron hydride or

other reduction method to carry out the conversion ketone to alcohol very well known to those



Starting material (1) is treated with a base, preferably potassium
tert-butoxide, followed by alkylation with 2-brononethyl acet al dehyde
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Preferred and alike way of synthesis of (1) is the palladium catalysed coupling of an acyl
15  halide with a compound (7) where M is Zn halide.
More specifically, the compounds of formula (5) can be prepared following the procedure

described in Scheme 3. All substituents, unless otherwise indicated, are as defined previously.

The reagents and starting materials are readily available to one of ordinary skill in the art.

20



R H3C~~NA+ /[ M(1) HC (6) (7) 5 Starting material (1) is either
comercially available or can be prepared by coupling the proper V\inreb
am de (6)wO%saoiMahm and Wei nreb, Tetrahedron Lett., 22, 3@CHTEP)LORE)) with
(7), as described in Scheme 2 above, where Mis a netallic salt, such as
l'ithiumor magnesium halide. The reaction is preferably conducted under an
I nert atnosphere preferably nitrogen, in28n 10 aprotic solvent, such as
tetrahydrofuran, at anbient or |ower tenperatures down to -78C.

Al ternatively, an ester of structure ACOOal kyl can be treated with a
substituted benzyl magnesi um chl ori §8"87 Henzy! magnesi um broni de under
standard conditions well known in the art to provide th t one of
structure (1). Preferred and ali ke way.of synthesis of
catal ysed couplingoef &n,Acy! £ W
hal i de. More cifiga%apy, i he soUnds of —formar ) be

fol l ow ng thesprocedure desckibed in Schermre 3. All bst'tu\eﬁts, unl ess
ot herwi se indicated, are as defined prewously. The rfeagemts®nd starting

materials are readi [yx avail able to one of di nary skill in the art. 20 WO
03/ 106444 PCT/ EPQ3/ 80 -/26, Schene 30g~CECI Step A O Step B Step CO,P
REt (8 Et (9 HNHEB NYB (4) | NNNNB Step D\-1/)n OR R (10)
(5) )0 (4) 7\
- N N-B
Step D
I ep = ),

(10) ()

In Scheme 3, step A, for example, cyclohexanecarbonyl chloride is added to a mixture of the
5 suitable benzylzinc chloride or bromide and a proper palladium catalyst, e.g.,
dichlorobis(triphenylphosphine)palladium (IX) stirred at 0°C in a solvent such as tetrahydrofuran.
Afterwards, stirring is continued at ambient temperature for 4-24 h. Then the reaction is
quenched for example with an aqueous saturated solution of ammonium chloride. Usual work-
up procedure by extraction provide the ketone (8). Ketone (8) can be purified by techniques well
10  known in the art, such as flash chromatography on silica gel with a suitable eluent, such as ethyl
acetate/hexane to provide the purified material. Alternatively, the crude ketone (8) can be carried

on to step B.
In Scheme 3, step B, ketone (8) is alkylated with bromoacetaldehyde diethyl acetal under
conditions well known in the art to provide compound of structure (9). For example, ketone (8) is
15  dissolved in a suitable organic solvent, such as dimethyl sulfoxide or toluene and treated with a
slight excess of a suitable base, such as potassium tert-butoxide. The reaction is stirred for about
15 to 30 minutes at a temperature of between 0°C and the reflux temp. of the solvent and
bromoacetaldehyde diethyl acetal is added dropwise to the reaction. One of ordinary skill in the
art would readily appreciate that bromoacetaldehyde dimethyl acetal, bromoacetaldehyde
20 ethylene acetal and the like may be used in place of the corresponding diethyl acetal.
In Scheme 3, step C, compound (9) is hydrolyzed under acidic conditions to provide

aldehyde (10) in a manner analogous to the procedure described in Scheme I. More specifically,
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20  compound of formula (5). This material can then be purified by techniques well known in the art,

such as flash chromatography on silica gel with a suitable eluent, such as ethyl acetate/petroleum

ether or hexane.



procedure described in Scheme I. Mre specifically, for exanple, aldehyde
(10) is dissolved in a suitable organic solvent, such as methylene

chl ori de.wdm3tim4g4 sol ution is added about 1.05 or nore eqUIEROEN280 Of

di azocycl oal kane (4). Acetic acid may optionally be added to aid in

di ssol ution of the diazocycloal kane (4). Then about 1.4 to 1.5 equivalents
of sodium 15 tri acet oxyborohydride is addéd and the reaction is stirred at
roomtenperature for about 3 to 5 hours. The reaction is then quenched by
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Alternatively, compounds of structure (5) can be prepared following the procedure described in
5  Scheme 4. All substituents, unless otherwise indicated, are as defined previously. The reagents
and starting materials are readily available to one of ordinary skill in the art.

In Scheme 4, step A, aldehyde (11) is combined with a suitable organometallic reagent
(12) under conditions well known in the art to provide alcohol (13). Examples of suitable
organome’;allic reagents include Grignard Reagents, alkyl lithium reagents, alkyl zinc reagents,

10  and the like. Grignard Reagents are preferred. For examples of typical Grignard Reagents and
reaction conditions, see J. March, "Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure", 2nd Edition, McGraw-Hill, pages 836-841 (1977). More si)eciﬁcally, aldehyde (11) is
dissolved in a suitable organic solvent, such as tetrahydrofuran or toluene, cooled to about—5 °C
and treated with about 1.1 to 1.2 equivalents of a Grignard reagent of formula (12) wherein M is

15 MgCl or MgBr. The reaction is stirred for about 0.5 to 6 hours, then quenched, and alcohol (13)
is isolated by well-known work-up procedure.

In Scheme 4, step B, alcohiol (13) is oxidized under standard conditions well know in the
art, such as those described by J. March, "Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure”, 2nd Edition, McGraw-Hill, pages 1082-1084 (1977), to provide

20  ketone (1). [Ketone (1) is the starting material used in Scheme 1 above.]

For example, the above oxidation is also performed using standard Swern Oxidation



and starting materials are readily available to one of ordinary skill in
the art. In Schenme 4, step A aldehyde (11) is conmbined with a suitable

or ganonetwblosaogseagent  (12) under conditions well known iPOTIEPE3/6G280 t O
provide al cohol (13). Exanples of suitable organonetallic reagents include
Grignard Reagents, alkyl lithiumreagents, alkyl zinc reagents, 10 and the
like. Gignard Reagents are preferred. F3 3 exanpl es of typical Gignard
Reagents and reaction conditions, see J. March, "Advanced Organic
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About 1.1
20  aldehyde (3). (Aldehyde (3) is also prepared in Scheme 1.) Examples of suitable oxidizing agents

are ozone, NalO; /Osmium catalyst, and the like. Ozone is the preferred oxidizing agent.

Examples of suitable oxidizing reagents and conditions are described by J. March, "Advanced.
Organic Chemistry: Reactiohs, Mechanisms, and Structure", 2nd Edition, McGraw-Hill, pages
1090-1096 (1977).

25 For example, compound (14) is dissolved in a suitable organic solvent, such as methanol,
a small amount of Sudan III is added, and the solution is cooled to about-20 °C. Ozone is
“bubbled into the solution for about 4 hours until the pink color turns to a pale yellow color. Then
a reducing agent such as Me, S or tributylphosphine is added. Concentration provides the
intermediate dimethyl acetal of aldehyde (3). This dimethy! acetal is readily hydrolyzed under

30 standard acidic conditions to provide aldehyde (3). Alternatively, direct acidic work-up of the

crude reaction mixture provides aldehyde (3). Alternatively, aldehyde (3) can be obtained



equi valents of a suitable base is added and the reaction is allowed to stir
for about 2 hours at 15 room tenperature. Exanples of suitable bases are
pot assi unwpastiedaut oxi de, sodi um hydride, NaN(Si (CH3) 3) 2, PICTIEPO3/0G280

di i sopropyl am de, KN(Si (CH3)3)2, NaNH2, sodi um et hoxide, sodium nethoxide
and the like. Potassiumtert-butoxide is {he preferred suitable base. The
reaction is then quenched with aqueous #érd and conpound (14) is isolated
by usual work-up procedure. In Schene 4, step D, conpound (14) is treated

with a suijable oxidizin ng _t i . e (3)
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Mechani S’Tg;r%%% inidcHGhet ", 2nd Edition, McGawH Il, pages 1090-1096
(1977). 2 or exanple, conpound (14) is dissolved in a suitable organic
sol vent, such as nmethanol, a snall anpbunt of Sudan Il is added, and the
solution is cooled to about -20 C Ozone is bubbled into the solution for
about 4 hours until the pink color turns to a pale yellow color. Then a
reduci ng agent such as Mee S or tributschghesphi ne i s added. Concentration
provides the internediate dinethyl gcetal of aldehyde (3). ®his dinethyl
acetal is redi}y hydrolyzed under® standard aci g c_conditions to provide
al dehyde (3). [ i di c—wor k B e gé‘ﬂ,\p_g
m xture pr . rnati vel n"BaI dehyde (3) n be obtahped
WO 03/ 106444XPCT/ EPO;Z,f\l 6288 -2 irectly by ozonolysis of ( in a

non- acet al fo?rri(ﬁb sol venh, such as nethyl 3@5 chloride. In Schene 4, st@p
E, al dehyde (3) is reducti \(ﬁl y am nated under conditions anal ogous to

t hose descri bed above in Schene 3, step D, to provide conpound (5).
(Conpound 5 is also prepared in Scheme I.) 5 Schenre 5 OAOA OA Step A
Step BCHONNB NN B ~1 ~)n R

10
Scheme 5 provides an alternative synthesis for the preparation of ketone (5). All
substituents, unless otherwise indicated, are as defined previously. The reagents and starting
materials are readily available to one of ordinary skill in the art.
15 In Scheme 5, step A, aldehyde (3) is condensed with diazocycloalkane (4) under standard

conditions well known in the art to provide the enamine (15). For example, about 1.05
equivalents of aldehyde (3) dissolved in a suitable organic solvent, such as isopropyl acetate or
isopropanol, is added to neat diazocycloalkane (4), free base. Additional organic solvent is added
to produce a slurry and the reaction is stirred for about 1 to 2 hours. The enamine (15) is then
20 isolated by standard techniques, such as collection by filtration.
In Scheme 5, ste;p B, the enamine (15) is hydrogenated under conditions well known to
one of ordinary skill in the art to provide compound (5). For example, enamine (15) is combined
with a suitable organic solvent, such as isopropyl alcohol and a catalytic amount of 5%
palladium on carbon in a Parr bottle. The mixture is placed under 50 psi (344850 pascals) of
25  hydrogen and shaken for about 2 days at room temperature. The slurry is then filtered to remove
catalyst and the filtrate is concentrated to provide compound (5).

Whichever the way they are prepared, the keto intermediates (5) can be transformed into



R(3) H BR(15) (5 (4) 10 Schene 5 provides an alternative synthesis
for the preparation of ketone (5). Al substituents, unless otherw se
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are readily available to one of ordinary skill in the art. 15 In Schene 5,
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conditions well known in the art to prov@ge the enam ne (15). For exanple,
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diastereoisomers, the (+) enantiomer can be separated from the (-) enantiomer using techniques
and procedures well known in the art, such as that described by J. Jacques, etal., "Enantiomers,
Racemates, and Resolutions", John Wiley and Sons, Inc., 1981. For example, chiral
20 chromatography with a suitable organic solvent, such as ethanol/acetonitrile and Chiralpak AD
packing, 20 micron can also be utilized to effect separation of the enantiomers.
The free bases of formula I, their diastereoisomers or enantiomers can be converted to the
corresponding pharmaceutically acceptable salts under standard conditions well known in the art.
For example, the free base of formula I is dissolved in a suitable organic solvent, such as
25  methanol, treated with one equivalent of maleic or oxalic acid for example, one or two
equivalents of hydrochloric acid or methanesulphonic acid for example, and then concentrated
under Vacuum to provide the corresponding pharmaceutically acceptable salt. The residue can -
then be purified by recrystallization from a suitable organic solvent or organic solvent mixture,
such as methanol/diethyl ether.

30 The N-oxides of compounds of formula I can be synthesized by simple oxidation

procedures well known to those skilled in the art. The oxidation procedure described by P.



met hods. Stereochendstry 1In Schene 1, conmpounds | are obtained in syn/anti
m xture of diastereoisoners with ratio depending on the reaction condition
used. Thewditago@neoi soners can be separated by usual 15 t@chmipgireesknown to
those skilled in the art including fractional crystallization of the bases

or their salts or chromatographic techniques such as LC or flash

chromat ography. For both of the .di aste’?g'oi sonmers, the (+) enantioner can

be separated fromthe (-) enantionmer using techniques and procedures well

known in the art, suc th lesGr i : i ine ring 1t
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al l ows t hegtvaXnitrogen of the piperazine ring to be differentiated,
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descri bed gengypl |y above. These exanples are illustrative only and are not
intended to limt the 5 invention in any way. The reagents and starting
mat erilal s are readily available to one of ordinary skill in the art.
Exanple 1

1-[ (SR RSEIMBICZ (1 oxyl - 4 hydr oxy- 3- (2- f | uor ophenyl ) - but yl ] - 4- ( 2- met hoxyphe
nyl ) - pi pe rlé‘{(RRGSS)-4—cyclohexyl-4-hydroxy-3-(2-ﬂuoropheny1)-butyl]-4-(2—methoxyphenyl)-plperazme

(diastereoisomer with lower TLC Rf) (Ex. 2)

1-[(3R,4R)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl] -4-(2-methoxyphenyl)-piperazine
20 (Ex 2X)

1-[(3S,48)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4- (2-methoxyphenyl)-piperazine

(Ex. 2Y)

Cyclohexyl 2-fluorobenzyl ketone (Compound 1a)
25 To a mixture of 36 ml of 2-fluorobenzylzinc chloride (0.5 M sol. in tetrahydrofuran) and

0.008 g of dichlorobis(triphenylphosphine)palladium (II) stirred at 0°C was added dropwise via a

syringe 2.14 ml of cyclohexanecarbonyl chloride. Afterwards, the reaction mixture was stirred at -

r.t. for 4 h, quenched with an aqueous saturated solution of ammonium chloride (25 ml),
extracted with 20 ml of EtOAc, which was dried (Na;SO4) and evaporated to drynessin vacuo
30  affording 3.52 g of the title compound as a crude, which could be used in the following step

without further purification.



10 (diastereoi soner with upper TLC Rf) (Ex. 1) 1-[(3

S, 4R) - 4- cycl ohexyl - 4- hydr oxy- 3- (2-f | uor ophenyl ) - butyl ] - 4- (2-i et hoxyphenyl ) -
pi per azi &0 03ExG444 X) PCT/EP03/06280

1-[ (3R 4S) - 4-cycl ohexyl - 4- hydr oxy- 3- (2-f | uor ophenyl ) - but yl ] - 4- ( 2- met hoxyphe
nyl ) - pi perazine (Ex. 1Y) 15 Exanple 2

1- [ (RR- SS) - 4- cycl ohexyl - 4- hydr oxy- 3- ( 2- f t37or ophenyl ) - but yl ] - 4- ( 2- met hoxyphe
nyl ) - pi perazi ne (diastereoisonmer with [ower TLC Rf) (Ex. 2)

1-[ (3R 4R),-4-cyc] ohexyl - 4- hydr.oxy- 3- (2-f| uorophenyl )-butyl ]-4-(2-net hoxyphe
ny|[ § gk peilglzw (CRETpi; 1-3800-05 g 3000, 247 HAEBPRSDYS, hid € §7. 4 53 G2algt hoyP
S, 4S) - 4- cycl ohexyl - 4- hydr oxy- 3- (2-f | uor opeenyl ) - butyl ] - 4- ( 2- met hoxyphenyl ) -
pi perazine (Ex. 2Y) a) Cyclohexyl 2-fluorobenzyl ketone (Conmpound -1 25
To a mi xt Wr-eydbhexgl-ftoxof3-2-fllaropheheirbytyrdldehydd tisthytiacetad (Gorvbami.1b) n

tetrahydrofuran) apd O. g_of. dichl orabi s(tx} phenyl ghaosphi n al | adi um
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at r.t. for 4 h, quenched wi th an aqueous sat ua%t ed solution of ammoni um
0
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After 18 RH6.90-Gf35Uxy, 4Hhe reaction m xture was cooled to r.t., quenched
wi th an aqueous saturated sol ution of

15  4-Cyclohexyl-4-0x0-3-(2-fluorophenyl)-butyraldehyde (Compound 1¢)

A mixture of 1.12 g of the compound 1b, 9 ml of 50% aqueous trifluoroacetic acid and 18
ml of CH,Cl, was stirred for 2 h at r.t., and then diluted with 10 ml of CH,Cl,. The organic layer
was separated, washed with brine (2x15ml), dried (Na,SO4) and evaporated to dryness in vacuo
to afford a crude (0.88 g), used in the next step without further purification.
20 'H-NMR (CDCIs, 8): 0.90-2.10 (m, 10H), 2.25-2.70 (m, 2H), 3.12-3.52 (m, 1H), 4.60-4.80 (m,
1H), 6.95-7.40 (m, 4H), 9.75 (s, 1H) '

1-[4-cyclohexyl-4-0x0-3-(2-fluorophenyl)-butyl]-4-(2-methoxyphenyl)-piperazine  (Compound

1d)
25 A mixture of 0.88 g of the compound 1c, 0.84 g of 1-(2-methoxyphenyl)-piperazine HCI,

106 g of sodium triacetoxyborohydride and 33 ml of CH,Cl was stirred at r.t. for 1 b, kept
overnight resting, alkalinised with 20% aqueous Na,COj The organic layer was séparated,
washed with brine (2 x 30ml), dried (Nap_SOQ and evaporated to dryness in vacuo the give a
crude (1.46 g) which was used in the next step without further purification. A sample was

30  purified by flash chromatography (petroleum ether-EtOAc 6:4) affording a pure sample.

'H-NMR (CDCls, 8): 1.05-2.00 (m, 11H), 2.20-2.44 (m, 4H), 2.45-2.72 (m, 4H), 2.90-3.20 (m,



ammoni um chloride (30 m) and extracted with 30 mMl of EtOAc. The extracts
were dried 10 (Na2SO4) and evaporated to dryness in vacuo giving a crude
whi ch waswpusiibdsed by flash chromatography (petrol eum et Irem/HROEHR80
92.5:7.5) affording 2.97 g of the pure title product. "H NWR (CDd 3, b):
1.00-2.10 (m 17H), 2.20-2.52 (m 2H), 3.30-3.72 (m 414), 4.25-4.45 (m
2H), 6.90-7.35 (m 4H) 15 -28-

4- Cycl ohexyl - 4- oxo- 3- ( 2-f I uor ophenyl ) - but yral dehyde (Conpound | c¢) A

m xture of 1. t opo 9 of 50% aqueous trifluoroacetic
acid and ﬁ[}’ %%5%?9&?@82&@’5&5?9@%@’%2 hat r.t., and then diluted

with 10 mM of CH2Cl12. The organic layer was separated, washed with brine
(2x15nml), dried (Na2804) an eva orat ed to dryness |n2vacuo t({ afford a

crude (0. &8 : 3 @l
etthom®: A o)

"H NVR ( 2.25-2.70 (m 2H), 3.12-3.52 (m

1H), 4. GMO 4H), 9.75 (s, 1H)
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1-[ 4-cycl aﬂndaxyl 4- oxo- 3- (2-fl uorophen )-butyl | -4-(2- met hoxyphenyl) pi per az
i ne (Compa@ d) ) af 0..88 g oloi%s d |

1-(2- met hEpRanyi-yclaaexy 10 NXEPIRCIS R P acetoxybotonhyer i de
and 33 ni (&gstgfé&%gﬁl\@ﬁhﬁiw&m;dj@ r.t. for 1 h, kept overni ght resting,

al kal i ni sed wth 20% aqueous Na2CCB3. The or anl C Ia se a t ed
washed with briTae palutiorzghil H6 @Pféwma@swi daRP3eP L€ vas

vacuo the,gi ¥1% f9 oJrid uﬁnlb(ﬁﬁhe}gi)hd%h& It A BctE Qihs] sﬂrr&!ﬂ@t lntef(;r $h. eﬂleV‘s!otIMH{Nas
further puriticatFPon. sanp

30 purified by flash chromat og
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(m 8H) USRSk |va5%0 ko apvey b - duded whechmelial tyifieé by sequential flash chromatography
ne k) 5@ Y A SPnen UL AN by 769535 2SRl O TR HhO R HPRE"
ra-(2-met hoxy dﬁ%ﬁyﬂlétﬁhﬁﬁ%@%@a%f%fdm% 0627 fdﬂﬂ?é fals =iV ))PEkﬁﬁ'ple I (u@ier TLC Rf;

(di astereol soner wt 0 a so ution of e corrpound
| d i n133 gluent: peeolsamaithathtOdsed? h&armnomasn negdlepgl 0: i@c?-b f@b“@édwh%?- g of the

bor ohydri dem%cr)llgn or}%xamptleui aower TE&'I{fr gagne%lue{nt) for 4 h. The solvent was
Ex. 1: 'TH-NMR (CDCI;, 6): 0.80-1.40 (m, 6H), 1.50-1.82 (m, 4H),1.85-2.10(m, 3 H), 2.21-2.45
(m, 2H), 2.52-2.85 (m, 4H), 2.98-3.26 (m, 4H), 3.283.42 (m, 1H), 3.50-3.60 (m, 1H), 3.85 (s,
3H), 6.80-7.30 (m, 7H), 7.62-7.80 (m, 1H); OH peak not detectable
20 Ex. 2: "H-NMR (CDCls, §): 0.75-2.00 (m, 13 H), 2.00-2.30 (m, 1H), 2.31-2.55 (m, 2H), 2.56-
2.95 (m, 4H), 3.00-3.30 (m, 4H and OH), 3.60 (dd, 1H), 3.85 (s, 3H), 6.80-7.38(m, 8H)

1-[(3S.,4R)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4-(2-methoxyphenyl)-piperazine
(Example 1X)
25 This compound was obtained by chiral column chromatography on the compound of

Example lusing Chlralpak AD (0.46x25 cm), eluting with n—hexane—EtOH 95:5 (flow = 0.5

ml/mln detector UV 247 nm).

1-[(3 R,4S)—4-cyclohexyl-4-hydr0xy-3 -(2-fluorophenyl)-butyl]-4-(2-methoxyphenyl)-piperazine
30 (Example 1Y)

This compound was obtained by chiral column chromatography on the compound of




10 evaporated and the reaction crude was taken up with water and extracted
with Et OAc. The organic | ayer was separated, washed with brine (2 x 15m),
dri ed (Na®6@3/1ed3d4 evaporated to dryness in vacuo to gi vepraTmrPosias2ei ch was
purified by sequential flash chromatography (petroleumether-EtOAc-2 N
ammoni a i n methanol 75:25:2; petroleumether-EtOAc-2 N ammonia i n nethanol
80:20: 2) affording 0.82 g of the corrpound29of Exanple 1 (upper TLC Rf ; 15
el uent: petroleum ether-EtQAc-2 N amoni a i n nethanol 70:30:2) foll owed by

0. 062 of..t he wer, TLC same el u : .1
N e Rty AR OBy bl e et O, oty
2.21-2.45 mlqmm d@kdtor OVER7Am®5 (M 4H), 2.98-3.26 (m 4H), 3.28-3.42 (m
1H), 3.50-3.60 (m 1H), 3.85 (s, 3H), 6.80-7.30 (m 7H), 7.62-7.80 (m
1H); OH peak not detectable 20 Ex. 2: "H NWR (CDC13, 6): 0.75-2.00 (m 13
H, 2.00-3. I%QRQ@) 41\;13‘):10th33]4' I?y(f'?&y(-f’YZ ?l'ﬁg)ropgeréﬁ bu%yl?ﬁ ¢ %etﬁ&gyphély@)gméerggné m
4H and COH), 3. 60 (dd, ; , so(m ohR) 1- T(

S, 4R) - 4- C)(Ekmheie/zXM hydroxy 3 (2 fI uorophenyl) but yl |

-4- (2- met hoxyp razi . anmpl.e; 1 5 ,Thi ngd
by chiral colu %%ﬁ%"?‘gg‘?’%\ ﬁ&algf%ﬁ He rglnﬁ%un ohfrom %%B”ﬁ Oflus%é\%%m%%ﬁj}i of
Chi r al pak R@mpl Qaz@a{g crﬁral gt WD M@x28 thn),Neltiina athEh-GekD6-ethahbll 8515 @lot = 8
m /mn; detector UV 2

1-1 (3R, 4S)mlémelyé?’f6%fxw?é4w@r oxy- 3- (2-fl uor ophenyl ) - but yI | - 4- ( 2- met hoxyphe
nyl ) - pi perazine 30 (Exanple 1Y) This conpound was obtai ned by chiral

col um chromat ography on the corrpound of WO 03/ 106444 PCT/ EP03/ 06280 -29
Exanpll@ 1 lul ey -4 4 {ppheayl) 4 PIELAT;
955(roX/Eam /mn detector UV247 nm. 1-

1(3R 4R cycPoehe -4- hydr oxy-3-(2-fluorophenyl)-butyl -4-(2-nmet hoxyphenyl
) - pi perazi ne Hlﬁﬂc&ﬂpﬁﬁd&)@s dithined bypchivatl cﬂh&noﬂﬁahmagraplyy ohithalcompbumhof

C1 Ut ng WERRTISGtie: CORAYT 95 (T3 PPbyAutng W hehanglatelors: by B3y Ty

10 1-1(3 ml/min; detector UV 254 nm).
S, 4S) - 4-cycl ohexyl - 4- hydr oxy-'3- (2- f | uor ophenyl ) - but _yl | - 4- ( 2- met hoxyphenyl )

- pi peladzine (Exanple 2Y)
The absolute stereochemistry of compounds 1X and 2Y, in form of their salts with hydrogen

bromide, was determined by single crystal x-ray diffraction, as follows.
Single crystal X-ray diffraction experiment:
a needle shape single crystal was selected for X-ray diffraction analysis and mounted on a
20  glass fiber. The data were collected on Rigaku Rapid cylinder shape image plate X-ray area
detector with detector aperture = 45.0 x 25.6 cm. It was controlled by a Windows 2000 based
PC computer with Rapid Auto version 1.06 software (Rigaku, 2000), at low temperature (-
120°K), with Micromax-002 micro-Confocal mirrors CuKaUradiation [M(CuKa)=1.5405A].

Indexing was performed from three 30 oscillations frames that were exposed for 360 seconds.
25  All reflections were measured in five image groups with six frames in each group; the exposure

time ‘was 160 seconds per c{egrig Among them five groups of images were at angles ph1—0°

90°, 180°, 270° with chi=50°and phi=0° with chi=0° all frames were delta omega =30°, and

which makes the 26max = 136.3°. The sample/detector distance was 12.74 cm. The data

reduction program, Rapid Auto version 1.06 (Rigaku, 2000), determined the Laue group was-1,
30 and total 7,986 reflections were integrated for structure solution and refinements.

Single crystal results:



Thi s conmpound was obtained by chiral colum chromatography on the conpound
of Exanple 2 using Chiral pak AD (2x25 cn), eluting wth n-hexane-ethanol
85: 15 (flwa03/1844411 /rui n; detector UV 254 run). 15 The ab®cITuPe3/06280
stereochem stry of conpounds 1X and 2Y, in formof their salts with
hydrogen bronm de, was determ ned by si %I e crystal x-ray diffraction, as
follows. Single crystal X-ray diffractio exper| ment: a needl e shape single
crystal was sel ected for X—ray diffraction analysis and nounted on a 20
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data reduction program Rapid Auto version 1.06 (Riga 000) m, ned
the Laue greoupingdby uging ﬂgocwt?%’f]ﬁ ?P%’G‘eﬁeéﬂlé‘&‘i" %:@’th ef'(g ftE e‘?‘?ﬁf
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PCT/ EPO3/ d%%gye?)gb%ﬁnelﬁgt ruc ?%&Tm%:fhﬁs‘tglfigg&géﬁgﬂeggct nmet hocds usi ng SI R92
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refinementy; ng&t (rzg\g@og%ﬁﬁ%_%&g% Copbihe&t, ToRgo, Wadall. | > 30(1), converged

w th agree S=2. 224, "Rw=0.073. The absol ute
conf i gar atRigskwesl RigekeMBGe@005-200)nGrystab Stasturs AnadysirSaliwar, Gaysasiiaicture

For cor redtera “00: o kMR er 1008 S5E aFls B Hhe i Bodlafls! ¥5¢ WSh, #7505 0.

Rigaku, 3-9-12 Akishima, Tokyo 196-8666, Japan.
Watkin, D.J., Prout, C.K. Carruthers, J.R. &Bettefidge, P.W., CRYSTALS Issue 10, Chemical

Crystallography Laboratory, Oxford, UK.
20 '

Example 3
1-[(RS,SR)—4-cyclohexy1—4—hydroxy-3-(27ﬂuorophenyl)-butyl]-4-[2—(2,2,2—triﬂuoroethoxy)—

phenyl]-piperazine (diastereoisomer with upper TLC Rf)

25 Example 4
1-[(RR,SS)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4- [2-(2,2,2-trifluoroethoxy)-

p]fenﬁ] -ioipe;a_zihé (&fast&ediéofﬂer with lower TLC Rf)

1-[4-cyclohexyl-4-o0x0-3-(2-fluorophenyl)-butyl] -4-[2-(2,2,2-trifluoroethoxy)-phenyl]-piperazine

30 (Compound 3a)

The title compound was prepared following the procedure described for the compound 1d




10 References: Altomare, A, Cascarano, G, G acovazzo, C. Guagliardi, A,
Burla, M, Polidori, G, and Camalli, M, (1994) SIR92, J. Appl. Cryst.,
27, 435. wWarsuvbdiers, J. R and Watkin, D.J. (1979), Acta CPZIIEPOHBES0
698-699. Rigaku (2000), Rapid Auto, Ri gaku Corporation, Tokyo, Japan. 15
Ri gaku and Ri gaku/ MsC, (2000-2002), Crysﬁg Structure Anal ysis Software,
Crystal Structure Version 3.00, Ri gakul MSC, 9009 New Trails Drive, The
Woodl ands, TX, USA 77381-5209. Rigaku, 3-9-12 Akishim, Tokyo 196- 8666,
Japan. Wtk e -
CRYSTALS l|;°s€s 3165111%031 @ﬁi;?nq@h?"rg@ ’?t%ﬂ ‘f@ﬁﬁ%’%@mﬁg& g“?%%%/ o dlg? m@[hW(lg' pheayD-
Exarrpl e 3piperazine HCI. Purlﬁcanon by ﬂash chromatography (petroleum ether-EtOAc 7: 3) afforded the
1-[ (RS, SR).- 4- c cl ohe - hydroxy- 3- (2-fl uorophenyl)-butyl]-4-[2-(2,2, 2-tri
f I uor oet hd¥§ o %M¥ per azine (di astereoi soner with upper TLC Rf) 25
Exanpl e 41y gCDCZ , 5): 1.00-1.85 (m, IOH) 186—2 05 (m, IH) 2.20-2.44 gm 4H), 2.45-2.70 (m,
1-[ (RR, SS) - 4-cycl ohexy[~ 4-hydr oxy- 3- (2-fl uoro henyi )-butyl]-4-[2-(2,2,2-tri
f | uor o8t hdky,)2.9pR4 8\, 4pl) pb2a4i0A émy @lﬂhﬁ@ﬂeﬁ‘ MWwith lower TLC Rf) 1- r4
cycl ohexyl 4 oxo
3-(2-fluorophenyl)-butyll-4-[2-(2,2,2-trifluoroethoxy)-phenyl -pi perazine
30 (ConpoulRS8R)-Fheclohbke- &maxgnd-(MOmphmyﬂ)emtﬂML[G’aﬂzﬂgz-triﬂuomedwdhr e
descri bed for the compound id V\D 03/ 106444 P EP03/ 06280 -31 but using
1- (2, 2, 2- Phemllopperating (CIpRERGS With upnep ALLA)  nst ead of
1-(2- met hgxyphenyl) - pi per azi ne- HCl Purification by flash chr omat ogr aphy
(petroleumether-EtOAc 7:3) afforded the title corrpoun 9% . 1H NWR
(CDA 3D S):[(RRSS)-#-@6lahexylkchydrony-862-SlugmpheryDrhuty-498-3, 2424“(%0 opthoxy)-

2H)4 5-2.70 pflégyl]-plperlg%lhe %dlager’ém%gmérr%tﬂ&wr %L%Ei{ﬁ 60 (m 3H), 6.850-7.30 (m

8
1- [ (RS, SR) - 4- cyat cllexyinpduriy dvap yyrBhesRed bising thpipeovgdyre desoyibgd Sr iR qompoyupd of i
1;L|0ugf OFE g%égr)nplegqearr% J blﬁluggl%@cﬁé ngéounasja%g ea%lta%t?rgcf rrna‘yemrlgl InstBREL tﬁé‘ gon%gun%rﬁ%

tsﬁ) 4) cyclpghe¥atlond bl YHERX ¥rdndafskdphor QRREIBYH) ettt EIdAG2 [ R- 4@mdnid- i infdthempbe
Xy

15  60:40:2) afforded the compound of the Example 3 as the diastereoisomer having the upper Rf
(79%); the fractions containing the compound of Example 4 as the diastereoisomer having lower
Rf were repurified by flash chromatography (petroleum ether-EtOAc-2 N ammonia in methanol
75:25: 1) to give the pure product (3.5 %).
Ex. 3: 'H-NMR (CDCls, 8): 0.80-1.40 (m, 6H), 1.45-1.80 (m, 4H),1.85-2.10 (m, 3 H), 2.21-2.45
20 (m, 2H), 2.50-2.75 (m, 4H), 2.95-3.26 (m, 4H), 3.30-3.42 (m, 1H), 3.50-3.60 (m, 1H), 3.70-4.30
(br, 1H, OH), 4.38 (q, 2H), 6.85-7.30 (m, 7H), 7.65-7.75 (m, 1H)
Ex. 4: "THANMR (CDCl3, §): 0.75-1.95 (m, 12 H), 2.05-2.90 (m, 7H and OH), 3.00-3.30 (m, 5H),
3.65 (d, 1H), 4.38 (q, 2H), 6.85-7.40(m, 8H)

25  Example 5 (Comparative)
1-[(RS,SR)-4-Cyclohexyl-4-hydroxy-3-phenyl-butyl] -4-(2-methoxyphenyl)-piperazine

Benzyl cyclohexyl ketone (Compound 5a)
To a solution of 11 ml of 0.5 M solution of benzyl zinc bromide in anhydrous

30 tetrahydrofuran were added at 0°C 5 mg of bis-triphenylphospinepalladium dichloride and 0.66

ml of cyclohexanecarbonyl chloride. The mixture was stirred at r.t. for 1.5 h, quenched with a



phenyl ] - pi perazi ne (diastereoi soner wwth lower TLC Rf) The title conpounds
wer e synt hesi sed using the procedure described for the conpound of

Exanpl es wWoandoa4but using the conpound 3a as a starting mar@EpPoabe28mst ead
of 'the compound id. Purification by flash chromat ography (petroleum
ether-Et OAc-2 N ammoni a i n net hanol 15 60:40:2) afforded the conpound of
the Exanple 3 as the diastereoi somer havP#g the upper Rf  (79%; the
fractions cont ai ni ng t he conpound of Exanpl e 4 as the diastereoisoner
havi ng | ower ere rltledb hchr ph :
et her - Et Cﬁ%u@teﬂl sqliiBR o4 Q’Pé‘irﬁ&WB f?%ra‘)tﬁ“fl%‘ *’31?353 %ﬁtgp@brelféﬁg qEEme
(3.5 9. E,)§’CI'SSWCI‘6 'Wa'é% mer @wd g\T;ﬁQOJ) 4 tﬁéﬂ;ol@éﬁt ,Wak e4f’épol'at8&) uhdar vacuum.
4H)18520m 3 H), \ H}}w£9 3. 26
(m 4H), ?h@@rt@ems(pnrxfm)by @assmmogrﬁﬂhymlwmgwﬁb P&’ffsbum(%hef- 63% 5 to

4.38 (q, 8 .75 (m 1H) Ex. 4: 1HNWR (CDd 3,

S): 0.75- %%Q%r%éf{)l%(}tﬂ@‘%%%@ém?m 7H and OH), 3.00-3.30 (m 5H), 3.65
(d, 1H, ka 20@ NIEz, 6(3]85}3,7«3)40)(09}1%Z@Pﬁx&@ﬂé33n{,¢ﬁi}pﬁﬁbﬁ,\2@), 7.12-7.39
1-[ (RS, SR) - 4- cycl ohexyl - 4- hydr oxy- 3- phenyl - but yI | - 4- (2- met hoxypheny! ) - pi per
azine Bel®ytHkycl ohexyl ketone (Conpound 5a) To a solution of 11 m of 0.5
M sol ution of benzyl zinc bromde in anhydrous 30 tetrahydrofuran were
added at OC 5 ng of bis-triphenyl phospi nepal | adi um di chl oride and 0.66 ni
of cycl ohémmmﬁmvaﬁmmnyldermﬁ@ymﬂteﬂwéamm_%) r.t. for 1.5 h,

uenc hed / PCT / 3 f
gmm niu m ‘H]é’n Q(rﬁ .}’g g el O%’Cf% %2 rSpac erﬁlgfh%ﬂg #’n%@qf&%gﬁgﬁqg?rg a ﬁ?%d
| ayer $o we ﬁter tvvas.sh @b Vg0 hsotinirg hydittde (ﬁﬁdlé}Nﬁﬁ@Qﬁ’)d thathitthe ol stiened atwats for 1 h. 1.46

evapor at ed under vacuum, .. T d b h h
ol ot g Wil dahpBpatids AR ARl rslogsetie ol the e Srabb oIt R g
conpound. S?C lftn’j\_l%% (C%QQedezrt %ghed&)vlth v R&- dndOetfated 1dth EtOAc3Phe 2olfedtedm

1H), 3.72 7 12-7 5H)
4- Cycl ohexrydanit- loyass Rveph@\mylnedbmﬂy W@Medfwie(l\&ﬁzﬁ@&wmdéb%ﬁ‘él"er{t CHFYAPRIAEH Ide o

ver o acaedeenty 4p Py BRGNS A SO IAOR i AR SREETIONR,

M xtune Wes:5sbisivedtdl Bg (42%) offthe tifle tompbudé . of 2- br onpacet al dei de di et hyl
| f he
acetal ey AR M e & 034 08 &S 13t 2 38248 (ol 28, A 0311 (m, 4m), 3.98
(t 1H), 4.25 (t, 1H), 7.12-7.39 (m, 5H)

4-Cyclohexyl-4-ox0-3-phenyl-butyraldehyde (Compound 5¢)
20 A solution of 1.17 g of Compound 5b in 10 ml of acetone and 22.1 ml of 2N HC]was stirred at

r.t. for 5 h. After overnight resting, the aqueous layer was extracted with EtOAc. The collected
organic layers were washed with water, dried (Na;SO4) and the solvent was evaporated under
vacuum to give 0.84 g (100%) of the title compound used immediately —without further
purification.

25
1-(4- Cyclohexyl 4- oxo-3-phenyl-butyl) 4- (2-methoxyphenyl)-plperazme (Compound Sd)

Toa solutlon of 0.84 g of Compound 5¢ and 1.19 g of 1—(2-methoxyphenyl)—plperazme in 30 ml
of dichloromethane, 1.48 g of sodium triacetoxyborohydride and 0.98 ml of acetic acid were
added and the resulting mixture was stirred at r.t. for 5 h. After overnight resting, the organic
30  layer was washed with excess of IM NaOH then with water, dried (N 2,S04) and the solvent was

evaporated under vacuum. The crude was purified by flash chromatography eluting with



80C for 1 h, cooled to r.t., quenched with water and extracted wi th Et QAc.
The collected organic |ayers were washed with water, dried (Na2SO4) and

t he sol vewD osasc4evapor at ed under vacuum The crude was puwCiTfEPesiodrgo f | ash
chromat ography eluting with petroleumether- EtOAc 15 95:5 to give 1.17 g
(42% of the title conpound. 'H NWMR (200 _MHz, CDC13, 8): 1.01-1.98 (m
17H), 2.28-2.48 (m 2H), 3.30-3.71 (m 4131)37 3.98 (t, 1H), 4.25 (t, 1H),
7.12-7.39 (m 5H) 4-Cycl ohexyl - 4- oxo- 3-phenyl - butyral dehyde (Conpound 5c)
20Aso|u ne and 22.1 m of
2N HC was s @?‘g{égﬁmg’h@‘ls‘?% SCBIE?%L?QS g?%de}rb %tslé{rlrlll g%ﬁ rg&s1 ing, the aqueous

| ayer was 'TeNNRoRed MHHC]ECQA&) 1.0he.05q0k, e¢HR.G.2008 ga (e 1 118 Jyerxa (WSID, S@s e
with water, dried (Na2SO4) and the sol vent was evaporated under vacuumto
gi ve 0. 8408, {Iib@@ 6981(11%4}@ 18- edhpBurd used i nmedi ately without further
purification. 25 1-(4-C

cl ohexyl - 4- oxo- 3- phenyl - butyl ) - 4- (2- met hoxyphenyl ) - pi per azi ne (Conpound 5d)
To a sol uli[GS,.6R)-8-G¥cloheayl-4sbydroxmd-phenydbatyl]- 4—92-medfoxyphenyl) piperazine

1-(2-nmeth phenyl ) - pi ra2| f .di chI 48 f

sod um ¢ r PG o R Bpa s SrirtutOstin of i S b SRR 7% C e Simptine
resul ti nginbshiusfel Mﬁ@lﬁidnrdf@ﬁs@dutﬂalhmuf&{ h)‘&iriale (BiBAL-H)\dﬁ tcnu@lat Theedbiting,wdshe
organi c 30 1 ayer was wash with excess of 1M NaOH then with water, dried

(Na2sO4) &iErd He-7$obvighd W@n@%ﬁéré9°§dwuh&e?at%@d@ﬁveopﬁéowaa@f\kgéﬂl and
purified bdotaaspits BRIBIRSAETRR QXllé‘Jtédtdr%dé‘!a%Qs %%@&A&Q@Mvﬁ vl?a%E/ @&3(1\049@@9

-33 petrol eum et her-EtOAc 7:3 to give 1. of the titlée conpolnd
| H NMR ( 2081 teisplveniCivas ev@porated0mder. @suym, Thelddpde Wanlerieﬁd)y(ﬂﬁsh pmqmat@ramy

1£ ?RS3 H)SR) gl}i?]&%, Xmgl@e tr%}euzl %g% . EW%Z %rgrﬁl qu_agﬁ' F%lel’t}ra%bllgf):ao 3% (g{(}e 68 g %801’/3) of

-4-(2- ﬁetfha)tu]afwﬂmlohncpl pera2| ne Into a solution of 1.21 g of Conpound 5d in
60 m of dichlcronethane a 1 M sol ution_ of

ed 11.5 m of
di i sobuty Wr@ MH%. Q!%C’(sﬁ)sl\mﬂ)%. Gm tégﬁubﬁ&.l-ﬁr{@» AR LAe-2 W34, 3ty 383

at -78C fg k ’ SaENr ape! f
NH4C1 and ex I’ act V\A@t?/ﬂ8 g% %I?g bﬂn"?'g%ﬂ%}’ gg;)l’l %g?gt%@g@?agﬁﬁﬁg% 1(m\’/vg'rg(‘az G,
washetd wi $H), \668%7,03dm,éH),(7l.\la233:&§m,]5H)and t he sol vent was evaporated under

vacuum The crude was purified by flash chromatography eluting with
petrol eum ether- EtOAc-2 N ammonia in nethanol 30:70:2 to give 1.06 g (80%

of Example 6: Radioligand binding to different receptors

6A. Human recombinant 5-HT} 4 receptors

Method:

20 A genomic clone coding for the human S5HT;s-serotonergic receptor was stably
transfected in a human cell line (HeLa). HeLa cells were grown as monolayers in Dulbecco’s
modified Eagle medium (DMEM), containing 10% fetal bovine serum, gentamycin (0.1 mg/ml)
and 5% carbon dioxide, at 37°C. The cells were detached from the growth flask at 95%
confluence by a cell scraper and were lysed in cold 5 mM Tris and 5 mM EDTA buffer (pH 7.4).

25 The homoge_nafgs were centrlfuged at 40000 x g x 20 p}lnuicesi anq the pellets were resuspended

in a small volume of cold 5 mM Tris and 5 mM EDTA buffer (pH 7.4) and immediately frozen

and stored at —70°C until use.

[’H]8-OH-DPAT binding: on the day of experiment, the cell membranes were resuspended in
30  incubation buffer: 50 mM Tris HC1 (pH 7.4), 2.5 mM MgCl,, 10 mM pargyline (Fargin et al,




the title conmpound. 'H NWR (200 MHz, CDC13, S): 1.01-1.38 (m 6H),
1.51-1.78 (m 4H), 1.86-2.02 (m 3H), 2.22- 2.38 (m 3H), 2.52-2.78 (m
4H), 2.75wD.98044m3 1H), 3.02-3.20 (m 4H), 3.48 (t, 1H), PCFEPOFP628A5 3H),
6.80-7.03 (m 4H), 7.10-7.38 (m 5H). Exanple 6: Radioligand binding to
different receptors 6A Human recomnbi nagg 5-HTI A receptors Method: 20 A
genomi c clone coding for the human 5HTI ASerotonergi c receptor was stably
tranlsfected_in a human cell line (HeLa). HelLa cells were grown as

nmonol ayer t%%%o%_ ' dify 15919%; is VEM,, bl

fetal bovf\lﬁgﬂ%%m ger(l)fS r}t?ry i nﬂ(egﬂﬁ ngy %?&‘é{%@bg% car b%%%?%%%@ %i? %95738
The cel | smirutes steX0a@ Iveith T nivhi’ Hig Of-DRA, ik trelabsence 58/presmnet lofjthedest lsgmpoesls)

scraper and were_.lysed in cold 5 ri s and f f.er.
The. nomogbRateeif Pt Riminelin Boou e 030 M he Sah B Solhod B
vere resuspansiedhs taldaTasmidl vatfumendfragial HithtioM thiough an . BemlyEBiffenbintiher
(pH 7.4) and imredi ately frozen .and stored at -tz10C until use.

( 3HL8- DH DRAFatsd Nhatgan-64/B ReSehlsickr-&noplipsllngh2 filisle cel | nmenbranes were

resuspended in i L : i LB oh- i
VB0l 20 10" m pRrSaria (Rt AR oo b P e o of

Nat ure 33fe BEBRIZEN] td 998)14 rEteptore fiisankss using the newlibear egrvenfiting ipregramoQeme

of 1 M for 30 .mnut at. .3 j - o [
presence bt At bt “EaBunaS. Pidibenli T Hhs T R bl R RS P
presence @fnsliht [ Hbklthe dqetitiass Oenpasals tpgemh. Byarnadol 22,309981e0(19773).i s- HC

1 buffer and rapid tiltration through a 0.2% pol yet hyl enei mne- 5
pretré@ted What man-GF/ B or Schl ei cher-& Schuel | -GF52 filter. The affinity

of the te unds . e L hi Dif ikt eTok ;

Che' 1o oFSLEPE SR PR NAIFLSA 45, AL ELRAL i R8S dhe Bundicna
curve-fi t hifgn Blofed 8MAT DE reckfdt #¢ redlispend¥d in buffeyid 70} con?ibing B0 M IMEPES, 3
1978). The 1C50 value was converted to an affinity constant (1(i) by the
equati on efM g0 aid a0 mMBINaCh éRianfehal.ndic Bee@ M. 3099- 31RIBwrna®.320, 267-275,
| 35S1GTPyS bi ndi ng: on the experinental day, cell nenbranes from HelLa cells
t r ansf ect @897 fThe rhemiemnes| ave decubatpll Withy B pht GDP and decseasingesonedntiafony o tost

H 7.4 _containi
P 15 Hruagls r&rgr% 1%% M t'&l 'I:)PIE&/D gr decreasing concentrations of 5-HT (from 100 uM to 0.1 nM,

reference curve) for 20 min at 30 °C in a final volume of about 0.25 ml. [35S]GTPyS (200- 250

pM in 10 ul) added to samples and incubated for a further 30 min at 30°C. Non—speciﬁé binding
is determined in the presence of 10 pM GTPyS. The incubation is stopped by addition of ice-cold
HEPES buffer and rapid filtration on Unifilter GF/C filters, using a Filtermate cell harvester
20  (Packard). The filters are washed four times with total 1.2 ml of same buffer. Radioactivity is

counted by liquid scintillation spectrometry with efficiency > 90 % (TopCount Packard).

Stimulation of [39S]GTPyS binding induced by the compounds tested is espressed as % increase
in binding above basal value, being the maximal stimulation observed with 5-HT taken as 100
%. The concentration-response curve of the agonistic activity is analyzed by non linear fitting

25  program (De Lean et al., Am. J. Physiol. 235, E97-E102, 1978).

A stimulation of [39S]GTPyS binding represents the functional correlate of the binding of an
agonist compound at the 5-HT1 A receptors. Stimulation induced by the endogenous ligand 5-HT

is considered the maximal stimulation attainable. Compounds stimulating [33S1GTPyS binding



mM Mgd 2 and 120 mM NaCl (Stanton, J. A.; Beer, M S. Eur. J. Pharnmacol.
320, 267-275, 1997). The nenbranes are incubated with 10 gM GDP and

decr easi /goaoneam r ati ons of test 15 drugs (from 100 M t o PCTIEPOIA6286
decreasi ng concentrations of 5-HT (from 100 Mto 0.1 nM reference curve)
for 20 mn at 30 Cin a final volunme of ggout 0.25 m . [35S] GIPyS (200- 250
pMin 10 |I) added to sanples and i ncubat for a further 30 mn at 30C
Non- speci fi ¢ bi ndi ng is determ' ned in the presence of 10 M GIPyS. The

i ncubation is stopped a ion of ice-cold HEP ffer .an

filtrati oAt dlPVEHIFvel @rérco ftl:e 79 Raghial agopsthd-oppaupd Yiﬁg n??éf‘@“f’f’é‘? @%?‘é?%%
(Packard) r HNediboukistimes with total 1.2 m of sane
buffer. bg{ﬁﬂ% %Féért?sg&f@%cn\gﬁﬁt e %y FISQUI d scintillation spectronetry with
efficiency > 90 % (TopCount Packard). Stimnulation of [35S] GIPyS bi ndi ng

i nduced by thg conpounds tested is espressed as % increase in binding
above bas#¢#4 ue, bei ng the maxi mal stinulation observed with 5-HT taken

as 1005 % The TneResRn &?Jokt@ﬂni gakle nshoouthiethe tompeurrly @fiitlst ingeraioni tested/haws a
anal yzed by non |inear

f235 E97- Flgbmfﬁmf}gﬁg)thi %Htsﬁl:a%gﬁplff%? ngﬁ%{l{l%%%%éyénb&dﬁﬁ ;P@%:Xeé%s’? eSiH(‘)?léé
rgggugpgpo’%o i ah(og (is%afg%&cgfdn IP?&WO é’g@o Znous ﬂt ga%oj\d:lra 3§§] ﬁ?éﬁgilhgdgl?ed

bi ndi g vE"B8 HBA1 20 Eb 2T 8‘5"5%?&?9%‘2 a?gfé Past Fhbofb? Eﬂél?rfé?ﬁ?é%%ysas
partial agomist Sthe RRRQUBRFSubRIMid 90t Shultlel tHd! i 3SeGT BEShialig Sbelaviidi 0nearal

consi dered as heutral antagonists. Results 5 The results reported in Table
1 showdt hattagdmests.onpounds of the invention tested have a high affinity for
the 5-HT1A receptor. Conmpounds of Ex. 1, Ex. 1Y, Ex. 2 and Ex. 2X were nore
potent than Ex. 5 (statistical signficance p<0.01). Wth regard to the
[35S] GTP' S bi ndi ng, conpounds of Ex. TXBAiM12Y were partial agonists

i nducing stimulation of the [35 éﬁ;gedl ng The ot her conpounds did
not stinulate the [35S] GTPyS bi %gaﬁ MG Seut ral 10 ant agoni st s.

TABLE 1 Bi ndi ng gpt—5-HTtA TEeceptprs Compoumnd AFTTRETY i (nlvgffchl%ncti onal
effect ([35S] GTPYS @wqygl)d Affinity : Ki (nM) Functlona
([35S]GTPYS binding)

Ex. 1 0.13 Neutral antagonist

Ex. 1X 0.50 Partial agonist

Ex. 1Y 0.37 Neutral antagonist

Ex. 2 0.29 Neutral antagonist

Ex. 2X | 0.24 Neutral antagonist

Ex. 2Y 0.98 Partial agonist

Ex. 3 0.29 Neutral antagonist

Ex. 4 0.68 | - Neutral antagonist |

Ex. 5 0.65 Neutral antagonist

15  6B. Human recombinant cg-adrenoceptor subtypes



Ex. 1 0.13 Neutral antagonist Ex. 1X 0.50 Partial agonist Ex. 1Y 0.37
Neutral antagonist Ex. 2 0.29 Neutral antagonist Ex. 2X 0.24 Neutral

ant agoni swo 0Bd0642% 0. 98 Partial agonist Ex. 3 0.29 Neutr@CTaroagase st Ex.
-4 -0.68 Neutral antagonist Ex. 5 0.65 Neutral antagonist 15 6B. Human
reconmbi nant al-adrenoceptor subtypes WO ? 106444 PCT/ EP0O3/ 06280 - 36-

Met hod: Binding to cloned human ai - adrenocépt or subtypes was performed in
menbranes from CHO cells (chinese hanster ovary cells) transfected by

el ectropoé%ylgg. wi th DNA expressing the gene encoding each ai-adrenoceptor
subt ype. oni ng and stabl e expression of the human al 5 adrenoceptor gene
was perfornmed &indingvs olottd huese ti-aéendcept aulsypal washieaformed in membrangs Erom

ol bocco” SHREFIICh SRR GHIPHTSDER B 5N Lo B goneainedhn
(50 9/ M) ool erdbfirgealh %S gﬁ?en]b&gff’(g‘ s{ﬁgﬂ)#)g (ﬁloﬁﬁlg Ao Gl ex resgﬁlnlo? W€ himan o )

col l ected by centrifugation ce-co Tris 5 EDTA 5 MM 1
buf f er 5 ( plidiznddepturczege vdsyperformerbas setiouslynisgeiiat d3 este eealc @htmiatoly €nan., 6: -
40000 x g?é 830 55&4 and pellets were resuspended in a small vol une of
ice-cold 5 and EDTA 5 nM buffer (pH 7.4) and imedi ately frozen

and stored atHOGR(ls Watd groWnn s@@mﬂi in 150R®E ﬁlﬂﬁﬁied@)&befce@"sl&iéﬂﬂﬂﬁdumﬂdnented
incubated in 50 MM Tris, pH 7.4, with 0.2 nM grazosm in a final
vol une of Witho}0 fert@lrcaéf)swn anf gegiemicip (Bhyemie BB 7Hr és dneeCes in a5 humidified

conpeti ng d r.m.ne
| M phent oluszfiicr%E %@ &?l%‘n &’8 uck()) ﬁ%&;ijﬁ/a&ﬂlq{ug%on ﬁ%e IIH]E%.% %)hlfi :TIH% q?lglgn t oﬁgl;]mw
. 2% pol yduffyl @EET.A) med Qesre]tyrlmaic%dms&b hHanogmate&msmmtriﬁlgﬁa? 40000 & 1zsx 205 iy
a Tont ec nEl ner) cell_ harvest The filter e, . wa it 1
o e o R PRIoH era s apndef i Bamil ol ploige bl iy MR FET A b Byl
Bet apl at e (§fi{¥l4)afd ithin@Hiafblys FbAtn dnki @tk bt COOPTLBHiI use.
CHO cell membranes were resuspended and incubated in 50 mM Tris, pH 7.4, with 0.2

nM [*H]prazosin, in a final volume of 1.02 ml for 30 min at 25°C, in absence or presence of

15  competing drugs. Non-specific binding was determined in the presence of 10 M phentolamine.
The incubation was stopped by rapid filtration through 0.2% polyethyleneimine pretreated
Schleicher & Schuell GF52 filters using a Tomtec (PerkinElmer) cell harvester. The filters were
washed with 3 x 1 ml of ice-cold Tris buffer, dried and the radioactivity was measured in a
Betaplate (Wallac) liquid scintillation counter.

20 The inhibition of specific binding by the compounds was analysed to estimate the IC5
value by the non-linear curve-fitting program Allfit (De Lean et al. Am. J. Physiol. 235, E97-
E102, 1978). The ICsq value is converted to an affinity constant (Ki) by the equation of Cheng &
Prusoff (Biochem. Pharmacol. 22: 3099-3108, 1973).

25  Results

The results reported in Table 2 show that the compounds of the invention tested have
different affinity for the a-adrenoceptor subtypes, being particularly potent at the ojg-subtype.

Selectivity (evaluated as ratio between Ki values at o,j-adrenoceptor subtypes and Ki value at 5-
HT;a receptor) of the compounds of the invention was generally better than that of the

30 compound described in the prior art (Ex. 5).
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Method:

Cloned rat D3 dopamine receptors permanently expressed in CHO cells were used (Chio
et al. Mol. Pharmacol. 45, 51-60, 1994). Membranes were prepared by mechanical disruption of
cell pellets in ice cold 50 mM Tris, 5 mM EDTA, 5 mM EGTA, pH 7.4 followed by low
(1000g), medium (20000g) and high (80000g) speed centrifugation steps.
radioligand binding experiments employed 11 drug concentrations run in duplicate in a
scintillation proximity assay (SPA) format. The radioligand used was [’H]-7-OH-DPAT (154
Ci/mmol). Nonspecific binding (75-95% of total) was defined with cold haloperidol added in
excess (3 pM). Total binding was determined with buffer: 20 mM HEPES, 10 mM MgSOa, 150
mM NaCl, 1 mM EDTA (pH 7.4). Binding mixtures were made in flexible, 96-well, Wallac

Competition

10

15  Micro-Beta plates by the addition of 11 ul of drug dilution, 11 pl of radioligand, and 178 pl of
membrane/SPA bead suspension (100 mg of WGA-coated SPA beads incubated with 5-15 pg
protein/plate in 10 ml binding buffer for 30 minutes at room temperature followed by low-speed
centrifugation and resuspension in 2 ml binding buffer). After sealing and incubation at room
temperature-for-1 hour the plates were counted in a Wallac Micro-Beta-scintillation counter.-

ICso values from both assay methods were estimated by fitting the data to a one-site
Y = T/(1 + 10800000y " where ¥ is the specific CPM’s bound at
Inhibition

constants (Ki) were calculated using the Cheng-Prushoff equation (Biochem. Pharmacol. 22:

20
competition model:

concentration X and T is the specific CPM’s bound in the absence of competitor.
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Example 7
Effects on rhythmic bladder-voiding contractions induced by bladder filling in

15  anaesthetised rats

A. Method:
Female Sprague-Dawley rats weighing 225-275 g (Crl: CD® (SD) IGS BR, Charles River
Ttalia) were used. The animals were housed with free access to food and water and maintained on
a forced 12-hour alternating light-dark cycle at 22-24°C for at least one week, except during the
20  experiment. The activity on rhythmic bladder voiding contractions was evaluated according to
the method of Dray (Dray J., Pharmacol. Methods, 13:157, 1985), with some modifications as in
Guarneri (Guarneri, Pharmacol. Res. 27:173, 1993). Briefly, the rats were anaesthetised by
subcutaneous injection of 1.25 g/kg (5 ml/kg) urethane, after which the urinary bladder was
catheterised via the urethra using PE 50 polyethylene tubing filled with physiological saline. The
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C I., CQuart 1938). B. Results 25 The
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produced a of 10 minutes (EDjomin) Were computed by means of linear regression using the least square
method. The extrapolated doses which induced a reduction in the number of contractions greater
20  than 30% in 50% of the treated rats (EDsy) were evaluated by the method of Bliss (Bliss C. L,

Quart J. Pharm. Pharmacol. 11, 192-216, 1938).

B. Results
25 The rapid distension of the urinary bladder in urethane-anaesthetised rats produced a
series of rhythmic bladder-voiding contractions whose characteristics have been described
(Maggi et al., Brain Res. 380:83, 1986; Maggi et al, J. Pharmacol. Exp. Ther.,230: 500, 1984).
The frequency of these contractions is related to the sensory afferent arm of reflex micturition
and to the integrity of the micturition centre, while their amplitude depends on the function of the
30 reflex efferent arm. In this model system, compounds that act mainly on the central nervous

system (such as morphine) cause a block in voiding contractions, whereas drugs that act at the
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Example 8

Effect on cystometric parameters in conscious rats after oral administration

A. Method:

Male Sprague-Dawley rats [Crl: CD® (SD) IGS BR] of 300-400 g supplied by Charles

River Italia were used. The animals were housed with free access to food and water and

- maintained on a-forced -12-hour-light/12-hour-dark -cycle -at 22-24°C-of-temperature,—except--

during the experiment. To quantify urodynamic parameters in conscious rats, cystometrographic

studies were performed according to the procedure previously reported (Guarneri et al,

Pharmacol. Res. 24: 175, 1991).

Briefly, the rats were anaesthetised by intraperitoneal administration of 3 mlkg of

h
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Data are expressed as In Figure
20 MP (mmHg) is defined as the maxnnal intravesical pressure caused by contraction during
micturition. Basal BVC and MP values were evaluated as mean of the values observed in the
cystometrograms recorded in an initial period of 30-60 minutes. Following determination of
basal BVC and MP, the infusion was interrupted and the test compounds were administered
orally by a stomach tube. Bladdér infusion was resulmed and changes in BVC and MP were
75  evaluated from the mean values obtained in the cystometrograms observed during 1, 2, 3, 4 and 5
hours after treatment. Compounds were administered in a volume of 2 ml/kg and groups of
conirol animals received the same amount of vehicle (0.5% methocel in water) orally.
Results are shown in the accompanying drawings of which:
Figure 1 is a time course of BVC and MP changes in rats after oral administration of
30 vehicle (circles) or 10.0 mg/kg of the compound (1-cyclohexyl-4-[4-(2-methoxyphenyl)-1-
piperazinyl]-2-(2-fluorophenyl)butan-1-ol; upper TLC Rf ) of Example 1 (squares). Data



Statistical analysis 10 Data were expressed as nean standard error. The
percent changes of BVC and MP versus the basal values, as well as A val ues
(di fferernwe mnogis or mg) of BVC and MP (BVC or MP at tiPGE/EPRI/0GIBNUS
basal value), are also evaluated for each rat/tinme. In the figures, data
were reported as % changes versus basal values. Statistical analysis on BVC
and MP values, as well as on A val ues, WA3" performed by 15 S. A S./STAT
software, version 6.12. The observed differences between vehicle (control)
and test treatnen wer e eval uated on A .Of , « WhE

di f f er encEE5ES %%P]PFélge%ﬁr ff@;l’aaﬁ V&ﬁ??g?%lﬁe}ég ?t]rrlglgs ggﬁs%% gﬂ;alw\}gpﬁ%ge%}?e
anal yzed giy/gbbfli mdniBdiacanthow datrx.. Exesiwben Freafhentshi ANOV off CONTRASTDY

(rhythm c forepaw treading) induced by 8- DPAT |n rats ost - apti c
ant agoni sWR&A%@S)GG@lC#ﬁ%zherﬁiﬁ%ﬁe?@r}iFl{%?%gﬁ %PJQLW -1Pég‘gﬁ?rl§'i°1 Z%e?%‘g@n%‘& S
on stereof. p eadid igrduced, L g *By =S11b 0 0D ANiG A Ste IsTHnEfdah &N
of 8-OH Dﬁ’%#&\g\%%ﬂé%a%gj\fgftlgélﬁqbﬁﬁgdr?ét hog) OP Oﬁ%ESﬁTr_i C%nganil?]l( Tri gl?lrgélbank et
al ., Bur. beweéhthevabelobsertddrat thestima gpsitedvindthebesstingreading (viHin Bpamgat).

-descri bed bel gw. | e Spragque-Da [ , ord Ganbiktrati

wei ghi ng 150- 1g¥“§g/?r18rﬁ %‘n‘ﬁ%f’%rge OgB{%Cr aﬁ m é% %?S%Iga)ésd.é?hoéélam rraggat\l/\%lr of
housed W {¢hidie @8rd&s 85 3.0tu/k® 6flo:amdtynh (fuates)l Datmamteapredd anireligueced
12-hour-1ight/12-hour-dark cycle at 22-24C of tenperature. On the day 30 of
the experinent, the rats were placed singly in clear plastic containers,

10- 15 m ng} es.helarpsN0 03/ 106444 PCT/ EPO3/ 06280 -44 administration of the
vehi cl e or conpoun to be tested. For evaluation of antagonistic activity
af t er 10 nt r avenDa wereorspressafinaminsarr atstandard; ¢reorc Shp perserd chepgss B Ve sandrMy 1

and 4 hours before .induction.of stereot. . 8- (

subcut aneBHEHS e bagl ¥plEhias iVl ‘632 eSRgﬁf%%lgggbm?g:%g)a&nfﬂggg%W (BVC
m nutes aff fIp § Qe DRATihniCRsAEMu e Wb viepeatiedeael eatytinte. i thet Bgures dataer
a period of 15 minutes. The appearance of the synptominduced by
postsynapwet@@wl'fﬁd%t%@haftﬂess‘%”??l‘lbﬂsqié@é‘ﬁ%ors was noted, and the intensity
was scored usi .an_jn j lesi ILch: Tl AsEAt = i by 2
e esent and SRl SRR bl pC i b S as uch SR ivbs Tun puoHREAILy
accunmyé at gdA.S./STAT software, version 6.12. The observed differences between vehicle (control) and test

treatments were evaluated on A values of BVC and MP, whereas the differences between the

values at different times versus basal values were analyzed on original BVC and MP data.

Example 9
20 Inhibition of stereotypy (rhythmic forepaw treading) induced by 8-OH-DPAT in rats (post-

synaptic antagonism)

A. Method:
The inhibitory effect of 5-HT;a-receptor antagonists on stereotyped forepaw treading
induced in rats by subcutaneous injection of 8-OH-DPAT was evaluated by the method of
25  Tricklebank (Tricklebank et al., Eur. J. Pharmacol., 117: 15, 1985) with minor modifications as
-described -below.
Male Sprague-Dawley rats [Crl: CD® (SD) IGS BR] weighing 150-175 g from Charles
River Italia were used. The animals were housed with free access to food and water and
maintained on a forced 12-hour-light/12-hour-dark cycle at 22-24°C of temperature. On the day

30  of the experiment, the rats were placed singly in clear plastic containers, 10-15 minutes before



t hroughout the observation tinme (5 observation periods) and expressed as
mean val ues of 4 10 rats/dose. Change in nmean values of treated animals in
conpar i sowowtibw4gont rol (vehicle) group, expressed as pelPCTEPO3/G2RG biti on,
was used to quantify the antagonistic activity. B. Results: The results are
shown in Table 5. These results denonstrate that adm nistration of the 15
conpounds of invention lead to significa% and | ong-1lasting post-synaptic
5- HTIA—receptor antagoni st activity. In order to eval uate the potency of

t he conpo VEeRti o or I LG

treadi ng) gtdiori:)yl(e Q‘ EB%ACF rﬂ‘:)%%"j @gﬁ ?eaftﬁ)?e g%ﬁﬁv(guﬁ %Bﬁbﬁc gafv%g)aw
i nhi bi ti ngrdr hﬁtref\;@ﬁ@ﬁawl drﬁl&&ﬁhlﬁgtrdajoﬂﬂ%com@sumisawmaméumweméam;d dfhoursecdpre
regre55| on using _the |least s 20 Aft t

adni ni st rigdpgien thgéef%%‘r@bbﬁéso {Zﬁlgﬂ%?“%i‘wl?ﬁ{i A 6%\/6%%?811 5?8518 ?%:agfefiy
equi pot e”ﬁq se%Bh&f arfart?egaxé@ hiRhiSd Eﬁér'SOOH BUATI et BRI ReRatpatedtehay Foninufios
in particu four ™ hours after adm nistration. WO 03/106444

PCT/ EFX)?»/@\@?aQJenodlEmeL@t@S | nhi bition of forepaw treading induced by

A ARl R AR PR 47t
%/ kl 1EXPVVQ1 {{13%d§3ncEXhe 1in(;u(§)nsi’ty pwas. swﬁﬂ?ﬁsnxg 3n3ntn1gpi11ygsc,ale41nhwblcb 0 Ephwnt: U=
g i.V.

T2 KL Fiquignegh 3 Sypressic gad g sitgasg. ReBaviputil spfids B erlen tals Seloadepmhuialed

Egﬂi 8 =0. 182.yBHolQtheFSbsetvition Rinfe (98bsRpvati¥n pbifods) Rnd. e@fbs&ﬁ asEmearﬂ.ValﬁesB oP40,
10  rats/dose. Change in mean values of treated animals in comparison with control (vehicle) group,

expressed as per-cent inhibition, was used to quantify the antagonistic activity.

B. Results:

The results are shown in Table 5. These results demonstrate that administration of the

15 compounds of invention lead to significant and long-lasting post-synaptic 5-HT;a-receptor
antagonist activity. In order to evaluate the potency of the compounds of invention for inhibiting
the stereotypy (thythmic forepaw treading) induced by 8-OH-DPAT an ED75 value (equieffective |
dose inhibiting the forepaw treading by 75%) was evaluated by means of linear regression using
the least square method.

20  After intravenous administration, the compounds of Ex. 2X, Ex. 1Y and Ex. 5 were practically
equipotent. After oral administration, Ex. 1Y was more potent than Ex. 5, in particular at four

hours after administration.



Ex. Y1 h p.o.: ED/5 =2.7 ng/kg / 4 h p.o.: ED/5 = 2.6 ng/kg Ex. 2X 0.3
i.v. 100 89 Ex. 2X 0.1 i. v. 100 63 Ex. 2X 0.03 i.v. 65 49 Ex. 2X 0.01

I.v. 39 owb3/1@444 h i.v. ED75 = 0.041 ng/kg /4 h i.v.: BDOTHEP83/0:2862 ng/ kg
Ex. 5 0.3 i.v. 100 85 Ex. 5 0.1 i.v. 10072 Ex. 50.03i.v. 82 54 Ex. 5
0.01 i.v. 41 26 Ex. 51 hi.v.: ED75 = 0.Q32 ng/kg /4 hi.v.: ED/5 = 0.138
ny/ kg Ex.539067Ex 514246Ex503-820Ex 51 hp.o .:ED75
=2.1 mg/kg / 4 h p.o.: ED7/5 = 4.6 ng/ kg WO 03/106444 PCT/ EP03/ 06280 -46-

CLAIMS 1. A conpound havi ng the generaipAlggpyla | R- R HOMN N R2\T /n
wherein: Rl represents a hal ogen atom "RZ Té€presents a (C3-C8)-cycl oal kyl
group, R3 hdnbitivenf forepe€iradingindused ly 8-(3- JIBI!}T R rata KMY%MWHtagﬁmﬁnbr

ﬁl’- oilr]ge,n Icfyit%'&’i’ﬂ’éﬁr 0?% C;; E)t 5%’;“ —opt "fAInhlng’glv(;;vof forepaw?;e;%;;g”
(mg/kg) 1h 4h
Ex. 1 10 p.o. 100 96
Ex. 1 3 p.o. 84 72
Ex. 1 1 p.o. 35 37
Ex. 1 1 h p.o.: ED75 = 3.3 mg/kg /4 h p.o.: EDys=4.0 mg/kg
Ex. 1Y 0.3 i.v. 100 84
Ex. 1Y 0.11i.v. 100 65
Ex. 1Y 0.03 i.v. 72 35
Ex. 1Y 0.01 iv. 37 11
Ex. 1Y 1hiv.: EDs;s= 0.038mg/kg /4 hi.v.: ED75 =0.182 mg/kg
Ex. 1Y 3 p.o. 92 85
Ex. 1Y 1 p.o. 58 38
Ex. 1Y 0.3 p.o. 18 18
Ex. 1Y 1 h p.o.: ED75 = 1.7 mg/kg /4 h p.o.: ED75=2.6 mg/kg
Ex. 2X 0.3 1iv. 100 89
Ex. 2X 0.11.v. 100 63
Ex. 2X 0.03 i.v. 65 49
Ex. 2X 0.01 i.v. 39 6
Ex. 2X 1 h iv.: ED75 = 0.041 mg/kg /4 hi.v.: EDss = 0.152 mg/kg
Ex. 5 0.3 i.v. 100 85
Ex. 5 0.11iv. 100 72
Ex.5 0.03 iv. 82 54
Ex. 5 0.01 i.v. 41 26
Ex. 5 1 hi.v.: ED75 = 0.032 mg/kg /4 hi.v.: ED7s = 0.138 mg/kg
Ex. 5 3 90 67
Ex. 5 1 42 46
Ex. 5- 0:3 -18- 20-
Ex. 5 1 hp.o.: ED75s =2.1 mg/kg /4 h p.o.: ED75s = 4.6 mg/kg




sol vate or pharmaceutically acceptable salt thereof. 2. A conpound
according to claiml1l in which R3 represents a (Cl-C4)-al koxy group. 3. A
conmpound woasHai4mg to claiml in which R3 represents a (ChPc@Arohied2e@l koxy
group group. 4. A conpound according to any of clainms 1 to 3 in which the
carbon atom bearing the R - phenyl group Q@s the (R) configuration. 5. A
conpound according to claim4 in which the carbon atom bearing the R2 and
hydroxy groups has the (S) configuration. 6. A conpound according to claim
1 which i§c$§iﬁﬁﬁyclohexyl-4-hydroxy-3-(2 WO 03/ 106444 PCT/ EPO3/ 06280 -47
fl uor ophe - yl]-4-(2-met hoxyphenyl)-pi perazine in the formof any of
its isolated stereoisoners: 1- [(3 R4

) 4oyl qhexyt s G iNSANG Rigtfs LA RRRGIM! ) - but y11- 4 (2-met hoxyphenyl)

S, 4R) - 4- cycl ohexyl - 4- hydr o
pi per azi ne, 4
1-[ (3R, 4R) - 4- cycl ohex{'= ydr gxy- 3- (2-fl uor ophenyl ) - but yl ] - 4- ( 2- met hoxyphe

nyl)- piperazine, and 1-
a we3or - nore thereof
cor/di ng \t ch i S0)
N

fl uorophenyl)-butyl]-4-[2-(2, 2, 2-tr|?1f I\@_Z?/) hoxy\ph yl]-pi perazine in the
formof any of its isol Rfed stereoi somer n

1-[ (3R, 4S) - 4- cycl ohexyl - 4- hydr oxy- 3- (2-f | uorophenyl )-butyl]-4-[2-(2, 2, 2-
trifl uoroet hoxyyhes#Bnyl | - pi perazi ne, 1-[(3

S, 4R) - 4- cycl Ohﬁi%le'r%éé?ﬁlf Hﬁibfg‘e'ﬁ'a@c%ﬁf | uor ophenyl ) -butyl]-4-[2-(2, 2, 2-
trifluoroethoxy)- p%eny - pl perazi ne,

1- [ (3R, 4R) - 4- c\RA represeyits Gy sxglodkylzréunior ophenyl ) - butyl ] - 4-[ 2- (2, 2, 2-

trifluoroet 4hox3ﬁ3_xjealpr%9e¥1ltg a &&19(';3{)% iog}? or ?C?ECa,)-haloalkoxy group,

mis 1 or 2, and

3-(2-fluorophenyl)-butyl]-4-(2-nmethoxyphenyl) -

- 4- ( 2- met hoxyphenyl ) -
in any proportion. HO

nislor?2,
or an enantiomer, optical isomer, diastereomer, N-oxide, crystalline form, hydrate,

solvate or pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 in which R? represents a (C;-Cq)-alkoxy group.

3. A compound according to claim 1 in which R? represents a (C;-Cy)-haloalkoxy group
group.

4. A compound according to any of claims 1 to 3 in which the carbon atom bearing the RI-

phenyl group has the (R) configuration.

5. A compound according to claim 4 in which the carbon atom bearing the R? and hydroxy

groups has the (S) configuration.

6. A compound according to claim 1 which is 1-[4-cyclohexyl-4-hydroxy-3-(2-



1-[ (3 S, 4S)-4-cycl ohexyl - 4- hydr oxy- 3- (2-fl uorophenyl)-butt',

1]1-4-12-(2,2,2- trifluoroethoxy)-phenyl]-piperazine or a mxture of any two

or nore twermubeditn any proportion. 8. A pharnmaceutical compISiPO3/05280

conprising a conmpound according to any of clainms 1 to 7, or an enanfioner,

optical isomer, . diastereoner N-oxide, crystalline formlrydrate, solvate

or pharmaceutically acceptable salt theFéZT, in adm xture with a

ggg;ggggygggggly acceptabl e diluent or carrier. WO 03/106444

_ -48 9. ./ hod_ N j t rd ct

n o mamal - noae DU A bR YA HELS Olm R [ane! Hokicd

gffectlve anpufiéreoiforatrs] east one conpound according to any of clains 1 to
, or an enantjonmer, opticagl i , _diastereoner i de r { ne

form hydr at o I-ORDe ot itsr hRBatorEa o a et B psBbbgk eyl

anmel i orate at [:gagtipgne condition anmong urinary urgency, overactive

bl adder, increased urinary frequency, decreased urjnary conpliance
(decreased bl abﬂéﬁ,@dﬁw@l@éﬂaﬂrﬁwﬁ}l}){i}’-3t@éﬂof‘J@m@il}TE‘iﬁMHT"ﬁé ﬁ@‘%ﬁ%’i‘?ﬁlgﬂ

cystitis), |nC§n%%£g ce, urine | eakage, enuresis, dysuria, urinary

hesi tancy and £ I'culty in enptying the bladder. 10. A nethod according to

claim9 in whi CHGRUR)O0pdlnkyhé dytaixng-@elunyphehyli-baiyhisd-2-mstipxyphsnybhe

enanti onmer, optical, i soner, diastereoner, N-oxide, crystalline form
hydrate, sol vEIPE?BH°pHidr naceutically acceptable salt thereof, is

adni ni stered i N[EYMU)DALIIhedd L Ahy@OxRBI R Mustphbdyil Ebatylgh-(idethdxyphbiyd

according to claim9'in which the conpound according to any of clains 1

;o?, ﬁrdthf emaﬁﬁfﬁﬁer, optical isoner, diastereoner, N-oxide, crystalline
orm hydrate, s i : | e salt thereof, is

adm ni st er ed i?F%é#%ﬁﬁ%%?%é%gagﬁﬂﬁﬁgﬂhgleg%¥g%£§§?%ﬁ§htagonist. 12. A met hod

according to any one of clainms 9 to 11 in which said mammal is a human. 13.

A net hod according to a .of clai 9,t0.12 i, ' i Ri ' -

via an ordl, gﬂt Iﬂ@ﬁpgyﬁﬁgﬁgg%ng 2@g$ﬁt}agﬂgéh:%rﬁﬁgﬁﬁguﬁgh@gﬁ%%ﬁgéﬁgkiﬁ

transmucosal , flﬁ@tﬂgl%?fyﬁ?%uw-[ZL(Q!‘Z@Z-ﬁIﬂlﬁfbetmp)%pheh#l]-p@pdrmiﬂlmih #heclormi ofgantyo
0 er

any one of clains ein said conpound is admnistered in a
predet er ni ned efitfiigelated stereoisomers P

1-[(3R,4S)-4-cyclohexyl-4-hydroxy-3-(2-ﬂuorophenyl)-butyl]-4;[2-(2,2,2-

trifluoroethoxy)-phenyl]-piperazine,
1-[(3S,4R)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4- [2-(2,2,2-
trifluoroethoxy)-phenylj-piperazine,
1-[(3R,4R)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4-[2-(2,2,2-
trifluoroethoxy)-phenyl]-piperazine, and
1-[(3S,4S)-4-cyclohexyl-4-hydroxy-3-(2-fluorophenyl)-butyl]-4-[2-(2,2,2-
trifluoroethoxy)-phenyl]-piperazine

or a mixture of any two or more thereof in any proportion.

8. A pharmaceutical composition comprising a compound according to any of claims 1 to 7,
or an enantiomer, optical isomer, diastereomer N-oxide, crystalline form, hydrate, solvate -
or pharmaceutically acceptable salt thereof, in admixture with a pharmaceutically

acceptable diluent or carrier.
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10.

11.

12.

13.

14.

-48-

A method for treating disorders of the urinary tract in a mammal in need thereof, the
method comprising administering an effective amount of at least one compound
according to any of claims 1 to 7, or an enantiomer, optical isomer, diastereomer, N-
oxide, crystalline form, hydrate, solvate or pharmaceutically acceptable salt thereof, to
ameljorate at least one condition among urinary urgency, overactive bladder, increased
urinary frequency, decreased urinary compliance (decreased bladder storage capacity),
cystitis (including interstitial cystitis), incontinence, urine leakage, enuresis, dysuria,

urinary hesitancy and difficulty in emptying the bladder.

A method according to claim 9 in which the compound according to any of claims 1 to 7,
or the enantiomer, optical isomer, diastereomer, N-oxide, crystalline form, hydrate,
solvate or pharmaceutically acceptable salt thereof, is administered in combination with

an antimuscarinic drug.

A method according to claim 9 in which the compound according to any of claims 1 to7,
or the enantiomer, optical isomer, diastereomer, N-oxide, crystalline form, hydrate,

solvate or pharmaceutically acceptable salt thereof, is administered in combination with

an o,-adrenergic antagonist.
A method according to any one of claims 9 to 11 in which said mammal is a human.

A method according to any one of claims 9 to 12 in which administration is via an oral,
enterical, intravenous, intramuscular, subcutaneous, transmucosal, transdermal, or

inhalation route.

A method according to any one of claims 9 to 13 wherein said compound is administered

in a predetermined amount.



